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FIELD OF THE INVENTION

[0034] The present invention relates to techniques for
processing images of vehicular compartments.

[0035] The present invention also relates to controlling
vehicular systems based on analysis of images of an envi-
ronment in or around the vehicle

BACKGROUND OF THE INVENTION

[0036] Background of the invention is found in the parent
applications, in particular the *105 application and the *436
application. All of the patents, patent applications, technical



US 2008/0051957 Al

papers and other references mentioned below are incorpo-
rated herein by reference in their entirety.

[0037] Definitions of terms used in the application are set
forth in the 881 application, incorporated by reference
herein.

[0038] Preferred embodiments of the invention are
described below and unless specifically noted, it is the
applicants’ intention that the words and phrases in the
specification and claims be given the ordinary and accus-
tomed meaning to those of ordinary skill in the applicable
art(s). If the applicants intend any other meaning, they will
specifically state they are applying a special meaning to a
word or phrase.

[0039] Likewise, applicants’ use of the word “function”
here is not intended to indicate that the applicants seek to
invoke the special provisions of 35 U.S.C. §112, sixth
paragraph, to define their invention. To the contrary, if
applicants wish to invoke the provisions of 35 U.S.C. §112,
sixth paragraph, to define their invention, they will specifi-
cally set forth in the claims the phrases “means for” or “step
for” and a function, without also reciting in that phrase any
structure, material or act in support of the function. More-
over, even if applicants invoke the provisions of 35 U.S.C.
§112, sixth paragraph, to define their invention, it is the
applicants’ intention that their inventions not be limited to
the specific structure, material or acts that are described in
the preferred embodiments herein. Rather, if applicants
claim their inventions by specifically invoking the provi-
sions of 35 U.S.C. §112, sixth paragraph, it is nonetheless
their intention to cover and include any and all structure,
materials or acts that perform the claimed function, along
with any and all known or later developed equivalent
structures, materials or acts for performing the claimed
function.

OBJECTS AND SUMMARY OF THE
INVENTION

[0040] It is an object of the present invention to provide
new and improved techniques for processing images of
vehicular compartments or an environment around the
vehicle in order to obtain information about objects in the
images.

[0041] It is another object of the present invention to
control vehicular systems based on analysis of images of an
environment in or around the vehicle.

[0042] Inorder to achieve one or both of these objects, and
possibly others, a vehicle including a compartment receiv-
able of an object of interest and a system for tracking the
object of interest in the compartment includes at least one
imaging device each arranged to receive an image of a
portion of the compartment containing the object of interest
and a control unit coupled to each imaging device and
arranged to control the imaging device to obtain a first set of
images without the object of interest and a second image
including the object of interest. The control unit analyzes the
second image in consideration of the first set of images to
derive information about the object of interest. This infor-
mation may be the type, size and/or position of the object or
a part thereof, or when the object is a human seated in a seat
in the compartment, a seated state or occupancy of the seat.
The information may be used to control one or more
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vehicular components which having variable use based on
the type, size or position of the object or part thereof.

[0043] When a plurality of imaging devices is provided,
they may be arranged at different locations to obtain differ-
ent images of a common portion of the compartment.

[0044] The control unit can analyze the second image in
consideration of the first set of images to derive information
about the object of interest by subtracting the second image
from each image in the first set of images to determine which
provides a best match and then deriving the information
about the object of interest based on a differential image
between the second image and the determine one of the first
images which provides the best match after the subtraction
process. Alternatively or additionally, the control unit can
analyze the second image in consideration of the first set of
images to derive information about the object of interest by
comparing the second image to each image in the first set of
images to determine the presence of static and dynamic
reflections and deriving information about the object of
interest by analyzing the dynamic reflections. Alternatively
or additionally, the control unit can analyze the second
image in consideration of the first set of images to derive
information about the object of interest by inputting a matrix
derived from the second image into a trained pattern recog-
nition algorithm which is trained on images of different
objects in different positions in the compartment. The
trained pattern recognition algorithm may be a neural net-
work, combination neural network, modular network and the
like.

[0045] When the object of interest is a human, the control
unit may be arranged to determine information about a
location of eyes, ears, a chest and/or a head of the human.
Further, the control unit may track motion of the head or
chest through analysis of images subsequently obtained by
the imaging device(s). The tracking may be used for com-
ponent control and may apply differential motion or a
correlation technique.

[0046] In one embodiment, the control unit applies a
feature extraction technique to images obtained by each
imaging device. The feature extraction technique may be
arranged to divide an entire image into small rectangular
blocks, calculate feature values from each block, line up the
calculated feature values from individual blocks, and then
normalize the feature values. Alternatively or additionally,
the feature extraction technique may be arranged to analyze
pixels of the images by obtaining a sum of edge strengths
defined as the largest differences between neighboring pixels
and an orientation of an edge determined by the neighboring
pixel that produces the largest difference between itself and
the pixel of interest.

[0047] A method for tracking a human in a compartment
in a vehicle in accordance with the invention includes
arranging at least one imaging device in a position in which
it receives an image of a portion of the compartment
containing the human, controlling the at least one imaging
device to obtain a first set of images without the human and
a second image including the human, analyzing the second
image in consideration of the first set of images to determine
information about a location of a chest or a head of the
human, and once the location of the chest or head is
determined, tracking motion of the head or chest through
analysis of images subsequently obtained by the at least one
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imaging device. Tracking of the motion of the head or chest
may entail using differential motion or a correlation tech-
nique.

[0048] Analysis of the second image in consideration of
the first set of images may entail applying a trained pattern
recognition algorithm to an array derived from the second
image and/or extracting features from an array derived from
the second image. In the latter case, the feature extraction
techniques described above may be used.

[0049] One or more components in the vehicle may be
controlled based on the tracking of the motion of the head or
chest. These components would have a variable operation
based on the occupant, such as an occupant protection
system, a vehicle comfort system and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The following drawings are illustrative of embodi-
ments of the system developed or adapted using the teach-
ings of at least one of the inventions disclosed herein and are
not meant to limit the scope of the invention as encompassed
by the claims. In particular, the illustrations below are
frequently limited to the monitoring of the front passenger
seat for the purpose of describing the system. The invention
applies as well to adapting the system to the other seating
positions in the vehicle and particularly to the driver and rear
passenger positions.

[0051] FIG. 1 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a rear facing child seat on the front passenger seat
and a preferred mounting location for an occupant and rear
facing child seat presence detector including an antenna field
sensor and a resonator or reflector placed onto the forward
most portion of the child seat.

[0052] FIG. 2 is a side view with parts cutaway and
removed showing schematically the interface between the
vehicle interior monitoring system of at least one of the
inventions disclosed herein and the vehicle cellular or other
telematics communication system including an antenna field
Sensor.

[0053] FIG. 3 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a box on the front passenger seat and a preferred
mounting location for an occupant and rear facing child seat
presence detector and including an antenna field sensor.

[0054] FIG. 4 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a driver and a preferred mounting location for an
occupant identification system and including an antenna
field sensor and an inattentiveness response button.

[0055] FIG. 51is a side view, with certain portions removed
or cut away, of a portion of the passenger compartment of a
vehicle showing several preferred mounting locations of
occupant position sensors for sensing the position of the
vehicle driver.

[0056] FIG. 6 shows a seated-state detecting unit in accor-
dance with the present invention and the connections
between ultrasonic or electromagnetic sensors, a weight
sensor, a reclining angle detecting sensor, a seat track
position detecting sensor, a heartbeat sensor, a motion sen-
sor, a neural network, and an airbag system installed within
a vehicular compartment.
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[0057] FIG. 7 is a perspective view of a vehicle showing
the position of the ultrasonic or electromagnetic sensors
relative to the driver and front passenger seats.

[0058] FIG. 8A is a side planar view, with certain portions
removed or cut away, of a portion of the passenger com-
partment of a vehicle showing several preferred mounting
locations of interior vehicle monitoring sensors shown par-
ticularly for sensing the vehicle driver illustrating the wave
pattern from a CCD or CMOS optical position sensor
mounted along the side of the driver or centered above his
or her head.

[0059] FIG. 8B is a view as in FIG. 8A illustrating the
wave pattern from an optical system using an infrared light
source and a CCD or CMOS array receiver using the
windshield as a reflection surface and showing schemati-
cally the interface between the vehicle interior monitoring
system of at least one of the inventions disclosed herein and
an instrument panel mounted inattentiveness warning light
or buzzer and reset button.

[0060] FIG. 8C is a view as in FIG. 8A illustrating the
wave pattern from an optical system using an infrared light
source and a CCD or CMOS array receiver where the CCD
or CMOS array receiver is covered by a lens permitting a
wide angle view of the contents of the passenger compart-
ment.

[0061] FIG. 8D is a view as in FIG. 8A illustrating the
wave pattern from a pair of small CCD or CMOS array
receivers and one infrared transmitter where the spacing of
the CCD or CMOS arrays permits an accurate measurement
of the distance to features on the occupant.

[0062] FIG. 8E is a view as in FIG. 8A illustrating the
wave pattern from a set of ultrasonic transmitter/receivers
where the spacing of the transducers and the phase of the
signal permits an accurate focusing of the ultrasonic beam
and thus the accurate measurement of a particular point on
the surface of the driver.

[0063] FIG. 9 is a circuit diagram of the seated-state
detecting unit of the present invention.

[0064] FIGS. 10(a), 10(b) and 10(c) are each a diagram
showing the configuration of the reflected waves of an
ultrasonic wave transmitted from each transmitter of the
ultrasonic sensors toward the passenger seat, obtained
within the time that the reflected wave arrives at a receiver,
FIG. 10(a) showing an example of the reflected waves
obtained when a passenger is in a normal seated-state, FIG.
10(b) showing an example of the reflected waves obtained
when a passenger is in an abnormal seated-state (where the
passenger is seated too close to the instrument panel), and
FIG. 10(¢) showing a transmit pulse.

[0065] FIG. 11 is a diagram of the data processing of the
reflected waves from the ultrasonic or electromagnetic sen-
sors.

[0066] FIG. 12A is a functional block diagram of the
ultrasonic imaging system illustrated in FIG. 1 using a
microprocessor, DSP or field programmable gate array
(FGPA).

[0067] FIG. 12B is a functional block diagram of the
ultrasonic imaging system illustrated in FIG. 1 using an
application specific integrated circuit (ASIC).
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[0068] FIG. 13 is a cross section view of a steering wheel
and airbag module assembly showing a preferred mounting
location of an ultrasonic wave generator and receiver.

[0069] FIG. 14 is a partial cutaway view of a seatbelt
retractor with a spool out sensor utilizing a shaft encoder.

[0070] FIG. 15 is a side view of a portion of a seat and seat
rail showing a seat position sensor utilizing a potentiometer.

[0071] FIG. 16 is a circuit schematic illustrating the use of
the occupant position sensor in conjunction with the remain-
der of the inflatable restraint system.

[0072] FIG. 17 is a schematic illustrating the circuit of an
occupant position-sensing device using a modulated infrared
signal, beat frequency and phase detector system.

[0073] FIG. 18 a flowchart showing the training steps of a
neural network.

[0074] FIG. 19(a) is an explanatory diagram of a process
for normalizing the reflected wave and shows normalized
reflected waves.

[0075] FIG. 19(b) is a diagram similar to FIG. 19(a)
showing a step of extracting data based on the normalized
reflected waves and a step of weighting the extracted data by
employing the data of the seat track position detecting
sensor, the data of the reclining angle detecting sensor, and
the data of the weight sensor.

[0076] FIG. 20 is a perspective view of the interior of the
passenger compartment of an automobile, with parts cut
away and removed, showing a variety of transmitters that
can be used in a phased array system.

[0077] FIG. 21 is a perspective view of a vehicle contain-
ing an adult occupant and an occupied infant seat on the
front seat with the vehicle shown in phantom illustrating one
preferred location of the transducers placed according to the
methods taught in at least one of the inventions disclosed
herein.

[0078] FIG. 22 is a schematic illustration of a system for
controlling operation of a vehicle or a component thereof
based on recognition of an authorized individual.

[0079] FIG. 23 is a schematic illustration of a method for
controlling operation of a vehicle based on recognition of an
individual.

[0080] FIG. 24 is a schematic illustration of the environ-
ment monitoring in accordance with the invention.

[0081] FIG. 25 is a diagram showing an example of an
occupant sensing strategy for a single camera optical sys-
tem.

[0082] FIG. 26 is a processing block diagram of the
example of FIG. 25.

[0083] FIG. 27 is a block diagram of an antenna-based
near field object discriminator.

[0084] FIG. 28 is a side view, with certain portions
removed or cut away, of a portion of the passenger com-
partment of a vehicle showing preferred mounting locations
of optical interior vehicle monitoring sensors

[0085] FIG. 29 is a side view with parts cutaway and
removed of a subject vehicle and an oncoming vehicle,
showing the headlights of the oncoming vehicle and the
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passenger compartment of the subject vehicle, containing
detectors of the driver’s eyes and detectors for the headlights
of the oncoming vehicle and the selective filtering of the
light of the approaching vehicle’s headlights through the use
of electro-chromic glass, organic or metallic semiconductor
polymers or electropheric particulates (SPD) in the wind-
shield.

[0086] FIG. 29A is an enlarged view of the section 29A in
FIG. 29.

[0087] FIG. 30 is a side view with parts cutaway and
removed of a vehicle and a following vehicle showing the
headlights of the following vehicle and the passenger com-
partment of the leading vehicle containing a driver and a
preferred mounting location for driver eyes and following
vehicle headlight detectors and the selective filtering of the
light of the following vehicle’s headlights through the use of
electrochromic glass, SPD glass or equivalent, in the rear
view mirror.

[0088] FIG. 30A is an enlarged view of the section des-
ignated 30A in FIG. 30.

[0089] FIG. 30B is an enlarged view of the section des-
ignated 30B in FIG. 30A.

[0090] FIG. 31 illustrates the interior of a passenger com-
partment with a rear view mirror, a camera for viewing the
eyes of the driver and a large generally transparent visor for
glare filtering.

[0091] FIG. 32 is a perspective view of an automatic seat
adjustment system, with the seat shown in phantom, with a
movable headrest and sensors for measuring the height of
the occupant from the vehicle seat showing motors for
moving the seat and a control circuit connected to the
sensors and motors.

[0092] FIG. 33 is a view of the seat of FIG. 32 showing a
system for changing the stiffness and the damping of the
seat.

[0093] FIG. 34 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a front passenger and a preferred mounting
location for an occupant head detector and a preferred
mounting location of an adjustable microphone and speakers
and including an antenna field sensor in the headrest for a
rear of occupant’s head locator for use with a headrest
adjustment system to reduce whiplash injuries, in particular,
in rear impact crashes.

[0094] FIG. 35 is a flow chart of the environment moni-
toring in accordance with the invention.

[0095] FIG. 36 is a schematic drawing of one embodiment
of an occupant restraint device control system in accordance
with the invention.

[0096] FIG. 37 is a flow chart of the operation of one
embodiment of an occupant restraint device control method
in accordance with the invention.

[0097] FIG. 38 is a view similar to FIG. 34 showing an
inflated airbag and an arrangement for controlling both the
flow of gas into and the flow of gas out of the airbag during
the crash where the determination is made based on a height
sensor located in the headrest and a weight sensor in the seat.

[0098] FIG. 38A illustrates the valving system of FIG. 38.
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[0099] FIG. 39 is a flow chart of an arrangement for
controlling a component in accordance with the invention.

[0100] FIG. 40 is a side plan view of the interior of an
automobile, with portions cut away and removed, with two
occupant height measuring sensors, one mounted into the
headliner above the occupant’s head and the other mounted
onto the A-pillar and also showing a seatbelt associated with
the seat wherein the seatbelt has an adjustable upper anchor-
age point which is automatically adjusted based on the
height of the occupant.

[0101] FIG. 41 is a view of the seat of FIG. 32 showing
motors for changing the tilt of seat back and the lumbar
support.

[0102] FIG. 42 is a view as in FIG. 40 showing a driver
and driver seat with an automatically adjustable steering
column and pedal system which is adjusted based on the
morphology of the driver.

[0103] FIG. 43 is a view similar to FIG. 32 showing the
occupant’s eyes and the seat adjusted to place the eyes at a
particular vertical position for proper viewing through the
windshield and rear view mirror.

[0104] FIG. 44 is a side view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a driver and a preferred mounting location for an
occupant position sensor for use in side impacts and also of
a rear of occupant’s head locator for use with a headrest
adjustment system to reduce whiplash injuries in rear impact
crashes.

[0105] FIG. 45 is a perspective view of a vehicle about to
impact the side of another vehicle showing the location of
the various parts of the anticipatory sensor system of at least
one of the inventions disclosed herein.

[0106] FIG. 46 is a schematic illustration of the exterior
monitoring system in accordance with the invention.

[0107] FIG. 47 is a side planar view, with certain portions
removed or cut away, of a portion of the passenger com-
partment illustrating a sensor for sensing the headlights of an
oncoming vehicle and/or the taillights of a leading vehicle
used in conjunction with an automatic headlight dimming
system.

[0108] FIG. 48 is a schematic illustration of the position
measuring in accordance with the invention.

[0109] FIG. 49 shows single camera optical examples
using preprocessing filters.

[0110] FIG. 50 shows single camera optical examples
explaining the use of edge strength and edge orientation.

[0111] FIG. 51 shows single camera optical examples
explaining the use of feature vector generated from distri-
bution of horizontal/vertical edges.

[0112] FIG. 52 shows single camera optical example
explaining the use of feature vector generated from distri-
bution of tilted edges.

[0113] FIG. 53 shows single camera optical example
explaining the use of feature vector generated from distri-
bution of average intensities and deviations.
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[0114] FIGS. 54-56 are views of an automobile trunk
showing a child therein and the positioning of embodiments
of the invention which determine the presence of the child.

[0115] FIG. 57 is a perspective view showing a shipping
container including one embodiment of the monitoring
system in accordance with the present invention.

[0116] FIG. 58 is a flow chart showing one manner in
which a container is monitored in accordance with the
invention.

[0117] FIG. 59A is a cross-sectional view of a container
showing the use of RFID technology in a monitoring system
and method in accordance with the invention.

[0118] FIG. 59B is a cross-sectional view of a container
showing the use of barcode technology in a monitoring
system and method in accordance with the invention.

[0119] FIG. 60 is a flow chart showing one manner in
which multiple assets are monitored in accordance with the
invention.

[0120] FIG. 61 is a diagram of one exemplifying embodi-
ment of the invention.

[0121] FIG. 62 is a schematic view of overall telematics
system in accordance with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0122] A patent or literature referred to below is incorpo-
rated by reference in its entirety. Also, although many of the
examples below relate to a particular vehicle, an automobile,
the invention is not limited to any particular vehicle and is
thus applicable to all relevant vehicles including shipping
containers and truck trailers and to all compartments of a
vehicle including, for example, the passenger compartment
and the trunk of an automobile or truck.

[0123]

[0124] Referring to the accompanying drawings, FIG. 1 is
a side view, with parts cutaway and removed of a vehicle
showing the passenger compartment, or passenger container,
containing a rear facing child seat 2 on a front passenger seat
4 and a preferred mounting location for a first embodiment
of a vehicle interior monitoring system in accordance with
the invention. The interior monitoring system is capable of
detecting the presence of an object, occupying objects such
as a box, an occupant or a rear facing child seat 2, deter-
mining the type of object, determining the location of the
object, and/or determining another property or characteristic
of the object. A property of the object could be the orien-
tation of a child seat, the velocity of an adult and the like. For
example, the vehicle interior monitoring system can deter-
mine that an object is present on the seat, that the object is
a child seat and that the child seat is rear-facing. The vehicle
interior monitoring system could also determine that the
object is an adult, that he is drunk and that he is out of
position relative to the airbag.

[0125] In this embodiment, three transducers 6, 8 and 10
are used alone, or, alternately in combination with one or
more antenna near field monitoring sensors or transducers,
12, 14 and 16, although any number of wave-transmitting
transducers or radiation-receiving receivers may be used.
Such transducers or receivers may be of the type that emit

1. General Occupant Sensors



US 2008/0051957 Al

or receive a continuous signal, a time varying signal or a
spatial varying signal such as in a scanning system and each
may comprise only a transmitter which transmits energy,
waves or radiation, only a receiver which receives energy,
waves or radiation, both a transmitter and a receiver capable
of transmitting and receiving energy, waves or radiation, an
electric field sensor, a capacitive sensor, or a self-tuning
antenna-based sensor, weight sensor, chemical sensor,
motion sensor or vibration sensor, for example.

[0126] One particular type of radiation-receiving receiver
for use in the invention receives electromagnetic waves and
another receives ultrasonic waves.

[0127] In an ultrasonic embodiment, transducer 8 can be
used as a transmitter and transducers 6 and 10 can be used
as receivers. Other combinations can be used such as where
all transducers are transceivers (transmitters and receivers).
For example, transducer 8 can be constructed to transmit
ultrasonic energy toward the front passenger seat, which is
modified, in this case by the occupying item of the passenger
seat, i.e., the rear facing child seat 2, and the modified waves
are received by the transducers 6 and 10, for example. A
more common arrangement is where transducers 6, 8 and 10
are all transceivers. Modification of the ultrasonic energy
may constitute reflection of the ultrasonic energy as the
ultrasonic energy is reflected back by the occupying item of
the seat. The waves received by transducers 6 and 10 vary
with time depending on the shape of the object occupying
the passenger seat, in this case the rear facing child seat 2.
Each different occupying item will reflect back waves hav-
ing a different pattern. Also, the pattern of waves received by
transducer 6 will differ from the pattern received by trans-
ducer 10 in view of its different mounting location. This
difference generally permits the determination of location of
the reflecting surface (i.e., the rear facing child seat 2)
through triangulation. Through the use of two transducers 6,
10, a sort of stereographic image is received by the two
transducers and recorded for analysis by processor 20, which
is coupled to the transducers 6, 8, 10, e.g., by wires or
wirelessly. This image will differ for each object that is
placed on the vehicle seat and it will also change for each
position of a particular object and for each position of the
vehicle seat. Elements 6, 8, 10, although described as
transducers, are representative of any type of component
used in a wave-based analysis technique. Also, although the
example of an automobile passenger compartment has been
shown, the same principle can be used for monitoring the
interior of any vehicle including in particular shipping
containers and truck trailers.

[0128] Wave-type sensors as the transducers 6, 8, 10 as
well as electric field sensors 12, 14, 16 are mentioned above.
Electric field sensors and wave sensors are essentially the
same from the point of view of sensing the presence of an
occupant in a vehicle. In both cases, a time varying electric
field is disturbed or modified by the presence of the occu-
pant. At high frequencies in the visual, infrared and high
frequency radio wave region, the sensor is based on its
capability to sense a change of wave characteristics of the
electromagnetic field, such as amplitude, phase or fre-
quency. As the frequency drops, other characteristics of the
field are measured. At still lower frequencies, the occupant’s
dielectric properties modify parameters of the reactive elec-
tric field in the occupied space between or near the plates of
a capacitor. In this latter case, the sensor senses the change
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in charge distribution on the capacitor plates by measuring,
for example, the current wave magnitude or phase in the
electric circuit that drives the capacitor. These measured
parameters are directly connected with parameters of the
displacement current in the occupied space. In all cases, the
presence of the occupant reflects, absorbs or modifies the
waves or variations in the electric field in the space occupied
by the occupant. Thus, for the purposes of at least one of the
inventions disclosed herein, capacitance, electric field or
electromagnetic wave sensors are equivalent and although
they are all technically “field” sensors they will be consid-
ered as “wave” sensors herein. What follows is a discussion
comparing the similarities and differences between two
types of field or wave sensors, electromagnetic wave sensors
and capacitive sensors as exemplified in U.S. Pat. No.
5,702,634 (Kithil).

[0129] An electromagnetic field disturbed or emitted by a
passenger in the case of an electromagnetic wave sensor, for
example, and the electric field sensor of Kithil, for example,
are in many ways similar and equivalent for the purposes of
at least one of the inventions disclosed herein. The electro-
magnetic wave sensor is an actual electromagnetic wave
sensor by definition because they sense parameters of an
electromagnetic wave, which is a coupled pair of continu-
ously changing electric and magnetic fields. The electric
field here is not a static, potential one. It is essentially a
dynamic, rotational electric field coupled with a changing
magnetic one, that is, an electromagnetic wave. It cannot be
produced by a steady distribution of electric charges. It is
initially produced by moving electric charges in a transmit-
ter, even if this transmitter is a passenger body for the case
of a passive infrared sensor.

[0130] Inthe Kithil sensor, a static electric field is declared
as an initial material agent coupling a passenger and a sensor
(see Column 5, lines 5-7: “The proximity sensor 12 each
function by creating an electrostatic field between oscillator
input loop 54 and detector output loop 56, which is affected
by presence of a person near by, as a result of capacitive
coupling, . .. ”). Itis a potential, non-rotational electric field.
It is not necessarily coupled with any magnetic field. It is the
electric field of a capacitor. It can be produced with a steady
distribution of electric charges. Thus, it is not an electro-
magnetic wave by definition but if the sensor is driven by a
varying current, then it produces a quasistatic electric field
in the space between/near the plates of the capacitor.

[0131] Kithil declares that his capacitance sensor uses a
static electric field. Thus, from the consideration above, one
can conclude that Kithil’s sensor cannot be treated as a wave
sensor because there are no actual electromagnetic waves
but only a static electric field of the capacitor in the sensor
system. However, this is not believed to be the case. The
Kithil system could not operate with a true static electric
field because a steady system does not carry any informa-
tion. Therefore, Kithil is forced to use an oscillator, causing
an alternate current in the capacitor and a reactive quasi-
static electric field in the space between the capacitor plates,
and a detector to reveal an informative change of the sensor
capacitance caused by the presence of an occupant (see FIG.
7 and its description). In this case, the system becomes a
“wave sensor” in the sense that it starts generating an actual
time-varying electric field that certainly originates electro-
magnetic waves according to the definition above. That is,
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Kithil’s sensor can be treated as a wave sensor regardless of
the shape of the electric field that it creates, a beam or a
spread shape.

[0132] As follows from the Kithil patent, the capacitor
sensor is likely a parametric system where the capacitance of
the sensor is controlled by the influence of the passenger
body. This influence is transferred by means of the near
electromagnetic field (i.e., the wave-like process) coupling
the capacitor electrodes and the body. It is important to note
that the same influence takes place with a real static electric
field also, that is in absence of any wave phenomenon. This
would be a situation if there were no oscillator in Kithil’s
system. However, such a system is not workable and thus
Kithil reverts to a dynamic system using time-varying
electric fields.

[0133] Thus, although Kithil declares that the coupling is
due to a static electric field, such a situation is not realized
in his system because an alternating electromagnetic field
(“quasi-wave”) exists in the system due to the oscillator.
Thus, his sensor is actually a wave sensor, that is, it is
sensitive to a change of a wave field in the vehicular
compartment. This change is measured by measuring the
change of its capacitance. The capacitance of the sensor
system is determined by the configuration of its electrodes,
one of which is a human body, that is, the passenger inside
of and the part which controls the electrode configuration
and hence a sensor parameter, the capacitance.

[0134] The physics definition of “wave” from Webster’s
Encyclopedic Unabridged Dictionary is: “11. Physics. A
progressive disturbance propagated from point to point in a
medium or space without progress or advance of the points
themselves, . . . . In a capacitor, the time that it takes for the
disturbance (a change in voltage) to propagate through
space, the dielectric and to the opposite plate is generally
small and neglected but it is not zero. As the frequency
driving the capacitor increases and the distance separating
the plates increases, this transmission time as a percentage
of the period of oscillation can become significant. Never-
theless, an observer between the plates will see the rise and
fall of the electric field much like a person standing in the
water of an ocean. The presence of a dielectric body between
the plates causes the waves to get bigger as more electrons
flow to and from the plates of the capacitor. Thus, an
occupant affects the magnitude of these waves which is
sensed by the capacitor circuit. Thus, the electromagnetic
field is a material agent that carries information about a
passenger’s position in both Kithil’s and a beam-type elec-
tromagnetic wave sensor.

[0135] For ultrasonic systems, the “image” recorded from
each ultrasonic transducer/receiver, is actually a time series
of digitized data of the amplitude of the received signal
versus time. Since there are two receivers, two time series
are obtained which are processed by the processor 20. The
processor 20 may include electronic circuitry and associ-
ated, embedded software. Processor 20 constitutes one form
of generating means in accordance with the invention which
generates information about the occupancy of the passenger
compartment based on the waves received by the transduc-
ers 6, 8, 10.

[0136] When different objects are placed on the front
passenger seat, the images from transducers 6, 8, 10 for
example, are different but there are also similarities between
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all images of rear facing child seats, for example, regardless
of where on the vehicle seat it is placed and regardless of
what company manufactured the child seat. Alternately,
there will be similarities between all images of people sitting
on the seat regardless of what they are wearing, their age or
size. The problem is to find the “rules” which differentiate
the images of one type of object from the images of other
types of objects, e.g., which differentiate the occupant
images from the rear facing child seat images. The similari-
ties of these images for various child seats are frequently not
obvious to a person looking at plots of the time series and
thus computer algorithms are developed to sort out the
various patterns. For a detailed discussion of pattern recog-
nition, see US RE 37260.

[0137] The determination of these rules is important to the
pattern recognition techniques used in at least one of the
inventions disclosed herein. In general, three approaches
have been useful, artificial intelligence, fuzzy logic and
artificial neural networks (including cellular and modular or
combination neural networks and support vector
machines—although additional types of pattern recognition
techniques may also be used, such as sensor fusion). In some
implementations of at least one of the inventions disclosed
herein, such as the determination that there is an object in the
path of a closing window as described below, the rules are
sufficiently obvious that a trained researcher can sometimes
look at the returned signals and devise a simple algorithm to
make the required determinations. In others, such as the
determination of the presence of a rear facing child seat or
of an occupant, artificial neural networks can be used to
determine the rules. One such set of neural network software
for determining the pattern recognition rules is available
from the International Scientific Research, Inc. of Panama
City, Panama.

[0138] Electromagnetic energy based occupant sensors
exist that use many portions of the electromagnetic spec-
trum. A system based on the ultraviolet, visible or infrared
portions of the spectrum generally operate with a transmitter
and a receiver of reflected radiation. The receiver may be a
camera or a photo detector such as a pin or avalanche diode
as described in above-referenced patents and patent appli-
cations. At other frequencies, the absorption of the electro-
magnetic energy is primarily used and at still other frequen-
cies the capacitance or electric field influencing effects are
used. Generally, the human body will reflect, scatter, absorb
or transmit electromagnetic energy in various degrees
depending on the frequency of the electromagnetic waves.
All such occupant sensors are included herein.

[0139] In an embodiment wherein electromagnetic energy
is used, it is to be appreciated that any portion of the
electromagnetic signals that impinges upon, surrounds or
involves a body portion of the occupant is at least partially
absorbed by the body portion. Sometimes, this is due to the
fact that the human body is composed primarily of water,
and that electromagnetic energy of certain frequencies is
readily absorbed by water. The amount of electromagnetic
signal absorption is related to the frequency of the signal,
and size or bulk of the body portion that the signal impinges
upon. For example, a torso of a human body tends to absorb
a greater percentage of electromagnetic energy than a hand
of a human body.

[0140] Thus, when electromagnetic waves or energy sig-
nals are transmitted by a transmitter, the returning waves
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received by a receiver provide an indication of the absorp-
tion of the electromagnetic energy. That is, absorption of
electromagnetic energy will vary depending on the presence
or absence of a human occupant, the occupant’s size, bulk,
surface reflectivity, etc. depending on the frequency, so that
different signals will be received relating to the degree or
extent of absorption by the occupying item on the seat. The
receiver will produce a signal representative of the returned
waves or energy signals which will thus constitute an
absorption signal as it corresponds to the absorption of
electromagnetic energy by the occupying item in the seat.

[0141] One or more of the transducers 6, 8, 10 can also be
image-receiving devices, such as cameras, which take
images of the interior of the passenger compartment. These
images can be transmitted to a remote facility to monitor the
passenger compartment or can be stored in a memory device
for use in the event of an accident, i.e., to determine the
status of the occupant(s) of the vehicle prior to the accident.
In this manner, it can be ascertained whether the driver was
falling asleep, talking on the phone, etc.

[0142] A memory device for storing images of the pas-
senger compartment, and also for receiving and storing any
other information, parameters and variables relating to the
vehicle or occupancy of the vehicle, may be in the form a
standardized “black box” (instead of or in addition to a
memory part in a processor 20). The IEEE Standards Asso-
ciation is currently beginning to develop an international
standard for motor vehicle event data recorders. The infor-
mation stored in the black box and/or memory unit in the
processor 20, can include the images of the interior of the
passenger compartment as well as the number of occupants
and the health state of the occupant(s). The black box would
preferably be tamper-proof and crash-proof and enable
retrieval of the information after a crash.

[0143] Transducer 8 can also be a source of electromag-
netic radiation, such as an LED, and transducers 6 and 10
can be CMOS, CCD imagers or other devices sensitive to
electromagnetic radiation or fields. This “image” or return
signal will differ for each object that is placed on the vehicle
seat, or elsewhere in the vehicle, and it will also change for
each position of a particular object and for each position of
the vehicle seat or other movable objects within the vehicle.
Elements 6, 8, 10, although described as transducers, are
representative of any type of component used in a wave-
based or electric field analysis technique, including, e.g., a
transmitter, receiver, antenna or a capacitor plate.

[0144] Transducers 12, 14 and 16 can be antennas placed
in the seat and instrument panel, or other convenient location
within the vehicle, such that the presence of an object,
particularly a water-containing object such as a human,
disturbs the near field of the antenna. This disturbance can
be detected by various means such as with Micrel parts
MICREF102 and MICREF104, which have a built-in
antenna auto-tune circuit. Note, these parts cannot be used as
is and it is necessary to redesign the chips to allow the
auto-tune information to be retrieved from the chip.

[0145] Other types of transducers can be used along with
the transducers 6, 8, 10 or separately and all are contem-
plated by at least one of the inventions disclosed herein.
Such transducers include other wave devices such as radar
or electronic field sensing systems such as described in U.S.
Pat. No. 5,366,241, U.S. Pat. No. 5,602,734, U.S. Pat. No.
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5,691,693, U.S. Pat. No. 5,802,479, U.S. Pat. No. 5,844,486,
U.S. Pat. No. 6,014,602, U.S. Pat. No. 6,275,146, and U.S.
Pat. No. 5,948,031. Another technology, for example, uses
the fact that the content of the near field of an antenna affects
the resonant tuning of the antenna. Examples of such a
device are shown as antennas 12, 14 and 16 in FIG. 1. By
going to lower frequencies, the near field range is increased
and also at such lower frequencies, a ferrite-type antenna
could be used to minimize the size of the antenna. Other
antennas that may be applicable for a particular implemen-
tation include dipole, microstrip, patch, Yagi etc. The fre-
quency transmitted by the antenna can be swept and the
(VSWR) voltage and current in the antenna feed circuit can
be measured. Classification by frequency domain is then
possible. That is, if the circuit is tuned by the antenna, the
frequency can be measured to determine the object in the
field.

[0146] An alternate system is shown in FIG. 2, which is a
side view showing schematically the interface between the
vehicle interior monitoring system of at least one of the
inventions disclosed herein and the vehicle cellular or other
communication system 32, such as a satellite based system
such as that supplied by Skybitz, having an associated
antenna 34. In this view, an adult occupant 30 is shown
sitting on the front passenger seat 4 and two transducers 6
and 8 are used to determine the presence (or absence) of the
occupant on that seat 4. One of the transducers 8 in this case
acts as both a transmitter and receiver while the other
transducer 6 acts only as a receiver. Alternately, transducer
6 could serve as both a transmitter and receiver or the
transmitting function could be alternated between the two
devices. Also, in many cases, more that two transmitters and
receivers are used and in still other cases, other types of
sensors, such as weight, chemical, radiation, vibration,
acoustic, seatbelt tension sensor or switch, heartbeat, self
tuning antennas (12, 14), motion and seat and seatback
position sensors, are also used alone or in combination with
the transducers 6 and 8. As is also the case in FIG. 1, the
transducers 6 and 8 are attached to the vehicle embedded in
the A-pillar and headliner trim, where their presence is
disguised, and are connected to processor 20 that may also
be hidden in the trim as shown or elsewhere. Other mounting
locations can also be used and, in most cases, preferred as
disclosed in US RE 37260.

[0147] The transducers 6 and 8 in conjunction with the
pattern recognition hardware and software described below
enable the determination of the presence of an occupant
within a short time after the vehicle is started. The software
is implemented in processor 20 and is packaged on a printed
circuit board or flex circuit along with the transducers 6 and
8. Similar systems can be located to monitor the remaining
seats in the vehicle, also determine the presence of occu-
pants at the other seating locations and this result is stored
in the computer memory, which is part of each monitoring
system processor 20. Processor 20 thus enables a count of
the number of occupants in the vehicle to be obtained by
addition of the determined presence of occupants by the
transducers associated with each seating location, and in
fact, can be designed to perform such an addition, the
principles illustrated for automobile vehicles are applicable
by those skilled in the art to other vehicles such as shipping
containers or truck trailers and to other compartments of an
automotive vehicle such as the vehicle trunk.
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[0148] For a general object, transducers 6, 8,9, 10 can also
be used to determine the type of object, determine the
location of the object, and/or determine another property or
characteristic of the object. A property of the object could be
the orientation of a child seat, the velocity of an adult and the
like. For example, the transducers 6, 8, 9, 10 can be designed
to enable a determination that an object is present on the
seat, that the object is a child seat and that the child seat is
rear-facing.

[0149] The transducers 6 and 8 are attached to the vehicle
buried in the trim such as the A-pillar trim, where their
presence can be disguised, and are connected to processor 20
that may also be hidden in the trim as shown (this being a
non-limiting position for the processor 20). The A-pillar is
the roof support pillar that is closest to the front of the
vehicle and which, in addition to supporting the roof, also
supports the front windshield and the front door. Other
mounting locations can also be used. For example, trans-
ducers 6, 8 can be mounted inside the seat (along with or in
place of transducers 12 and 14), in the ceiling of the vehicle,
in the B-pillar, in the C-pillar and in the doors. Indeed, the
vehicle interior monitoring system in accordance with the
invention may comprise a plurality of monitoring units, each
arranged to monitor a particular seating location. In this
case, for the rear seating locations, transducers might be
mounted in the B-pillar or C-pillar or in the rear of the front
seat or in the rear side doors. Possible mounting locations for
transducers, transmitters, receivers and other occupant sens-
ing devices are disclosed in the above-referenced patent
applications and all of these mounting locations are con-
templated for use with the transducers described herein.

[0150] The cellular phone or other communications sys-
tem 32 outputs to an antenna 34. The transducers 6, 8, 12 and
14 in conjunction with the pattern recognition hardware and
software, which is implemented in processor 20 and is
packaged on a printed circuit board or flex circuit along with
the transducers 6 and 8, determine the presence of an
occupant within a few seconds after the vehicle is started, or
within a few seconds after the door is closed. Similar
systems located to monitor the remaining seats in the
vehicle, also determine the presence of occupants at the
other seating locations and this result is stored in the
computer memory which is part of each monitoring system
processor 20.

[0151] Periodically and in particular in the event of an
accident, the electronic system associated with the cellular
phone system 32 interrogates the various interior monitoring
system memories and arrives at a count of the number of
occupants in the vehicle, and optionally, even makes a
determination as to whether each occupant was wearing a
seatbelt and if he or she is moving after the accident. The
phone or other communications system then automatically
dials the EMS operator (such as 911 or through a telematics
service such as OnStar®) and the information obtained from
the interior monitoring systems is forwarded so that a
determination can be made as to the number of ambulances
and other equipment to send to the accident site, for
example. Such vehicles will also have a system, such as the
global positioning system, which permits the vehicle to
determine its exact location and to forward this information
to the EMS operator. Other systems can be implemented in
conjunction with the communication with the emergency
services operator. For example, a microphone and speaker
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can be activated to permit the operator to attempt to com-
municate with the vehicle occupant(s) and thereby learn
directly of the status and seriousness of the condition of the
occupant(s) after the accident.

[0152] Thus, in basic embodiments of the invention, wave
or other energy-receiving transducers are arranged in the
vehicle at appropriate locations, trained if necessary depend-
ing on the particular embodiment, and function to determine
whether a life form is present in the vehicle and if so, how
many life forms are present and where they are located etc.
To this end, transducers can be arranged to be operative at
only a single seating location or at multiple seating locations
with a provision being made to eliminate a repetitive count
of occupants. A determination can also be made using the
transducers as to whether the life forms are humans, or more
specifically, adults, child in child seats, etc. As noted herein,
this is possible using pattern recognition techniques. More-
over, the processor or processors associated with the trans-
ducers can be trained to determine the location of the life
forms, either periodically or continuously or possibly only
immediately before, during and after a crash. The location of
the life forms can be as general or as specific as necessary
depending on the system requirements, i.e., a determination
can be made that a human is situated on the driver’s seat in
a normal position (general) or a determination can be made
that a human is situated on the driver’s seat and is leaning
forward and/or to the side at a specific angle as well as the
position of his or her extremities and head and chest (spe-
cifically). The degree of detail is limited by several factors,
including, for example, the number and position of trans-
ducers and training of the pattern recognition algorithm(s).

[0153] In addition to the use of transducers to determine
the presence and location of occupants in a vehicle, other
sensors could also be used. For example, a heartbeat sensor
which determines the number and presence of heartbeat
signals can also be arranged in the vehicle, which would thus
also determine the number of occupants as the number of
occupants would be equal to the number of heartbeat signals
detected. Conventional heartbeat sensors can be adapted to
differentiate between a heartbeat of an adult, a heartbeat of
a child and a heartbeat of an animal. As its name implies, a
heartbeat sensor detects a heartbeat, and the magnitude
and/or frequency thereof, of a human occupant of the seat,
if such a human occupant is present. The output of the
heartbeat sensor is input to the processor of the interior
monitoring system. One heartbeat sensor for use in the
invention may be of the types as disclosed in McEwan (U.S.
Pat. No. 5,573,012 and U.S. Pat. No. 5,766,208). The
heartbeat sensor can be positioned at any convenient posi-
tion relative to the seats where occupancy is being moni-
tored. A preferred location is within the vehicle seatback.

[0154] An alternative way to determine the number of
occupants is to monitor the weight being applied to the seats,
i.e., each seating location, by arranging weight sensors at
each seating location which might also be able to provide a
weight distribution of an object on the seat. Analysis of the
weight and/or weight distribution by a predetermined
method can provide an indication of occupancy by a human,
an adult or child, or an inanimate object.

[0155] Another type of sensor which is not believed to
have been used in an interior monitoring system previously
is a micropower impulse radar (MIR) sensor which deter-
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mines motion of an occupant and thus can determine his or
her heartbeat (as evidenced by motion of the chest). Such an
MIR sensor can be arranged to detect motion in a particular
area in which the occupant’s chest would most likely be
situated or could be coupled to an arrangement which
determines the location of the occupant’s chest and then
adjusts the operational field of the MIR sensor based on the
determined location of the occupant’s chest. A motion
sensor utilizing a micro-power impulse radar (MIR) system
as disclosed, for example, in McEwan (U.S. Pat. No. 5,361,
070), as well as many other patents by the same inventor.

[0156] Motion sensing is accomplished by monitoring a
particular range from the sensor as disclosed in that patent.
MIR is one form of radar which has applicability to occupant
sensing and can be mounted at various locations in the
vehicle. It has an advantage over ultrasonic sensors in that
data can be acquired at a higher speed and thus the motion
of an occupant can be more easily tracked. The ability to
obtain returns over the entire occupancy range is somewhat
more difficult than with ultrasound resulting in a more
expensive system overall. MIR has additional advantages in
lack of sensitivity to temperature variation and has a com-
parable resolution to about 40 kHz ultrasound. Resolution
comparable to higher frequency ultrasound is also possible.
Additionally, multiple MIR sensors can be used when high
speed tracking of the motion of an occupant during a crash
is required since they can be individually pulsed without
interfering with each through time division multiplexing.

[0157] An alternative way to determine motion of the
occupant(s) is to monitor the weight distribution of the
occupant whereby changes in weight distribution after an
accident would be highly suggestive of movement of the
occupant. A system for determining the weight distribution
of the occupants could be integrated or otherwise arranged
in the seats such as the front seat 4 of the vehicle and several
patents and publications describe such systems.

[0158] More generally, any sensor which determines the
presence and health state of an occupant can also be inte-
grated into the vehicle interior monitoring system in accor-
dance with the invention. For example, a sensitive motion
sensor can determine whether an occupant is breathing and
a chemical sensor can determine the amount of carbon
dioxide, or the concentration of carbon dioxide, in the air in
the passenger compartment of the vehicle which can be
correlated to the health state of the occupant(s). The motion
sensor and chemical sensor can be designed to have a fixed
operational field situated where the occupant’s mouth is
most likely to be located. In this manner, detection of carbon
dioxide in the fixed operational field could be used as an
indication of the presence of a human occupant in order to
enable the determination of the number of occupants in the
vehicle. In the alternative, the motion sensor and chemical
sensor can be adjustable and adapted to adjust their opera-
tional field in conjunction with a determination by an
occupant position and location sensor which would deter-
mine the location of specific parts of the occupant’s body,
e.g., his or her chest or mouth. Furthermore, an occupant
position and location sensor can be used to determine the
location of the occupant’s eyes and determine whether the
occupant is conscious, i.e., whether his or her eyes are open
or closed or moving.

[0159] The use of chemical sensors can also be used to
detect whether there is blood present in the vehicle, for
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example, after an accident. Additionally, microphones can
detect whether there is noise in the vehicle caused by
groaning, yelling, etc., and transmit any such noise through
the cellular or other communication connection to a remote
listening facility (such as operated by OnStar®).

[0160] In FIG. 3, a view of the system of FIG. 1 is
illustrated with a box 28 shown on the front passenger seat
in place of a rear facing child seat. The vehicle interior
monitoring system is trained to recognize that this box 28 is
neither a rear facing child seat nor an occupant and therefore
it is treated as an empty seat and the deployment of the
airbag or other occupant restraint device is suppressed. For
other vehicles, it may be that just the presence of a box or
its motion or chemical or radiation effluents that are desired
to be monitored. The auto-tune antenna-based system 12, 14
is particularly adept at making this distinction particularly if
the box 28 does not contain substantial amounts of water.
Although a simple implementation of the auto-tune antenna
system is illustrated, it is of course possible to use multiple
antennas located in the seat 4 and elsewhere in the passenger
compartment and these antenna systems can either operate at
one or a multiple of different frequencies to discriminate
type, location and/or relative size of the object being inves-
tigated. This training can be accomplished using a neural
network or modular neural network with the commercially
available software. The system assesses the probability that
the box 28 is a person, however, and if there is even the
remotest chance that it is a person, the airbag deployment is
not suppressed. The system is thus typically biased toward
enabling airbag deployment.

[0161] In cases where different levels of airbag inflation
are possible, and there are different levels of injury associ-
ated with an out of position occupant being subjected to
varying levels of airbag deployment, it is sometimes pos-
sible to permit a depowered or low level airbag deployment
in cases of uncertainty. If, for example, the neural network
has a problem distinguishing whether a box or a forward
facing child seat is present on the vehicle seat, the decision
can be made to deploy the airbag in a depowered or low level
deployment state. Other situations where such a decision
could be made would be when there is confusion as to
whether a forward facing human is in position or out-of-
position.

[0162] Neural networks systems frequently have problems
in accurately discriminating the exact location of an occu-
pant especially when different-sized occupants are consid-
ered. This results in a gray zone around the border of the
keep out zone where the system provides a weak fire or weak
no fire decision. For those cases, deployment of the airbag
in a depowered state can resolve the situation since an
occupant in a gray zone around the keep out zone boundary
would be unlikely to be injured by such a depowered
deployment while significant airbag protection is still being
supplied.

[0163] Electromagnetic or ultrasonic energy can be trans-
mitted in three modes in determining the position of an
occupant, for example. In most of the cases disclosed above,
it is assumed that the energy will be transmitted in a broad
diverging beam which interacts with a substantial portion of
the occupant or other object to be monitored. This method
can have the disadvantage that it will reflect first off the
nearest object and, especially if that object is close to the
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transmitter, it may mask the true position of the occupant or
object. It can also reflect off many parts of the object where
the reflections can be separated in time and processed as in
an ultrasonic occupant sensing system. This can also be
partially overcome through the use of the second mode
which uses a narrow beam. In this case, several narrow
beams are used. These beams are aimed in different direc-
tions toward the occupant from a position sufficiently away
from the occupant or object such that interference is
unlikely.

[0164] A single receptor could be used provided the beams
are either cycled on at different times or are of different
frequencies. Another approach is to use a single beam
emanating from a location which has an unimpeded view of
the occupant or object such as the windshield header in the
case of an automobile or near the roof at one end of a trailer
or shipping container, for example. If two spaced apart CCD
array receivers are used, the angle of the reflected beam can
be determined and the location of the occupant can be
calculated. The third mode is to use a single beam in a
manner so that it scans back and forth and/or up and down,
or in some other pattern, across the occupant, object or the
space in general. In this manner, an image of the occupant
or object can be obtained using a single receptor and pattern
recognition software can be used to locate the head or chest
of the occupant or size of the object, for example. The beam
approach is most applicable to electromagnetic energy but
high frequency ultrasound can also be formed into a narrow
beam.

[0165] A similar effect to modifying the wave transmis-
sion mode can also be obtained by varying the characteris-
tics of the receptors. Through appropriate lenses or reflec-
tors, receptors can be made to be most sensitive to radiation
emitted from a particular direction. In this manner, a single
broad beam transmitter can be used coupled with an array of
focused receivers, or a scanning receiver, to obtain a rough
image of the occupant or occupying object.

[0166] Each of these methods of transmission or reception
could be used, for example, at any of the preferred mounting
locations shown in FIG. 5.

[0167] As shown in FIG. 7, there are provided four sets of
wave-receiving sensor systems 6, 8, 9, 10 mounted within
the passenger compartment of an automotive vehicle. Fach
set of sensor systems 6, 8,9, 10 comprises a transmitter and
a receiver (or just a receiver in some cases), which may be
integrated into a single unit or individual components sepa-
rated from one another. In this embodiment, the sensor
system 6 is mounted on the A-Pillar of the vehicle. The
sensor system 9 is mounted on the upper portion of the
B-Pillar. The sensor system 8 is mounted on the roof ceiling
portion or the headliner. The sensor system 10 is mounted
near the middle of an instrument panel 17 in front of the
driver’s seat 3.

[0168] The sensor systems 6, 8, 9, 10 are preferably
ultrasonic or electromagnetic, although sensor systems 6, 8,
9, 10 can be any other type of sensors which will detect the
presence of an occupant from a distance including capacitive
or electric field sensors. Also, if the sensor systems 6, 8, 9,
10 are passive infrared sensors, for example, then they may
only comprise a wave-receiver. Recent advances in Quan-
tum Well Infrared Photodetectors by NASA show great
promise for this application. See “Many Applications Pos-
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sible For Largest Quantum Infrared Detector”, Goddard
Space Center News Release Feb. 27, 2002.

[0169] The Quantum Well Infrared Photodetector is a new
detector which promises to be a low-cost alternative to
conventional infrared detector technology for a wide range
of scientific and commercial applications, and particularly
for sensing inside and outside of a vehicle. The main
problem that needs to be solved is that it operates at 76
degrees Kelvin (-323 degrees F.). Chips are being developed
capable of cooling other chips economically. It remains to be
seen if these low temperatures can be economically
achieved.

[0170] A section of the passenger compartment of an
automobile is shown generally as 40 in FIGS. 8A-8D. A
driver 30 of the vehicle sits on a seat 3 behind a steering
wheel 42, which contains an airbag assembly 44. Airbag
assembly 44 may be integrated into the steering wheel
assembly or coupled to the steering wheel 42. Five trans-
mitter and/or receiver assemblies 49, 50, 51, 52 and 54 are
positioned at various places in the passenger compartment to
determine the location of various parts of the driver, e.g., the
head, chest and torso, relative to the airbag and to otherwise
monitor the interior of the passenger compartment. Moni-
toring of the interior of the passenger compartment can
entail detecting the presence or absence of the driver and
passengers, differentiating between animate and inanimate
objects, detecting the presence of occupied or unoccupied
child seats, rear-facing or forward-facing, and identifying
and ascertaining the identity of the occupying items in the
passenger compartment, a similar system can be used for
monitoring the interior of a truck, shipping container or
other containers.

[0171] A processor such as control circuitry 20 is con-
nected to the transmitter/receiver assemblies 49, 50, 51, 52,
54 and controls the transmission from the transmitters, if a
transmission component is present in the assemblies, and
captures the return signals from the receivers, if a receiver
component is present in the assemblies. Control circuitry 20
usually contains analog to digital converters (ADCs) or a
frame grabber or equivalent, a microprocessor containing
sufficient memory and appropriate software including, for
example, pattern recognition algorithms, and other appro-
priate drivers, signal conditioners, signal generators, etc.
Usually, in any given implementation, only three or four of
the transmitter/receiver assemblies would be used depend-
ing on their mounting locations as described below. In some
special cases, such as for a simple classification system, only
a single or sometimes only two transmitter/receiver assem-
blies are used. In optical imaging applications, control
circuitry 20 also contains any processing hardware and
software necessary to process images from the transmitter/
receiver assemblies 49, 50, 51, 52, 54, as described below,
in order to determine or derive information about objects of
interest in the images.

[0172] A portion of the connection between the transmit-
ter/receiver assemblies 49, 50, 51, 52, 54 and the control
circuitry 20, is shown as wires. These connections can be
wires, either individual wires leading from the control
circuitry 20 to each of the transmitter/receiver assemblies
49, 50, 51, 52, 54 or one or more wire buses or in some
cases, wireless data transmission can be used.

[0173] The location of the control circuitry 20 in the
dashboard of the vehicle is for illustration purposes only and
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does not limit the location of the control circuitry 20. Rather,
the control circuitry 20 may be located anywhere convenient
or desired in the vehicle.

[0174] It is contemplated that a system and method in
accordance with the invention can include a single trans-
mitter and multiple receivers, each at a different location.
Thus, each receiver would not be associated with a trans-
mitter forming transmitter/receiver assemblies. Rather, for
example, with reference to FIG. 8A, only element 51 could
constitute a transmitter/receiver assembly and elements 49,
50, 52 and 54 could be receivers only.

[0175] On the other hand, it is conceivable that in some
implementations, a system and method in accordance with
the invention include a single receiver and multiple trans-
mitters. Thus, each transmitter would not be associated with
a receiver forming transmitter/receiver assemblies. Rather,
for example, with reference to FIG. 8A, only element 51
would constitute a transmitter/receiver assembly and ele-
ments 49, 50, 52, 54 would be transmitters only.

[0176] One ultrasonic transmitter/receiver as used herein
is similar to that used on modern auto-focus cameras such as
manufactured by the Polaroid Corporation. Other camera
auto-focusing systems use different technologies, which are
also applicable here, to achieve the same distance to object
determination. One camera system manufactured by Fuji of
Japan, for example, uses a stereoscopic system which could
also be used to determine the position of a vehicle occupant
providing there is sufficient light available. In the case of
insufficient light, a source of infrared light can be added to
illuminate the driver. In a related implementation, a source
of infrared light is reflected off of the windshield and
illuminates the vehicle occupant. An infrared receiver 56 is
located attached to the rear view mirror assembly 55, as
shown in FIG. 8E. Alternately, the infrared can be sent by the
device 50 and received by a receiver elsewhere. Since any
of the devices shown in these figures could be either
transmitters or receivers or both, for simplicity, only the
transmitted and not the reflected wave fronts are frequently
illustrated.

[0177] When using the surface of the windshield as a
reflector of infrared radiation (for transmitter/receiver
assembly and element 52), care must be taken to assure that
the desired reflectivity at the frequency of interest is
achieved. Mirror materials, such as metals and other special
materials manufactured by Eastman Kodak, have a reflec-
tivity for infrared frequencies that is substantially higher
than at visible frequencies. They are thus candidates for
coatings to be placed on the windshield surfaces for this
purpose.

[0178] There are two preferred methods of implementing
the vehicle interior monitoring system of at least one of the
inventions disclosed herein, a microprocessor system and an
application specific integrated circuit system (ASIC). Both
of these systems are represented schematically as 20 herein.
In some systems, both a microprocessor and an ASIC are
used. In other systems, most if not all of the circuitry is
combined onto a single chip (system on a chip). The
particular implementation depends on the quantity to be
made and economic considerations. A block diagram illus-
trating the microprocessor system is shown in FIG. 12A
which shows the implementation of the system of FIG. 1. An
alternate implementation of the FIG. 1 system using an

Page 48 of 123

Feb. 28, 2008

ASIC is shown in FIG. 12B. In both cases, the target, which
may be a rear facing child seat, is shown schematically as 2
and the three transducers as 6, 8, and 10. In the embodiment
of FIG. 12A, there is a digitizer coupled to the receivers 6,
10 and the processor, and an indicator coupled to the
processor. In the embodiment of FIG. 12B, there is a
memory unit associated with the ASIC and also an indicator
coupled to the ASIC.

[0179] The position of the occupant may be determined in
various ways including by receiving and analyzing waves
from a space in a passenger compartment of the vehicle
occupied by the occupant, transmitting waves to impact the
occupant, receiving waves after impact with the occupant
and measuring time between transmission and reception of
the waves, obtaining two or three-dimensional images of a
passenger compartment of the vehicle occupied by the
occupant and analyzing the images with an optional focus-
ing of the images prior to analysis, or by moving a beam of
radiation through a passenger compartment of the vehicle
occupied by the occupant. The waves may be ultrasonic,
radar, electromagnetic, passive infrared, and the like, and
capacitive in nature. In the latter case, a capacitance or
capacitive sensor may be provided. An electric field sensor
could also be used.

[0180] Deployment of the airbag can be disabled when the
determined position is too close to the airbag.

[0181] The rate at which the airbag is inflated and/or the
time in which the airbag is inflated may be determined based
on the determined position of the occupant.

[0182] A system for controlling deployment of an airbag
comprises a determining system for determining the position
of an occupant to be protected by deployment of the airbag,
a sensor system for assessing the probability that a crash
requiring deployment of the airbag is occurring, and a circuit
coupled to the determining system, the sensor system and
the airbag for enabling deployment of the airbag in consid-
eration of the determined position of the occupant and the
assessed probability that a crash is occurring. The circuit is
structured and arranged to analyze the assessed probability
relative to a pre-determined threshold whereby deployment
of the airbag is enabled only when the assessed probability
is greater than the threshold. Further, the circuit are arranged
to adjust the threshold based on the determined position of
the occupant. The determining system may any of the
determining systems discussed above.

[0183] One method for controlling deployment of an air-
bag comprises a crash sensor for providing information on
a crash involving the vehicle, a position determining
arrangement for determining the position of an occupant to
be protected by deployment of the airbag and a circuit
coupled to the airbag, the crash sensor and the position
determining arrangement and arranged to issue a deploy-
ment signal to the airbag to cause deployment of the airbag.
The circuit is arranged to consider a deployment threshold
which varies based on the determined position of the occu-
pant. Further, the circuit is arranged to assess the probability
that a crash requiring deployment of the airbag is occurring
and analyze the assessed probability relative to the threshold
whereby deployment of the airbag is enabled only when the
assessed probability is greater than the threshold.

[0184] In another implementation, the sensor algorithm
may determine the rate that gas is generated to affect the rate
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at which the airbag is inflated. In all of these cases the
position of the occupant is used to affect the deployment of
the airbag either as to whether or not it should be deployed
at all, the time of deployment or as to the rate of inflation.

[0185] Referring now to FIGS. 54-56, another compart-
ment of a vehicle which can be sensed using teachings of
disclosed inventions is a vehicular trunk 901 with a primary
objective of the sensing of the trunk 901 being to solve the
problem of children 902, animals or other living beings
becoming trapped either accidentally or on purpose therein.
Any of the sensor systems disclosed herein, illustrated here
as 903, can be used for this purpose including ultrasonic
transmitters and receivers, active or passive optical (infra-
red) or other electromagnetic wave or electric field based
sensors, temperature sensors, chemical sensors (for example
carbon dioxide sensors), motion sensors, a microphone,
accelerometer, heartbeat sensor, respiration sensor etc. The
communication from the sensor 903 to another vehicle
component or system can be by a dedicated wire, on a bus
or wirelessly. The system can cause an audible alarm, visual
display or transmit the relevant information to an off vehicle
site. For example, if the operator has left the vehicle and a
living being becomes accidentally or on purpose trapped in
the vehicle trunk 901, the system can transmit relevant
information to a cell phone, home phone, email address or
to law enforcement personnel or other interested personnel
by any communications technique or system (see the dis-
cussion below).

[0186]
[0187]

1.1 Ultrasonics
1.1.1 General

[0188] The maximum acoustic frequency that is practical
to use for acoustic imaging in the systems is about 40 to 160
kilohertz (kHz). The wavelength of a 50 kHz acoustic wave
is about 0.6 cm which is too coarse to determine the fine
features of a person’s face, for example. It is well understood
by those skilled in the art that features which are much
smaller than the wavelength of the irradiating radiation
cannot be distinguished. Similarly, the wavelength of com-
mon radar systems varies from about 0.9 cm (for 33 GHz K
band) to 133 cm (for 225 MHz P band) which are also too
coarse for person-identification systems.

[0189] Referring now to FIGS. 5 and 13-17, a section of
the passenger compartment of an automobile is shown
generally as 40 in FIG. 5. A driver of a vehicle 30 sits on a
seat 3 behind a steering wheel 42 which contains an airbag
assembly 44. Four transmitter and/or receiver assemblies 50,
52, 53 and 54 are positioned at various places in or around
the passenger compartment to determine the location of the
head, chest and torso of the driver 30 relative to the airbag
assembly 44. Usually, in any given implementation, only
one or two of the transmitters and receivers would be used
depending on their mounting locations as described below.

[0190] FIG. 5 illustrates several of the possible locations
of such devices. For example, transmitter and receiver 50
emits ultrasonic acoustical waves which bounce off the chest
of the driver 30 and return. Periodically, a burst of ultrasonic
waves at about 50 kilohertz is emitted by the transmitter/
receiver and then the echo, or reflected signal, is detected by
the same or different device. An associated electronic circuit
measures the time between the transmission and the recep-
tion of the ultrasonic waves and determines the distance
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from the transmitter/receiver to the driver 30 based on the
velocity of sound. This information can then be sent to a
microprocessor that can be located in the crash sensor and
diagnostic circuitry which determines if the driver 30 is
close enough to the airbag assembly 44 that a deployment
might, by itself, cause injury to the driver 30. In such a case,
the circuit disables the airbag system and thereby prevents
its deployment. In an alternate case, the sensor algorithm
assesses the probability that a crash requiring an airbag is in
process and waits until that probability exceeds an amount
that is dependent on the position of the driver 30. Thus, for
example, the sensor might decide to deploy the airbag based
on a need probability assessment of 50%, if the decision
must be made immediately for a driver 30 approaching the
airbag, but might wait until the probability rises to 95% for
a more distant driver. Although a driver system has been
illustrated, the passenger system would be similar.

[0191] Alternate mountings for the transmitter/receiver
include various locations on the instrument panel on either
side of the steering column such as 53 in FIG. 5. Also,
although some of the devices herein illustrated assume that
for the ultrasonic system, the same device is used for both
transmitting and receiving waves, there are advantages in
separating these functions, at least for standard transducer
systems. Since there is a time lag required for the system to
stabilize after transmitting a pulse before it can receive a
pulse, close measurements are enhanced, for example, by
using separate transmitters and receivers. In addition, if the
ultrasonic transmitter and receiver are separated, the trans-
mitter can transmit continuously, provided the transmitted
signal is modulated such that the received signal can be
compared with the transmitted signal to determine the time
it takes for the waves to reach and reflect off of the occupant.

[0192] Many methods exist for this modulation including
varying the frequency or amplitude of the waves or pulse
modulation or coding. In all cases, the logic circuit which
controls the sensor and receiver must be able to determine
when the signal which was most recently received was
transmitted. In this manner, even though the time that it
takes for the signal to travel from the transmitter to the
receiver, via reflection off of the occupant or other object to
be monitored, may be several milliseconds, information as
to the position of the occupant is received continuously
which permits an accurate, although delayed, determination
of the occupant’s velocity from successive position mea-
surements. Other modulation methods that may be applied
to electromagnetic radiations include TDMA, CDMA, noise
or pseudo-noise, spatial, etc.

[0193] Conventional ultrasonic distance measuring
devices must wait for the signal to travel to the occupant or
other monitored object and return before a new signal is
sent. This greatly limits the frequency at which position data
can be obtained to the formula where the frequency is equal
to the velocity of sound divided by two times the distance to
the occupant. For example, if the velocity of sound is taken
at about 1000 feet per second, occupant position data for an
occupant or object located one foot from the transmitter can
only be obtained every 2 milliseconds which corresponds to
a frequency of about 500 Hz. At a three-foot displacement
and allowing for some processing time, the frequency is
closer to about 100 Hz.

[0194] This slow frequency that data can be collected
seriously degrades the accuracy of the velocity calculation.
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The reflection of ultrasonic waves from the clothes of an
occupant or the existence of thermal gradients, for example,
can cause noise or scatter in the position measurement and
lead to significant inaccuracies in a given measurement.
When many measurements are taken more rapidly, as in the
technique described here, these inaccuracies can be aver-
aged and a significant improvement in the accuracy of the
velocity calculation results.

[0195] The determination of the velocity of the occupant
need not be derived from successive distance measurements.
A potentially more accurate method is to make use of the
Doppler Effect where the frequency of the reflected waves
differs from the transmitted waves by an amount which is
proportional to the occupant’s velocity. In one embodiment,
a single ultrasonic transmitter and a separate receiver are
used to measure the position of the occupant, by the travel
time of a known signal, and the velocity, by the frequency
shift of that signal. Although the Doppler Effect has been
used to determine whether an occupant has fallen asleep, it
has not previously been used in conjunction with a position
measuring device to determine whether an occupant is likely
to become out of position, i.e., an extrapolated position in
the future based on the occupant’s current position and
velocity as determined from successive position measure-
ments, and thus in danger of being injured by a deploying
airbag, or that a monitored object is moving. This combi-
nation is particularly advantageous since both measurements
can be accurately and efficiently determined using a single
transmitter and receiver pair resulting in a low cost system.

[0196] One problem with Doppler measurements is the
slight change in frequency that occurs during normal occu-
pant velocities. This requires that sophisticated electronic
techniques and a low Q receiver should be utilized to
increase the frequency and thereby render it easier to mea-
sure the velocity using the phase shift. For many implemen-
tations, therefore, the velocity of the occupant is determined
by calculating the difference between successive position
measurements.

[0197] The following discussion will apply to the case
where ultrasonic sensors are used although a similar discus-
sion can be presented relative to the use of electromagnetic
sensors such as active infrared sensors, taking into account
the differences in the technologies. Also, the following
discussion will relate to an embodiment wherein the seat is
the front passenger seat, although a similar discussion can
apply to other vehicles and monitoring situations.

[0198] The ultrasonic or electromagnetic sensor systems,
6, 8, 9 and 10 in FIG. 7 can be controlled or driven, one at
a time or simultaneously, by an appropriate driver circuit
such as ultrasonic or electromagnetic sensor driver circuit 58
shown in FIG. 9. The transmitters of the ultrasonic or
electromagnetic sensor systems 6, 8, 9 and 10 transmit
respective ultrasonic or electromagnetic waves toward the
seat 4 and transmit pulses (see FIG. 10(c)) in sequence at
times tl1, 12, t3 and t4 (t4>t3>t2>t1) or simultaneously
(t1=t2=t3=t4). The reflected waves of the ultrasonic or
electromagnetic waves are received by the receivers ChA-
ChD of the ultrasonic or electromagnetic sensors 6, 8, 9 and
10. The receiver ChA is associated with the ultrasonic or
electromagnetic sensor system 8, the receiver ChB is asso-
ciated with the ultrasonic or electromagnetic sensor system
5, the receiver ChD is associated with the ultrasonic or
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electromagnetic sensor system 6, and the receiver ChD is
associated with the ultrasonic or electromagnetic sensor
system 9.

[0199] FIGS. 10(a) and 10(b) show examples of the
reflected ultrasonic waves USRW that are received by
receivers ChA-ChD. FIG. 10(a) shows an example of the
reflected wave USRW that is obtained when an adult sits in
a normally seated space on the passenger seat 4, while FIG.
10(b) shows an example of the reflected wave USRW that
are obtained when an adult sits in a slouching state (one of
the abnormal seated-states) in the passenger seat 4.

[0200] In the case of a normally seated passenger, as
shown in FIGS. 6 and 7, the location of the ultrasonic sensor
system 6 is closest to the passenger A. Therefore, the
reflected wave pulse P1 is received earliest after transmis-
sion by the receiver ChD as shown in FIG. 10(a), and the
width of the reflected wave pulse P1 is larger. Next, the
distance from the ultrasonic sensor 8 is closer to the pas-
senger A, so a reflected wave pulse P2 is received earlier by
the receiver ChA compared with the remaining reflected
wave pulses P3 and P4. Since the reflected wave pauses P3
and P4 take more time than the reflected wave pulses P1 and
P2 to arrive at the receivers ChC and ChB, the reflected
wave pulses P3 and P4 are received as the timings shown in
FIG. 10(a). More specifically, since it is believed that the
distance from the ultrasonic sensor system 6 to the passenger
A is slightly shorter than the distance from the ultrasonic
sensor system 10 to the passenger A, the reflected wave
pulse P3 is received slightly earlier by the receiver ChC than
the reflected wave pulse P4 is received by the receiver ChB.

[0201] In the case where the passenger A is sitting in a
slouching state in the passenger seat 4, the distance between
the ultrasonic sensor system 6 and the passenger A is
shortest. Therefore, the time from transmission at time t3 to
reception is shortest, and the reflected wave pulse P3 is
received by the receiver ChC, as shown in FIG. 10(5). Next,
the distances between the ultrasonic sensor system 10 and
the passenger A becomes shorter, so the reflected wave pulse
P4 is received earlier by the receiver ChB than the remaining
reflected wave pulses P2 and P1. When the distance from the
ultrasonic sensor system 8 to the passenger A is compared
with that from the ultrasonic sensor system 9 to the passen-
ger A, the distance from the ultrasonic sensor system 8 to the
passenger A becomes shorter, so the reflected wave pulse P2
is received by the receiver ChA first and the reflected wave
pulse P1 is thus received last by the receiver ChD.

[0202] The configurations of the reflected wave pulses
P1-P4, the times that the reflected wave pulses P1-P4 are
received, the sizes of the reflected wave pulses P1-P4 are
varied depending upon the configuration and position of an
object such as a passenger situated on the front passenger
seat 4. FIGS. 10(a) and (b) merely show examples for the
purpose of description and therefore the present invention is
not limited to these examples.

[0203] The outputs of the receivers ChA-ChD, as shown
in FIG. 9, are input to a band pass filter 60 through a
multiplex circuit 59 which is switched in synchronization
with a timing signal from the ultrasonic sensor drive circuit
58. The band pass filter 60 removes a low frequency wave
component from the output signal based on each of the
reflected wave USRW and also removes some of the noise.
The output signal based on each of the reflected wave
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USRW is passed through the band pass filter 60, then is
amplified by an amplifier 61. The amplifier 61 also removes
the high frequency carrier wave component in each of the
reflected waves USRW and generates an envelope wave
signal. This envelope wave signal is input to an analog/
digital converter (ADC) 62 and digitized as measured data.
The measured data is input to a processing circuit 63, which
is controlled by the timing signal which is in turn output
from the ultrasonic sensor drive circuit 58.

[0204] The processing circuit 63 collects measured data at
intervals of 7 ms (or at another time interval with the time
interval also being referred to as a time window or time
period), and 47 data points are generated for each of the
ultrasonic sensor systems 6, 8, 9 and 10. For each of these
reflected waves USRW, the initial reflected wave portion T1
and the last reflected wave portion T2 are cut off or removed
in each time window. The reason for this will be described
when the training procedure of a neural network is described
later, and the description is omitted for now. With this, 32,
31, 37 and 38 data points will be sampled by the ultrasonic
sensor systems 6, 8, 9 and 10, respectively. The reason why
the number of data points differs for each of the ultrasonic
sensor systems 6, 8, 9 and 10 is that the distance from the
passenger seat 4 to the ultrasonic sensor systems 6, 8, 9 and
10 differ from one another.

[0205] Each of the measured data is input to a normaliza-
tion circuit 64 and normalized. The normalized measured
data is input to the neural network 65 as wave data.

[0206] A comprehensive occupant sensing system will
now be discussed which involves a variety of different
sensors, again this is for illustration purposes only and a
similar description can be constructed for other vehicles
including shipping container and truck trailer monitoring.
Many of these sensors will be discussed under the appro-
priate sections below. FIG. 6 shows a passenger seat 70 to
which an adjustment apparatus including a seated-state
detecting unit according to the present invention may be
applied. The seat 70 includes a horizontally situated bottom
seat portion 4 and a vertically oriented back portion 72. The
seat portion 4 is provided with one or more pressure or
weight sensors 7, 76 that determine the weight of the object
occupying the seat or the pressure applied by the object to
the seat. The coupled portion between the seated portion 4
and the back portion 72 is provided with a reclining angle
detecting sensor 57, which detects the tilted angle of the
back portion 72 relative to the seat portion 4. The seat
portion 4 is provided with a seat track position-detecting
sensor 74. The seat track position detecting sensor 74 detects
the quantity of movement of the seat portion 4 which is
moved from a back reference position, indicated by the
dotted chain line. Optionally embedded within the back
portion 72 are a heartbeat sensor 71 and a motion sensor 73.
Attached to the headliner is a capacitance sensor 78. The seat
70 may be the driver seat, the front passenger seat or any
other seat in a motor vehicle as well as other seats in
transportation vehicles or seats in non-transportation appli-
cations.

[0207] A pressure or weight measuring system such as the
sensors 7 and 76 are associated with the seat, e.g., mounted
into or below the seat portion 4 or on the seat structure, for
measuring the pressure or weight applied onto the seat. The
pressure or weight may be zero if no occupying item is
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present and the sensors are calibrated to only measure
incremental weight or pressure. Sensors 7 and 76 may
represent a plurality of different sensors which measure the
pressure or weight applied onto the seat at different portions
thereof or for redundancy purposes, e.g., such as by means
of an airbag or fluid filled bladder 75 in the seat portion 4.
Airbag or bladder 75 may contain a single or a plurality of
chambers, each of which may be associated with a sensor
(transducer) 76 for measuring the pressure in the chamber.
Such sensors may be in the form of strain, force or pressure
sensors which measure the force or pressure on the seat
portion 4 or seat back 72, a part of the seat portion 4 or seat
back 72, displacement measuring sensors which measure the
displacement of the seat surface or the entire seat 70 such as
through the use of strain gages mounted on the seat struc-
tural members, such as 7, or other appropriate locations, or
systems which convert displacement into a pressure wherein
one or more pressure sensors can be used as a measure of
weight and/or weight distribution. Sensors 7, 76 may be of
the types disclosed in U.S. Pat. No. 6,242,701 and below
herein. Although pressure or weight here is disclosed and
illustrated with regard to measuring the pressure applied by
or weight of an object occupying a seat in an automobile or
truck, the same principles can be used to measure the
pressure applied by and weight of objects occupying other
vehicles including truck trailers and shipping containers. For
example, a series of fluid filled bladders under a segmented
floor could be used to measure the weight and weight
distribution in a truck trailer.

[0208] Many practical problems have arisen during the
development stages of bladder and strain gage based weight
systems. Some of these problems relate to bladder sensors
and in particular to gas-filled bladder sensors and are effec-
tively dealt with in U.S. Pat. No. 5,918,696, U.S. Pat. No.
5,927,427, U.S. Pat. No. 5,957,491, U.S. Pat. No. 5,979,585,
U.S. Pat. No. 5,984,349, U.S. Pat. No. 6,021,863, U.S. Pat.
No. 6,056,079, U.S. Pat. No. 6,076,853, U.S. Pat. No.
6,260,879 and U.S. Pat. No. 6,286,861. Other problems
relate to seatbelt usage and to unanticipated stresses and
strains that occur in seat mounting structures and will be
discussed below.

[0209] As illustrated in FIG. 9, the output of the pressure
or weight sensor(s) 7 and 76 is amplified by an amplifier 66
coupled to the pressure or weight sensor(s) 7,76 and the
amplified output is input to the analog/digital converter 67.

[0210] A heartbeat sensor 71 is arranged to detect a
heartbeat, and the magnitude thereof, of a human occupant
of the seat, if such a human occupant is present. The output
of the heartbeat sensor 71 is input to the neural network 65.
The heartbeat sensor 71 may be of the type as disclosed in
McEwan (U.S. Pat. No. 5,573,012 and U.S. Pat. No. 5,766,
208). The heartbeat sensor 71 can be positioned at any
convenient position relative to the seat 4 where occupancy
is being monitored. A preferred location is within the vehicle
seatback. The heartbeat of a stowaway in a cargo container
or truck trailer can similarly be measured be a sensor on the
vehicle floor or other appropriate location that measures
vibrations.

[0211] The reclining angle detecting sensor 57 and the seat
track position-detecting sensor 74, which each may com-
prise a variable resistor, can be connected to constant-
current circuits, respectively. A constant-current is supplied
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from the constant-current circuit to the reclining angle
detecting sensor 57, and the reclining angle detecting sensor
57 converts a change in the resistance value on the tilt of the
back portion 72 to a specific voltage. This output voltage is
input to an analog/digital converter 68 as angle data, i.e.,
representative of the angle between the back portion 72 and
the seat portion 4. Similarly, a constant current can be
supplied from the constant-current circuit to the seat track
position-detecting sensor 74 and the seat track position
detecting sensor 74 converts a change in the resistance value
based on the track position of the seat portion 4 to a specific
voltage. This output voltage is input to an analog/digital
converter 69 as seat track data. Thus, the outputs of the
reclining angle-detecting sensor 57 and the seat track posi-
tion-detecting sensor 74 are input to the analog/digital
converters 68 and 69, respectively. Each digital data value
from the ADCs 68, 69 is input to the neural network 65.
Although the digitized data of the pressure or weight sen-
sor(s) 7, 76 is input to the neural network 65, the output of
the amplifier 66 is also input to a comparison circuit. The
comparison circuit, which is incorporated in the gate circuit
algorithm, determines whether or not the weight of an object
on the passenger seat 70 is more than a predetermined
weight, such as 60 Ibs., for example. When the weight is
more than 60 Ibs., the comparison circuit outputs a logic 1
to the gate circuit to be described later. When the weight of
the object is less than 60 Ibs., a logic 0 is output to the gate
circuit. A detailed description of this and similar systems can
be found in the above-referenced patents and patent appli-
cations assigned to the current assignee and in the descrip-
tion below. The system described above is one example of
many systems that can be designed using the teachings of at
least one of the inventions disclosed herein for detecting the
occupancy state of the seat of a vehicle.

[0212] As diagrammed in FIG. 18, the first step is to
mount the four sets of ultrasonic sensor systems 11-14, the
weight sensors 7,76, the reclining angle detecting sensor 57,
and the seat track position detecting sensor 74, for example,
into a vehicle (step S1). For other vehicle monitoring tasks
different sets of sensors could be used. Next, in order to
provide data for the neural network 65 to learn the patterns
of seated states, data is recorded for patterns of all possible
seated or occupancy states and a list is maintained recording
the seated or occupancy states for which data was acquired.
The data from the sensors/transducers 6, 8, 9, 10, 57, 71, 73,
74, 76 and 78 for a particular occupancy of the passenger
seat, for example, is called a vector (step S2). It should be
pointed out that the use of the reclining angle detecting
sensor 57, seat track position detecting sensor 74, heartbeat
sensor 71, capacitive sensor 78 and motion sensor 73 is not
essential to the detecting apparatus and method in accor-
dance with the invention. However, each of these sensors, in
combination with any one or more of the other sensors
enhances the evaluation of the seated-state of the seat or the
occupancy of the vehicle.

[0213] Next, based on the training data from the reflected
waves of the ultrasonic sensor systems 6, 8, 9, 10 and the
other sensors 7, 71, 73, 76, 78 the vector data is collected
(step S3). Next, the reflected waves P1-P4 are modified by
removing the initial reflected waves from each time window
with a short reflection time from an object (range gating)
(period T1 in FIG. 11) and the last portion of the reflected
waves from each time window with a long reflection time
from an object (period P2 in FIG. 11) (step S4). It is believed
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that the reflected waves with a short reflection time from an
object is due to cross-talk, that is, waves from the transmit-
ters which leak into each of their associated receivers
ChA-ChD. It is also believed that the reflected waves with
a long reflection time are reflected waves from an object far
away from the passenger seat or from multipath reflections.
If these two reflected wave portions are used as data, they
will add noise to the training process. Therefore, these
reflected wave portions are eliminated from the data.

[0214] Recent advances in ultrasonic transducer design
have now permitted the use of a single transducer acting as
both a sender (transmitter) and receiver. These same
advances have substantially reduced the ringing of the
transducer after the excitation pulse has been caused to die
out to where targets as close as about 2 inches from the
transducer can be sensed. Thus, the magnitude of the T1
time period has been substantially reduced.

[0215] As shown in FIG. 19(a), the measured data is
normalized by making the peaks of the reflected wave pulses
P1-P4 equal (step S5). This eliminates the effects of different
reflectivities of different objects and people depending on
the characteristics of their surfaces such as their clothing.
Data from the weight sensor, seat track position sensor and
seat reclining angle sensor is also frequently normalized
based typically on fixed normalization parameters. When
other sensors are used for other types of monitoring, similar
techniques are used.

[0216] The data from the ultrasonic transducers are now
also preferably fed through a logarithmic compression cir-
cuit that substantially reduces the magnitude of reflected
signals from high reflectivity targets compared to those of
low reflectivity. Additionally, a time gain circuit is used to
compensate for the difference in sonic strength received by
the transducer based on the distance of the reflecting object
from the transducer.

[0217] As various parts of the vehicle interior identifica-
tion and monitoring system described in the above reference
patents and patent applications are implemented, a variety of
transmitting and receiving transducers will be present in the
vehicle passenger compartment. If several of these trans-
ducers are ultrasonic transmitters and receivers, they can be
operated in a phased array manner, as described elsewhere
for the headrest, to permit precise distance measurements
and mapping of the components of the passenger compart-
ment. This is illustrated in FIG. 20 which is a perspective
view of the interior of the passenger compartment showing
a variety of transmitters and receivers, 6, 8, 9, 23, 49-51
which can be used in a sort of phased array system. In
addition, information can be transmitted between the trans-
ducers using coded signals in an ultrasonic network through
the vehicular compartment airspace. If one of these sensors
is an optical CCD or CMOS array, the location of the
driver’s eyes can be accurately determined and the results
sent to the seat ultrasonically. Obviously, many other pos-
sibilities exist for automobile and other vehicle monitoring
situations.

[0218] To use ultrasonic transducers in a phase array mode
generally requires that the transducers have a low Q. Certain
new micromachined capacitive transducers appear to be
suitable for such an application. The range of such trans-
ducers is at present limited, however.

[0219] The speed of sound varies with temperature,
humidity, and pressure. This can be compensated for by
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using the fact that the geometry between the transducers is
known and the speed of sound can therefore be measured.
Thus, on vehicle startup and as often as desired thereafter,
the speed of sound can be measured by one transducer, such
as transducer 18 in FIG. 21, sending a signal which is
directly received by another transducer 5. Since the distance
separating them is known, the speed of sound can be
calculated and the system automatically adjusted to remove
the variation due to variations in the speed of sound.
Therefore, the system operates with same accuracy regard-
less of the temperature, humidity or atmospheric pressure. It
may even be possible to use this technique to also automati-
cally compensate for any effects due to wind velocity
through an open window. An additional benefit of this
system is that it can be used to determine the vehicle interior
temperature for use by other control systems within the
vehicle since the variation in the velocity of sound is a strong
function of temperature and a weak function of pressure and
humidity.

[0220] The problem with the speed of sound measurement
described above is that some object in the vehicle may block
the path from one transducer to the other. This of course
could be checked and a correction would not be made if the
signal from one transducer does not reach the other trans-
ducer. The problem, however, is that the path might not be
completely blocked but only slightly blocked. This would
cause the ultrasonic path length to increase, which would
give a false indication of a temperature change. This can be
solved by using more than one transducer. All of the
transducers can broadcast signals to all of the other trans-
ducers. The problem here, of course, is which transducer
pair should be believed if they all give different answers. The
answer is the one that gives the shortest distance or the
greatest calculated speed of sound. By this method, there are
a total of 6 separate paths for four ultrasonic transducers.

[0221] An alternative method of determining the tempera-
ture is to use the transducer circuit to measure some param-
eter of the transducer that changes with temperature. For
example, the natural frequency of ultrasonic transducers
changes in a known manner with temperature and therefore
by measuring the natural frequency of the transducer, the
temperature can be determined. Since this method does not
require communication between transducers, it would also
work in situations where each transducer has a different
resonant frequency.

[0222] The process, by which all of the distances are
carefully measured from each transducer to the other trans-
ducers, and the algorithm developed to determine the speed
of sound, is a novel part of the teachings of the instant
invention for use with ultrasonic transducers. Prior to this,
the speed of sound calculation was based on a single
transmission from one transducer to a known second trans-
ducer. This resulted in an inaccurate system design and
degraded the accuracy of systems in the field.

[0223] If the electronic control module that is part of the
system is located in generally the same environment as the
transducers, another method of determining the temperature
is available. This method utilizes a device and whose
temperature sensitivity is known and which is located in the
same box as the electronic circuit. In fact, in many cases, an
existing component on the printed circuit board can be
monitored to give an indication of the temperature. For
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example, the diodes in a log comparison circuit have char-
acteristics that their resistance changes in a known manner
with temperature. It can be expected that the electronic
module will generally be at a higher temperature than the
surrounding environment, however, the temperature differ-
ence is a known and predictable amount. Thus, a reasonably
good estimation of the temperature in the passenger com-
partment, or other container compartment, can also be
obtained in this manner. Thermisters or other temperature
transducers can be used.

[0224] The placement of ultrasonic transducers for the
example of ultrasonic occupant position sensor system of at
least one of the inventions disclosed herein include the
following novel disclosures: (1) the application of two
sensors to single-axis monitoring of target volumes; (2) the
method of locating two sensors spanning a target volume to
sense object positions, that is, transducers are mounted along
the sensing axis beyond the objects to be sensed; (3) the
method of orientation of the sensor axis for optimal target
discrimination parallel to the axis of separation of distin-
guishing target features; and (4) the method of defining the
head and shoulders and supporting surfaces as defining
humans for rear facing child seat detection and forward
facing human detection.

[0225] A similar set of observations is available for the use
of electromagnetic, capacitive, electric field or other sensors
and for other vehicle monitoring situations. Such rules
however must take into account that some of such sensors
typically are more accurate in measuring lateral and vertical
dimensions relative to the sensor than distances perpendicu-
lar to the sensor. This is particularly the case for CMOS and
CCD-based transducers.

[0226] Considerable work is ongoing to improve the reso-
lution of the ultrasonic transducers. To take advantage of
higher resolution transducers, data points should be obtained
that are closer together in time. This means that after the
envelope has been extracted from the returned signal, the
sampling rate should be increased from approximately 1000
samples per second to perhaps 2000 samples per second or
even higher. By doubling or tripling the amount of data
required to be analyzed, the system which is mounted on the
vehicle will require greater computational power. This
results in a more expensive electronic system. Not all of the
data is of equal importance, however. The position of the
occupant in the normal seating position does not need to be
known with great accuracy whereas, as that occupant is
moving toward the keep out zone boundary during pre-crash
braking, the spatial accuracy requirements become more
important. Fortunately, the neural network algorithm gener-
ating system has the capability of indicating to the system
designer the relative value of each data point used by the
neural network. Thus, as many as, for example, 500 data
points per vector may be collected and fed to the neural
network during the training stage and, after careful pruning,
the final number of data points to be used by the vehicle
mounted system may be reduced to 150, for example. This
technique of using the neural network algorithm-generating
program to prune the input data is an important teaching of
the present invention.

[0227] By this method, the advantages of higher resolution
transducers can be optimally used without increasing the
cost of the electronic vehicle-mounted circuits. Also, once
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the neural network has determined the spacing of the data
points, this can be fine-tuned, for example, by acquiring
more data points at the edge of the keep out zone as
compared to positions well into the safe zone. The initial
technique is done by collecting the full 500 data points, for
example, while in the system installed in the vehicle the data
digitization spacing can be determined by hardware or
software so that only the required data is acquired.

[0228] 1.1.2 Thermal Gradients

[0229] Techniques for compensating for thermal gradients
which affect ultrasonic waves and electromagnetic waves
are set forth in U.S. patent application Ser. No. 10/940,881
and are incorporated by reference herein. Some of that
disclosure is set forth below.

[0230] Thermal gradients adversely affect optics (e.g.,
create mirages) but typically do so to a lesser extent than
they affect ultrasonic waves.

[0231] Forexample, an optical system used in a vehicle, in
the same manner as an ultrasonic system is used as discussed
above, may include a high dynamic range camera (HDRC).
HDRC’s are known devices to those skilled in the art. In
accordance with the invention, the HDRC can be coupled to
a log compression amplifier so that the log compression
amplifier amplifies some electromagnetic waves received by
the HDRC relative to others. Thus, in this embodiment, the
log compression amplifier would compensate for thermal
instability affecting the propagation of electromagnetic
waves within the vehicle interior. Some HDRC cameras are
already designed to have this log compression built in such
as one developed by Fraunhofer-Inst. of Microelectron.
Circuits & Systems in Duisburg, Germany. An alternate
approach using a combination of spatially varying images is
described in International Application No. WO 00/79784
assigned to Columbia University.

[0232] Although the above discussion has centered on the
front passenger seat, it is obvious that the same or similar
apparatus can be used for the driver seat as well as the rear
seats. Although attention has been focused of frontal pro-
tection airbags, again the apparatus can be applied to solving
similar problems in side and rear impacts and to control the
deployment of other occupant restraints in addition to air-
bags. Thus, to reiterate some of the more novel features of
the invention, this application discloses: (1) the use of a
tubular mounting structure for the transducers; (2) the use of
electronic reduction or suppression of transducer ringing; (3)
the use of mechanical damping of the transducer cone, all
three of which permits the use of a single transducer for both
sending and receiving; (4) the use of a shaped horn to control
the pattern of ultrasound; (5) the use of the resonant fre-
quency monitoring principle to permit speed of sound com-
pensation; (6) the use of multiple frequencies with sufficient
spacing to isolate the signals from each other; (7) the ability
to achieve a complete neural network update using four
transducers every 10 to 20 milliseconds; (8) the ability to
package the transducer and tube into a small package due to
the ability to use a small diameter tube for transmission with
minimal signal loss; (9) the use of a logarithmic compres-
sion amplifier to minimize the effects of thermal gradients in
the vehicle; and (10) the significant cost reduction and
performance improvement which results from the applica-
tions of the above principles. To the extent possible, the
foregoing features can be used in combination with one
another.
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[0233] 1.2 Optics

[0234] InFIG. 4, the ultrasonic transducers of the previous
designs are replaced by laser transducers 8 and 9 which are
connected to a microprocessor 20. In all other manners, the
system operates the same. The design of the electronic
circuits for this laser system is described in U.S. Pat. No.
5,653,462 and in particular FIG. 8 thereof and the corre-
sponding description. In this case, a pattern recognition
system such as a neural network system is employed and
uses the demodulated signals from the laser transducers 8
and 9.

[0235] A more complicated and sophisticated system is
shown conceptually in FIG. 5 where transmitter/receiver
assembly 52 is illustrated. In this case, as described briefly
above, an infrared transmitter and a pair of optical receivers
are used to capture the reflection of the passenger. When this
system is used to monitor the driver as shown in FIG. 5, with
appropriate circuitry and a microprocessor, the behavior of
the driver can be monitored. Using this system, not only can
the position and velocity of the driver be determined and
used in conjunction with an airbag system, but it is also
possible to determine whether the driver is falling asleep or
exhibiting other potentially dangerous behavior by compar-
ing portions of his/her image over time. In this case, the
speed of the vehicle can be reduced or the vehicle even
stopped if this action is considered appropriate. This imple-
mentation has the highest probability of an unimpeded view
of the driver since he/she must have a clear view through the
windshield in order to operate the motor vehicle.

[0236] The output of microprocessor 20 of the monitoring
system is shown connected schematically to a general inter-
face 36 which can be the vehicle ignition enabling system;
the entertainment system; the seat, mirror, suspension or
other adjustment systems; telematics or any other appropri-
ate vehicle system.

[0237] FIG. 8A illustrates a typical wave pattern of trans-
mitted infrared waves from transmitter/receiver assembly
49, which is mounted on the side of the vehicle passenger
compartment above the front, driver’s side door. Transmit-
ter/receiver assembly 51, shown overlaid onto transmitter/
receiver 49, is actually mounted in the center headliner of
the passenger compartment (and thus between the driver’s
seat and the front passenger seat), near the dome light, and
is aimed toward the driver. Typically, there will be a sym-
metrical installation for the passenger side of the vehicle.
That is, a transmitter/receiver assembly would be arranged
above the front, passenger side door and another transmitter/
receiver assembly would be arranged in the center headliner,
near the dome light, and aimed toward the front, passenger
side door. Additional transducers can be mounted in similar
places for monitoring both rear seat positions, another can be
used for monitoring the trunk or any other interior volumes.
As with the ultrasonic installations, most of the examples
below are for automobile applications since these are gen-
erally the most complicated. Nevertheless, at least one of the
inventions disclosed herein is not limited to automobile
vehicles and similar but generally simpler designs apply to
other vehicles such as shipping containers, railroad cars and
truck trailers.

[0238] In a preferred embodiment, each transmitter/re-
ceiver assembly 49, 51 comprises an optical transducer,
which may be a camera and an LED, that will frequently be
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used in conjunction with other optical transmitter/receiver
assemblies such as shown at 50, 52 and 54, which act in a
similar manner. In some cases, especially when a low cost
system is used primarily to categorize the seat occupancy, a
single or dual camera installation is used. In many cases, the
source of illumination is not co-located with the camera. For
example, in one preferred implementation, two cameras
such as 49 and 51 are used with a single illumination source
located at 49.

[0239] These optical transmitter/receiver assemblies fre-
quently comprise an optical transmitter, which may be an
infrared LED (or possibly a near infrared (NIR) LED), a
laser with a diverging lens or a scanning laser assembly, and
areceiver such as a CCD or CMOS array and particularly an
active pixel CMOS camera or array or a HDRL or HDRC
camera or array as discussed below. The transducer assem-
blies map the location of the occupant(s), objects and
features thereof, in a two or three-dimensional image as will
now be described in more detail.

[0240] Optical transducers using CCD arrays are now
becoming price competitive and, as mentioned above, will
soon be the technology of choice for interior vehicle moni-
toring. A single CCD array of 160 by 160 pixels, for
example, coupled with the appropriate trained pattern rec-
ognition software, can be used to form an image of the head
of an occupant and accurately locate the head, eyes, ears etc.
for some of the purposes of at least one of the inventions
disclosed herein.

[0241] The location or position of the occupant can be
determined in various ways as noted and listed above and
below as well. Generally, any type of occupant sensor can be
used. Some particular occupant sensors which can be used
in the systems and methods in accordance with the inven-
tion. Specifically, a camera or other device for obtaining
images of a passenger compartment of the vehicle occupied
by the occupant and analyzing the images can be mounted
at the locations of the transmitter and/or receiver assemblies
49, 50, 51, and 54 in FIG. 8C. The camera or other device
may be constructed to obtain three-dimensional images
and/or focus the images on one or more optical arrays such
as CCDs. Further, a mechanism for moving a beam of
radiation through a passenger compartment of the vehicle
occupied by the occupant, i.e., a scanning system, can be
used. When using ultrasonic or electromagnetic waves, the
time of flight between the transmission and reception of the
waves can be used to determine the position of the occupant.
The occupant sensor can also be arranged to receive infrared
radiation from a space in a passenger compartment of the
vehicle occupied by the occupant. It can also comprise an
electric field sensor operative in a seat occupied by the
occupant or a capacitance sensor operative in a seat occu-
pied by the occupant. The implementation of such sensors in
the invention will be readily appreciated by one skilled in the
art in view of the disclosure herein of general occupant
sensors for sensing the position of the occupant using waves,
energy or radiation.

[0242] Looking now at FIG. 22, a schematic illustration of
a system for controlling operation of a vehicle based on
recognition of an authorized individual in accordance with
the invention is shown. One or more images of the passenger
compartment 105 are received at 106 and data derived
therefrom at 107. Multiple image receivers may be provided
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at different locations. The data derivation may entail any one
or more of numerous types of image processing techniques
such as those described in U.S. Pat. No. 6,397,136 including
those designed to improve the clarity of the image. A pattern
recognition algorithm, e.g., a neural network, is trained in a
training phase 108 to recognize authorized individuals. The
training phase can be conducted upon purchase of the
vehicle by the dealer or by the owner after performing
certain procedures provided to the owner, e.g., entry of a
security code or key. In the case of the operator of a truck or
when such an operator takes possession of a trailer or cargo
container, the identity of the operator can be sent by telemat-
ics to a central station for recording and perhaps further
processing.

[0243] In the training phase for a theft prevention system,
the authorized driver(s) would sit themselves in the driver or
passenger seat and optical images would be taken and
processed to obtain the pattern recognition algorithm. A
processor 109 is embodied with the pattern recognition
algorithm thus trained to identify whether a person is the
authorized individual by analysis of subsequently obtained
data derived from optical images. The pattern recognition
algorithm in processor 109 outputs an indication of whether
the person in the image is an authorized individual for which
the system is trained to identify. A security system 110
enables operations of the vehicle when the pattern recogni-
tion algorithm provides an indication that the person is an
individual authorized to operate the vehicle and prevents
operation of the vehicle when the pattern recognition algo-
rithm does not provide an indication that the person is an
individual authorized to operate the vehicle.

[0244] Optionally, an optical transmitting unit 11 is pro-
vided to transmit electromagnetic energy into the passenger
compartment, or other volume in the case of other vehicles,
such that electromagnetic energy transmitted by the optical
transmitting unit is reflected by the person and received by
the optical image reception device 106.

[0245] As noted above, several different types of optical
reception devices can be used including a CCD array, a
CMOS array, focal plane array (FPA), Quantum Well Infra-
red Photodetector (QWIP), any type of two-dimensional
image receiver, any type of three-dimensional image
receiver, an active pixel camera and an HDRC camera.

[0246] The processor 109 can be trained to determine the
position of the individuals included in the images obtained
by the optical image reception device, as well as the distance
between the optical image reception devices and the indi-
viduals.

[0247] Instead of a security system, another component in
the vehicle can be affected or controlled based on the
recognition of a particular individual. For example, the rear
view mirror, seat, seat belt anchorage point, headrest, pedals,
steering wheel, entertainment system, ride quality, air-con-
ditioning/ventilation system can be adjusted.

[0248] FIG. 24 shows the components of the manner in
which an environment of the vehicle, designated 100, is
monitored. The environment may either be an interior envi-
ronment (car, trailer, truck, shipping container, railroad car),
the entire passenger compartment or only a part thereof, or
an exterior environment. An active pixel camera 101 obtains
images of the environment and provides the images or a
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representation thereof, or data derived therefrom, to a pro-
cessor 102. The processor 102 determines at least one
characteristic of an object in the environment based on the
images obtained by the active pixel camera 101, e.g., the
presence of an object in the environment, the type of object
in the environment, the position of an object in the envi-
ronment, the motion of an object in the environment and the
velocity of an object in the environment. The environment
can be any vehicle environment. Several active pixel cam-
eras can be provided, each focusing on a different area of the
environment, although some overlap is desired. Instead of an
active pixel camera or array, a single light-receiving pixel
can be used in some cases.

[0249] Systems based on ultrasonics and neural networks
have been very successful in analyzing the seated-state of
both the passenger and driver seats of automobiles. Such
systems are now going into production for preventing airbag
deployment when a rear facing child seat or and out-of-
position occupant is present. The ultrasonic systems, how-
ever, suffer from certain natural limitations that prevent
system accuracy from getting better than about 99 percent.
These limitations relate to the fact that the wavelength of
ultrasound is typically between 3 mm and 8 mm. As a result,
unexpected results occur which are due partially to the
interference of reflections from different surfaces. Addition-
ally, commercially available ultrasonic transducers are tuned
devices that require several cycles before they transmit
significant energy and similarly require several cycles before
they effectively receive the reflected signals. This require-
ment has the effect of smearing the resolution of the ultra-
sound to the point that, for example, using a conventional 40
kHz transducer, the resolution of the system is approxi-
mately three inches.

[0250] In contrast, the wavelength of near infrared is less
than one micron and no significant interferences occur.
Similarly, the system is not tuned and therefore is theoreti-
cally sensitive to a very few cycles. As a result, resolution of
the optical system is determined by the pixel spacing in the
CCD or CMOS arrays. For this application, typical arrays
have been chosen to be 100 pixels by 100 pixels and
therefore the space being imaged can be broken up into
pieces that are significantly less than 1 cm in size. If greater
resolution is required, arrays having larger numbers of pixels
are readily available. Another advantage of optical systems
is that special lenses can be used to magnify those areas
where the information is most critical and operate at reduced
resolution where this is not the case. For example, the area
closest to the at-risk zone in front of the airbag can be
magnified.

[0251] To summarize, although ultrasonic neural network
systems are operating with high accuracy, they do not totally
eliminate the problem of deaths and injuries caused by
airbag deployments. Optical systems, on the other hand, at
little or no increase in cost, have the capability of virtually
100 percent accuracy. Additional problems of ultrasonic
systems arise from the slow speed of sound and diffraction
caused by variations is air density. The slow sound speed
limits the rate at which data can be collected and thus
eliminates the possibility of tracking the motion of an
occupant during a high speed crash.

[0252] In an embodiment wherein electromagnetic energy
is used, it is to be appreciated that any portion of the
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electromagnetic signals that impinges upon a body portion
of the occupant is at least partially absorbed by the body
portion. Sometimes, this is due to the fact that the human
body is composed primarily of water, and that electromag-
netic energy at certain frequencies can be readily absorbed
by water. The amount of electromagnetic signal absorption
is related to the frequency of the signal, and size or bulk of
the body portion that the signal impinges upon. For example,
a torso of a human body tends to absorb a greater percentage
of electromagnetic energy as compared to a hand of a human
body for some frequencies.

[0253] Thus, when electromagnetic waves or energy sig-
nals are transmitted by a transmitter, the returning waves
received by a receiver provide an indication of the absorp-
tion of the electromagnetic energy. That is, absorption of
electromagnetic energy will vary depending on the presence
or absence of a human occupant, the occupant’s size, bulk,
etc., so that different signals will be received relating to the
degree or extent of absorption by the occupying item on a
seat or elsewhere in the vehicle. The receiver will produce
a signal representative of the returned waves or energy
signals which will thus constitute an absorption signal as it
corresponds to the absorption of electromagnetic energy by
the occupying item in the seat.

[0254] Another optical infrared transmitter and receiver
assembly is shown generally at 52 in FIG. 5 and is mounted
onto the instrument panel facing the windshield. Although
not shown in this view, reference 52 consists of three
devices, one transmitter and two receivers, one on each side
of the transmitter. In this case, the windshield is used to
reflect the illumination light, and also the light reflected back
by the driver, in a manner similar to the “heads-up” display
which is now being offered on several automobile models.
The “heads-up” display, of course, is currently used only to
display information to the driver and is not used to reflect
light from the driver to a receiver. In this case, the distance
to the driver is determined stereoscopically through the use
of the two receivers. In its most elementary sense, this
system can be used to measure the distance between the
driver and the airbag module. In more sophisticated appli-
cations, the position of the driver, and particularly of the
driver’s head, can be monitored over time and any behavior,
such as a drooping head, indicative of the driver falling
asleep or of being incapacitated by drugs, alcohol or illness
can be detected and appropriate action taken. Other forms of
radiation including visual light, radar, terahertz and micro-
waves as well as high frequency ultrasound could also be
used by those skilled in the art.

[0255] A passive infrared system could be used to deter-
mine the position of an occupant relative to an airbag or even
to detect the presence of a human or other life form in a
vehicle. Passive infrared measures the infrared radiation
emitted by the occupant and compares it to the background.
As such, unless it is coupled with an imager and a pattern
recognition system, it can best be used to determine that an
occupant is moving toward the airbag since the amount of
infrared radiation would then be increasing. Therefore, it
could be used to estimate the velocity of the occupant but not
his/her position relative to the airbag, since the absolute
amount of such radiation will depend on the occupant’s size,
temperature and clothes as well as on his position. When
passive infrared is used in conjunction with another distance
measuring system, such as the ultrasonic system described
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above, the combination would be capable of determining
both the position and velocity of the occupant relative to the
airbag. Such a combination would be economical since only
the simplest circuits would be required. In one implemen-
tation, for example, a group of waves from an ultrasonic
transmitter could be sent to an occupant and the reflected
group received by a receiver. The distance to the occupant
would be proportional to the time between the transmitted
and received groups of waves and the velocity determined
from the passive infrared system. This system could be used
in any of the locations illustrated in FIG. 5 as well as others
not illustrated including truck trailers and cargo containers.

[0256] Recent advances in Quantum Well Infrared Photo-
detectors (QWIP) are particularly applicable here due to the
range of frequencies that they can be designed to sense (3-18
microns) which encompasses the radiation naturally emitted
by the human body. Currently, QWIPs need to be cooled and
thus are not quite ready for vehicle applications. There are,
however, longer wave IR detectors based of focal plane
arrays (FPA) that are available in low resolution now. As the
advantages of SWIR, MWIR and LWIR become more
evident, devices that image in this part of the electromag-
netic spectrum will become more available.

[0257] Passive infrared could also be used effectively in
conjunction with a pattern recognition system. In this case,
the passive infrared radiation emitted from an occupant can
be focused onto a QWIP or FPA or even a CCD array, in
some cases, and analyzed with appropriate pattern recogni-
tion circuitry, or software, to determine the position of the
occupant. Such a system could be mounted at any of the
preferred mounting locations shown in FIG. 5 as well as
others not illustrated.

[0258] Lastly, it is possible to use a modulated scanning
beam of radiation and a single pixel receiver, PIN or
avalanche diode, in the inventions described above. Any
form of energy or radiation used above may also be in the
infrared or radar spectrums and may be polarized and filters
may be used in the receiver to block out sunlight etc. These
filters may be notch filters and may be made integral with the
lens as one or more coatings on the lens surface as is well
known in the art. Note, in many applications, this may not
be necessary as window glass blocks all IR except the near
1R.

[0259] For some cases, such as a laser transceiver that may
contain a CMOS array, CCD, PIN or avalanche diode or
other light sensitive devices, a scanner is also required that
can be either solid state as in the case of some radar systems
based on a phased array, an acoustical optical system as is
used by some laser systems, or a mirror or MEMS based
reflecting scanner, or other appropriate technology.

[0260] An optical classification system using a single or
dual camera design will now be discussed, although more
than two cameras can also be used in the system described
below. The occupant sensing system should perform occu-
pant classification as well as position tracking since both are
critical information for making decision of airbag deploy-
ment in an auto accident. For other purposes such as
container or truck trailer monitoring generally only classi-
fication is required. FIG. 25 shows a preferred occupant
sensing strategy. Occupant classification may be done stati-
cally since the type of occupant does not change frequently.
Position tracking, however, has to be done dynamically so
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that the occupant can be tracked reliably during pre-crash
braking situations. Position tracking should provide continu-
ous position information so that the speed and the accelera-
tion of the occupant can be estimated and a prediction can
be made even before the next actual measurement takes
place.

[0261] The current assignee has demonstrated that occu-
pant classification and dynamic position tracking can be
done with a stand-alone optical system that uses a single
camera. The same image information is processed in a
similar fashion for both classification and dynamic position
tracking. As shown in FIG. 26, the whole process can
involve five steps: image acquisition, image preprocessing,
feature extraction, neural network processing, and post-
processing. These steps will now be discussed.

[0262] Step-1 image acquisition is to obtain the image
from the imaging hardware. The imaging hardware main
components may include one or more of the following
image acquisition devices, a digital CMOS camera, a high-
power near-infrared LED, and the LED control circuit. A
plurality of such image acquisition devices can be used. This
step also includes image brightness detection and LED
control for illumination. Note that the image brightness
detection and LED control do not have to be performed for
every frame. For example, during a specific interval, the
ECU can turn the LED ON and OFF and compare the
resulting images. If the image with LED ON is significantly
brighter, then it is identified as nighttime condition and the
LED will remain ON; otherwise, it is identified as daytime
condition and the LED can remain OFF.

[0263] Step-2 image preprocessing performs such activi-
ties as removing random noise and enhancing contrast.
Under daylight condition, the image contains unwanted
contents because the background is illuminated by sunlight.
For example, the movement of the driver, other passengers
in the backseat, and the scenes outside the passenger win-
dow can interfere if they are visible in the image. Usually,
these unwanted contents cannot be completely eliminated by
adjusting the camera position, but they can be removed by
image preprocessing. This process is much less complicated
for some vehicle monitoring cases such as trailer and cargo
containers where sunlight is rarely a problem.

[0264] Step-3 feature extraction compresses the data from,
for example, the 76,800 image pixels in the prototype
camera to only a few hundred floating-point numbers, which
may be based of edge detection algorithms, while retaining
most of the important information. In this step, the amount
of the data is significantly reduced so that it becomes
possible to process the data using neural networks in Step-4.

[0265] There are many methods to extract information
from an image for the purposes herein. One preferred
method is to extract information as to the location of the
edges of an object and then to input this information into a
pattern recognition algorithm. As will be discussed below,
the location and use of the edges of an occupying item as
features in an imager is an important contribution of the
inventions disclosed herein for occupant or other object
sensing and tracking in a vehicle.

[0266] Steps 2 and 3, image pre-processing and feature
extraction can be combined or both performed separately by
use of one or more of the image subtraction techniques
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described herein. One image subtraction technique is to
compare a later obtained image from a series of images from
an imager to at least one previously obtained image from the
series of images from the same imager to ascertain the
presence of differences between the images. Step 4, below,
is the analysis of the differences to obtain information about
the occupying item. There are various ways to compare
images, one of which is to subtract the later obtained image
from the previously obtained image to determine which
image pixels have changed in value. In one embodiment, the
previously obtained image is obtained without infrared
illumination and the later obtained image is obtained with
infrared illumination. Comparison of the images can thus
involve subtracting the later obtained image from the pre-
viously obtained image or subtracting the previously
obtained image from the later obtained image. The images
may be obtained from a single imaging device mounted in
the vehicle to obtain the entire series of images. In some
embodiments, each previously obtained image is an image
of the compartment including permanent structure in the
compartment without a temporary occupying item. Com-
parison of images may thus involve subtracting each previ-
ously obtained image from the later obtained image to
thereby remove the effect of the presence of permanent
structure from the later obtained image. In one embodiment,
edges of shapes in the images are determined prior to
comparison of the images such that only the determined
edges of the shapes of the previously obtained image and the
later obtained image are compared to one another. Compari-
son of images may involve determining which reflections of
the occupying item remain static for all of the images and
determining which reflections move between the images
whereby analysis of the differences constitutes analyzing the
reflections which move.

[0267] Step-4, to increase the system learning capability
and performance stability, modular or combination neural
networks can be used with each module handling a different
subtask (for example, to handle either daytime or nighttime
condition, or to classify a specific occupant group). In an
optical embodiment for analysis of an occupying item in a
seat, after use of image subtraction techniques to images,
differences between the images may be analyzed using a
neural network or more generally any trained pattern rec-
ognition system, to determine, for example, position of the
occupying item such as the position relative to an occupant
protection system, to determine the presence of a head or
chest of a human occupant if a human is the occupying item
and the position of the head or chest, when present, relative
to a deployable occupant protection system, to determine
motion of the occupying item and to determine an identity
of the occupying item. As a result of the analysis, deploy-
ment of the occupant protection system can be controlled,
e.g., based on the position of the head or chest of the
occupant when the presence of an occupant is determined.

[0268] Step-5 post-processing removes random noise in
the neural network outputs via filtering. Besides filtering,
additional knowledge can be used to remove some of the
undesired changes in the neural network output. For
example, it is impossible to change from an adult passenger
to a child restraint without going through an empty-seat state
or key-off. After post-processing, the final decision of clas-
sification is output to the airbag control module, or other
system, and it is up to the automakers or vehicle owners or
managers to decide how to utilize the information. A set of
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display LED’s on the instrument panel provides the same
information to the vehicle occupant(s).

[0269] If multiple images are acquired substantially simul-
taneously, each by a different image acquisition device, then
each image can be processed in the manner above. A
comparison of the classification of the occupant obtained
from the processing of the image obtained by each image
acquisition device can be performed to ascertain any varia-
tions. If there are no variations, then the classification of the
occupant is likely to be very accurate. However, in the
presence of variations, then the images can be discarded and
new images acquired until variations are eliminated.

[0270] A majority approach might also be used. For
example, if three or more images are acquired by three
different cameras, or other imagers, then if two provide the
same classification, this classification will be considered the
correct classification. Alternately, all of the data from all of
the images can be analyzed and together in one combined
neural network or combination neural network.

[0271] Referring again to FIG. 25, after the occupant is
classified from the acquired image or images, i.e., as an
empty seat (classification 1), an infant carrier or an occupied
rearward-facing child seat (classification 2), a child or
occupied forward-facing child seat (classification 3) or an
adult passenger (classification 4), additional classification
may be performed for the purpose of determining a recom-
mendation for control of a vehicular component such as an
occupant restraint device.

[0272] For classifications 1 and 2, the recommendation is
always to suppress deployment of the occupant restraint
device. For classifications 3 and 4, dynamic position track-
ing is performed. This involves the training of neural net-
works or other pattern recognition techniques, one for each
classification, so that once the occupant is classified, the
particular neural network can be trained to analyze the
dynamic position of that occupant will be used. That is, the
data from acquired images will be input to the neural
network to determine a recommendation for control of the
occupant restraint device and also into the neural network
for dynamic position tracking of an adult passenger when
the occupant is classified as an adult passenger. The recom-
mendation may be either a suppression of deployment, a
depowered deployment or a full power deployment.

[0273] To additionally summarize, the system described
can be a single or multiple camera or other imager system
where the cameras are typically mounted on the roof or
headliner of the vehicle either on the roof rails or center or
other appropriate location. The source of illumination is
typically one or more infrared LEDs and if infrared, the
images are typically monochromic, although color can
effectively be used when natural illumination is available.
Images can be obtained at least as fast as 100 frames per
second; however, slower rates are frequently adequate. A
pattern recognition algorithmic system can be used to clas-
sify the occupancy of a seat into a variety of classes such as:
(1) an empty seat; (2) an infant seat which can be further
classified as rear or forward facing; (3) a child which can be
further classified as in or out-of-position and (4) an adult
which can also be further classified as in or out-of-position.
Such a system can be used to suppress the deployment of an
occupant restraint. If the occupant is further tracked so that
his or her position relative to the airbag, for example, is
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known more accurately, then the airbag deployment can be
tailored to the position of the occupant. Such tracking can be
accomplished since the location of the head of the occupant
is either known from the analysis or can be inferred due to
the position of other body parts.

[0274] As discussed below, data and images from the
occupant sensing system, which can include an assessment
of the type and magnitude of injuries, along with location
information if available, can be sent to an appropriate
off-vehicle location such as an emergency medical system
(EMYS) receiver either directly by cell phone, for example,
via a telematics system such as OnStar®, or over the internet
if available in order to aid the service in providing medical
assistance and to access the urgency of the situation. The
system can additionally be used to identify that there are
occupants in the vehicle that has been parked, for example,
and to start the vehicle engine and heater if the temperature
drops below a safe threshold or to open a window or operate
the air conditioning in the event that the temperature raises
to a temperature above a safe threshold. In both cases, a
message can be sent to the EMS or other services by any
appropriate method such as those listed above. A message
can also be sent to the owner’s beeper or PDA.

[0275] The system can also be used alone or to augment
the vehicle security system to alert the owner or other person
or remote site that the vehicle security has been breeched so
as to prevent danger to a returning owner or to prevent a theft
or other criminal act. As discussed herein, one method of
alerting the owner or another interested person is through a
satellite communication with a service such as Skybitz or
equivalent. The advantage here is that the power required to
operate the system can be supplied by a long life battery and
thus the system can be independent of the vehicle power
system.

[0276] As discussed above and below, other occupant
sensing systems can also be provided that monitor the
breathing or other motion of the driver, for example, includ-
ing the driver’s heartbeat, eye blink rate, gestures, direction
or gaze and provide appropriate responses including the
control of a vehicle component including any such compo-
nents listed herein. If the driver is falling asleep, for
example, a warning can be issued and eventually the vehicle
directed off the road if necessary.

[0277] The combination of a camera system with a micro-
phone and speaker allows for a wide variety of options for
the control of vehicle components. A sophisticated algorithm
can interpret a gesture, for example, that may be in response
to a question from the computer system. The driver may
indicate by a gesture that he or she wants the temperature to
change and the system can then interpret a “thumbs up”
gesture for higher temperature and a “thumbs down” gesture
for a lower temperature. When it is correct, the driver can
signal by gesture that it is fine. A very large number of
component control options exist that can be entirely
executed by the combination of voice, speakers and a
camera that can see gestures. When the system does not
understand, it can ask to have the gesture repeated, for
example, or it can ask for a confirmation. Note, the presence
of an occupant in a seat can even be confirmed by a word
spoken by the occupant, for example, which can use a
technology known as voice print if it is desired to identify
the particular occupant.
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[0278] It is also to be noted that the system can be trained
to recognize essentially any object or object location that a
human can recognize and even some that a human cannot
recognize since the system can have the benefit of special
illumination as discussed above. If desired, a particular
situation such as the presence of a passenger’s feet on the
instrument panel, hand on a window frame, head against the
side window, or even lying down with his or her head in the
lap of the driver, for example, can be recognized and
appropriate adjustments to a component performed.

[0279] Note, it has been assumed that the camera would be
permanently mounted in the vehicle in the above discussion.
This need not be the case and especially for some after-
market products, the camera function can be supplied by a
cell phone or other device and a holder appropriately (and
removably) mounted in the vehicle.

[0280] Again the discussion above related primarily to
sensing the interior of and automotive vehicle for the
purposes of controlling a vehicle component such as a
restraint system. When the vehicle is a shipping container
then different classifications can be used depending on the
objective. If it is to determine whether there is a life form
moving within the container, a stowaway, for example, then
that can be one classification. Another may be the size of a
cargo box or whether it is moving. Still another may be
whether there is an unauthorized entry in progress or that the
door has been opened. Others include the presence of a
particular chemical vapor, radiation, excessive temperature,
excessive humidity, excessive shock, excessive vibration
etc.

[0281] 1.2.1 Eyesafe Application

[0282] When using optics, the use of eye-safe frequencies
is critical if there is a possibility that a human occupant is in
the scanning field. Currently, active IR uses the near IR
range which has wavelengths below 1400 nanometers.
Recent developments in the SWIR range (particularly
greater than 1400 nm and more specifically in a range of
1400 nm to about 1700 nm) use indium gallium arsenide
(InGaAs) for an imager permit much higher power trans-
missions as they are below the eye safety zone (see, e.g.,
Martin H. Ettenberg “A Little Night Vision”, Solutions for
the Electronic Imaging Professional, March 2005, a Cygnus
Publication, www.sensorsinc.com/downloads/article_Ad-
vImging 305.pdf).

[0283] Use of such eyesafe IR, i.e., greater than 1400 nm,
to illuminate an area being observed is significantly advan-
tageous since much brighter illumination can be used. If
images are taken in such an illuminated area with a camera
that is only sensitive in this range, through use of appropriate
notch filter, then the effects of sunlight and other artificial
light can be removed. This makes the system much less
sensitive to sunlight effects. It also makes the system easier
to record an image (or an edge image) of an empty seat, for
example, that would be invariant to sun or other uncontrol-
lable illumination and thus the system would be more robust.
The edges of a seat, for example, would always look the
same regardless of the external illumination.

[0284] Use of a near infrared frequency such as SWIR
(above 1.4 microns) may be in the form of a laser spotlight
which would pass eye safety requirements. This laser spot-
light coupled with range gating, e.g., through use of a notch
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filter, permits easy segmentation of objects in the captured
image and thus the rapid classification using, for example, a
modular neural network or combination neural network
system.

[0285] Application of illumination in a frequency above
1400 nm can be implemented in any of the embodiments
described herein wherein illumination is or can be provided
to the vehicular compartment with images thereof being
obtained subsequent to or contemporaneous with the illu-
mination.

[0286]

[0287] In some cases, a combination of an optical system
such as a camera and an ultrasonic system can be used. In
this case, the optical system can be used to acquire an image
providing information as to the vertical and lateral dimen-
sions of the scene and the ultrasound can be used to provide
longitudinal information, for example.

1.3 Ultrasonics and Optics

[0288] A more accurate acoustic system for determining
the distance to a particular object, or a part thereof, in the
passenger compartment is exemplified by transducers 24 in
FIG. 8E. In this case, three ultrasonic transmitter/receivers
24 are shown spaced apart mounted onto the A-pillar of the
vehicle. Due to the wavelength, it is difficult to get a narrow
beam using ultrasonics without either using high frequencies
that have limited range or a large transducer. A commonly
available 40 kHz transducer, for example, is about 1 cm. in
diameter and emits a sonic wave that spreads at about a
sixty-degree angle. To reduce this angle requires making the
transducer larger in diameter. An alternate solution is to use
several transducers and to phase the transmissions from the
transducers so that they arrive at the intended part of the
target in phase. Reflections from the selected part of the
target are then reinforced whereas reflections from adjacent
parts encounter interference with the result that the distance
to the brightest portion within the vicinity of interest can be
determined. A low-Q transducer may be necessary for this
application.

[0289] By varying the phase of transmission from the
three transducers 24, the location of a reflection source on a
curved line can be determined. In order to locate the
reflection source in space, at least one additional transmitter/
receiver is required which is not co-linear with the others.
The waves shown in FIG. 8E coming from the three trans-
ducers 24 are actually only the portions of the waves which
arrive at the desired point in space together in phase. The
effective direction of these wave streams can be varied by
changing the transmission phase between the three trans-
mitters 24.

[0290] A determination of the approximate location of a
point of interest on the occupant can be accomplished by a
CCD or CMOS array and appropriate analysis and the
phasing of the ultrasonic transmitters is determined so that
the distance to the desired point can be determined.

[0291] Although the combination of ultrasonics and optics
has been described, it will now be obvious to others skilled
in the art that other sensor types can be combined with either
optical or ultrasonic transducers including weight sensors of
all types as discussed below, as well as electric field,
chemical, temperature, humidity, radiation, vibration, accel-
eration, velocity, position, proximity, capacitance, angular
rate, heartbeat, radar, other electromagnetic, and other sen-
sors.
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[0292] 1.4 Other Transducers

[0293] InFIG. 4, the ultrasonic transducers of the previous
designs can be replaced by laser or other electromagnetic
wave transducers or transceivers 8 and 9, which are con-
nected to a microprocessor 20. As discussed above, these are
only illustrative mounting locations and any of the locations
described herein are suitable for particular technologies.
Also, such electromagnetic transceivers are meant to include
the entire electromagnetic spectrum including from X-rays
to low frequencies where sensors such as capacitive or
electric field sensors including so called “displacement
current sensors” as discussed in detail herein, and the
auto-tune antenna sensor also discussed herein operate.

[0294] A block diagram of an antenna based near field
object detector is illustrated in FIG. 27. The circuit variables
are defined as follows:

[0295] F=Frequency of operation Hz.
[0296] w=2*r*F radians/second

[0297] o=Phase angle between antenna voltage and
antenna current.

[0298] A, k1, k2, k3, k4 are scale factors, determined by
system design.

[0299] Tp1-8 are points on FIG. 20.

[0300] Tpl=k1*Sin(wt)

[0301] Tp2=k1*Cos(wt) Reference voltage to phase detec-
tor

[0302] Tp3=k2*Sin(wt) drive voltage to Antenna

[0303] Tpd=k3*Cos(wt+6) Antenna current

[0304] Tp5=k4*Cos(wt+6) Voltage representing Antenna
current

[0305] Tp6=0.5wt)Sin(wT) Output of phase detector

[0306]
[0307]

[0308] Ina tuned circuit, the voltage and the current are 90
degrees out of phase with each other at the resonant fre-
quency. The frequency source supplies a signal to the phase
shifter. The phase shifter outputs two signals that are out of
phase by 90 degrees at frequency F. The drive to the antenna
is the signal Tp3. The antenna can be of any suitable type
such as dipole, patch, Yagi etc. When the signal Tp1 from the
phase shifter has sufficient power, the power amplifier may
be eliminated. The antenna current is at Tpd4, which is
converted into a voltage since the phase detector requires a
voltage drive. The output of the phase detector is Tp6, which
is filtered and used to drive the varactor tuning diode D1.
Multiple diodes may be used in place of diode D1. The phase
detector, amplifier filter, varactor tuning diode D1 and
current to voltage converter form a closed loop servo that
keeps the antenna voltage and current in a 90-degree rela-
tionship at frequency F. The tuning loop maintains a 90-de-
gree phase relationship between the antenna voltage and the
antenna current. When an object such as a human comes
near the antenna and attempts to detune it, the phase detector
senses the phase change and adds or subtracts capacity by
changing voltage to the varactor tuning diode D1 thereby
maintaining resonance at frequency F.

Tp7=Absorption signal output
Tp8=Proximity signal output
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[0309] The voltage Tp8 is an indication of the capacity of
a nearby object. An object that is near the loop and absorbs
energy from it, will change the amplitude of the signal at
Tp5, which is detected and outputted to Tp7. The two signals
Tp7 and Tp8 are used to determine the nature of the object
near the antenna.

[0310] An object such as a human or animal with a fairly
high electrical permittivity or dielectric constant and a
relatively high loss dielectric property (high loss tangent)
absorbs significant energy. This effect varies with the fre-
quency used for the detection. If a human, who has a high
loss tangent is present in the detection field, then the
dielectric absorption causes the value of the capacitance of
the object to change with frequency. For a human with high
dielectric losses (high loss tangent), the decay with fre-
quency will be more pronounced than for objects that do not
present this high loss tangency. Exploiting this phenomenon
makes it possible to detect the presence of an adult, child,
baby, pet or other animal in the detection field.

[0311] An older method of antenna tuning used the
antenna current and the voltage across the antenna to supply
the inputs to a phase detector. In a 25 to 50 mw transmitter
with a 50 ohm impedance, the current is small, it is therefore
preferable to use the method described herein.

[0312] Note that the auto-tuned antenna sensor is prefer-
ably placed in the vehicle seat, headrest, floor, dashboard,
headliner, or airbag module cover for an automotive vehicle.
Seat mounted examples are shown at 12, 13, 14 and 15 in
FIG. 4 and a floor mounted example at 11. In most other
manners, the system operates the same. The geometry of the
antenna system would differ depending on the vehicle to
which it is applied and the intended purpose. Such a system,
for example, can be designed to detect the entry of a person
into a container or trailer through the door.

[0313]

[0314] There are several preferred methods of implement-
ing the vehicle interior monitoring systems of at least one of
the inventions disclosed herein including a microprocessor,
an application specific integrated circuit system (ASIC), a
system on a chip and/or an FPGA or DSP. These systems are
represented schematically as 20 herein. In some systems,
both a microprocessor and an ASIC are used. In other
systems, most if not all of the circuitry is combined onto a
single chip (system on a chip). The particular implementa-
tion depends on the quantity to be made and economic
considerations. It also depends on time-to-market consider-
ations where FPGA is frequently the technology of choice.

1.5 Circuits

[0315] The design of the electronic circuits for a laser
system is described in some detail in U.S. Pat. No. 5,653,462
and in particular FIG. 8 thereof and the corresponding
description.

[0316] 2. Adaptation

[0317] The process of adapting a system of occupant or
object sensing transducers to a vehicle is described in the
’934 application, section 2.

[0318] Referring again to FIG. 6, motion sensor 73 can be
a discrete sensor that detects relative motion in the passenger
compartment of the vehicle. Such sensors are frequently
based on ultrasonics and can measure a change in the
ultrasonic pattern that occurs over a short time period.
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Alternately, the subtracting of one position vector from a
previous position vector to achieve a differential position
vector can detect motion. For the purposes herein, a motion
sensor will be used to mean either a particular device that is
designed to detect motion for the creation of a special vector
based on vector differences or a neural network trained to
determine motion based on successive vectors.

[0319] An ultrasonic, optical or other sensor or transducer
system 9 can be mounted on the upper portion of the front
pillar, i.e., the A-Pillar, of the vehicle and a similar sensor
system 6 can be mounted on the upper portion of the
intermediate pillar, i.e., the B-Pillar. Each sensor system 6,
9 may comprise a transducer. The outputs of the sensor
systems 6 and 9 can be input to a band pass filter 60 through
a multiplex circuit 59 which can be switched in synchroni-
zation with a timing signal from the ultrasonic sensor drive
circuit 58, for example, and then can be amplified by an
amplifier 61. The band pass filter 60 removes a low fre-
quency wave component from the output signal and also
removes some of the noise. The envelope wave signal can be
input to an analog/digital converter (ADC) 62 and digitized
as measured data. The measured data can be input to a
processing circuit 63, which can be controlled by the timing
signal which can be in turn output from the sensor drive
circuit 58. The above description applies primarily to sys-
tems based on ultrasonics and will differ somewhat for
optical, electric field and other systems and for different
vehicle types.

[0320] Each of the measured data can be input to a
normalization circuit 64 and normalized. The normalized
measured data can be input to the combination neural
network (circuit) 65, for example, as wave data.

[0321] The output of the pressure or weight sensor(s) 7, 76
can be amplified by an amplifier 66 coupled to the pressure
or weight sensor(s) 7, 76 and the amplified output can be
input to an analog/digital converter and then directed to the
neural network 65, for example, of the processor. Amplifier
66 can be useful in some embodiments but it may be
dispensed with by constructing the sensors 7, 76 to provide
a sufficiently strong output signal, and even possibly a
digital signal. One manner to do this would be to construct
the sensor systems with appropriate electronics.

[0322] The neural network 65 can be directly connected to
the ADCs 68 and 69, the ADC associated with amplifier 66
and the normalization circuit 64. As such, information from
each of the sensors in the system (a stream of data) can be
passed directly to the neural network 65 for processing
thereby. The streams of data from the sensors are usually not
combined prior to the neural network 65 and the neural
network 65 can be designed to accept the separate streams
of data (e.g., at least a part of the data at each input node)
and process them to provide an output indicative of the
current occupancy state of the seat or of the vehicle. The
neural network 65 thus includes or incorporates a plurality
of algorithms derived by training in the manners discussed
herein. Once the current occupancy state of the seat or
vehicle is determined, it is possible to control vehicular
components or systems, such as the airbag system or
telematics system, in consideration of the current occupancy
state of the seat or vehicle.

[0323] A discussion of the methodology of adapting a
monitoring system to an automotive vehicle for the purpose
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primarily of controlling a component such as a restraint
system is described with reference to FIGS. 28-37 of the
’934 application.

[0324] 3. Mounting Locations for and Quantity of Trans-
ducers

[0325] Ultrasonic transducers are relatively good at mea-
suring the distance along a radius to a reflective object. An
optical array, to be discussed now, on the other hand, can get
accurate measurements in two dimensions, the lateral and
vertical dimensions relative to the transducer. Assuming the
optical array has dimensions of 100 by 100 as compared to
an ultrasonic sensor that has a single dimension of 100, an
optical array can therefore provide 100 times more infor-
mation than the ultrasonic sensor. Most importantly, this
vastly greater amount of information does not cost signifi-
cantly more to obtain than the information from the ultra-
SONiC sensor.

[0326] As illustrated in FIGS. 8A-8D, the optical sensors
are typically located for an automotive vehicle at the posi-
tions where the desired information is available with the
greatest resolution. These positions are typically in the
center front and center rear of the occupancy seat and at the
center on each side and top. This is in contrast to the
optimum location for ultrasonic sensors, which are the
corners of such a rectangle that outlines the seated volume.
Styling and other constraints often prevent mounting of
transducers at the optimum locations.

[0327] An optical infrared transmitter and receiver assem-
bly is shown generally at 52 in FIG. 8B and is mounted onto
the instrument panel facing the windshield. Assembly 52 can
either be recessed below the upper face of the instrument
panel or mounted onto the upper face of the instrument
panel. Assembly 52, shown enlarged, comprises a source of
infrared radiation, or another form of electromagnetic radia-
tion, and a CCD, CMOS or other appropriate arrays of
typically 160 pixels by 160 pixels. In this embodiment, the
windshield is used to reflect the illumination light provided
by the infrared radiation toward the objects in the passenger
compartment and also reflect the light being reflected back
by the objects in the passenger compartment, in a manner
similar to the “heads-up” display which is now being offered
on several automobile models. The “heads-up” display, of
course, is currently used only to display information to the
driver and is not used to reflect light from the driver to a
receiver. Once again, unless one of the distance measuring
systems as described below is used, this system alone cannot
be used to determine distances from the objects to the sensor.
Its main purpose is object identification and monitoring.
Depending on the application, separate systems can be used
for the driver and for the passenger. In some cases, the
cameras located in the instrument panel which receive light
reflected off of the windshield can be co-located with
multiple lenses whereby the respective lenses aimed at the
driver and passenger seats respectively.

[0328] Assembly 52 is actually about two centimeters or
less in diameter and is shown greatly enlarged in FIG. 8B.
Also, the reflection area on the windshield is considerably
smaller than illustrated and special provisions are made to
assure that this area of the windshield is flat and reflective as
is done generally when heads-up displays are used. For cases
where there is some curvature in the windshield, it can be at
least partially compensated for by the CCD optics.
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[0329] Transducers 23-25 are illustrated mounted onto the
A-pillar of the vehicle, however, since these transducers are
quite small, typically less than 2 cm on a side, they could
alternately be mounted onto the windshield itself, or other
convenient location which provides a clear view of the
portion of the passenger compartment being monitored.
Other preferred mounting locations include the headliner
above and also the side of the seat. Some imagers are now
being made that are less than 1 cm on a side.

[0330] FIG. 28 is a side view, with certain portions
removed or cut away, of a portion of the passenger com-
partment of a vehicle showing preferred mounting locations
of optical interior vehicle monitoring sensors (transmitter/
receiver assemblies or transducers) 49, 50, 51, 54, 126, 127,
128, 129, and 130. Each of these sensors is illustrated as
having a lens and is shown enlarged in size for clarity. In a
typical actual device, the diameter of the lens is less than 2
cm and it protrudes from the mounting surface by less than
1 cm. Specially designed sensors can be considerably
smaller. This small size renders these devices almost unno-
ticeable by vehicle occupants. Since these sensors are opti-
cal, it is important that the lens surface remains relatively
clean. Control circuitry 132, which is coupled to each
transducer, contains a self-diagnostic feature where the
image returned by a transducer is compared with a stored
image and the existence of certain key features is verified. If
a receiver fails this test, a warning is displayed to the driver
which indicates that cleaning of the lens surface is required.

[0331] The technology illustrated in FIG. 28 can be used
for numerous purposes relating to monitoring of the space in
the passenger compartment behind the driver including: (i)
the determination of the presence and position of objects in
the rear seat(s), (ii) the determination of the presence,
position and orientation of child seats 2 in the rear seat, (iii)
the monitoring of the rear of an occupant’s head 33, (iv) the
monitoring of the position of occupant 30, (v) the monitor-
ing of the position of the occupant’s knees 35, (vi) the
monitoring of the occupant’s position relative to the airbag
44, (vii) the measurement of the occupant’s height, as well
as other monitoring functions as described herein.

[0332] Information relating to the space behind the driver
can be obtained by processing the data obtained by the
sensors 126, 127, 128 and 129, which data would be in the
form of images if optical sensors are used as in the preferred
embodiment. Such information can be the presence of a
particular occupying item or occupant, e.g., a rear facing
child seat 2 as shown in FIG. 28, as well as the location or
position of occupying items. Additional information
obtained by the optical sensors can include an identification
of the occupying item. The information obtained by the
control circuitry by processing the information from sensors
126, 127, 128 and 129 may be used to affect any other
system or component in the vehicle in a similar manner as
the information from the sensors which monitor the front
seat is used as described herein, such as the airbag system.
Processing of the images obtained by the sensors to deter-
mine the presence, position and/or identification of any
occupants or occupying item can be effected using a pattern
recognition algorithm in any of the ways discussed herein,
e.g., a trained neural network. For example, such processing
can result in affecting a component or system in the front
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seat such as a display that allows the operator to monitor
what is happening in the rear seat without having to turn his
or her head.

[0333] Inthe preferred implementation, as shown in FIGS.
8A-8E, four transducer assemblies are positioned around the
seat to be monitored, each can comprise one or more LEDs
with a diverging lenses and a CMOS array. Although illus-
trated together, the illuminating source in many cases will
not be co-located with the receiving array. The LED emits a
controlled angle, 120° for example, diverging cone of infra-
red radiation that illuminates the occupant from both sides
and from the front and rear. This angle is not to be confused
with the field angle used in ultrasonic systems. With ultra-
sound, extreme care is required to control the field of the
ultrasonic waves so that they will not create multipath effects
and add noise to the system. With infrared, there is no
reason, in the implementation now being described, other
than to make the most efficient use of the infrared energy,
why the entire vehicle cannot be flooded with infrared
energy either from many small sources or from a few bright
ones.

[0334] The image from each array is used to capture two
dimensions of occupant position information, thus, the array
of assembly 50 positioned on the windshield header, which
is approximately 25% of the way laterally across the head-
liner in front of the driver, provides a both vertical and
transverse information on the location of the driver. A
similar view from the rear is obtained from the array of
assembly 54 positioned behind the driver on the roof of the
vehicle and above the seatback portion of the seat 72. As
such, assembly 54 also provides both vertical and transverse
information on the location of the driver. Finally, arrays of
assemblies 49 and 51 provide both vertical and longitudinal
driver location information. Another preferred location is the
headliner centered directly above the seat of interest. The
position of the assemblies 49-52 and 54 may differ from that
shown in the drawings. In the invention, in order that the
information from two or more of the assemblies 49-52 and
54 may provide a three-dimensional image of the occupant,
or portion of the passenger compartment, the assemblies
generally should not be arranged side-by-side. A side-by-
side arrangement as used in several prior art references
discussed above, will provide two essentially identical views
with the difference being a lateral shift. This does not enable
a complete three-dimensional view of the occupant.

[0335] One important point concerns the location and
number of optical assemblies. It is possible to use fewer than
four such assemblies with a possible resulting loss in accu-
racy. The number of four was chosen so that either a forward
or rear assembly or either of the side assemblies can be
blocked by a newspaper, for example, without seriously
degrading the performance of the system. Since drivers
rarely are reading newspapers while driving, fewer than four
arrays are usually adequate for the driver side. In fact, one
is frequently sufficient. One camera is also usually sufficient
for the passenger side if the goal of the system is classifi-
cation only or if camera blockage is tolerated for occupant
tracking.

[0336] The particular locations of the optical assemblies
were chosen to give the most accurate information as to the
locations of the occupant. This is based on an understanding
of what information can be best obtained from a visual
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image. There is a natural tendency on the part of humans to
try to gauge distance from the optical sensors directly. This,
as can be seen above, is at best complicated involving
focusing systems, stereographic systems, multiple arrays
and triangulation, time of flight measurement, etc. What is
not intuitive to humans is to not try to obtain this distance
directly from apparatus or techniques associated with the
mounting location. Whereas ultrasound is quite good for
measuring distances from the transducer (the z-axis), optical
systems are better at measuring distances in the vertical and
lateral directions (the x and y-axes). Since the precise
locations of the optical transducers are known, that is, the
geometry of the transducer locations is known relative to the
vehicle, there is no need to try to determine the displacement
of an object of interest from the transducer (the z-axis)
directly. This can more easily be done indirectly by another
transducer. That is, the vehicle z-axis to one transducer is the
camera X-axis to another.

[0337] Another preferred location of a transmitter/receiver
for use with airbags is shown at 54 in FIGS. 5 and 13. In this
case, the device is attached to the steering wheel and gives
an accurate determination of the distance of the driver’s
chest from the airbag module. This implementation would
generally be used with another device such as 50 at another
location. Additional details about mounting of a transducer
on a cover of an airbag module are found in section 3 of the
*934 application with reference to FIG. 13 therein, incorpo-
rated by reference herein.

[0338] One problem of the system using a transmitter/
receiver 54 in FIG. 5 or 13 is that a driver may have
inadvertently placed his hand over the transmitter/receiver
54, thus defeating the operation of the device. A second
confirming transmitter/receiver 50 can therefore be placed at
some other convenient position such as on the roof or
headliner of the passenger compartment as shown in FIG. 5.
This transmitter/receiver 50 operates in a manner similar to
transmitter/receiver 54.

[0339] The applications described herein have been illus-
trated using the driver of the vehicle. The same systems of
determining the position of the occupant relative to the
airbag apply to the passenger, sometimes requiring minor
modifications. Also of course, a similar system can be
appropriately designed for other monitoring situations such
as for cargo containers and truck trailers.

[0340] It is likely that the sensor required triggering time
based on the position of the occupant will be different for the
driver than for the passenger. Current systems are based
primarily on the driver with the result that the probability of
injury to the passenger is necessarily increased either by
deploying the airbag too late or by failing to deploy the
airbag when the position of the driver would not warrant it
but the passenger’s position would. With the use of occupant
position sensors for both the passenger and driver, the airbag
system can be individually optimized for each occupant and
result in further significant injury reduction. In particular,
either the driver or passenger system can be disabled if either
the driver or passenger is out of position.

[0341] There is almost always a driver present in vehicles
that are involved in accidents where an airbag is needed.
Only about 30% of these vehicles, however, have a passen-
ger. If the passenger is not present, there is usually no need
to deploy the passenger side airbag. The occupant position
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sensor, when used for the passenger side with proper pattern
recognition circuitry, can also ascertain whether or not the
seat is occupied, and if not, can disable the deployment of
the passenger side airbag and thereby save the cost of its
replacement. A sophisticated pattern recognition system
could even distinguish between an occupant and a bag of
groceries or a box, for example, which in some cargo
container or truck trailer monitoring situations is desired.
Finally, there has been much written about the out of
position child who is standing or otherwise positioned
adjacent to the airbag, perhaps due to pre-crash braking. The
occupant position sensor described herein can prevent the
deployment of the airbag in this situation.

[0342] 3.1 Single Camera, Dual Camera with Single Light
Source

[0343] Many automobile companies are opting to satisfy
the requirements of FMVSS-208 by using a weight only
system such as the bladder or strain gage systems disclosed
here. Such a system provides an elementary measure of the
weight of the occupying object but does not give a reliable
indication of its position, at least for automotive vehicles. It
can also be easily confused by any object that weighs 60 or
more pounds and that is interpreted as an adult. Weight only
systems are also static systems in that due to vehicle
dynamics that frequently accompany a pre crash braking
event they are unable to track the position of the occupant.
The load from seatbelts can confuse the system and there-
fore a special additional sensor must be used to measure
seatbelt tension. In some systems, the device must be
calibrated for each vehicle and there is some concern as to
whether this calibration will be proper for the life on the
vehicle.

[0344] A single camera can frequently provide consider-
ably more information than a weight only system without
the disadvantages of weight sensors and do so at a similar
cost. Such a single camera in its simplest installation can
categorize the occupancy state of the vehicle and determine
whether the airbag should be suppressed due to an empty
seat or the presence of a child of a size that corresponds to
one weighing less than 60 pounds. Of course, a single
camera can also easily do considerably more by providing a
static out-of-position indication and, with the incorporation
of a faster processor, dynamic out-of-position determination
can also be provided. Thus, especially with the costs of
microprocessors continuing to drop, a single camera system
can easily provide considerably more functionality than a
weight only system and yet stay in the same price range.

[0345] A principal drawback of a single camera system is
that it can be blocked by the hand of an occupant or by a
newspaper, for example. This is a rare event since the
preferred mounting location for the camera is typically high
in the vehicle such as on the headliner. Also, it is consider-
ably less likely that the occupant will always be reading a
newspaper, for example, and if he or she is not reading it
when the system is first started up, or at any other time
during the trip, the camera system will still get an opportu-
nity to see the occupant when he or she is not being blocked
and make the proper categorization. The ability of the
system to track the occupant will be impaired but the system
can assume that the occupant has not moved toward the
airbag while reading the newspaper and thus the initial
position of the occupant can be retained and used for
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suppression determination. Finally, the fact that the camera
is blocked can be determined and the driver made aware of
this fact in much the same manner that a seatbelt light
notifies the driver that the passenger is not wearing his or her
seatbelt.

[0346] The accuracy of a single camera system can be
above 99% which significantly exceeds the accuracy of
weight only systems. Nevertheless, some automobile manu-
facturers desire even greater accuracy and therefore opt for
the addition of a second camera. Such a camera is usually
placed on the opposite side of the occupant as the first
camera. The first camera may be placed on or near the dome
light, for example, and the second camera can be on the
headliner above the side door. A dual camera system such as
this can operate more accurately in bright daylight situations
where the window area needs to be ignored in the view of
the camera that is mounted near the dome.

[0347] Sometimes, in a dual camera system, only a single
light source is used. This provides a known shadow pattern
for the second camera and helps to accentuate the edges of
the occupying item rendering classification easier. Any of
the forms of structured light can also be used and through
these and other techniques the corresponding points in the
two images can more easily be determined thus providing a
three-dimensional model of the occupant or occupying
object in the case of other vehicle types such as a cargo
container or truck trailer.

[0348] As a result, the current assignee has developed a
low cost single camera system which has been extensively
tested for the most difficult problem of automobile occupant
sensing but is nevertheless also applicable for monitoring of
other vehicles such as cargo containers and truck trailers.
The automotive occupant position sensor system uses a
CMOS camera in conjunction with pattern recognition algo-
rithms for the discrimination of out-of-position occupants
and rear facing child safety seats. A single imager, located
strategically within the occupant compartment, is coupled
with an infrared LED that emits unfocused, wide-beam
pulses toward the passenger volume. These pulses, which
reflect off of objects in the passenger seat and are captured
by the camera, contain information for classification and
location determination in approximately 10 msec. The deci-
sion algorithm processes the returned information using a
uniquely trained neural network, which may not be neces-
sary in the simpler cargo container or truck trailer monitor-
ing cases. The logic of the neural network was developed
through extensive in-vehicle training with thousands of
realistic occupant size and position scenarios. Although the
optical occupant position sensor can be used in conjunction
with other technologies (such as weight sensing, seat belt
sensing, crash severity sensing, etc.), it is a stand-alone
system meeting the requirements of FMVSS-208. This
device will be discussed in detail below.

[0349] 3.2 Location of the Transducers

[0350] Any of the transducers discussed herein such as an
active pixel or other camera can be arranged in various
locations in the vehicle including in a headliner, roof,
ceiling, rear view mirror assembly, an A-pillar, a B-pillar and
a C-pillar or a side wall or even a door in the case of a cargo
container or truck trailer. Images of the front seat area or the
rear seat area can be obtained by proper placement and
orientation of the transducers such as cameras. The rear view
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mirror assembly can be a good location for a camera,
particularly if it is attached to the portion of the mirror
support that does not move when the occupant is adjusting
the mirror. Cameras at this location can get a good view of
the driver, passenger as well as the environment surrounding
the vehicle and particularly in the front of the vehicle. It is
an ideal location for automatic dimming headlight cameras.

[0351] 3.3 Color Cameras—Multispectral Imaging

[0352] All occupant sensing systems, except those of the
current assignee, developed to date as reported in the patent
and non-patent literature have been generally based on a
single frequency. As discussed herein, the use of multiple
frequencies with ultrasound makes it possible to change a
static system into a dynamic system allowing the occupant
to be tracked during pre-crash braking, for example. Mul-
tispectral imaging can also provide advantages for camera or
other optical-based systems. The color of the skin of an
occupant is a reliable measure of the presence of an occupant
and also renders the segmentation of the image to be more
easily accomplished. Thus, the face can be more easily
separated from the rest of the image simplifying the deter-
mination of the location of the eyes of the driver, for
example. This is particularly true for various frequencies of
passive and active infrared. Also, as discussed in more detail
below, life forms react to radiation of different frequencies
differently than non-life forms again making the determina-
tion of the presence of a life form easier. Finally, there is just
considerably more information in a color or multispectral
image than in a monochromic image. This additional infor-
mation improves the accuracy of the identification and
tracking process and thus of the system. In many cases, this
accuracy improvement is so small that the added cost is not
justified but as costs of electronics and cameras continue to
drop this equation is changing and it is expected that
multispectral imaging will prevail.

[0353] Illumination for nighttime is frequently done using
infrared. When multispectral imaging is used the designer
has the choice of reverting to IR only for night time or using
a multispectral LED and a very sensitive camera so that the
flickering light does not annoy the driver. Alternately, a
sensitive camera along with a continuous low level of
illumination can be used. Of course, multispectral imaging
does not require that the visible part of the spectrum be used.
Ultraviolet, X-rays and many other frequencies in the infra-
red part of the spectrum are available. Life forms, particu-
larly humans, exhibit particularly interesting and identifiable
reactions (reflection, absorption, scattering, transmission,
emission) to frequencies in other parts of the electromag-
netic spectrum (see for example the book Alien Vision
referenced above) as discussed herein.

[0354] 3.4 High Dynamic Range Cameras.

[0355] An active pixel camera is a special camera which
has the ability to adjust the sensitivity of each pixel of the
camera similar to the manner in which an iris adjusts the
sensitivity of all of the pixels together of a camera. Thus, the
active pixel camera automatically adjusts to the incident
light on a pixel-by-pixel basis. An active pixel camera differs
from an active infrared sensor in that an active infrared
sensor, such as of the type envisioned by Mattes et al.
(discussed above), is generally a single pixel sensor that
measures the reflection of infrared light from an object. In
some cases, as in the HDRC camera, the output of each pixel
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is a logarithm of the incident light thus giving a high
dynamic range to the camera. This is similar to the technique
used to suppress the effects of thermal gradient distortion of
ultrasonic signals as described in the above cross-referenced
patents. Thus, if the incident radiation changes in magnitude
by 1,000,000, for example, the output of the pixel may
change by a factor of only 6.

[0356] A dynamic pixel camera is a camera having a
plurality of pixels and which provides the ability to pick and
choose which pixels should be observed, as long as they are
contiguous.

[0357] An HDRC camera is a type of active pixel camera
where the dynamic range of each pixel is considerably
broader. An active pixel camera manufactured by the Pho-
tobit Corporation has a dynamic range of 70 db while an
IMS Chips camera, an HDRC camera manufactured by
another manufacturer, has a dynamic range of 120 db. Thus,
the HDRC camera has a 100,000 times greater range of light
sensitivity than the Photobit camera.

[0358] The accuracy of the optical occupant sensor is
dependent upon the accuracy of the camera. The dynamic
range of light within a vehicle can exceed 120 decibels.
When a car is driving at night, for example, very little light
is available whereas when driving in a bright sunlight,
especially in a convertible, the light intensity can overwhelm
many cameras. Additionally, the camera must be able to
adjust rapidly to changes in light caused by, for example, the
emergence of the vehicle from tunnel, or passing by other
obstructions such as trees, buildings, other vehicles, etc.
which temporarily block the sun and can cause a strobing
effect at frequencies approaching 1 kHz.

[0359] As mentioned, the IMS HDRC technology pro-
vides a 120 dB dynamic intensity response at each pixel in
a monochromatic mode. The technology has a 1 million to
one dynamic range at each pixel. This prevents blooming,
saturation and flaring normally associated with CMOS and
CCD camera technology. This solves a problem that will be
encountered in an automobile when going from a dark
tunnel into bright sunlight. Such a range can even exceed the
120 dB intensity.

[0360] There is also significant infrared radiation from
bright sunlight and from incandescent lights within the
vehicle. Such situations may even exceed the dynamic range
of the HDRC camera and additional filtering may be
required. Changing the bias on the receiver array, the use of
a mechanical iris, or of electrochromic glass or liquid
crystal, or a Kerr or Pockel cell can provide this filtering on
a global basis but not at a pixel level. Filtering can also be
used with CCD arrays, but the amount of filtering required
is substantially greater than for the HDRC camera. A notch
filter can be used to block significant radiation from the sun,
for example. This notch filter can be made as a part of the
lens through the placement of various coatings onto the lens
surface.

[0361] Liquid crystals operate rapidly and give as much as
a dynamic range of 10,000 to 1 but may create a pixel
interference affect. Electrochromic glass operates more
slowly but more uniformly thereby eliminating the pixel
affect. The pixel effect arises whenever there is one pixel
device in front of another. This results in various aliasing,
Moiré patterns and other ambiguities. One way of avoiding
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this is to blur the image. Another solution is to use a large
number of pixels and combine groups of pixels to form one
pixel of information and thereby to blur the edges to
eliminate some of the problems with aliasing and Moiré
patterns. An alternate to the liquid crystal device is the
suspended particle device or SPD as discussed herein. Other
alternatives include spatial light monitors such as Pockel or
Kerr cells also discussed herein.

[0362] One straightforward approach is the use of a
mechanical iris. Standard cameras already have response
times of several tens of milliseconds range. They will
switch, for example, in a few frames on a typical video
camera (1 frame=0.033 seconds). This is sufficiently fast for
categorization but much too slow for dynamic out-of-posi-
tion tracking.

[0363] An important feature of the IMS Chips HDRC
camera is that the full dynamic range is available at each
pixel. Thus, if there are significant variations in the intensity
of light within the vehicle, and thereby from pixel to pixel,
such as would happen when sunlight streams and through a
window, the camera can automatically adjust and provide
the optimum exposure on a pixel by pixel basis. The use of
the camera having this characteristic is beneficial to the
invention described herein and contributes significantly to
system accuracy. CCDs have a rather limited dynamic range
due to their inherent linear response and consequently
cannot come close to matching the performance of human
eyes. A key advantage of the IMS Chips HDRC camera is its
logarithmic response which comes closest to matching that
of the human eye. The IMS HDRC camera is also useful in
monitoring cargo containers and truck trailers where very
little light is available when the door is shut. A small IR LED
then can provide the necessary light at a low power con-
sumption which is consistent with a system that may have to
operate for long periods on battery power.

[0364] Another approach, which is applicable in some
vehicles at some times, is to record an image without the
infrared illumination and then a second image with the
infrared illumination and to then subtract the first image
from the second image. In this manner, illumination caused
by natural sources such as sunlight or even from light bulbs
within the vehicle can be subtracted out. Using the logarith-
mic pixel system of the IMS Chips camera, care must be
taken to include the logarithmic effect during the subtraction
process. For some cases, natural illumination such as from
the sun, light bulbs within the vehicle, or radiation emitted
by the object itself can be used alone without the addition of
a special source of infrared illumination as discussed below.

[0365] Other imaging systems such as CCD arrays can
also of course be used with at least one of the inventions
disclosed herein. However, the techniques will be different
since the camera is very likely to saturate when bright light
is present and to require the full resolution capability, when
the light is dim, of the camera iris and shutter speed settings
to provide some compensation. Generally, when practicing
at least one of the inventions disclosed herein, the interior of
the passenger compartment will be illuminated with infrared
radiation.

[0366] One novel solution is to form the image in memory
by adding up a sequence of very short exposures. The
number stored in memory would be the sum of the exposures
on a pixel by pixel basis and the problem of saturation
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disappears since the memory location can be made as
floating point numbers. This then permits the maximum
dynamic range but requires that the information from all of
the pixels be removed at high speed. In some cases, each
pixel would then be zeroed while in others, the charge can
be left on the pixel since when saturation occurs the relevant
information will already have been obtained.

[0367] There are other bright sources of infrared that must
be accounted for. These include the sun and any light bulbs
that may be present inside the vehicle. This lack of a high
dynamic range inherent with the CCD technology requires
the use of an iris, fast electronic shutter, liquid crystal, Kerr
or Pockel cell, or electrochromic glass filter to be placed
between the camera and the scene. Even with these filters
however, some saturation can take place with CCD cameras
under bright sun or incandescent lamp exposure. This satu-
ration reduces the accuracy of the image and therefore the
accuracy of the system. In particular, the training regimen
that must be practiced with CCD cameras is more severe
since all of the saturation cases must be considered since the
camera may be unable to appropriately adjust. Thus,
although CCD cameras can be used, HDRC logarithmic
cameras such as manufactured by IMS Chips are preferred.
They not only provide a significantly more accurate image
but also significantly reduce the amount of training effort
and associated data collection that must be undertaken
during the development of the neural network algorithm or
other computational intelligence system. In some applica-
tions, it is possible to use other more deterministic image
processing or pattern recognition systems than neural net-
works.

[0368] Another very important feature of the HDRC cam-
era from IMS Chips is that the shutter time is constant at less
than 100 ns irrespective of brightness of the scene. The pixel
data arrives at constant rate synchronous with the internal
imager clock. Random access to each pixel facilitates high-
speed intelligent access to any sub-frame (block) size or
sub-sampling ratio and a trade-off of frame speed and frame
size therefore results. For example, a scene with 128 K
pixels per frame can be taken at 120 frames per second, or
about 8 milliseconds per frame, whereas a sub-frame can be
taken in run at as high as 4000 frames per second with 4 K
pixels per frame. This combination allows the maximum
resolution for the identification and classification part of the
occupant sensor problem while permitting a concentration
on those particular pixels which track the head or chest, as
described above, for dynamic out-of-position tracking. In
fact, the random access features of these cameras can be
used to track multiple parts of the image simultaneously
while ignoring the majority of the image, and do so at very
high speed. For example, the head can be tracked simulta-
neously with the chest by defining two separate sub-frames
that need not be connected. This random access pixel
capability, therefore, is optimally suited for recognizing and
tracking vehicle occupants. It is also suited for monitoring
the environment outside of the vehicle for the purposes of
blind spot detection, collision avoidance and anticipatory
sensing. Photobit Corporation of 135 North Los Robles
Ave., Suite 700, Pasadena, Calif. 91101 manufactures a
camera with some characteristics similar to the IMS Chips
camera. Other competitive cameras can be expected to
appear on the market.
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[0369] Photobit refers to their Active Pixel Technology as
APS. According to Photobit, in the APS, both the photo
detector and readout amplifier are part of each pixel. This
allows the integrated charge to be converted into a voltage
in the pixel that can then be read out over X-Y wires instead
of using a charge domain shift register as in CCDs. This
column and row addressability (similar to common DRAM)
allows for window of interest readout (windowing) which
can be utilized for on chip electronic pan/tilt and zoom.
Windowing provides added flexibility in applications, such
as disclosed herein, needing image compression, motion
detection or target tracking. The APS utilizes intra-pixel
amplification in conjunction with both temporal and fixed
pattern noise suppression circuitry (i.e., correlated double
sampling), which produces exceptional imagery in terms of
wide dynamic range (~75 dB) and low noise (~15 e-rms
noise floor) with low fixed pattern noise (<0.15% sat).
Unlike CCDs, the APS is not prone to column streaking due
to blooming pixels. This is because CCDs rely on charge
domain shift registers that can leak charge to adjacent pixels
when the CCD registers overflows. Thus, bright lights
“bloom” and cause unwanted streaks in the image. The
active pixel can drive column busses at much greater rates
than passive pixel sensors and CCDs. On-chip analog-to-
digital conversion (ADC) facilitates driving high speed
signals off chip. In addition, digital output is less sensitive to
pickup and crosstalk, facilitating computer and digital con-
troller interfacing while increasing system robustness. A
high speed APS recently developed for a custom binary
output application produced over 8,000 frames per second,
at a resolution of 128x128 pixels. It is possible to extend this
design to a 1024x1024 array size and achieve greater than
1000 frames per second for machine vision. All of these
features can be important to many applications of at least
one of the inventions disclosed herein.

[0370] These advanced cameras, as represented by the
HDRC and the APS cameras, now make it possible to more
accurately monitor the environment in the vicinity of the
vehicle. Previously, the large dynamic range of environmen-
tal light has either blinded the cameras when exposed to
bright light or else made them unable to record images when
the light level was low. Even the HDRC camera with its 120
dB dynamic range may be marginally sufficient to handle the
fluctuations in environmental light that occur. Thus, the
addition of a electrochromic, liquid crystal, SPD, spatial
light monitors or other similar filter may be necessary. This
is particularly true for cameras such as the Photobit APS
camera with its 75 dB dynamic range.

[0371] At about 120 frames per second, these cameras are
adequate for cases where the relative velocity between
vehicles is low. There are many cases, however, where this
is not the case and a much higher monitoring rate is required.
This occurs for example, in collision avoidance and antici-
patory sensor applications. The HDRC camera is optimally
suited for handling these cases since the number of pixels
that are being monitored can be controlled resulting in a
frame rate as high as about 4000 frames per second with a
smaller number of pixels.

[0372] Another key advantage of the HDRC camera is that
it is quite sensitive to infrared radiation in the 0.8 to 1 micron
wavelength range. This range is generally beyond visual
range for humans permitting this camera to be used with
illumination sources that are not visible to the human eye. A
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notch filter is frequently used with the camera to eliminate
unwanted wavelengths. These cameras are available from
the Institute for Microelectronics (IMS Chips), Allamndring
30a, D-70569 Stuttgart, Germany with a variety of resolu-
tions ranging from 512 by 256 to 720 by 576 pixels and can
be custom fabricated for the resolution and response time
required.

[0373] One problem with high dynamic range cameras,
particularly those making use of a logarithmic compression
is that the edges of objects in the field of view tend to wash
out and the picture loses a lot of contrast. This causes
problems for edge detecting algorithms and thus reduces the
accuracy of the system. There are a number of other different
methods of achieving a high dynamic range without sacri-
ficing contrast. One system by Nayar, as discussed herein,
takes a picture using adjacent pixels with different radiation
blocking filers. Four such pixel types are used allowing
Nayar to essentially obtain 4 separate pictures with one snap
of the shutter. Software then selects which of the four pixels
to use for each part of the image so that the dark areas
receive one exposure and somewhat brighter areas another
exposure and so on. The brightest pixel receives all of the
incident light, the next brightest filters half of the light, the
next brightest half again and the dullest pixel half again.
Other ratios could be used as could more levels of pixels,
e.g., eight instead of four. Experiments have shown that this
is sufficient to permit a good picture to be taken when bright
sunlight is streaming into a dark room. A key advantage of
this system is that the full frame rate is available and the
disadvantage is that only 25% of the pixels are in fact used
to form the image.

[0374] Another system drains the charge off of the pixels
as the picture is being taken and stored the integrated results
in memory. TFA technology lends itself to this implemen-
tation. As long as the memory capacity is sufficient, the pixel
never saturates. An additional approach is to take multiple
images at different iris or shutter settings and combine them
in much the same way as with the Nayar method. A still
different approach is to take several pictures at a short
shutter time or a small iris setting and combine the pictures
in a processor or other appropriate device. In this manner,
the effective dynamic range of the camera can be extended.
This method may be too slow for some dynamic applica-
tions.

[0375] 3.5 Fisheye Lens, Pan and Zoom

[0376] Infrared waves are shown coming from the front
and back transducer assemblies 54 and 55 in FIG. 8C. FIG.
8D illustrates two optical systems each having a source of
infrared radiation and a CCD, CMOS, FPR, TFA or QWIP
array receiver. The price of such arrays has dropped dra-
matically recently making most of them practical for interior
and exterior vehicle monitoring. In this embodiment, trans-
ducers 54 and 55 are CMOS arrays having 160 pixels by 160
pixels covered by a lens. In some applications, this can
create a “fisheye” effect whereby light from a wide variety
of directions can be captured. One such transducer placed by
the dome light or other central position in the vehicle
headliner, such as the transducer designated 54, can monitor
the entire vehicle interior with sufficient resolution to deter-
mine the occupancy of the vehicle, for example. Imagers
such as those used herein are available from Marshall
Electronics Inc. of Culver City, Calif. and others. A fisheye
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lens is “ . . . a wide-angle photographic lens that covers an
angle of about 180°, producing a circular image with exag-
gerated foreshortening in the center and increasing distortion
toward the periphery”. (The American Heritage Dictionary
of the English Language, Third Edition, 1992 by Houghton
Mifflin Company). This distortion of a fisheye lens can be
substantially changed by modifying the shape of the lens to
permit particular portions of the interior passenger compart-
ment to be observed. Also, in many cases the full 180° is not
desirable and a lens which captures a smaller angle may be
used. Although primarily spherical lenses are illustrated
herein, it is understood that the particular lens design will
depend on the location in the vehicle and the purpose of the
particular receiver. A fisheye lens can be particularly useful
for some truck trailer, cargo container, railroad car and
automobile trunk monitoring cases.

[0377] A camera that provides for pan and zoom using a
fisheye lens is described in U.S. Pat. No. 5,185,667 and is
applicable to at least one of the inventions disclosed herein.
Here, however, it is usually not necessary to remove the
distortion since the image will in general not be viewed by
a human but will be analyzed by software. One exception is
when the image is sent to emergency services via telematics.
In that case, the distortion removal is probably best done at
the EMS site.

[0378] Although a fisheye camera has primarily been
discussed above, other types of distorting lenses or mirrors
can be used to accomplished particular objectives. A dis-
torting lens or mirror, for example, can have the effect of
dividing the image into several sub-pictures so that the
available pixels can cover more than one area of a vehicle
interior or exterior. Alternately, the volume in close prox-
imity to an airbag, for example, can be allocated a more
dense array of pixels so that measurements of the location of
an occupant relative to the airbag can be more accurately
achieved. Numerous other objectives can now be envisioned
which can now be accomplished with a reduction in the
number of cameras or imagers through either distortion or
segmenting of the optical field.

[0379] Another problem associated with lens is cleanli-
ness. In general, the optical systems of these inventions
comprise methods to test for the visibility through the lens
and issue a warning when that visibility begins to deterio-
rate. Many methods exist for accomplishing this feat includ-
ing the taking of an image when the vehicle is empty and not
moving and at night. Using neural networks, for example, or
some other comparison technique, a comparison of the
illumination reaching the imager can be compared with what
is normal. A network can be trained on empty seats, for
example, in all possible positions and compared with the
new image. Or, those pixels that correspond to any movable
surface in the vehicle can be removed from the image and a
brightness test on the remaining pixels used to determine
lens cleanliness.

[0380] Once a lens has been determined to be dirty, then
either a warning light can be set telling the operator to visit
the dealer or a method of cleaning the lens automatically
invoked. One such method for night vision systems is
disclosed in WO00234572. Another, which is one on the
inventions disclosed herein, is to cover the lens with a thin
film. This film may be ultrasonically excited thereby greatly
minimizing the tendency for it to get dirty and/or the film
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can be part of a roll of film that is advanced when the
diagnostic system detects a dirty lens thereby placing a new
clean surface in front of the imager. The film roll can be
sized such that under normal operation, the roll would last
some period such as 20 years. A simple, powerless mecha-
nism can be designed that will gradually advance the film
across the lens over a period of 10 to 20 years using the
normal daily thermal cycling to cause relative expansion and
contraction of materials with differing thermal expansion
coeflicients.

[0381] 4. 3D Cameras

[0382] Optical sensors can be used to obtain a three-
dimensional measurement of the object through a variety of
methods that use time of flight, modulated light and phase
measurement, quantity of light received within a gated
window, structured light and triangulation etc. Some of these
techniques are discussed in U.S. Pat. No. 6,393,133 and
below.

[0383] 4.1 Stereo

[0384] One method of obtaining a three-dimensional
image is illustrated in FIG. 8D wherein transducer 24 is an
infrared source having a wide transmission angle such that
the entire contents of the front driver’s seat is illuminated.
Receiving imager transducers 23 and 25 are shown spaced
apart so that a stereographic analysis can be made by the
control circuitry 20. This circuitry 20 contains a micropro-
cessor with appropriate pattern recognition algorithms along
with other circuitry as described above. In this case, the
desired feature to be located is first selected from one of the
two returned images from either imaging transducer 23 or
25. The software then determines the location of the same
feature, through correlation analysis or other methods, on
the other image and thereby, through analysis familiar to
those skilled in the art, determines the distance of the feature
from the transducers by triangulation.

[0385] As the distance between the two or more imagers
used in the stereo construction increases, a better and better
model of the object being imaged can be obtained since
more of the object is observable. On the other hand, it
becomes increasingly difficult to pair up points that occur in
both images. Given sufficient computational resources, this
not a difficult problem but with limited resources and the
requirement to track a moving occupant during a crash, for
example, the problem becomes more difficult. One method
to ease the problem is to project onto the occupant, a
structured light that permits a recognizable pattern to be
observed and matched up in both images. The source of this
projection should lie midway between the two imagers. By
this method, a rapid correspondence between the images can
be obtained.

[0386] On the other hand, if a source of structured light is
available at a different location than the imager, then a
simpler three-dimensional image can be obtained using a
single imager. Furthermore, the model of the occupant really
only needs to be made once during the classification phase
of the process and there is usually sufficient time to accom-
plish that model with ordinary computational power. Once
the model has been obtained, then only a few points need be
tracked by either one or both of the cameras.

[0387] Another method exists whereby the displacement
between two images from two cameras is estimated using a
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correlator. Such a fast correlator has been developed by
Professor Lukin of Kyiv, Ukraine in conjunction with his
work on noise radar. This correlator is very fast and can
probably determine the distance to an occupant at a rate
sufficient for tracking purposes.

[0388] 4.2 Distance by Focusing

[0389] In the above-described imaging systems, a lens
within a receptor captures the reflected infrared light from
the head or chest of the driver, or other object to be
monitored, and displays it onto an imaging device (CCD,
CMOS, FPA, TFA, QWIP or equivalent) array. For the
discussion of FIGS. 5 and 13-17 at least, either CCD or the
word “imager” will be used to include all devices which are
capable of converting light frequencies, including infrared,
into electrical signals. In one method of obtaining depth
from focus, the CCD is scanned and the focal point of the
lens is altered, under control of an appropriate circuit, until
the sharpest image of the driver’s head or chest, or other
object, results and the distance is then known from the
focusing circuitry. This trial and error approach may require
the taking of several images and thus may be time consum-
ing and perhaps too slow for occupant tracking during
pre-crash braking.

[0390] The time and precision of this measurement is
enhanced if two receptors (e.g., lenses) are used which can
either project images onto a single CCD or onto separate
CCDs. In the first case, one of the lenses could be moved to
bring the two images into coincidence while in the other
case, the displacement of the images needed for coincidence
would be determined mathematically. Other systems could
be used to keep track of the different images such as the use
of filters creating different infrared frequencies for the
different receptors and again using the same CCD array. In
addition to greater precision in determining the location of
the occupant, the separation of the two receptors can also be
used to minimize the effects of hands, arms or other extremi-
ties which might be very close to the airbag. In this case,
where the receptors are mounted high on the dashboard on
either side of the steering wheel, an arm, for example, would
show up as a thin object but much closer to the airbag than
the larger body parts and, therefore, easily distinguished and
eliminated, permitting the sensors to determine the distance
to the occupant’s chest. This is one example of the use of
pattern recognition.

[0391] An alternate method is to use a lens with a short
focal length. In this case, the lens is mechanically focused,
e.g., automatically, directly or indirectly, by the control
circuitry 20, to determine the clearest image and thereby
obtain the distance to the object. This is similar to certain
camera auto-focusing systems such as one manufactured by
Fuji of Japan. Again this is a time consuming method. Other
methods can be used as described in the patents and patent
applications referenced above.

[0392] Instead of focusing the lens, the lens could be
moved relative to the array to thereby adjust the image on
the array. Instead of moving the lens, the array could be
moved to achieve the proper focus. In addition, it is also
conceivable that software could be used to focus the image
without moving the lens or the array especially if at least two
images are available.

[0393] An alternative is to use the focusing systems
described in patents U.S. Pat. No. 5,193,124 and U.S. Pat.

Page 69 of 123

Feb. 28, 2008

No. 5,003,166. These systems are quite efficient requiring
only two images with different camera settings. Thus, if
there is sufficient time to acquire an image, change the
camera settings and acquire a second image, this system is
fine and can be used with the inventions disclosed herein.
Once the position of the occupant has been determined for
one point in time, then the process may not have to be
repeated as a measurement of the size of a part of an
occupant can serve as a measure of its relative location
compared to the previous image from which the range was
obtained. Thus, other than the requirement of a somewhat
more expensive imager, the system of the 124 and ’166
patents is fine. The accuracy of the range is perhaps limited
to a few centimeters depending on the quality of the imager
used. Also, if multiple ranges to multiple objects are
required, then the process becomes a bit more complicated.

[0394] 4.3 Ranging

[0395] The scanning portion of a pulse laser radar device
can be accomplished using rotating mirrors, vibrating mir-
rors, or preferably, a solid state system, for example one
utilizing TeO, as an optical diffraction crystal with lithium
niobate crystals driven by ultrasound (although other solid
state systems not necessarily using TeO, and lithium niobate
crystals could also be used) which is an example of an
acoustic optical scanner. An alternate method is to use a
micromachined mirror, which is supported at its center and
caused to deflect by miniature coils or equivalent MEMS
device. Such a device has been used to provide two-
dimensional scanning to a laser. This has the advantage over
the TeO,-lithium niobate technology in that it is inherently
smaller and lower cost and provides two-dimensional scan-
ning capability in one small device. The maximum angular
deflection that can be achieved with this process is on the
order of about 10 degrees. Thus, a diverging lens or equiva-
lent will be needed for the scanning system.

[0396] Another technique to multiply the scanning angle is
to use multiple reflections off of angled mirror surfaces. A
tubular structure can be constructed to permit multiple
interior reflections and thus a multiplying effect on the scan
angle.

[0397] An alternate method of obtaining three-dimen-
sional information from a scanning laser system is to use
multiple arrays to replace the single arrays used in FIG. 8A.
In the case, the arrays are displaced from each other and,
through triangulation, the location of the reflection from the
illumination by a laser beam of a point on the object can be
determined in a manner that is understood by those skilled
in the art. Alternately, a single array can be used with the
scanner displaced from the array.

[0398] A new class of laser range finders has particular
application here. This product, as manufactured by Power
Spectra, Inc. of Sunnyvale, Calif., is a GaAs pulsed laser
device which can measure up to 30 meters with an accuracy
of <2 cm and a resolution of <1 cm. This system can be
implemented in combination with transducer 24 and one of
the receiving transducers 23 or 25 may thereby be elimi-
nated. Once a particular feature of an occupying item of the
passenger compartment has been located, this device is used
in conjunction with an appropriate aiming mechanism to
direct the laser beam to that particular feature. The distance
to that feature can then be known to within 2 cm and with
calibration even more accurately. In addition to measure-
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ments within the passenger compartment, this device has
particular applicability in anticipatory sensing and blind spot
monitoring applications exterior to the vehicle. An alternate
technology using range gating to measure the time of flight
of electromagnetic pulses with even better resolution can be
developed based on the teaching of the McEwan patents
listed above.

[0399] A particular implementation of an occupant posi-
tion sensor having a range of from O to 2 meters (corre-
sponding to an occupant position of from 0 to 1 meter since
the signal must travel both to and from the occupant) using
infrared is illustrated in the block diagram schematic of FIG.
17. This system was designed for automobile occupant
sensing and a similar system having any reasonable range up
to and exceeding 100 meters can be designed on the same
principles for other monitoring applications. The operation
is as follows. A 48 MHz signal, fl, is generated by a crystal
oscillator 81 and fed into a frequency tripler 82 which
produces an output signal at 144 MHz. The 144 MHz signal
is then fed into an infrared diode driver 83 which drives the
infrared diode 84 causing it to emit infrared light modulated
at 144 MHz and a reference phase angle of zero degrees. The
infrared diode 84 is directed at the vehicle occupant. A
second signal f2 having a frequency of 48.05 MHz, which is
slightly greater than fl, is similarly fed from a crystal
oscillator 85 into a frequency tripler 86 to create a frequency
of 144.15 MHz. This signal is then fed into a mixer 87 which
combines it with the 144 MHz signal from frequency tripler
82. The combined signal from the mixer 87 is then fed to
filter 88 which removes all signals except for the difference,
or beat frequency, between 3 times f1 and 3 times f2, of 150
kHz. The infrared signal which is reflected from the occu-
pant is received by receiver 89 and fed into pre-amplifier 91,
a resistor 90 to bias being coupled to the connection between
the receiver 89 and the pre-amplifier 91. This signal has the
same modulation frequency, 144 MHz, as the transmitted
signal but now is out of phase with the transmitted signal by
an angle x due to the path that the signal took from the
transmitter to the occupant and back to the receiver.

[0400] The output from pre-amplifier 91 is fed to a second
mixer 92 along with the 144.15 MHz signal from the
frequency tripler 86. The output from mixer 92 is then
amplified by an automatic gain amplifier 93 and fed into
filter 94. The filter 94 eliminates all frequencies except for
the 150 kHz difference, or beat, frequency, in a similar
manner as was done by filter 88. The resulting 150 kHz
frequency, however, now has a phase angle x relative to the
signal from filter 88. Both 150 kHz signals are now fed into
a phase detector 95 which determines the magnitude of the
phase angle x. It can be shown mathematically that, with the
above values, the distance from the transmitting diode to the
occupant is x/345.6 where x is measured in degrees and the
distance in meters. The velocity can also be obtained using
the distance measurement as represented by 96. An alternate
method of obtaining distance information, as discussed
above, is to use the teachings of the McEwan patents
discussed herein.

[0401] As reported above, cameras can be used for obtain-
ing three-dimensional images by modulation of the illumi-
nation as taught in U.S. Pat. No. 5,162,861. The use of a
ranging device for occupant sensing is believed to have been
first disclosed by the current assignee in the above-refer-
enced patents. More recent attempts include the PMD cam-
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era as disclosed in PCT application WO09810255 and
similar concepts disclosed in U.S. Pat. No. 6,057,909 and
U.S. Pat. No. 6,100,517.

[0402] Note that although the embodiment in FIG. 17 uses
near infrared, it is possible to use other frequencies of energy
without deviating from the scope of the invention. In par-
ticular, there are advantages in using the short wave (SWIR),
medium wave (MWIR) and long wave (LWIR) portions of
the infrared spectrum as the interact in different and inter-
esting ways with living occupants as described herein and in
the book Alien Vision referenced above.

[0403] 4.4 Pockel or Kerr Cell for Determining Range

[0404] Pockel and Kerr cells are well known in optical
laboratories. They act as very fast shutters (up to 10 billion
cycles per second) and as such can be used to range-gate the
reflections based on distance giving a range resolution of up
to 3 cm without the use of phase techniques to divide the
interval into parts or sub millimeter resolution using phasing
techniques. Thus, through multiple exposures the range to
all reflecting surfaces inside and outside of the vehicle can
be determined to any appropriate degree of accuracy. The
illumination is transmitted, the camera shutter opened and
the cell allows only that reflected light to enter the camera
that arrived at the cell a precise time range after the
illumination was initiated.

[0405] These cells are part of a class of devices called
spatial light modulators (SLM). One novel application of an
SLM is reported in U.S. Pat. No. 5,162,861. In this case, an
SLM is used to modulate the light returning from a trans-
mitted laser pulse that is scattered from a target. By com-
paring the intensities of the modulated and unmodulated
images, the distance to the target can be ascertained. Using
a SLM in another manner, the light valve can be kept closed
for all ranges except the ones of interest. Thus, by changing
the open time of the SLM, only returns from certain dis-
tances are permitted to pass through to the imager. By
selective changing the opened time, the range to the target
can be “range-gated” and thereby accurately determined.
Thus, the outgoing light need not be modulated and a
scanner is not necessary unless there is a need to overcome
the power of the sun reflecting off of the object of interest.
This form of range-gating can of course be used for either
external or internal applications.

[0406] 4.5 Thin Film on ASIC (TFA)

[0407] Since the concepts of using cameras for monitoring
the passenger compartment of a vehicle and measuring
distance to a vehicle occupant based on the time of flight
were first disclosed in the commonly assigned above-refer-
enced patents, several improvements have been reported in
the literature including the thin film on ASIC (TFA) (refer-
ences 6-11) and photonic mixing device (PMD) (reference
12) camera technologies. Both of these technologies and
combinations thereof are good examples of devices that can
be used in practicing the inventions herein and those in the
above-referenced patents and applications for monitoring
both inside and exterior to a vehicle.

[0408] An improvement to these technologies is to use
noise or pseudo noise modulation for a PMD-like device to
permit more accurate distance to object determination espe-
cially for exterior to the vehicle monitoring through corre-
lation of the generated and reflected modulation sequences.
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This has the further advantage that systems from different
vehicles will not interfere with each other.

[0409] The TFA is an example of a high dynamic range
camera (HDRC) the use of which for interior monitoring
was first disclosed in U.S. Pat. No. 6,393,133. Since there is
direct connection between each pixel and an associated
electronic circuit, the potential exists for range gating the
sensor to isolate objects between certain limits thus simpli-
fying the identification process by eliminating reflections
from objects that are closer or further away than the object
of interest. A further advantage of the TFA is that it can be
doped to improve its sensitivity to infrared and it also can be
fabricated as a three-color camera system.

[0410] Another novel HDRC camera is disclosed by
Nayar (reference 13), as discussed above, and involves
varying the sensitivity of pixels in the imager. Each of four
adjacent pixels has a different exposure sensitivity and an
algorithm is presented that combines the four exposures in
a manner that loses little resolution but provides a high
dynamic range picture. This particularly simple system is a
preferred approach to handling the dynamic range problem
in several monitoring applications of at least one of the
inventions disclosed herein.

[0411] A great deal of development effort has gone into
automatic camera focusing systems such as described in the
Scientific American Article “Working Knowledge: Focusing
in a Flash” (reference 14). The technology is now to the
point that it can be taught to focus on a particular object,
such as the head or chest of an occupant, or other object, and
measure the distance to the object to within approximately
1 inch. If this technology is coupled with the Nayar camera,
a very low cost semi 3D high dynamic range camera or
imager results that is sufficiently accurate for locating an
occupant in the passenger compartment or an object in
another container. If this technology is coupled with an eye
locator and the distance to the eyes of the occupant are
determined, then a single camera is all that is required for
either the driver or passenger. Such a system would display
a fault warning when it is unable to find the occupant’s eyes.
Such a system is illustrated in FIGS. 52 and 53.

[0412] As discussed above, thin film on ASIC technology,
as described in Lake, D. W. “TFA Technology: The Coming
Revolution in Photography”, Advanced Imaging Magazine,
April, 2002 (www.advancedimagingmag.com) shows prom-
ise of being the next generation of imager for automotive
and other vehicle monitoring applications. The anticipated
specifications for this technology, as reported in the Lake
article, are:

Dynamic Range 120 db
Sensitivity 0.01 lux
Anti-blooming 1,000,000:1
Pixel Density 3,200,000
Pixel Size 3.5 um
Frame Rate 30 fps

DC Voltage 1.8v
Compression 500 to 1

[0413] All of these specifications, except for the frame
rate, are attractive for occupant sensing. It is believed that
the frame rate can be improved with subsequent generations
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of the technology. Some advantages of this technology for
occupant sensing include the possibility of obtaining a
three-dimensional image by varying the pixel on time in
relation to a modulated illumination in a simpler manner
than that proposed with the PMD imager or with a Pockel or
Kerr cell. The ability to build the entire package on one chip
will reduce the cost of this imager compared with two or
more chips required by current technology. Other technical
papers on TFA are referenced above.

[0414] TFA thus appears to be a major breakthrough when
used in the interior and exterior imaging systems. Its use in
these applications falls within the teachings of the inventions
disclosed herein.

[0415] 5. Glare Control

[0416] The headlights of oncoming vehicles frequently
make it difficult for the driver of a vehicle to see the road and
safely operate the vehicle. This is a significant cause of
accidents and much discomfort. The problem is especially
severe during bad weather where rain can cause multiple
reflections. Opaque visors are now used to partially solve
this problem but they do so by completely blocking the view
through a large portion of the window and therefore cannot
be used to cover the entire windshield. Similar problems
happen when the sun is setting or rising and the driver is
operating the vehicle in the direction of the sun. U.S. Pat.
No. 4,874,938 attempts to solve this problem through the use
of a motorized visor but although it can block some glare
sources, it also blocks a substantial portion of the field of
view.

[0417] The vehicle interior monitoring system disclosed
herein can contribute to the solution of this problem by
determining the position of the driver’s eyes. If separate
sensors are used to sense the direction of the light from the
on-coming vehicle or the sun, and through the use of
electrochromic glass, a liquid crystal device, suspended
particle device glass (SPD) or other appropriate technology,
a portion of the windshield, or special visor, can be darkened
to impose a filter between the eyes of the driver and the light
source. Electrochromic glass is a material where the trans-
parency of the glass can be changed through the application
of an electric current. The term “liquid crystal” as used
herein will be used to represent the class of all such materials
where the optical transmissibility can be varied electrically
or electronically. Electrochromic products are available
from Gentex of Zeeland, Mich., and Donnelly of Holland,
Mich. Other systems for selectively imposing a filter
between the eyes of an occupant and the light source are
currently under development.

[0418] By dividing the windshield into a controlled grid or
matrix of contiguous areas and through feeding the current
into the windshield from orthogonal directions, selective
portions of the windshield can be darkened as desired. Other
systems for selectively imposing a filter between the eyes of
an occupant and the light source are currently under devel-
opment. One example is to place a transparent sun visor type
device between the windshield and the driver to selectively
darken portions of the visor as described above for the
windshield.

[0419] 5.1 Windshield

[0420] FIG. 29 illustrates how such a system operates for
the windshield. A sensor 135 located on vehicle 136 deter-
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mines the direction of the light 138 from the headlights of
oncoming vehicle 137. Sensor 135 is comprised of a lens
and a charge-coupled device (CCD), CMOS or similar
device, with appropriate software or electronic circuitry that
determines which elements of the CCD are being most
brightly illuminated. An algorithm stored in processor 20
then calculates the direction of the light from the oncoming
headlights based on the information from the CCD, or
CMOS device. Usually two systems 135 are required to fix
the location of the offending light. Transducers 6, 8 and 10
determine the probable location of the eyes of the operator
30 of vehicle 136 in a manner such as described above and
below. In this case, however, the determination of the
probable locus of the driver’s eyes is made with an accuracy
of a diameter for each eye of about 3 inches (7.5 cm). This
calculation sometimes will be in error especially for ultra-
sonic occupant sensing systems and provision is made for
the driver to make an adjustment to correct for this error as
described below.

[0421] The windshield 139 of vehicle 136 comprises elec-
trochromic glass, a liquid crystal, SPD device or similar
system, and is selectively darkened at area 140, FIG. 29A,
due to the application of a current along perpendicular
directions 141 and 142 of windshield 139. The particular
portion of the windshield to be darkened is determined by
processor 20. Once the direction of the light from the
oncoming vehicle is known and the locations of the driver’s
eyes are known, it is a matter of simple trigonometry to
determine which areas of the windshield matrix should be
darkened to impose a filter between the headlights and the
driver’s eyes. This is accomplished by the processor 20. A
separate control system, not shown, located on the instru-
ment panel, steering wheel or at some other convenient
location, allows the driver to select the amount of darkening
accomplished by the system from no darkening to maximum
darkening. In this manner, the driver can select the amount
of light that is filtered to suit his particular physiology.
Alternately, this process can take place automatically. The
sensor 135 can either be designed to respond to a single light
source or to multiple light sources to be sensed and thus
multiple portions of the vehicle windshield 139 to be dark-
ened. Unless the camera is located on the same axis at the
eyes of the driver, two cameras would in general be required
to determine the distance of the glare causing object from the
eyes of the driver. Without this third dimension, two glare
sources that are on the same axis to the camera could be on
different axes to the driver, for example.

[0422] As an alternative to locating the direction of the
offending light source, a camera looking at the eyes of the
driver can determine when they are being subjected to glare
and then impose a filter. A trial and error process or through
the use of structured light created by a pattern on the
windshield, determines where to create the filter to block the
glare.

[0423] More eflicient systems are now becoming available
to permit a substantial cost reduction as well as higher speed
selective darkening of the windshield for glare control.
These systems permit covering the entire windshield which
is difficult to achieve with LCDs. For example, such systems
are made from thin sheets of plastic film, sometimes with an
entrapped liquid, and can usually be sandwiched between
the two pieces of glass that make up a typical windshield.
The development of conductive plastics permits the address-
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ing and thus the manipulation of pixels of a transparent film
that previously was not possible. These new technologies
will now be discussed.

[0424] If the objective is for glare control, then the Xerox
Gyricon technology applied to windows can be appropriate.
Previously, this technology has only been used to make
e-paper and a modification to the technology is necessary for
it to work for glare control. Gyricon is a thin layer of
transparent plastic full of millions of small black and white
or red and white beads, like toner particles. The beads are
contained in an oil-filled cavity. When voltage is applied, the
beads rotate to present a colored side to the viewer. The
advantages of Gyricon are: (1) it is electrically writeable and
erasable; (2) it can be re-used thousands of times; (3) it does
not require backlighting or refreshing; (4) it is brighter than
today’s reflective displays; and, (5) it operates on low power.
The changes required are to cause the colored spheres to
rotate 90 degrees rather than 180 degrees and to make half
of each sphere transparent so that the display switches from
opaque to 50% transparent.

[0425] Another technology, SPD light control technology
from Research Frontiers Inc., has been used to darken entire
windows but not as a system for darkening only a portion of
the glass or sun visor to impose a selective filter to block the
sun or headlights of an oncoming vehicle. Although it has
been used as a display for laptop computers, it has not been
used as a heads-up display (HUD) replacement technology
for automobile or truck windshields.

[0426] Both SPD and Gyricon technologies require that
the particles be immersed in a fluid so that the particles can
move. Since the properties of the fluid will be temperature
sensitive, these technologies will vary somewhat in perfor-
mance over the automotive temperature range. The preferred
technology, therefore, is plastic electronics although in many
applications either Gyricon or SPD will also be used in
combination with plastic electronics, at least until the tech-
nology matures. Currently plastic electronics can only emit
light and not block it. However, research is ongoing to
permit it to also control the transmission of light.

[0427] The calculations of the location of the driver’s eyes
using acoustic systems may be in error and therefore pro-
vision must be made to correct for this error. One such
system permits the driver to adjust the center of the darkened
portion of the windshield to correct for such errors through
a knob, mouse pad, joy stick or other input device, on the
instrument panel, steering wheel, door, armrest or other
convenient location. Another solution permits the driver to
make the adjustment by slightly moving his head. Once a
calculation as to the location of the driver’s eyes has been
made, that calculation is not changed even though the driver
moves his head slightly. It is assumed that the driver will
only move his head in a very short time period to center the
darkened portion of the windshield to optimally filter the
light from the oncoming vehicle. The monitoring system
will detect this initial head motion and make the correction
automatically for future calculations. Additionally, a camera
observing the driver or other occupant can monitor the
reflections of the sun or the headlights of oncoming vehicles
off of the occupant’s head or eyes and automatically adjust
the filter in the windshield or sun visor.

[0428] 5.2 Glare in Rear View Mirrors

[0429] Electrochromic glass is currently used in rear view
mirrors to darken the entire mirror in response to the amount
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of light striking an associated sensor. This substantially
reduces the ability of the driver to see objects coming from
behind his vehicle. If one rear-approaching vehicle, for
example, has failed to dim his lights, the mirror will be
darkened to respond to the light from that vehicle making it
difficult for the driver to see other vehicles that are also
approaching from the rear. If the rear view mirror is selec-
tively darkened on only those portions that cover the lights
from the offending vehicle, the driver is able to see all of the
light coming from the rear whether the source is bright or
dim. This permits the driver to see all of the approaching
vehicles not just the one with bright lights.

[0430] Such a system is illustrated in FIGS. 30, 30A and
30B wherein rear view mirror 55 is equipped with electro-
chromic glass, or comprises a liquid crystal or similar
device, having the capability of being selectively darkened,
e.g., at area 143. Associated with mirror 55 is a light sensor
144 that determines the direction of light 138 from the
headlights of rear approaching vehicle 137. Again, as with
the windshield, a stereo camera is used if the camera is not
aligned with the eye view path. This is easier to accomplish
with a mirror due to its much smaller size. In such a case, the
imager could be mounted on the movable part of the mirror
and could even look through the mirror from behind. In the
same manner as above, transducers 6, 8 and 10 determine the
location of the eyes of the driver 30. The signals from both
sensor systems, 6, 8, 10 and 144, are combined in the
processor 20, where a determination is made as to what
portions of the mirror should be darkened, e.g., area 143.
Appropriate currents are then sent to the mirror 55 in a
manner similar to the windshield system described above.
Again, an alternative solution is to observe a glare reflection
on the face of the driver and remove the glare with a filter.

[0431] Note, the rearview mirror is also an appropriate
place to display icons of the contents of the blind spot or
other areas surrounding the vehicle as disclosed in U.S.
patent application Ser. No. 09/851,362 filed May 8, 2001.

[0432] 5.3 Visor for Glare Control and HUD

[0433] FIG. 31 illustrates the interior of a passenger com-
partment with a rear view mirror assembly 55, a camera for
viewing the eyes of the driver 56 and a large generally
transparent sun visor 145. The sun visor 145 is normally
largely transparent and is made from electrochromic glass,
suspended particle glass, a liquid crystal device or equiva-
lent. The camera 56 images the eyes of the driver and looks
for a reflection indicating that glare is impinging on the
driver’s eyes. The camera system may have a source of
infrared or other frequency illumination that would be
momentarily activated to aid in locating the driver’s eyes.
Once the eyes have been located, the camera monitors the
area around the eyes, or direct reflections from the eyes
themselves, for an indication of glare. The camera system in
this case would not know the direction from which the glare
is originating; it would only know that the glare was present.
The glare blocker system then can darken selected portions
of the visor to attempt to block the source of glare and would
use the observation of the glare from or around the eyes of
the driver as feedback information. When the glare has been
eliminated, the system maintains the filter, perhaps momen-
tarily reducing it from time to time to see that the source of
glare has not stopped.

[0434] If the filter is electrochromic glass, a significant
time period is required to activate the glare filter and
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therefore a trial and error search for the ideal filter location
could be too slow. In this case, a non-recurring spatial
pattern can be placed in the visor such that when light passes
through the visor and illuminates the face of the driver, the
location where the filter should be placed can be easily
determined. That is, the pattern reflection off of the face of
the driver would indicate the location of the visor through
which the light causing the glare was passing. Such a
structured light system can also be used for the SPD and
LCD filters but since they act significantly more rapidly, it
would serve only to simplify the search algorithm for filter
placement.

[0435] A second photo sensor 135 can also be used
pointing through the windshield to determine only that glare
was present. In this manner, when the source of the glare
disappears, the filter can be turned off. A more sophisticated
system as described above for the windshield system
whereby the direction of the light is determined using a
camera-type device can also be implemented.

[0436] The visor 145 is illustrated as substantially cover-
ing the front windshield in front of the driver. This is
possible since it is transparent except where the filter is
applied, which would in general be a small area. A second
visor, not shown, can also be used to cover the windshield
for the passenger side that would also be useful when the
light-causing glare on the driver’s eyes enters thought the
windshield in front of the passenger or if a passenger system
is also desired. In some cases, it might even be advantageous
to supply a similar visor to cover the side windows but in
general, standard opaque visors would serve for both the
passenger side windshield area and the side windows since
the driver in general only needs to look through the wind-
shield in front of him or her.

[0437] A smaller visor can also be used as long as it is
provided with a positioning system or method. The visor
only needs to cover the eyes of the driver. This could either
be done manually or by electric motors similar to the system
disclosed in U.S. Pat. No. 4,874,938. If electric motors are
used, then the adjustment system would first have to move
the visor so that it covered the driver’s eyes and then provide
the filter. This could be annoying if the vehicle is heading
into the sun and turning and/or going up and down hills. In
any case, the visor should be movable to cover any portion
of the windshield where glare can get through, unlike
conventional visors that only cover the top half of the
windshield. The visor also does not need to be close to the
windshield and the closer that it is to the driver, the smaller
and thus the less expensive it can be.

[0438] As with the windshield, the visor of at least one of
the inventions disclosed herein can also serve as a display
using plastic electronics as described above either with or
without the SPD or other filter material. Additionally, visor-
like displays can now be placed at many locations in the
vehicle for the display of Internet web pages, movies, games
etc. Occupants of the rear seat, for example, can pull down
such displays from the ceiling, up from the front seatbacks
or out from the B-pillars or other convenient locations.

[0439] A key advantage of the systems disclosed herein is
the ability to handle multiple sources of glare in contrast to
the system of U.S. Pat. No. 4,874,938, which requires that
the multiple sources must be close together.
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[0440] 5.4 Headlamp Control

[0441] In a similar manner, the forward looking camera(s)
can also be used to control the lights of vehicle 136 when
either the headlights or taillights of another vehicle are
sensed. In this embodiment, the CCD array is designed to be
sensitive to visible light and a separate source of illumina-
tion is not used. The key to this technology can be the use
of trained pattern recognition algorithms and particularly the
artificial neural network. Here, as in the other cases above
and in the patents and patent applications referenced above,
the pattern recognition system is trained to recognize the
pattern of the headlights of an oncoming vehicle or the tail
lights of a vehicle in front of vehicle 136 and to then dim the
headlights when either of these conditions is sensed. It is
also trained to not dim the lights for other reflections such as
reflections off of a sign post or the roadway. One problem is
to differentiate taillights where dimming is desired from
distant headlights where dimming is not desired. At least
three techniques can be used: (i) measurement of the spacing
of the light sources, (ii) determination of the location of the
light sources relative to the vehicle, and (iii) use of a red
filter where the brightness of the light source through the
filter is compared with the brightness of the unfiltered light.
In the case of the taillight, the brightness of the red filtered
and unfiltered light is nearly the same while there is a
significant difference for the headlight case. In this situation,
either two CCD arrays are used, one with a filter, or a filter
which can be removed either electrically, such as with a
liquid crystal, or mechanically. Alternately a fast Fourier
transform, or other spectral analysis technique, of the data
can be taken to determine the relative red content.

[0442] 6. Weight Measurement and Biometrics

[0443] One way to determine motion of the occupant(s) is
to monitor the weight distribution of the occupant whereby
changes in weight distribution after an accident would be
highly suggestive of movement of the occupant. A system
for determining the weight distribution of the occupants can
be integrated or otherwise arranged in the seats 3 and 4 of
the vehicle and several patents and publications describe
such systems.

[0444] More generally, any sensor that determines the
presence and health state of an occupant can also be inte-
grated into the vehicle interior monitoring system in accor-
dance with the inventions herein. For example, a sensitive
motion sensor can determine whether an occupant is breath-
ing and a chemical sensor, such as accomplished using SAW
technology, can determine the amount of carbon dioxide, or
the concentration of carbon dioxide, in the air in the vehicle,
which can be correlated to the health state of the occu-
pant(s). The motion sensor and chemical sensor can be
designed to have a fixed operational field situated near the
occupant. In the alternative, the motion sensor and chemical
sensor can be adjustable and adapted to adjust their opera-
tional field in conjunction with a determination by an
occupant position and location sensor that would determine
the location of specific parts of the occupant’s body such as
his or her chest or mouth. Furthermore, an occupant position
and location sensor can be used to determine the location of
the occupant’s eyes and determine whether the occupant is
conscious, that is, whether his or her eyes are open or closed
or moving.

[0445] Chemical sensors can also be used to detect
whether there is blood present in the vehicle such as after an
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accident. Additionally, microphones can detect whether
there is noise in the vehicle caused by groaning, yelling, etc.,
and transmit any such noise through the cellular or similar
connection to a remote listening facility using a telematics
communication system such as operated by OnStar™.

[0446] FIG. 2A shows a schematic diagram of an embodi-
ment of the invention including a system for determining the
presence and health state of any occupants of the vehicle and
a telecommunications link. This embodiment includes a
system 150 for determining the presence of any occupants
151, which may take the form of a heartbeat sensor, chemi-
cal sensor or motion sensor as described above and a system
for determining the health state of any occupants 151. The
latter system may be integrated into the system for deter-
mining the presence of any occupants using the same or
different component. The presence determining system 150
may encompass a dedicated presence determination device
associated with each seating location in the vehicle, or at
least sufficient presence determination devices having the
ability to determine the presence of an occupant at each
seating location in the vehicle. Further, a system for deter-
mining the location, and optionally velocity, of the occu-
pants or one or more parts thereof 152 are provided and may
be any conventional occupant position sensor or preferably,
one of the occupant position sensors as described herein
such as those utilizing waves such as electromagnetic radia-
tion or fields such as capacitance sensors or as described in
the current assignee’s patents and patent applications refer-
enced above as well as herein.

[0447] A processor 153 is coupled to the presence deter-
mining system 150, the health state determining system 151
and the location determining system 152. A communications
unit 154 is coupled to the processor 153. The processor 153
and/or communications unit 154 can also be coupled to
microphones 158 that can be distributed throughout the
vehicle passenger compartment and include voice-process-
ing circuitry to enable the occupant(s) to effect vocal control
of the processor 153, communications unit 154 or any
coupled component or oral communications via the com-
munications unit 154. The processor 153 is also coupled to
another vehicular system, component or subsystem 155 and
can issue control commands to effect adjustment of the
operating conditions of the system, component or sub-
system. Such a system, component or subsystem can be the
heating or air-conditioning system, the entertainment sys-
tem, an occupant restraint device such as an airbag, a glare
prevention system, etc. Also, a positioning system 156, such
as a GPS or differential GPS system, could be coupled to the
processor 153 and provides an indication of the absolute
position of the vehicle.

[0448] Pressure or weight sensors 7, 76 are also included
in the system shown in FIG. 6. Although strain gage-type
sensors are schematically illustrated mounted to the sup-
porting structure of the seat portion 4, and a bladder pressure
sensor mounted in the seat portion 4, any other type of
pressure or weight sensor can be used including mat or butt
spring sensors. Strain gage sensors are described in detail in
U.S. Pat. No. 6,242,701 as well as herein. Weight can be
used to confirm the occupancy of the seat, i.e., the presence
or absence of an occupant as well as whether the seat is
occupied by a light or heavy object. In the latter case, a
measured weight of less than 60 pounds is often determi-
native of the presence of a child seat whereas a measured
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weight of greater than 60 pounds is often indicative of the
absence of a child seat. The weight sensors 7 can also be
used to determine the weight distribution of the occupant of
the seat and thereby ascertain whether the occupant is
moving and the position of the occupant. As such, the weight
sensors 7 could be used to confirm the position and motion
of the occupant. The measured pressure or weight or distri-
bution thereof can also be used in combination with the data
from the transmitter/receiver assemblies 49, 50, 51, 52 and
54 of FIG. 8C to provide an identification of the occupants
in the seat.

[0449] Additional details about various weight sensing
systems are set forth in the *934 application, section 6.

[0450] 6.1 Strain Gage Weight Sensors

[0451] Strain gage and other weight sensors for use in
embodiments of the invention are shown in FIGS. 42-47 in
the 934 application. Strain gage weight sensors can also be
mounted in other locations such as within a cavity within a
seat cushion. The strain gage can be mounted on a flexible
diaphragm that flexes and thereby strains the strain gage as
the seat is loaded.

[0452] 6.2 Bladder Weight Sensors

[0453] One embodiment of a weight sensor and method
for determining the weight of an occupant of a seat, which
may be used in the methods and apparatus for adjusting a
vehicle component and identifying an occupant of a seat,
comprises a bladder having at least one chamber adapted to
be arranged in a seat portion of the seat, and at least one
transducer for measuring the pressure in a respective cham-
ber. The bladder may comprise a plurality of chambers, each
adapted to be arranged at a different location in the seat
portion of the seat. Thus, it is possible to determine the
weight distribution of the occupant using this weight sensor
with several transducers whereby each transducer is asso-
ciated with one chamber and the weight distribution of the
occupant is obtained from the pressure measurements of the
transducers. The position of the occupant and the center of
gravity of the occupant can also be determined by one
skilled in the art based on the weight distribution.

[0454] With knowledge of the weight of an occupant,
additional improvements can be made to automobile and
truck seat designs. In particular, the stiffness of the seat can
be adjusted so as to provide the same level of comfort for
light and for heavy occupants. The damping of occupant
motions, which previously has been largely neglected, can
also be readily adjusted as shown on FIG. 33 which is a view
of the seat of FIG. 32 showing one of several possible
arrangements for changing the stiffness and the damping of
the seat. In the seat bottom 250, there is a container 251, the
conventional foam and spring design has been replaced by
an inflated rectangular container very much like an air
mattress which contains a cylindrical inner container 252
which is filled with an open cell urethane foam, for example,
or other means which constrain the flow of air therein. An
adjustable orifice 253 connects the two containers both of
which can be bladders 251, 252 so that air, or other fluid, can
flow in a controlled manner therebetween. The amount of
opening of orifice 253 is controlled by control circuit 254. A
small air compressor, or fluid pump, 255 controls the pres-
sure in container 251 under control of the control circuit 254.
A pressure transducer 256 monitors the pressure within
container 251 and inputs this information into control circuit
254.
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[0455] The operation of the system is as follows. When an
occupant sits on the seat, pressure initially builds up in the
seat container or bladder 251 which gives an accurate
measurement of the weight of the occupant. Control circuit
254, using an algorithm and a microprocessor, then deter-
mines an appropriate stiffness for the seat and adds pressure
to achieve that stiffness. The pressure equalizes between the
two containers 251 and 252 through the flow of fluid through
orifice 253. Control circuit 254 also determines an appro-
priate damping for the occupant and adjusts the orifice 253
to achieve that damping. As the vehicle travels down the
road and the road roughness causes the seat to move up and
down, the inertial force on the seat by the occupant causes
the fluid pressure to rise and fall in container 252 and also,
but, much less so, in container 251 since the occupant sits
mainly above container 252 and container 251 is much
larger than container 252. The major deflection in the seat
takes place first in container 252 which pressurizes and
transfers fluid to container 251 through orifice 253. The size
of the orifice opening determines the flow rate between the
two containers 251, 252 and therefore the damping of the
motion of the occupant. Since this opening is controlled by
control circuit 254, the amount of damping can thereby also
be controlled. Thus, in this simple structure, both the stiff-
ness and damping can be controlled to optimize the seat for
a particular driver. If the driver does not like the settings
made by control circuit 254, he or she can change them to
provide a stiffer or softer ride. When fluid is used above, it
can mean a gas, liquid, gel or other flowable medium.

[0456] The stiffness of a seat is the change in force divided
by the change in deflection. This is important for many
reasons, one of which is that it controls the natural vibration
frequency of the seat occupant combination. It is important
that this be different from the frequency of vibrations which
are transmitted to the seat from the vehicle in order to
minimize the up and down motions of the occupant. The
damping is a force which opposes the motion of the occu-
pant and which is dependent on the velocity of relative
motion between the occupant and the seat bottom. It thus
removes energy and minimizes the oscillatory motion of the
occupant. These factors are especially important in trucks
where the vibratory motions of the driver’s seat, and thus the
driver, have caused many serious back injuries among truck
drivers.

[0457] In FIG. 33, the airbag or bladder 241 which inter-
acts with the occupant is shown with a single chamber.
Bladder 241 can be composed of multiple chambers 241a,
241b, 241c, and 241d as shown in FIG. 49A of the *934
application. The use of multiple chambers permits the
weight distribution of the occupant to be determined if a
separate pressure transducer is used in each cell of the
bladder, or if a single gage is switched from chamber to
chamber. Such a scheme gives the opportunity of determin-
ing to some extent the position of the occupant on the seat
or at least the position of the center of gravity of the
occupant. More than four chambers can be used.

[0458] Any one of a number of known pressure measuring
sensors can be used with the bladder weight sensor disclosed
herein. One particular technology that has been developed
for measuring the pressure in a rotating tire uses surface
acoustic wave (SAW) technology and has the advantage that
the sensor is wireless and powerless. Thus, the sensor does
not need a battery nor is it required to run wires from the
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sensor to control circuitry. An interrogator is provided that
transmits an RF signal to the sensor and receives a return
signal that contains the temperature and pressure of the fluid
within the bladder. The interrogator can be the same one that
is used for tire pressure monitoring thus making this SAW
system very inexpensive to implement and easily expand-
able to several seats within the vehicle. The switches that
control the seat can also now be made wireless using SAW
technology and thus they can be placed at any convenient
location such as the vehicle door-mounted armrest without
requiring wires to connect the switch to the seat motors.
Other uses of SAW technology are discussed in U.S. Pat. No.
6,662,642. Although a SAW device has been described
above, an equivalent system can be constructed using RFID
type technology where the interrogator transmits sufficient
RF energy to power the RFID circuit. This generally requires
that the interrogator antenna be closer to the device antenna
than in the case of SAW devices but the interrogator circuitry
is generally simpler and thus less expensive. Also energy
harvesting can also be used to provide energy to run the
RFID circuit or to boost the SAW circuit.

[0459] Inthe description above, the air is the preferred use
as the fluid to fill the bladder 241. In some cases, especially
where damping and natural frequency control is not needed,
another fluid such as a liquid or jell could be used to fill the
bladder 241. In addition to silicone, candidate liquids
include ethylene glycol or other low freezing point liquids.

[0460] In an apparatus for adjusting the stiffness of a seat
in a vehicle, at least two containers are arranged in or near
a bottom portion of the seat, the first container substantially
supports the load of a seat occupant and the second container
is relatively unaffected by this load. The two containers are
in flow communication with each other through a variable
flow passage. An insertion system, e.g., an air compressor or
fluid pump, is provided for directing a medium into one of
the container and monitoring system, e.g., a pressure trans-
ducer, measuring the pressure in one or both containers. A
control circuit is coupled to the medium insertion system
and the monitoring system for regulating flow of medium
into the first container via the medium insertion system until
the pressure in the first container as measured by the
monitoring system is indicative of a desired stiffness for the
seat. The control circuit may also be arranged to adjust the
flow passage to thereby control flow of medium between the
two containers and thus damping the motion of on object on
the seat. The flow passage may be an orifice in a peripheral
wall of the inner container.

[0461] A method for adjusting the stiffness of a seat in a
vehicle comprises the steps of arranging a first container in
a bottom portion of the seat and subjected to the load on the
seat, arranging a second container in a position where it is
relatively unaffected by the load on the seat, coupling
interior volumes of the two containers through a variable
flow passage, measuring the pressure in the first container,
and introducing medium into the first container until the
measured pressure in the first container is indicative of a
desired stiffness for the seat.

[0462] 6.3 Combined Spatial and Weight

[0463] A novel occupant position sensor for a vehicle, for
determining the position of the occupant, comprises a
weight sensor for determining the weight of an occupant of
a seat as described immediately above and a processor for
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receiving the determined weight of the occupant from the
weight sensor and determining the position of the occupant
based at least in part on the determined weight of the
occupant. The position of the occupant could also be deter-
mined based in part on waves received from the space above
the seat, data from seat position sensors, reclining angle
sensors, etc.

[0464] Although spatial sensors such as ultrasonic, electric
field and optical occupant sensors can accurately identify
and determine the location of an occupying item in the
vehicle, a determination of the mass of the item is less
accurate as it can be fooled in some cases by a thick but light
winter coat, for example. Therefore, it is desirable, when the
economics permit, to provide a combined system that
includes both weight and spatial sensors. Such a system
permits a fine tuning of the deployment time and the amount
of gas in the airbag to match the position and the mass of the
occupant. If this is coupled with a smart crash severity
sensor, then a true smart airbag system can result, as
disclosed in U.S. Pat. No. 6,532,408.

[0465] As disclosed in several of the current assignee’s
patents, referenced herein and others, the combination of a
reduced number of transducers including weight and spatial
can result from a pruning process starting from a larger
number of sensors. For example, such a process can begin
with four load cells and four ultrasonic sensors and after a
pruning process, a system containing two ultrasonic sensors
and one load cell can result. At least one of the inventions
disclosed herein is therefore not limited to any particular
number or combination of sensors and the optimum choice
for a particular vehicle will depend on many factors includ-
ing the specifications of the vehicle manufacturer, cost,
accuracy desired, availability of mounting locations and the
chosen technologies.

[0466] 6.4 Face Recognition

[0467] A neural network, or other pattern recognition
system, can be trained to recognize certain people as per-
mitted operators of a vehicle or for granting access to a cargo
container or truck trailer. In this case, if a non-recognized
person attempts to operate the vehicle or to gain access, the
system can disable the vehicle and/or sound an alarm or send
a message to a remote site via telematics. Since it is unlikely
that an unauthorized operator will resemble the authorized
operator, the neural network system can be quite tolerant of
differences in appearance of the operator. The system
defaults to where a key or other identification system must
be used in the case that the system doesn’t recognize the
operator or the owner wishes to allow another person to
operate the vehicle or have access to the container. The
transducers used to identify the operator can be any of the
types described in detail above. A preferred method is to use
optical imager-based transducers perhaps in conjunction
with a weight sensor for automotive applications. This is
necessary due to the small size of the features that need to
be recognized for a high accuracy of recognition. An alter-
nate system uses an infrared laser, which can be modulated
to provide three-dimensional measurements, to irradiate or
illuminate the operator and a CCD or CMOS device to
receive the reflected image. In this case, the recognition of
the operator is accomplished using a pattern recognition
system such as described in Popesco, V. and Vincent, J. M.
“Location of Facial Features Using a Boltzmann Machine to
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Implement Geometric Constraints”, Chapter 14 of Lisboa, P.
J. G. and Taylor, M. J. Editors, Techniques and Applications
of Neural Networks, Ellis Horwood Publishers, New York,
1993. In the present case, a larger CCD element array
containing 50,000 or more elements would typically be used
instead of the 16 by 16 or 256 element CCD array used by
Popesco and Vincent.

[0468] FIG. 22 shows a schematic illustration of a system
for controlling operation of a vehicle based on recognition of
an authorized individual in accordance with the invention. A
similar system can be designed for allowing access to a truck
trailer, cargo container or railroad car, for example. One or
more images of the passenger compartment 260 are received
at 261 and data derived therefrom at 262. Multiple image
receivers may be provided at different locations. The data
derivation may entail any one or more of numerous types of
image processing techniques such as those described in U.S.
Pat. No. 6,397,136 including those designed to improve the
clarity of the image. A pattern recognition algorithm, e.g., a
neural network, is trained in a training phase 263 to recog-
nize authorized individuals. The training phase can be
conducted upon purchase of the vehicle by the dealer or by
the owner after performing certain procedures provided to
the owner, e.g., entry of a security code or key or at another
appropriate time and place. In the training phase for a theft
prevention system, the authorized operator(s) would sit
themselves in the passenger seat and optical images would
be taken and processed to obtain the pattern recognition
algorithm. Alternately, the training can be done away from
the vehicle which would be more appropriate for cargo
containers and the like.

[0469] A processor 264 is embodied with the pattern
recognition algorithm thus trained to identify whether a
person is the authorized individual by analysis of subse-
quently obtained data derived from optical images 262. The
pattern recognition algorithm in processor 264 outputs an
indication of whether the person in the image is an autho-
rized individual for which the system is trained to identify.
A security system 265 enables operations of the vehicle
when the pattern recognition algorithm provides an indica-
tion that the person is an individual authorized to operate the
vehicle and prevents operation of the vehicle when the
pattern recognition algorithm does not provide an indication
that the person is an individual authorized to operate the
vehicle.

[0470] In some cases, the recognition system can be
substantially improved if different parts of the electromag-
netic spectrum are used. As taught in the book Alien Vision
referenced above, distinctive facial markings are evident
when viewed under near UV or MWIR illumination that can
be used to positively identify a person. Other biometric
measures can be used with, or in place of, a facial or iris
image to further improve the recognition accuracy such as
voice recognition (voice-print), finger or hand prints,
weight, height, arm length, hand size etc.

[0471] Instead of a security system, another component in
the vehicle can be affected or controlled based on the
recognition of a particular individual. For example, the rear
view mirror, seat, seat belt anchorage point, headrest, pedals,
steering wheel, entertainment system, air-conditioning/ven-
tilation system can be adjusted. Additionally, the door can be
unlocked upon approach of an authorized person.
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[0472] FIG. 23 is a schematic illustration of a method for
controlling operation of a vehicle based on recognition of a
person as one of a set of authorized individuals. Although
the method is described and shown for permitting or pre-
venting ignition of the vehicle based on recognition of an
authorized driver, it can be used to control for any vehicle
component, system or subsystem based on recognition of an
individual.

[0473] Initially, the system is set in a training phase 266 in
which images, and other biometric measures, including the
authorized individuals are obtained by means of at least one
optical receiving unit 267 and a pattern recognition algo-
rithm is trained based thereon 268, usually after application
of one or more image processing techniques to the images.
The authorized individual(s) occupy the passenger compart-
ment, or some other appropriate location, and have their
picture taken by the optical receiving unit to enable the
formation of a database on which the pattern recognition
algorithm is trained. Training can be performed by any
known method in the art, although combination neural
networks are preferred.

[0474] The system is then set in an operational phase 269
wherein an image is operatively obtained 270, including the
driver when the system is used for a security system. If the
system is used for component adjustment, then the image
would include any passengers or other occupying items in
the vehicle. The obtained image, or images if multiple
optical receiving units are used, plus other biometric infor-
mation, are input into the pattern recognition algorithm 271,
preferably after some image processing, and a determination
is made whether the pattern recognition algorithm indicates
that the image includes an authorized driver 272. If so,
ignition, or some other system, of the vehicle is enabled 273,
or the vehicle may actually be started automatically. If not,
an alarm is sounded and/or the police or other remote site
may be contacted 274.

[0475] Once an optic-based system is present in a vehicle,
other options can be enabled such as eye-tracking as a data
input device or to detect drowsiness, as discussed above, and
even lip reading as a data input device or to augment voice
input. This is discussed, for example, Eisenberg, Anne,
“Beyond Voice Recognition to a Computer That Reads
Lips”, New York Times, Sep. 11, 2003. Lip reading can be
implemented in a vehicle through the use of IR illumination
and training of a pattern recognition algorithm, such as a
neural network or a combination network. This is one
example of where an adaptive neural or combination net-
work can be employed that learns as it gains experience with
a particular driver. The word “radio”, for example, can be
associated with lip motions when the vehicle is stopped or
moving slowly and then at a later time when the vehicle is
traveling at high speed with considerable wind noise, the
voice might be difficult for the system to understand. When
augmented with lip reading, the word “radio” can be more
accurately recognized. Thus, the combination of lip reading
and voice recognition can work together to significantly
improve accuracy.

[0476] Face recognition can of course be done in two or
three dimensions and can involve the creation of a model of
the person’s head that can aid when illumination is poor, for
example. Three dimensions are available if multiple two
dimensional images are acquired as the occupant moves his
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or her head or through the use of a three-dimensional
camera. A three-dimensional camera generally has two
spaced-apart lenses plus software to combine the two views.
Normally, the lenses are relatively close together but this
may not need to be the case and significantly more infor-
mation can be acquired if the lenses are spaced further apart
and in some cases, even such that one camera has a frontal
view and the other a side view, for example. The software is
complicated for such cases but the system becomes more
robust and less likely to be blocked by a newspaper, for
example. A scanning laser radar, PMD or similar system
with a modulated beam or with range gating as described
above can also be used to obtain three-dimensional infor-
mation or a 3D image.

[0477] Eye tracking as disclosed in Jacob, “Eye Tracking
in Advanced Interface Design”, Robert J. K. Jacob, Human-
Computer Interaction Lab, Naval Research Laboratory,
Washington, D.C, can be used by vehicle operator to control
various vehicle components such as the turn signal, lights,
radio, air conditioning, telephone, Internet interactive com-
mands, etc. much as described in U.S. patent application Ser.
No. 09/645,709. The display used for the eye tracker can be
a heads-up display reflected from the windshield or it can be
a plastic electronics display located either in the visor or the
windshield.

[0478] The eye tracker works most effectively in dim light
where the driver’s eyes are sufficiently open that the cornea
and retina are clearly distinguishable. The direction of
operator’s gaze is determined by calculation of the center of
pupil and the center of the iris that are found by illuminating
the eye with infrared radiation. FIG. 8E illustrates a suitable
arrangement for illuminating eye along the same axis as the
pupil camera. The location of occupant’s eyes must be first
determined as described herein before eye tracking can be
implemented. In FIG. 8E, imager system 52, 54, or 56 are
candidate locations for eye tracker hardware.

[0479] The technique is to shine a collimated beam of
infrared light on to be operator’s eyeball producing a bright
corneal reflection can be bright pupil reflection. Imaging
software analyzes the image to identify the large bright
circle that is the pupil and a still brighter dot which is the
corneal reflection and computes the center of each of these
objects. The line of the gaze is determined by connecting the
centers of these two reflections.

[0480] It is usually necessary only to track a single eye as
both eyes tend to look at the same object. In fact, by
checking that both eyes are looking at the same object, many
errors caused by the occupant looking through the display
onto the road or surrounding environment can be eliminated

[0481] Object selection with a mouse or mouse pad, as
disclosed in the *709 application cross-referenced above is
accomplished by pointing at the object and depressing a
button. Using eye tracking, an additional technique is avail-
able based on the length of time the operator gazes at the
object. In the implementations herein, both techniques are
available. In the simulated mouse case, the operator gazes at
an object, such as the air conditioning control, and depresses
a button on the steering wheel, for example, to select the
object. Alternately, the operator merely gazes at the object
for perhaps one-half second and the object is automatically
selected. Both techniques can be implemented simulta-
neously allowing the operator to freely choose between
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them. The dwell time can be selectable by the operator as an
additional option. Typically, the dwell times will range from
about 0.1 seconds to about 1 second.

[0482] The problem of finding the eyes and tracking the
head of the driver, for example, is handled in Smeraldi, F.,
Carmona, J. B., “Saccadic search with Garbor features
applied to eye detection and real-time head tracking”, Image
and Vision Computing 18 (2000) 323-329, Elsevier Science
B.V. The Saccadic system described is a very efficient
method of locating the most distinctive part of a persons
face, the eyes, and in addition to finding the eyes, a modi-
fication of the system can be used to recognize the driver.
The system makes use of the motion of the subject’s head to
locate the head prior to doing a search for the eyes using a
modified Garbor decomposition method. By comparing two
consecutive frames, the head can usually be located if it is
in the field of view of the camera. Although this is the
preferred method, other eye location and tracking methods
can also be used as reported in the literature and familiar to
those skilled in the art.

[0483] 6.5 Heartbeat and Health State

[0484] In addition to the use of transducers to determine
the presence and location of occupants in a vehicle, other
sensors can also be used. For example, as discussed above,
a heartbeat sensor, which determines the number and pres-
ence of heartbeats, can also be arranged in the vehicle.
Heartbeat sensors can be adapted to differentiate between a
heartbeat of an adult, a heartbeat of a child and a heartbeat
of an animal. As its name implies, a heartbeat sensor detects
a heartbeat, and the magnitude thereof, of a human occupant
of the seat or other position, if such a human occupant is
present. The output of the heartbeat sensor is input to the
processor of the interior monitoring system. One heartbeat
sensor for use in the invention may be of the types as
disclosed in McEwan in U.S. Pat. No. 5,573,012 and U .S.
Pat. No. 5,766,208. The heartbeat sensor can be positioned
at any convenient position relative to the seats or other
appropriate location where occupancy is being monitored. A
preferred automotive location is within the vehicle seatback.

[0485] This type of micropower impulse radar (MIR)
sensor is not believed to have been used in an interior
monitoring system in the past. It can be used to determine
the motion of an occupant and thus can determine his or her
heartbeat (as evidenced by motion of the chest), for
example. Such an MIR sensor can also be arranged to detect
motion in a particular area in which the occupant’s chest
would most likely be situated or could be coupled to an
arrangement which determines the location of the occu-
pant’s chest and then adjusts the operational field of the MIR
sensor based on the determined location of the occupant’s
chest. A motion sensor utilizing a micro-power impulse
radar (MIR) system as disclosed, for example, in McEwan
U.S. Pat. No. 5,361,070, as well as many other patents by the
same inventor. Motion sensing is accomplished by monitor-
ing a particular range from the sensor as disclosed in that
patent. MIR is one form of radar that has applicability to
occupant sensing and can be mounted at various locations in
the vehicle. Other forms include, among others, ultra wide-
band (UWB) by the Time Domain Corporation and noise
radar (NR) by Professor Konstantin Lukin of the National
Academy of Sciences of Ukraine Institute of Radiophysics
and Electronics. Radar has an advantage over ultrasonic
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sensors in that data can be acquired at a higher speed and
thus the motion of an occupant can be more easily tracked.
The ability to obtain returns over the entire occupancy range
is somewhat more difficult than with ultrasound resulting in
a more expensive system overall. MIR, UWB or NR have
additional advantages in their lack of sensitivity to tempera-
ture variation and have a comparable resolution to about 40
kHz ultrasound. Resolution comparable to higher frequency
is of course possible using millimeter waves, for example.
Additionally, multiple MIR, UWB or NR sensors can be
used when high-speed tracking of the motion of an occupant
during a crash is required since they can be individually
pulsed without interfering with each other through fre-
quency, time or code division multiplexing or other multi-
plexing schemes.

[0486] Other methods have been reported for measuring
heartbeat including vibrations introduced into a vehicle and
variations in the electric field in the vicinity of where an
occupant might reside. All such methods are considered
encompassed by the teachings of at least one of the inven-
tions disclosed herein. The detection of a heartbeat regard-
less of how it is accomplished is indicative of the presence
of a living being within the vehicle and such a detection as
part of an occupant presence detection system is novel to at
least one of the inventions disclosed herein. Similarly, any
motion of an object that is not induced by the motion of the
vehicle itself is indicative of the presence of a living being
and thus part of the teachings herein. The sensing of
occupant motion regardless of how it is accomplished when
used in a system to affect another vehicle system is con-
templated herein.

[0487] 6.6 Other Inputs

[0488] Information can be provided as to the location of
the driver, or other vehicle occupant, relative to an airbag, to
appropriate circuitry which will process this information and
make a decision as to whether to prevent deployment of the
airbag in a situation where it would otherwise be deployed,
or otherwise affect the time of deployment, rate of inflation,
rate of deflation etc. This information includes the position
of the seat and the spool out length of a seatbelt as discussed
in the *934 application, section 6.6 with reference to FIGS.
14 and 15.

[0489] 7. Illumination
[0490] 7.1 Infrared Light

[0491] Many forms of illumination can of course be used.
Near infrared is a preferred source since it can be produced
relatively inexpensively with LEDs and is not seen by
vehicle occupants or others outside of the vehicle. The use
of spatially modulated (as in structured light) and temporally
modulated (as in amplitude, frequency, pulse, code, random
or other such methods) permits additional information to be
obtained such as a three-dimensional image as first disclosed
by the current assignee in earlier patents. Infrared is also
interesting since the human body naturally emits IR and this
fact can be used to positively identify that there is a human
occupying a vehicle seat and to determine fairly accurately
the size of the occupant. This technique only works when the
ambient temperature is different from body temperature,
which is most of the time. In some climates, it is possible
that the interior temperature of a vehicle can reach or exceed
100° F., but it is unlikely to stay at that temperature for long

Page 79 of 123

Feb. 28, 2008

as humans find such a temperature uncomfortable. However,
it is even more unlikely that such a temperature will exist
except when there is significant natural illumination in the
visible part of the spectrum. Thus, a visual size determina-
tion is possible especially since it is very unlikely that such
an occupant will be wearing heavy or thick clothing. Passive
infrared, used of course with an imaging system, is thus a
viable technique for the identification of a human occupant
if used in conjunction with an optical system for high
temperature situations. Even if the ambient temperature is
nearly the same as body temperature, there will still be
contrasts in the image which are sufficient to differentiate an
occupant or his or her face from the background. Whereas a
single pixel sensor, as in the prior art patents to Colorado and
Mattes referenced above, could give false results, an imag-
ing system such as a focal plane array as disclosed herein
can still operate effectively.

[0492] Passive IR is also a good method of finding the
eyes and other features of the occupant since hair, some hats
and other obscuring items frequently do not interfere with
the transmission of IR. When active IR illumination is used,
the eyes are particularly easy to find due to corneal reflection
and the eyes will be dilated at night when finding the eyes
is most important. Even in glare situations, where the glare
is coming through the windshield, passive IR is particularly
useful since glass blocks most IR with wavelengths beyond
1.1 microns and thus the glare will not interfere with the
imaging of the face.

[0493] Particular frequencies of active IR are especially
useful for external monitoring. Except for monitoring
objects close to the vehicle, most radar systems have a
significant divergence angle making imaging more that a
few meters from the vehicle problematic. Thus there is
typically not enough information from a scene say 100
meters away to permit the monitor to obtain an image that
would permit classification of sensed objects. Using radar, it
is difficult to distinguish a car from a truck or a parked car
at the side of the road from one on the same lane as the
vehicle or from an advertising sign, for example. Normal
visual imaging also will not work in bad weather situations
however some frequencies of IR do penetrate fog, rain and
snow sufliciently well as to permit the monitoring of the road
at a significant distance and with enough resolution to permit
imaging and thus classification even in the presence of rain,
snow and fog.

[0494] As mentioned herein, there are various methods of
illuminating the object or occupant in the passenger com-
partment. A scanning point of IR can be used to overcome
reflected sunlight. A structured pattern can be used to help
achieve a three-dimensional representation of the vehicle
contents. An image can be compared with illumination and
without in an attempt to eliminate the effects on natural and
uncontrollable illumination. This generally doesn’t work
very well since the natural illumination can overpower the
IR. Thus it is usually better to develop two pattern recog-
nition algorithms, one for IR illumination and one for natural
illumination. For the natural illumination case, the entire
visual and near visual spectrum can be used or some subset
of it. For the case where a rolling shutter is used, the process
can be speeded up substantially if one line of pixels is
subtracted from the adjacent line where the illumination is
turned on for every other row and off for the intervening
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rows. In addition to structured light, there are many other
methods of obtaining a 3D image as discussed above.

[0495] 7.2 Structured Light

[0496] In the applications discussed and illustrated above,
the source and receiver of the electromagnetic radiation have
frequently been mounted in the same package. This is not
necessary and in some implementations, the illumination
source will be mounted elsewhere. For example, a laser
beam can be used which is directed along an axis which
bisects the angle between the center of the seat volume, or
other volume of interest, and two of the arrays. Such a beam
may come from the A-Pillar, for example. The beam, which
may be supplemental to the main illumination system,
provides a point reflection from the occupying item that, in
most cases, can be seen by two receivers, even if they are
significantly separated from each other, making it easier to
identify corresponding parts in the two images. Triangula-
tion thereafter can precisely determination the location of
the illuminated point. This point can be moved, or a pattern
of points provided, to provide even more information. In
another case where it is desired to track the head of the
occupant, for example, several such beams can be directed
at the occupant’s head during pre-crash braking or even
during a crash to provide the fastest information as to the
location of the head of the occupant for the fastest tracking
of the motion of the occupant’s head. Since only a few pixels
are involved, even the calculation time is minimized.

[0497] In most of the applications above, the assumption
has been made that either a uniform field of light or a
scanning spot of light will be provided. This need not be the
case. The light that is emitted or transmitted to illuminate the
object can be structured light. Structured light can take many
forms starting with, for example, a rectangular or other
macroscopic pattern of light and dark that can be superim-
posed on the light by passing it through a filter. If a similar
pattern is interposed between the reflections and the camera,
a sort of pseudo-interference pattern can result sometimes
known as Moiré patterns. A similar effect can be achieved by
polarizing transmitted light so that different parts of the
object that is being illuminated are illuminated with light of
different polarization. Once again, by viewing the reflections
through a similarly polarized array, information can be
obtained as to where the source of light came from which is
illuminating a particular object. Any of the transmitter/
receiver assemblies or transducers in any of the embodi-
ments above using optics can be designed to use structured
light.

[0498] Usually the source of the structured light is dis-
placed either vertically, laterally or axially from the imager,
but this need not necessarily be the case. One excellent
example of the use of structured light to determine a 3D
image where the source of the structured light and the
imager are on the same axis is illustrated in U.S. Pat. No.
5,003,166. Here, the third dimension is obtained by mea-
suring the degree of blur of the pattern as reflected from the
object. This can be done since the focal point of the
structured light is different from the camera. This is accom-
plished by projecting it through its own lens system and then
combining the two paths through the use of a beam splitter.
The use of'this or any other form of structured light is within
the scope of at least one of the inventions disclosed herein.
There are so many methods that the details of all of them
cannot be enumerated here.
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[0499] One consideration when using structured light is
that the source of structured light should not generally be
exactly co-located with the array because in this case, the
pattern projected will not change as a function of the
distance between the array and the object and thus the
distance between the array and the object cannot be deter-
mined, except by the out-of-focus and similar methods
discussed above. Thus, it is usually necessary to provide a
displacement between the array and the light source. For
example, the light source can surround the array, be on top
of the array or on one side of the array. The light source can
also have a different virtual source, i.e., it can appear to
come from behind of the array or in front of the array, a
variation of the out-of-focus method discussed above.

[0500] For a laterally displaced source of structured light,
the goal is to determine the direction that a particular ray of
light had when it was transmitted from the source. Then, by
knowing which pixels were illuminated by the reflected light
ray along with the geometry of the vehicle, the distance to
the point of reflection off of the object can be determined. If
a particular light ray, for example, illuminates an object
surface which is near to the source, then the reflection off of
that surface will illuminate a pixel at a particular point on the
imaging array. If the reflection of the same ray however
occurs from a more distant surface, then a different pixel will
be illuminated in the imaging array. In this manner, the
distance from the surface of the object to the array can be
determined by triangulation formulas. Similarly, if a given
pixel is illuminated in the imager from a reflection of a
particular ray of light from the transmitter, and knowing the
direction that that ray of light was sent from the transmitter,
then the distance to the object at the point of reflection can
be determined. If each ray of light is individually recogniz-
able and therefore can be correlated to the angle at which it
was transmitted, a full three-dimensional image can be
obtained of the object that simplifies the identification
problem. This can be done with a single imager.

[0501] One particularly interesting implementation due to
its low cost is to project one or more dots or other simple
shapes onto the occupant from a position which is at an
angle relative to the occupant such as 10 to 45 degrees from
the camera location. These dots will show up as bright spots
even in bright sunlight and their location on the image will
permit the position of the occupant to be determined. Since
the parts of the occupant are all connected with relative
accuracy, the position of the occupant can now be accurately
determined using only one simple camera. Additionally, the
light that makes up the dots can be modulated and the
distance from the dot source can then be determined if there
is a receiver at the light source and appropriate circuitry such
as used with a scanning range meter.

[0502] The coding of the light rays coming from the
transmitter can be accomplished in many ways. One method
is to polarize the light by passing the light through a filter
whereby the polarization is a combination of the amount and
angle of the polarization. This gives two dimensions that can
therefore be used to fix the angle that the light was sent.
Another method is to superimpose an analog or digital signal
onto the light which could be done, for example, by using an
addressable light valve, such as a liquid crystal filter, elec-
trochromic filter, or, preferably, a garnet crystal array. Each
pixel in this array would be coded such that it could be
identified at the imager or other receiving device. Any of the
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modulation schemes could be applied such as frequency,
phase, amplitude, pulse, random or code modulation.

[0503] The techniques described above can depend upon
either changing the polarization or using the time, spatial or
frequency domains to identify particular transmission angles
with particular reflections. Spatial patterns can be imposed
on the transmitted light which generally goes under the
heading of structured light. The concept is that if a pattern
is identifiable, then either the direction of transmitted light
can be determined or, if the transmission source is co-linear
with the receiver, then the pattern differentially expands or
contracts relative to the field of view as it travels toward the
object and then, by determining the size or focus of the
received pattern, the distance to the object can be deter-
mined. In some cases, Moiré pattern techniques are utilized.

[0504] When the illumination source is not placed on the
same axis as the receiving array, it is typically placed at an
angle such as 45 degrees. At least two other techniques can
be considered. One is to place the illumination source at 90
degrees to the imager array. In this case, only those surface
elements that are closer to the receiving array than previous
surfaces are illuminated. Thus, significant information can
be obtained as to the profile of the object. In fact, if no object
is occupying the seat, then there will be no reflections except
from the seat itself. This provides a very powerful technique
for determining whether the seat is occupied and where the
initial surfaces of the occupying item are located. A com-
bination of the above techniques can be used with tempo-
rally or spatially varying illumination. Taking images with
the same imager but with illumination from different direc-
tions can also greatly enhance the ability to obtain three-
dimensional information.

[0505] The particular radiation field of the transmitting
transducer can also be important to some implementations of
at least one of the inventions disclosed herein. In some
techniques, the object which is occupying the seat is the only
part of the vehicle which is illuminated. Extreme care is
exercised in shaping the field of light such that this is true.
For example, the objects are illuminated in such a way that
reflections from the door panel do not occur. Ideally, if only
the items which occupy the seat can be illuminated, then the
problem of separating the occupant from the interior vehicle
passenger compartment surfaces can be more easily accom-
plished. Sending illumination from both sides of the vehicle
across the vehicle can accomplish this.

[0506] The above discussion has concentrated on automo-
bile occupant sensing but the teachings, with some modifi-
cations, are applicable to monitoring of other vehicles
including railroad cars, truck trailers and cargo containers.

[0507] 7.3 Color and Natural Light

[0508] As discussed above, the use of multispectral imag-
ing can be a significant aid in recognizing objects inside and
outside of a vehicle. Two objects may not be separable under
monochromic illumination yet be quite distinguishable
when observed in color or with illumination from other parts
of the electromagnetic spectrum. Also, the identification of
a particular individual is enhanced using near UV radiation,
for example. Even low level X-rays can be useful in iden-
tifying and locating objects in a vehicle.
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[0509] 7.4 Radar

[0510] Particular mention should be made of the use of
radar since novel inexpensive antennas and ultra wideband
radars are now readily available. A scanning radar beam can
be used in this implementation and the reflected signal is
received by a phase array antenna to generate an image of
the occupant for input into the appropriate pattern detection
circuitry. The image is not very clear due to the longer wave
lengths used and the difficulty in getting a small enough
radar beam. The word circuitry as used herein includes, in
addition to normal electronic circuits, a microprocessor and
appropriate software.

[0511] Another preferred embodiment makes use of radio
waves and a voltage-controlled oscillator (VCO). In this
embodiment, the frequency of the oscillator is controlled
through the use of a phase detector which adjusts the
oscillator frequency so that exactly one half wave occupies
the distance from the transmitter to the receiver via reflec-
tion off of the occupant. The adjusted frequency is thus
inversely proportional to the distance from the transmitter to
the occupant. Alternately, an FM phase discriminator can be
used as known to those skilled in the art. These systems
could be used in any of the locations illustrated in FIG. 5 as
well as in the monitoring of other vehicle types.

[0512] In FIG. 6, a motion sensor 73 is arranged to detect
motion of an occupying item on the seat 4 and the output
thereof is input to the neural network 65. Motion sensors can
utilize a micro-power impulse radar (MIR) system as dis-
closed, for example, in McEwan U.S. Pat. No. 5,361,070, as
well as many other patents by the same inventor. Motion
sensing is accomplished by monitoring a particular range
from the sensor as disclosed in that patent. MIR is one form
of radar which has applicability to occupant sensing and can
be mounted, for example, at locations such as designated by
reference numerals 6 and 8-10 in FIG. 7. It has an advantage
over ultrasonic sensors in that data can be acquired at a
higher speed and thus the motion of an occupant can be more
easily tracked. The ability to obtain returns over the entire
occupancy range is somewhat more difficult than with
ultrasound resulting in a more expensive system overall.
MIR has additional advantages over ultrasound in lack of
sensitivity to temperature variation and has a comparable
resolution to about 40 kHz ultrasound. Resolution compa-
rable to higher frequency is feasible but has not been
demonstrated. Additionally, multiple MIR sensors can be
used when high speed tracking of the motion of an occupant
during a crash is required since they can be individually
pulsed without interfering with each, through time division
multiplexing. MIR sensors are also particularly applicable to
the monitoring of other vehicles and can be configured to
provide a system that requires very low power and thus is
ideal for use with battery-operated systems that require a
very long life.

[0513] Sensors 126, 127, 128, 129 in FIG. 28 can also be
microwave or mm wave radar sensors which transmit and
receive radar waves. As such, it is possible to determine the
presence of an object in the rear seat and the distance
between the object and the sensors. Using multiple radar
sensors, it would be possible to determine the contour of an
object in the rear seat and thus using pattern recognition
techniques, the classification or identification of the object.
Motion of objects in the rear seat can also be determined
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using radar sensors. For example, if the radar sensors are
directed toward a particular area and/or are provided with
the ability to detect motion in a predetermined frequency
range, they can be used to determine the presence of children
or pets left in the vehicle, i.e., by detecting heartbeats or
other body motions such as movement of the chest cavity.

[0514] 7.5 Frequency or Spectrum Considerations

[0515] The maximum acoustic frequency range that is
practical to use for acoustic imaging in the acoustic systems
herein is about 40 to 160 kilohertz (kHz). The wavelength of
a 50 kHz acoustic wave is about 0.6 cm, which is too coarse
to determine the fine features of a person’s face, for
example. It is well understood by those skilled in the art that
features that are smaller than the wavelength of the irradi-
ating radiation cannot be distinguished. Similarly, the wave-
length of common radar systems varies from about 0.9 cm
(for 33 GHz K band) to 133 cm (for 225 MHz P band),
which is also too coarse for person identification systems.
Millimeter wave and sub-millimeter wave radar can of
course emit and receive waves considerably smaller. Milli-
meter wave radar and Micropower Impulse Radar (MIR) as
discussed above are particularly useful for occupant detec-
tion and especially the motion of occupants such as motion
caused by heartbeats and breathing, but still too course for
feature identification. For security purposes, for example,
MIR can be used to detect the presence of weapons on a
person that might be approaching a vehicle such as a bus,
truck or train and thus provide a warning of a potential
terrorist threat. Passive IR is also useful for this purpose.

[0516] MIR is reflected by edges, joints and boundaries
and through the technique of range gating, particular slices
in space can be observed. Millimeter wave radar, particu-
larly in the passive mode, can also be used to locate life
forms because they naturally emit waves at particular wave
lengths such as 3 mm. A passive image of such a person will
also show the presence of concealed weapons as they block
this radiation. Similarly, active millimeter wave radar
reflects off of metallic objects but is absorbed by the water
in a life form. The absorption property can be used by
placing a radar receiver or reflector behind the occupant and
measuring the shadow caused by the absorption. The reflec-
tive property of weapons including plastics can be used as
above to detect possible terrorist threats. Finally, the use of
sub-millimeter waves again using a detector or reflector on
the other side of the occupant can be used not only to
determine the density of the occupant but also some measure
of its chemical composition as the chemical properties alter
the pulse shape. Such waves are more readily absorbed by
water than by plastic. From the above discussion, it can be
seen that there are advantages of using different frequencies
of radar for different purposes and, in some cases, a com-
bination of frequencies is most useful. This combination
occurs naturally with noise radar (NR), ultra-wideband radar
(UWB) and MIR and these technologies are most appropri-
ate for occupant detection when using electromagnetic
radiation at longer wavelengths than visible light and IR.

[0517] Another variant on the invention is to use no
illumination source at all. In this case, the entire visible and
infrared spectrum could be used. CMOS arrays are now
available with very good night vision capabilities making it
possible to see and image an occupant in very low light
conditions. QWIP, as discussed above, may someday
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become available when on-chip cooling systems using a
dual stage Peltier system become cost effective or when the
operating temperature of the device rises through techno-
logical innovation. For a comprehensive introduction to
multispectral imaging, see Richards, Austin Alien Vision,
Exploring the Electromagnetic Spectrum with Imaging
Technology, SPIE Press, 2001.

[0518] Thus many different frequencies can be used to
image a scene each having particular advantages and dis-
advantages. At least one of the inventions disclosed herein
is not limited to using a particular frequency or part of the
electromagnetic spectrum and images can advantageously
be combined from different frequencies. For example, a
radar image can be combined or fused with an image from
the infrared or ultraviolet portions of the spectrum. Addi-
tionally, the use of a swept frequency range such as in a chirp
can be advantageously used to distinguish different objects
or in some cases different materials. It is well known that
different materials absorb and reflect different electromag-
netic waves and that this fact can be used to identify the
material as in spectrographic analysis.

[0519] 8. Field Sensors and Antennas

[0520] A living object such as an animal or human has a
fairly high electrical permittivity (Dielectric Constant) and
relatively lossy dielectric properties (Loss Tangent) absorbs
a lot of energy absorption when placed in an appropriate
varying electric field. This effect varies with the frequency.
If a human, which is a lossy dielectric, is present in the
detection field, then the dielectric absorption causes the
value of the capacitance of the object to change with
frequency. For a human (poor dielectric) with high dielectric
losses (loss tangent), the decay with frequency will be more
pronounced than objects that do not present this high loss
tangency. Exploiting this phenomena, it is possible to detect
the presence of an adult, child, baby or pet that is in the field
of the detection circuit.

[0521] In FIG. 6, a capacitive sensor 78 is arranged to
detect the presence of an occupying item on the seat 4 and
the output thereof is input to the neural network 65. Capaci-
tive sensors can be located many other places in the pas-
senger compartment. Capacitive sensors appropriate for this
function are disclosed in U.S. Pat. No. 5,602,734, U.S. Pat.
No. 5,802,479, U.S. Pat. No. 5,844,486 and U.S. Pat. No.
5,948,031. Capacitive sensors can in general be mounted at
locations designated by reference numerals 6 and 8-10 in
FIG. 7 or as shown in FIG. 6 or in the vehicle seat and
seatback, although by their nature they can occupy consid-
erably more space than shown in the drawings.

[0522] In FIG. 4, transducers 5, 11, 12, 13, 14 and 15 can
be antennas placed in the seat and headrest such that the
presence of an object, particularly a water-containing object
such as a human, disturbs the near field of the antenna. This
disturbance can be detected by various means such as with
Micrel parts MICREF102 and MICREF104, which have a
built-in antenna auto-tune circuit. Note, these parts cannot
be used as is and it is necessary to redesign the chips to allow
the auto-tune information to be retrieved from the chip.

[0523] Note that the bio-impedance that can be measured
using the methods described above can be used to obtain a
measure of the water mass, for example, of an object and
thus of its weight.
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[0524] 9. Telematics

[0525] Some of the inventions herein relate generally to
telematics and the transmission of information from a
vehicle to one or more remote sites which can react to the
position or status of the vehicle and/or occupant(s) therein.

[0526] Initially, sensing of the occupancy of the vehicle
and the optional transmission of this information, which
may include images, to remote locations will be discussed.
This entails obtaining information from various sensors
about the occupants in the passenger compartment of the
vehicle, e.g., the number of occupants, their type and their
motion, if any. Then, the concept of a low cost automatic
crash notification system will be discussed. Next, a diversion
into improvements in cell phones will be discussed followed
by a discussion of trapped children and how telematics can
help save their lives. Finally, the use of telematics with
non-automotive vehicles will round out this section.

[0527] Use of telematics is contemplated, along with
general vehicle diagnostic methods with the diagnosis being
transmittable via a communications device to the remote
locations. An extensive discussion of various sensors for use
on the vehicle to sense different operating parameters and
conditions of the vehicle is provided in the *881 application.
All of the sensors discussed therein can be coupled to a
communications device enabling transmission of data, sig-
nals and/or images to the remote locations, and reception of
the same from the remote locations.

[0528] 9.1 Transmission of Occupancy Information

[0529] The cellular phone system, or other telematics
communication device, is shown schematically in FIG. 2 by
box 34 and outputs to an antenna 32. The phone system or
telematics communication device 34 can be coupled to the
vehicle interior monitoring system in accordance with any of
the embodiments disclosed herein and serves to establish a
communications channel with one or more remote assistance
facilities, such as an EMS facility or dispatch facility from
which emergency response personnel are dispatched. The
telematics system can also be a satellite-based system such
as provided by Skybitz.

[0530] In the event of an accident, the electronic system
associated with the telematics system interrogates the vari-
ous interior monitoring system memories in processor 20
and can arrive at a count of the number of occupants in the
vehicle, if each seat is monitored, and, in more sophisticated
systems, even makes a determination as to whether each
occupant was wearing a seatbelt and if he or she is moving
after the accident, and/or the health state of one or more of
the occupants as described above, for example. The telemat-
ics communication system then automatically notifies an
EMS operator (such as 911, OnStar® or equivalent) and the
information obtained from the interior monitoring systems is
forwarded so that a determination can be made as to the
number of ambulances and other equipment to send to the
accident site. Vehicles having the capability of notifying
EMS in the event one or more airbags deployed are now in
service but are not believed to use any of the innovative
interior monitoring systems described herein. Such vehicles
will also have a system, such as the global positioning
system, which permits the vehicle to determine its location
and to forward this information to the EMS operator.

[0531] FIG. 61 shows a schematic diagram of an embodi-
ment of the invention including a system for determining the
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presence and health state of any occupants of the vehicle and
a telecommunications link. This embodiment includes a
system for determining the presence of any occupants 150
which may take the form of a heartbeat sensor, chemical
sensor and/or motion sensor as described above and a
system for determining the health state of any occupants 151
as discussed above. The latter system may be integrated into
the system for determining the presence of any occupants,
i.e., one and the same component, or separate therefrom.
Further, a system for determining the location, and option-
ally velocity, of the occupants and/or one or more parts
thereof 152 are provided and may be any conventional
occupant position sensor or preferably, one of the occupant
position sensors as described herein (e.g., those utilizing
waves, electromagnetic radiation, electric fields, bladders,
strain gages etc.) or as described in the current assignee’s
patents and patent applications referenced above.

[0532] A processor 153 is coupled to the presence deter-
mining system 150, the health state determining system 151
and the location determining system 152. A communications
unit 154 is coupled to the processor 153. The processor 153
and/or communications unit 154 can also be coupled to
microphones 158 that can be distributed throughout the
vehicle and include voice-processing circuitry to enable the
occupant(s) to effect vocal control of the processor 153,
communications unit 154 or any coupled component or oral
communications via the communications unit 154. The
processor 153 is also coupled to another vehicular system,
component or subsystem 155 and can issue control com-
mands to effect adjustment of the operating conditions of the
system, component or subsystem. Such a system, compo-
nent or subsystem can be the heating or air-conditioning
system, the entertainment system, an occupant restraint
device such as an airbag, a glare prevention system, etc.
Also, a positioning system 156 could be coupled to the
processor 153 and provides an indication of the absolute
position of the vehicle, preferably using satellite-based posi-
tioning technology (e.g., a GPS receiver).

[0533] In normal use (other then after a crash), the pres-
ence determining system 150 determine whether any human
occupants are present, i.e., adults or children, and the
location determining system 152 determine the occupant’s
location. The processor 153 receives signals representative
of the presence of occupants and their location and deter-
mines whether the vehicular system, component or sub-
system 155 can be modified to optimize its operation for the
specific arrangement of occupants. For example, if the
processor 153 determines that only the front seats in the
vehicle are occupied, it could control the heating system to
provide heat only through vents situated to provide heat for
the front-seated occupants.

[0534] The communications unit 154 performs the func-
tion of enabling establishment of a communications channel
to a remote facility to receive information about the occu-
pancy of the vehicle as determined by the presence deter-
mining system 150, occupant health state determining sys-
tem 151 and/or occupant location determining system 152.
The communications unit 154 thus can be designed to
transmit over a sufficiently large range and at an established
frequency monitored by the remote facility, which may be an
EMS facility, sheriff department, or fire department. Alter-
nately, it can communicate with a satellite system such as the
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Skybitz system and the information can be forwarded to the
appropriate facility via the Internet or other appropriate link.

[0535] Another vehicular telematics system, component
or subsystem is a navigational aid, such as a route guidance
display or map. In this case, the position of the vehicle as
determined by the positioning system 156 is conveyed
through processor 153 to the communications unit 154 to a
remote facility and a map is transmitted from this facility to
the vehicle to be displayed on the route display. If directions
are needed, a request for such directions can be entered into
an input unit 157 associated with the processor 153 and
transmitted to the facility. Data for the display map and/or
vocal instructions can then be transmitted from this facility
to the vehicle.

[0536] Moreover, using this embodiment, it is possible to
remotely monitor the health state of the occupants in the
vehicle and most importantly, the driver. The health state
determining system 151 may be used to detect whether the
driver’s breathing is erratic or indicative of a state in which
the driver is dozing off. The health state determining system
151 can also include a breath-analyzer to determine whether
the driver’s breath contains alcohol. In this case, the health
state of the driver is relayed through the processor 153 and
the communications unit 154 to the remote facility and
appropriate action can be taken. For example, it would be
possible to transmit a command, e.g., in the form of a signal,
to the vehicle to activate an alarm or illuminate a warning
light or if the vehicle is equipped with an automatic guidance
system and ignition shut-off, to cause the vehicle to come to
a stop on the shoulder of the roadway or elsewhere out of the
traffic stream. The alarm, warning light, automatic guidance
system and ignition shut-off are thus particular vehicular
components or subsystems represented by 155. The vehicu-
lar component or subsystem could be activated directly by
the signal from the remote facility, if they include a signal
receiver, or indirectly via the communications unit 154 and
processor 153.

[0537] In use after a crash, the presence determining
system 150, health state determining system 151 and loca-
tion determining system 152 obtain readings from the pas-
senger compartment and direct such readings to the proces-
sor 153. The processor 153 analyzes the information and
directs or controls the transmission of the information about
the occupant(s) to a remote, manned facility. Such informa-
tion could include the number and type of occupants, i.e.,
adults, children, infants, whether any of the occupants have
stopped breathing or are breathing erratically, whether the
occupants are conscious (as evidenced by, e.g., eye motion),
whether blood is present (as detected by a chemical sensor)
and whether the occupants are making sounds (as detected
by a microphone). The determination of the number of
occupants is obtained from the presence determining mecha-
nism 150, i.e., the number of occupants whose presence is
detected is the number of occupants in the passenger com-
partment. The determination of the status of the occupants,
i.e., whether they are moving is performed by the health
state determining mechanism 151, such as the motion sen-
sors, heartbeat sensors, chemical sensors, etc. Moreover, the
communications link through the communications unit 154
can be activated immediately after the crash to enable
personnel at the remote facility to initiate communications
with the vehicle.
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[0538] Once an occupying item has been located in a
vehicle, or any object outside of the vehicle, the identifica-
tion or categorization information along with an image,
including an IR or multispectral image, or icon of the object
can be sent via a telematics channel to a remote location. A
passing vehicle, for example, can send a picture of an
accident or a system in a vehicle that has had an accident can
send an image of the occupant(s) of the vehicle to aid in
injury assessment by the EMS team.

[0539] Although in most if not all of the embodiments
described above, it has been assumed that the transmission
of images or other data from the vehicle to the EMS or other
off-vehicle (remote) site is initiated by the vehicle, this may
not always be the case and in some embodiments, provision
is made for the off-vehicle site to initiate the acquisition
and/or transmission of data including images from the
vehicle. Thus, for example, once an EMS operator knows
that there has been an accident, he or she can send a
command to the vehicle to control components in the vehicle
to cause the components send images and other data so that
the situation can be monitored by the operator or other
person. The capability to receive and initiate such transmis-
sions can also be provided in an emergency vehicle such as
a police car or ambulance. In this manner, for a stolen
vehicle situation, the police officer, for example, can con-
tinue to monitor the interior of the stolen vehicle.

[0540] FIG. 62 shows a schematic of the integration of the
occupant sensing with a telematics link and the vehicle
diagnosis with a telematics link. As envisioned, the occupant
sensing system 600 includes those components which deter-
mine the presence, position, health state, and other infor-
mation relating to the occupants, for example the transduc-
ers discussed above with reference to FIGS. 1, 2 and 61 and
any SAW devices discussed in the parent 934 application.
Information relating to the occupants includes information
as to what the driver is doing, talking on the phone,
communicating with OnStar® or other route guidance, lis-
tening to the radio, sleeping, drunk, drugged, having a heart
attack The occupant sensing system may also be any of those
systems and apparatus described in any of the current
assignee’s above-referenced patents and patent applications
or any other comparable occupant sensing system which
performs any or all of the same functions as they relate to
occupant sensing. Examples of sensors which might be
installed on a vehicle and constitute the occupant sensing
system include heartbeat sensors, motion sensors, weight
sensors, microphones and optical sensors.

[0541] A crash sensor system 591 is provided and deter-
mines when the vehicle experiences a crash. This crash
sensor may be part of the occupant restraint system or
independent from it. Crash sensor system 591 may include
any type of crash sensors, including one or more crash
sensors of the same or different types.

[0542] Vehicle sensors 592 include sensors which detect
the operating conditions of the vehicle such as those sensors
discussed with reference to FIGS. 135-138 of the 881
application. Also included are tire sensors such as disclosed
in U.S. Pat. No. 6,662,642. Other examples include velocity
and acceleration sensors, and angle and angular rate pitch,
roll and yaw sensors. Of particular importance are sensors
that tell what the car is doing: speed, skidding, sliding,
location, communicating with other cars or the infrastruc-
ture, etc.
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[0543] Environment sensors 593 includes sensors which
provide data to the operating environment of the vehicle,
e.g., the inside and outside temperatures, the time of day, the
location of the sun and lights, the locations of other vehicles,
rain, snow, sleet, visibility (fog), general road condition
information, pot holes, ice, snow cover, road visibility,
assessment of traffic, video pictures of an accident, etc.
Possible sensors include optical sensors which obtain
images of the environment surrounding the vehicle, blind
spot detectors which provides data on the blind spot of the
driver, automatic cruise control sensors that can provide
images of vehicles in front of the host vehicle, various radar
devices which provide the position of other vehicles and
objects relative to the subject vehicle.

[0544] The occupant sensing system 600, crash sensors
591, vehicle sensors 592, environment sensors 593 and all
other sensors listed above can be coupled to a communica-
tions device 594 which may contain a memory unit and
appropriate electrical hardware to communicate with the
sensors, process data from the sensors, and transmit data
from the sensors. The memory unit would be useful to store
data from the sensors, updated periodically, so that such
information could be transmitted at set time intervals.

[0545] The communications device 594 can be designed to
transmit information to any number of different types of
facilities. For example, the communications device 594
would be designed to transmit information to an emergency
response facility 595 in the event of an accident involving
the vehicle. The transmission of the information could be
triggered by a signal from a crash sensor 591 that the vehicle
was experiencing a crash or experienced a crash. The
information transmitted could come from the occupant sens-
ing system 600 so that the emergency response could be
tailored to the status of the occupants. For example, if the
vehicle was determined to have ten occupants, multiple
ambulances might be sent. Also, if the occupants are deter-
mined not be breathing, then a higher priority call with
living survivors might receive assistance first. As such, the
information from the occupant sensing system 600 would be
used to prioritize the duties of the emergency response
personnel.

[0546] Information from the vehicle sensors 592 and envi-
ronment sensors 593 can also be transmitted to law enforce-
ment authorities 597 in the event of an accident so that the
cause(s) of the accident could be determined. Such infor-
mation can also include information from the occupant
sensing system 600, which might reveal that the driver was
talking on the phone, putting on make-up, or another dis-
tracting activity, information from the vehicle sensors 592
which might reveal a problem with the vehicle, and infor-
mation from the environment sensors 593 which might
reveal the existence of slippery roads, dense fog and the like.

[0547] Information from the occupant sensing system 600,
vehicle sensors 592 and environment sensors 593 can also
be transmitted to the vehicle manufacturer 598 in the event
of an accident so that a determination can be made as to
whether failure of a component of the vehicle caused or
contributed to the cause of the accident. For example, the
vehicle sensors might determine that the tire pressure was
too low so that advice can be disseminated to avoid main-
taining the tire pressure too low in order to avoid an
accident. Information from the vehicle sensors 592 relating
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to component failure could be transmitted to a dealer/repair
facility 596 which could schedule maintenance to correct the
problem.

[0548] The communications device 594 can be designed to
transmit particular information to each site, i.e., only infor-
mation important to be considered by the personnel at that
site. For example, the emergency response personnel have
no need for the fact that the tire pressure was too low but
such information is important to the law enforcement
authorities 597 (for the possible purpose of issuing a recall
of the tire and/or vehicle) and the vehicle manufacturer 598.

[0549] In one exemplifying use of the system shown in
FIG. 62, the operator at the remote facility 595 could be
notified when the vehicle experiences a crash, as detected by
the crash sensor system 591 and transmitted to the remote
facility 595 via the communications device 594. In this case,
if the vehicle occupants are unable to, or do not, initiate
communications with the remote facility 595, the operator
would be able to receive information from the occupant
sensing system 600, as well as the vehicle sensors 592 and
environmental sensors 593. The operator could then direct
the appropriate emergency response personnel to the
vehicle. The communications device 594 could thus be
designed to automatically establish the communications
channel with the remote facility when the crash sensor
system 591 determines that the vehicle has experienced a
crash.

[0550] The communications device 594 can be a cellular
phone, OnStar® or other subscriber-based telematics sys-
tem, a peer-to-peer vehicle communication system that
eventually communicates to the infrastructure and then,
perhaps, to the Internet with e-mail to the dealer, manufac-
turer, vehicle owner, law enforcement authorities or others.
It can also be a vehicle to LEO or Geostationary satellite
system such as Skybitz which can then forward the infor-
mation to the appropriate facility either directly or through
the Internet.

[0551] The communication may need to be secret so as not
to violate the privacy of the occupants and thus encrypted
communication may in many cases be required. Other
innovations described herein include the transmission of any
video data from a vehicle to another vehicle or to a facility
remote from the vehicle by any means such as a telematics
communication system such as OnStar®, a cellular phone
system, a communication via GEO, geocentric or other
satellite system and any communication that communicates
the results of a pattern recognition system analysis. Also,
any communication from a vehicle that combines sensor
information with location information is anticipated by at
least one of the inventions disclosed herein.

[0552] When optical sensors are provided as part of the
occupant sensing system 600, video conferencing becomes
a possibility, whether or not the vehicle experiences a crash.
That is, the occupants of the vehicle can engage in a video
conference with people at another location 599 via estab-
lishment of a communications channel by the communica-
tions device 594.

[0553] The vehicle diagnostic system described above
using a telematics link can transmit information from any
type of sensors on the vehicle.



US 2008/0051957 Al

[0554] 9.2 Low Cost Automatic Crash Notification

[0555] A system for notifying remote personnel, e.g.,
emergency response personnel, of an accident is described
herein.

[0556] 9.3 Cell Phone Improvements

[0557] When the driver of a vehicle is using a cellular
phone, the phone microphone frequently picks up other
noise in the vehicle making it difficult for the other party to
hear what is being said. This noise can be reduced if a
directional microphone is used and directed toward the
mouth of the driver. This is difficult to do since the position
of driver’s mouth varies significantly depending on such
things as the size and seating position of the driver. By using
the vehicle interior identification and monitoring system of
at least one of the inventions disclosed herein, and through
appropriate pattern recognition techniques, the location of
the driver’s head can be determined with sufficient accuracy
even with ultrasonics to permit a directional microphone
assembly to be sensitized to the direction of the mouth of the
driver resulting in a clear reception of his voice. The use of
directional speakers in a similar manner also improves the
telephone system performance. In the extreme case of direc-
tionality, the techniques of hypersonic sound can be used.
Such a system can also be used to permit effortless conver-
sations between occupants of the front and rear seats. Such
a system is shown in FIG. 34, which is a system similar to
that of FIG. 2 only using three ultrasonic transducers 6, 8
and 10 to determine the location of the driver’s head and
control the pointing direction of a microphone 158. Speaker
19 is shown connected schematically to the phone system 34
completing the system.

[0558] The transducer 8 can be placed high in the A-pillar,
transducer 8 on the headliner and transducer 10 on the IP.
Other locations are possible as discussed above. The three
transducers are placed high in the vehicle passenger com-
partment so that the first returned signal is from the head.
Temporal filtering is used to eliminate signals that are
reflections from beyond the head and the determination of
the head center location is then found by the approximate
centroid of the head-returned signal. That is, once the
location of the return signal centroid is found from the three
received signals from transducers 6, 8 and 10, the distance
to that point is known for each of the transducers based on
the time it takes the signal to travel from the head to each
transducer. In this manner, by using the three transducers, all
of which send and receive, plus an algorithm for finding the
coordinates of the head center, using processor 20, and
through the use of known relationships between the location
of the mouth and the head center, an estimate of the mouth
location, and the ear locations, can be determined within a
circle having a diameter of about five inches (13 cm). This
is sufficiently accurate for a directional microphone to cover
the mouth while excluding the majority of unwanted noise.
Camera-based systems can be used to more accurately locate
parts of the body such as the head.

[0559] The placement of multiple imagers in the vehicle,
the use of a plastic electronics-based display plus telematics
permits the occupants of the vehicle to engage in a video
conference if desired. Until autonomous vehicles appear, it
would be best if the driver did not participate.
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[0560] 9.4 Children Trapped in a Vehicle

[0561] An occupant sensing system can also involve sens-
ing for the presence of a living occupant in a trunk of a
vehicle or in a closed vehicle, for example, when a child is
inadvertently left in the vehicle or enters the trunk and the
trunk closes. Additional details about this aspect are set forth
in section 9.4 of the parent *934 application.

[0562] 9.5 Telematics with Non-Automotive Vehicles

[0563] The transmission of data obtained from imagers, or
other transducers, to another location, requiring the process-
ing of the information, using neural networks for example,
to a remote location is an important feature of the inventions
disclosed herein. This capability can permit an owner of a
cargo container or truck trailer to obtain a picture of the
interior of the vehicle at any time via telematics. When
coupled with occupant sensing, the driver of a vehicle can be
recognized and the result sent by telematics for authorization
to minimize the theft or unauthorized operation of a vehicle.
The recognition of the driver can either be performed on the
vehicle or an image of the driver can be sent to a remote
location for recognition at that location.

[0564] Generally monitoring of containers, trailers, chas-
sis etc. is accomplished through telecommunications prima-
rily with LEO or geostationary satellites or through terres-
trial-based communication systems. These systems are
commercially available and will not be discussed here.
Expected future systems include communication between
the container and the infrastructure to indicate to the moni-
toring authorities that a container with a particular identifi-
cation number is passing a particular terrestrial point. If this
is expected, then no action would be taken. The container
identification number can be part of a national database that
contains information as to the contents of the container.
Thus, for example, if a container containing hazardous
materials approaches a bridge or tunnel that forbids such
hazardous materials from passing over the bridge or through
the tunnel, then an emergency situation can be signaled and
preventive action taken.

[0565] It is expected that monitoring of the transportation
of cargo containers will dramatically increase as the efforts
to reduce terrorist activities also increase. If every container
that passes within the borders of the United States has an
identification number and that number is in a database that
provides the contents of that container, then the use of
shipping containers by terrorists or criminals should gradu-
ally be eliminated. If these containers are carefully moni-
tored by satellite or another communication system that
indicates any unusual activity of a container, an immediate
investigation can result and then the cargo transportation
system will gradually approach perfection where terrorists
or criminals are denied this means of transporting material
into and within the United States. If any container is found
containing contraband material, then the entire history of
how that container entered the United States can be checked
to determine the source of the failure. If the failure is found
to have occurred at a loading port outside of the United
States, then sanctions can be imposed on the host country
that could have serious effects on that country’s ability to
trade worldwide. Just the threat of such an action would be
a significant deterrent. Thus, the use of containers to trans-
port hazardous materials or weapons of mass destruction as
well as people, narcotics, or other contraband and can be
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effectively eliminated through the use of the container
monitoring system of at least one of the inventions disclosed
herein.

[0566] Prior to the entry of a container ship into a harbor,
a Coast Guard boat from the U.S. Customs Service can
approach the container vessel and scan all of the containers
thereon to be sure that all such containers are registered and
tracked including their contents. Where containers contain
dangerous material legally, the seals on those containers can
be carefully investigated prior to the ship entering U.S.
waters. Obviously, many other security precautions can now
be conceived once the ability to track all containers and their
contents has been achieved according to the teachings of at
least one of the inventions disclosed herein.

[0567] Containers that enter the United States through
land ports of entry can also be interrogated in a similar
fashion. As long as the shipper is known and reputable and
the container contents are in the database, which would
probably be accessible over the Internet, is properly updated,
then all containers will be effectively monitored that enter
the United States with the penalty of an error resulting in the
disenfranchisement of the shipper, and perhaps sanctions
against the country, which for most reputable shippers or
shipping companies would be a severe penalty sufficient to
cause such shippers or shipping companies to take appro-
priate action to assure the integrity of the shipping contain-
ers. Intelligent selected random inspections guided by the
container history would still take place.

[0568] Although satellite communication is preferred,
communication using cell phones and infrastructure devices
placed at appropriate locations along roadways are also
possible. Eventually there will be a network linking all
vehicles on the highways in a peer-to-peer arrangement
(perhaps using Bluetooth, IEEE 802.11 (WI-FI), Wi-Mobile
or other local, mesh or ad-hoc network) at which time
information relative to container contents etc. can be com-
municated to the Internet or elsewhere through this peer-to-
peer network. It is expected that a pseudo-noise-based or
similar communication system such as a code division
multiple access (CDMA) system, wherein the identifying
code of a vehicle is derived from the vehicle’s GPS deter-
mined location, will be the technology of choice for this
peer-to-peer vehicle network. It is expected that this network
will be able to communicate such information to the Internet
(with proper security precautions including encryption
where necessary or desired) and that all of the important
information relative to the contents of moving containers
throughout the United States will be available on the Internet
on a need-to-know basis. Thus, law enforcement agencies
can maintain computer programs that will monitor the
contents of containers using information available from the
Internet. Similarly, shippers and receivers can monitor the
status of their shipments through a connection onto the
Internet. Thus, the existence of the Internet or equivalent can
be important to the monitoring system described herein.

[0569] An alternate method of implementing the invention
is to make use of a cell phone or PDA. Cell phones that are
now sold contain a GPS-based location system as do many
PDAs. Such a system along with minimal additional appa-
ratus can be used to practice the teachings disclosed herein.
In this case, the cell phone, PDA or similar portable device
could be mounted through a snap-in attachment system, for
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example, wherein the portable device is firmly attached to
the vehicle. The device can at that point, for example, obtain
an ID number from the container through a variety of
methods such as a RFID, SAW or hardwired based system.
It can also connect to a satellite antenna that would permit
the device to communicate to a LEO or GEO satellite
system, such as Skybitz as described above. Since the
portable device would only operate on a low duty cycle, the
battery should last for many days or perhaps longer. Of
course, if it is connected to the vehicle power system, its life
could be indefinite. When power is waning, this fact can be
sent to the satellite or cell phone system to alert the appro-
priate personnel. Since a cell phone contains a microphone,
it could be trained, using an appropriate pattern recognition
system, to recognize the sound of an accident or the deploy-
ment of an airbag or similar event. It thus becomes a very
low cost OnStar® type telematics system.

[0570] As an alternative to using a satellite network, the
cell phone network can be used in essentially the same
manner when a cell phone signal is available. All of the
sensors disclosed herein can either be incorporated into the
portable device or placed on the vehicle and connected to the
portable device when the device is attached to the vehicle.
This system has a key advantage of avoiding obsolescence.
With technology rapidly changing, the portable device can
be exchanged for a later model or upgraded as needed or
desired, keeping the overall system at the highest technical
state. Existing telematics systems such as OnStar® can of
course also be used with this system.

[0571] Importantly, an automatic emergency notification
system can now be made available to all owners of appro-
priately configured cell phones, PDAs, or other similar
portable devices that can operate on a very low cost basis
without the need for a monthly subscription since they can
be designed to operate only on an exception basis. Owners
would pay only as they use the service. Stolen vehicle
location, automatic notification in the event of a crash even
with the transmission of a picture for camera-equipped
devices is now possible. Automatic door unlocking can also
be done by the device since it could transmit a signal to the
vehicle, in a similar fashion as a keyless entry system, from
either inside or outside the vehicle. The phone can be
equipped with a biometric identification system such as
fingerprint, voice print, facial or iris recognition etc. thereby
giving that capability to vehicles. The device can thus
become the general key to the vehicle or house, and can even
open the garage door etc. If the cell phone is lost, its
whereabouts can be instantly found since it has a GPS
receiver and knows where it is. If it is stolen, it will become
inoperable without the biometric identification from the
owner.

[0572] Other communication systems will also frequently
be used to connect the container with the chassis and/or the
tractor and perhaps the identification of the driver or opera-
tor. Thus, information can be available on the Internet
showing what tractor, what trailer, what container and what
driver is operating at a particular time, at a particular GPS
location, on a particular roadway, with what particular
container contents. Suitable security will be provided to
ensure that this information is not freely available to the
general public. Redundancy can be provided to prevent the
destruction or any failure of a particular site from failing the
system.
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[0573] This communication between the various elements
of the shipping system which are co-located (truck, trailer,
container, container contents, driver etc.) can be connected
through a wired or wireless bus such as the CAN bus. Also,
an electrical system such as disclosed in U.S. Pat. No.
5,809,437, U.S. Pat. No. 6,175,787 and U.S. Pat. No.
6,326,704 can also be used in the invention.

[0574] 10. Display

[0575] A portion of the windshield, such as the lower left
corner, can be used to display the vehicle and surrounding
vehicles or other objects as seen from above, for example, as
described in U.S. patent application Ser. No. 09/851,362
filed May 8, 2000. This display can use pictures or icons as
appropriate. In another case, the condition of the road such
as the presence, or likelihood of black ice can be displayed
on the windshield where it would show on the road if the
driver could see it. This would require a source of informa-
tion that such a condition exists, however, here the concern
is that it can be displayed whatever the source of this or any
other relevant information. When used in conjunction with
a navigation system, directions including pointing arrows or
a path outline perhaps in color, similar to the first down line
on a football field as seen on TV, can be displayed to direct
the driver to his destination or to points of interest.

[0576] 11. Pattern Recognition

[0577] In basic embodiments of the inventions, wave or
energy-receiving transducers are arranged in the vehicle at
appropriate locations, associated algorithms are trained, if
necessary depending on the particular embodiment, and
function to determine whether a life form, or other object, is
present in the vehicle and if so, how many life forms or
objects are present. A determination can also be made using
the transducers as to whether the life forms are humans, or
more specifically, adults, child in child seats, etc. As noted
above and below, this is possible using pattern recognition
techniques. Moreover, the processor or processors associ-
ated with the transducers can be trained (loaded with a
trained pattern recognition algorithm) to determine the loca-
tion of the life forms or objects, either periodically or
continuously or possibly only immediately before, during
and after a crash. The location of the life forms or objects can
be as general or as specific as necessary depending on the
system requirements, i.e., a determination can be made that
a human is situated on the driver’s seat in a normal position
(general) or a determination can be made that a human is
situated on the driver’s seat and is leaning forward and/or to
the side at a specific angle as well as determining the
position of his or her extremities and head and chest (spe-
cific). Or, a determination can be made as to the size or type
of objects such as boxes are in a truck trailer or cargo
container. The degree of detail is limited by several factors,
including, e.g., the number, position and type of transducers
and the training of the pattern recognition algorithm.

[0578] When different objects are placed on the front
passenger seat, the images (here “image” is used to represent
any form of signal) from transducers 6, 8, 10 (FIG. 1) are
different for different objects but there are also similarities
between all images of rear facing child seats, for example,
regardless of where on the vehicle seat it is placed and
regardless of what company manufactured the child seat.
Alternately, there will be similarities between all images of
people sitting on the seat regardless of what they are
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wearing, their age or size. The problem is to find the set of
“rules” or an algorithm that differentiates the images of one
type of object from the images of other types of objects, for
example which differentiate the adult occupant images from
the rear facing child seat images or boxes. The similarities
of these images for various child seats are frequently not
obvious to a person looking at plots of the time series from
ultrasonic sensors, for example, and thus computer algo-
rithms are developed to sort out the various patterns. For a
more detailed discussion of pattern recognition, see US RE
37260.

[0579] The determination of these rules is important to the
pattern recognition techniques used in at least one of the
inventions disclosed herein. In general, three approaches
have been useful, artificial intelligence, fuzzy logic and
artificial neural networks including modular or combination
neural networks. Other types of pattern recognition tech-
niques may also be used, such as sensor fusion as disclosed
in U.S. Pat. No. 5,482,314, U.S. Pat. No. 5,890,085, and
U.S. Pat. No. 6,249,729. In some of the inventions disclosed
herein, such as the determination that there is an object in the
path of a closing window or door using acoustics or optics
as described herein, the rules are sufficiently obvious that a
trained researcher can look at the returned signals and devise
an algorithm to make the required determinations. In others,
such as the determination of the presence of a rear facing
child seat or of an occupant, artificial neural networks are
used to determine the rules. Neural network software for
determining the pattern recognition rules is available from
various sources such as International Scientific Research,
Inc., Panama City, Panama.

[0580] The human mind has little problem recognizing
faces even when they are partially occluded such as with a
hat, sunglasses or a scarf, for example. With the increase in
low cost computing power, it is now becoming possible to
train a rather large neural network, perhaps a combination
neural network, to recognize most of those cases where a
human mind will also be successful.

[0581] Other techniques which may or may not be part of
the process of designing a system for a particular application
include the following:

[0582] 1. Fuzzy logic. Neural networks frequently exhibit
the property that when presented with a situation that is
totally different from any previously encountered, an irra-
tional decision can result. Frequently, when the trained
observer looks at input data, certain boundaries to the data
become evident and cases that fall outside of those bound-
aries are indicative of either corrupted data or data from a
totally unexpected situation. It is sometimes desirable for the
system designer to add rules to handle these cases. These can
be fuzzy logic-based rules or rules based on human intelli-
gence. One example would be that when certain parts of the
data vector fall outside of expected bounds that the system
defaults to an airbag-enable state or the previously deter-
mined state.

[0583] 2. Genetic algorithms. When developing a neural
network algorithm for a particular vehicle, there is no
guarantee that the best of all possible algorithms has been
selected. One method of improving the probability that the
best algorithm has been selected is to incorporate some of
the principles of genetic algorithms. In one application of
this theory, the network architecture and/or the node weights
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are varied pseudo-randomly to attempt to find other com-
binations which have higher success rates. The discussion of
such genetic algorithms systems appears in the book Com-
putational Intelligence referenced above.

[0584] Although neural networks are preferred other clas-
sifiers such as Bayesian classifiers can be used as well as any
other pattern recognition system. A key feature of most of
the inventions disclosed herein is the recognition that the
technology of pattern recognition rather than deterministic
mathematics should be applied to solving the occupant
sensing problem.

[0585] 11.1 Neural Networks

[0586] An occupant can move from a position safely
displaced from the airbag to a position where he or she can
be seriously injured by the deployment of an airbag within
a fraction of a second during pre-crash braking, for example.
On the other hand, it takes a substantially longer time period
to change the seat occupancy state from a forward facing
person to a rear facing child seat, or even from a forward
facing child seat to a rear facing child seat. This fact can be
used in the discrimination process through post-processing
algorithms. One method, which also prepares for DOOP, is
to use a two-layered neural network or two separate neural
networks. The first one categorizes the seat occupancy into,
for example, (1) empty seat, (2) rear facing child seat, (3)
forward facing child seat and (4) forward facing human (not
in a child seat). The second is used for occupant position
determination. In the implementation, the same input layer
can be used for both neural networks but separate hidden and
output layers are used. This is illustrated in FIG. 187 of the
’881 application which is similar to FIG. 195 with the
addition of a post processing operation for both the catego-
rization and position networks and the separate hidden layer
nodes for each network.

[0587] If the categorization network determines that either
a category (3) or (4) exists, then the second network is run,
which determines the location of the occupant. Significant
averaging of the vectors is used for the first network and
substantial evidence is required before the occupancy class
is changed. For example, if data is acquired every 10
milliseconds, the first network might be designed to require
600 out of 1000 changed vectors before a change of state is
determined. In this case, at least 6 seconds of confirming
data would be required. Such a system would therefore not
be fooled by a momentary placement of a newspaper by a
forward facing human, for example, that might look like a
rear-facing child seat.

[0588] If, on the other hand, a forward facing human were
chosen, his or her position could be determined every 10
milliseconds. A decision that the occupant had moved out of
position would not necessarily be made from one 10 milli-
second reading unless that reading was consistent with
previous readings. Nevertheless, a series of consistent read-
ings would lead to a decision within 10 milliseconds of when
the occupant crossed over into the danger zone proximate to
the airbag module. This method of using history is used to
eliminate the effects of temperature gradients, for example,
or other events that could temporarily distort one or more
vectors. The algorithms which perform this analysis are part
of the post-processor.

[0589] More particularly, in one embodiment of the
method in accordance with at least one of the inventions
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herein in which two neural networks are used in the control
of the deployment of an occupant restraint device based on
the position of an object in a passenger compartment of a
vehicle, several wave-emitting and receiving transducers are
mounted on the vehicle. In one preferred embodiment, the
transducers are ultrasonic transducers which simultaneously
transmit and receive waves at different frequencies from one
another. A determination is made by a first neural network
whether the object is of a type requiring deployment of the
occupant restraint device in the event of a crash involving
the vehicle based on the waves received by at least some of
the transducers after being modified by passing through the
passenger compartment. If so, another determination is
made by a second neural network whether the position of the
object relative to the occupant restraint device would cause
injury to the object upon deployment of the occupant
restraint device based on the waves received by at least some
of the transducers. The first neural network is trained on
signals from at least some of the transducers representative
of waves received by the transducers when different objects
are situated in the passenger compartment. The second
neural network is trained on signals from at least some of the
transducers when different objects in different positions are
situated in the passenger compartment.

[0590] The transducers used in the training of the first and
second neural networks and operational use of method are
not necessary the same transducers and different sets of
transducers can be used for the typing or categorizing of the
object via the first neural network and the position determi-
nation of the object via the second neural network.

[0591] The modifications described above with respect to
the use of ultrasonic transducers can also be used in con-
junction with a dual neural network system. For example,
motion of a respective vibrating element or cone of one or
more of the transducers may be electronically or mechani-
cally diminished or suppressed to reduce ringing of the
transducer and/or one or more of the transducers may be
arranged in a respective tube having an opening through
which the waves are transmitted and received.

[0592] In another embodiment of the invention, a method
for categorizing and determining the position of an object in
a passenger compartment of a vehicle entails mounting a
plurality of wave-receiving transducers on the vehicle, train-
ing a first neural network on signals from at least some of the
transducers representative of waves received by the trans-
ducers when different objects in different positions are
situated in the passenger compartment, and training a second
neural network on signals from at least some of the trans-
ducers representative of waves received by the transducers
when different objects in different positions are situated in
the passenger compartment. As such, the first neural network
provides an output signal indicative of the categorization of
the object while the second neural network provides an
output signal indicative of the position of the object. The
transducers may be controlled to transmit and receive waves
each at a different frequency, as discussed herein, and one or
more of the transducers may be arranged in a respective tube
having an opening through which the waves are transmitted
and received.

[0593] Although this system is described with particular
advantageous use for ultrasonic and optical transducers, it is
conceivable that other transducers other than the ultrasonics
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or optics can also be used in accordance with the invention.
A dual neural network is a form of a modular neural network
and both are subsets of combination neural networks.

[0594] The system used in a preferred implementation of
at least one of the inventions disclosed herein for the
determination of the presence of a rear facing child seat, of
an occupant or of an empty seat, for example, is the artificial
neural network, which is also commonly referred to as a
trained neural network. In one case, illustrated in FIG. 1, the
network operates on the returned signals as sensed by
transducers 6, 8, 9 and 10, for example. Through a training
session, the system is taught to differentiate between the
different cases. This is done by conducting a large number
of experiments where a selection of the possible child seats
is placed in a large number of possible orientations on the
front passenger seat. Similarly, a sufficiently large number of
experiments are run with human occupants and with boxes,
bags of groceries and other objects (both inanimate and
animate). For each experiment with different objects and the
same object in different positions, the returned signals from
the transducers 6, 8, 9 and 10, for example, are associated
with the identification of the occupant in the seat or the
empty seat and information about the occupant such as its
orientation if it is a child seat and/or position. Data sets are
formed from the returned signals and the identification and
information about the occupant or the absence of an occu-
pant. The data sets are input into a neural network-generat-
ing program that creates a trained neural network that can,
upon receiving input of returned signals from the transduc-
ers 6, 8,9 and 10, provide an output of the identification and
information about the occupant most likely situated in the
seat or ascertained the existence of an empty seat. Some-
times as many as 1,000,000 such experiments are run before
the neural network is sufficiently trained and tested so that
it can differentiate among the several cases and output the
correct decision with a very high probability. The data from
each trial is combined to form a one-dimensional array of
data called a vector. Of course, it must be realized that a
neural network can also be trained to differentiate among
additional cases, for example, a forward facing child seat. It
can also be trained to recognize the existence of one or more
boxes or other cargo within a truck trailer, cargo container,
automobile trunk or railroad car, for example.

[0595] Considering now FIG. 9, the normalized data from
the ultrasonic transducers 6, 8, 9 and 10, the seat track
position detecting sensor 74, the reclining angle detecting
sensor 57, from the weight sensor(s) 7, 76, from the heart-
beat sensor 71, the capacitive sensor 78 and the motion
sensor 73 are input to the neural network 65, and the neural
network 65 is then trained on this data. More specifically, the
neural network 65 adds up the normalized data from the
ultrasonic transducers, from the seat track position detecting
sensor 74, from the reclining angle detecting sensor 57, from
the weight sensor(s) 7, 76, from the heartbeat sensor 71,
from the capacitive sensor 78 and from the motion sensor 73
with each data point multiplied by an associated weight
according to the conventional neural network process to
determine correlation function (step S6 in FIG. 18).

[0596] Looking now at FIG. 19B, in this embodiment, 144
data points are appropriately interconnected at 25 connect-
ing points of layer 1, and each data point is mutually
correlated through the neural network training and weight
determination process. The 144 data points consist of 138
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measured data points from the ultrasonic transducers, the
data (139th) from the seat track position detecting sensor 74,
the data (140th) from the reclining angle detecting sensor 57,
the data (141st) from the weight sensor(s) 7 or 76, the data
(142™%) from the heartbeat sensor 71, the data (143™) from
the capacitive sensor and the data (144™) from the motion
sensor (the last three inputs are not shown on FIG. 19B.
Each of the connecting points of the layer 1 has an appro-
priate threshold value, and if the sum of measured data
exceeds the threshold value, each of the connecting points
will output a signal to the connecting points of layer 2.
Although the weight sensor input is shown as a single input,
in general there will be a separate input from each weight
sensor used. For example, if the seat has four seat supports
and a strain measuring element is used on each support, what
will be four data inputs to the neural network.

[0597] The connecting points of the layer 2 comprises 20
points, and the 25 connecting points of the layer 1 are
appropriately interconnected as the connecting points of the
layer 2. Similarly, each data is mutually correlated through
the training process and weight determination as described
above and in the above-referenced neural network texts.
Each of the 20 connecting points of the layer 2 has an
appropriate threshold value, and if the sum of measured data
exceeds the threshold value, each of the connecting points
will output a signal to the connecting points of layer 3.

[0598] The connecting points of the layer 3 comprises 3
points, and the connecting points of the layer 2 are inter-
connected at the connecting points of the layer 3 so that each
data is mutually correlated as described above. If the sum of
the outputs of the connecting points of layer 2 exceeds a
threshold value, the connecting points of the latter 3 will
output Logic values (100), (010), and (001) respectively, for
example.

[0599] The neural network 65 recognizes the seated-state
of a passenger A by training as described in several books on
Neural Networks mentioned in the above referenced patents
and patent applications. Then, after training the seated-state
of the passenger A and developing the neural network
weights, the system is tested. The training procedure and the
test procedure of the neural network 65 will hereafter be
described with a flowchart shown in FIG. 18.

[0600] The threshold value of each connecting point is
determined by multiplying weight coeflicients and summing
up the results in sequence, and the aforementioned training
process is to determine a weight coeflicient Wj so that the
threshold value (ai) is a previously determined output.

ai=SIj-Xj (=1 to N)
[0601] wherein
[0602] Wj is the weight coeflicient,
[0603] Xj is the data and
[0604] N is the number of samples.

[0605] Based on this result of the training, the neural
network 65 generates the weights for the coefficients of the
correlation function or the algorithm (step S7).

[0606] At the time the neural network 65 has learned a
suitable number of patterns of the training data, the result of
the training is tested by the test data. In the case where the
rate of correct answers of the seated-state detecting unit



US 2008/0051957 Al

based on this test data is unsatisfactory, the neural network
is further trained and the test is repeated. In this embodi-
ment, the test was performed based on about 600,000 test
patterns. When the rate of correct test result answers was at
about 98%, the training was ended. Further improvements to
the ultrasonic occupant sensor system has now resulted in
accuracies exceeding 98% and for the optical system
exceeding 99%.

[0607] The neural network software operates as follows.
The training data is used to determine the weights which
multiply the values at the various nodes at the lower level
when they are combined at nodes at a higher level. Once a
sufficient number of iterations have been accomplished, the
independent data is used to check the network. If the
accuracy of the network using the independent data is lower
than the last time that it was checked using the independent
data, then the previous weights are substituted for the new
weights and training of the network continues on a different
path. Thus, although the independent data is not used to train
the network, it does strongly affect the weights. It is there-
fore not really independent. Also, both the training data and
the independent data are created so that all occupancy states
are roughly equally represented. As a result, a third set of
data is used which is structured to more closely represent the
real world of vehicle occupancy. This third data set, the “real
world” data, is then used to arrive at a figure as to the real
accuracy of the system.

[0608] The neural network 65 has outputs 65a, 6556 and
65¢ (FIG. 9). Each of the outputs 654, 65b and 65¢ outputs
a signal of logic 0 or 1 to a gate circuit or algorithm 77.
Based on the signals from the outputs 65a, 6556 and 65¢, any
one of these combination (100), (010) and (001) is obtained.
In another preferred embodiment, all data for the empty seat
was removed from the training set and the empty seat case
was determined based on the output of the weight sensor
alone. This simplifies the neural network and improves its
accuracy.

[0609] In this embodiment, the output (001) correspond to
a vacant seat, a seat occupied by an inanimate object or a
seat occupied by a pet (VACANT), the output (010) corre-
sponds to a rear facing child seat (RFCS) or an abnormally
seated passenger (ASP or OOPA), and the output (100)
corresponds to a normally seated passenger (NSP or FFA) or
a forward facing child seat (FFCS).

[0610] The gate circuit (seated-state evaluation circuit) 77
can be implemented by an electronic circuit or by a com-
puter algorithm by those skilled in the art and the details will
not be presented here. The function of the gate circuit 77 is
to remove the ambiguity that sometimes results when ultra-
sonic sensors and seat position sensors alone are used. This
ambiguity is that it is sometimes difficult to differentiate
between a rear facing child seat (RFCS) and an abnormally
seated passenger (ASP), or between a normally seated
passenger (NSP) and a forward facing child seat (FFCS). By
the addition of one or more weight sensors in the function of
acting as a switch when the weight is above or below 60 Ibs.,
it has been found that this ambiguity can be eliminated. The
gate circuit therefore takes into account the output of the
neural network and also the weight from the weight sen-
sor(s) as being above or below 60 Ibs. and thereby separates
the two cases just described and results in five discrete
outputs.
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[0611] The use of weight data must be heavily filtered
since during driving conditions, especially on rough roads or
during an accident, the weight sensors will give highly
varying output. The weight sensors, therefore, are of little
value during the period of time leading up to and including
a crash and their influence must be minimized during this
time period. One way of doing this is to average the data
over a long period of time such as from 5 seconds to a
minute or more.

[0612] Thus, the gate circuit 77 fulfills a role of outputting
five kinds of seated-state evaluation signals, based on a
combination of three kinds of evaluation signals from the
neural network 65 and superimposed information from the
weight sensor(s). The five seated-state evaluation signals are
input to an airbag deployment determining circuit that is part
of the airbag system and will not be described here. As
disclosed in the above-referenced patents and patent appli-
cations, the output of this system can also be used to activate
a variety of lights or alarms to indicate to the operator of the
vehicle the seated state of the passenger. The system that has
been here described for the passenger side is also applicable
for the most part for the driver side.

[0613] An alternate and preferred method of accomplish-
ing the function performed by the gate circuit is to use a
modular neural network. In this case, the first level neural
network is trained on determining whether the seat is
occupied or vacant. The input to this neural network consists
of all of the data points described above. Since the only
function of this neural network is to ascertain occupancy, the
accuracy of this neural network is very high. If this neural
network determines that the seat is not vacant, then the
second level neural network determines the occupancy state
of the seat.

[0614] In this embodiment, although the neural network
65 has been employed as an evaluation circuit, the mapping
data of the coefficients of a correlation function may also be
implemented or transferred to a microcomputer to constitute
the evaluation circuit (see Step S8 in FIG. 18).

[0615] According to the seated-state detecting unit of the
present invention, the identification of a vacant seat
(VACANT), a rear facing child seat (RFCS), a forward
facing child seat (FFCS), a normally seated adult passenger
(NSP), an abnormally seated adult passenger (ASP), can be
reliably performed. Based on this identification, it is possible
to control a component, system or subsystem in the vehicle.
For example, a regulation valve which controls the inflation
or deflation of an airbag may be controlled based on the
evaluated identification of the occupant of the seat. This
regulation valve may be of the digital or analog type. A
digital regulation valve is one that is in either of two states,
open or closed. The control of the flow is then accomplished
by varying the time that the valve is open and closed, i.e., the
duty cycle.

[0616] The neural network has been previously trained on
a significant number of occupants of the passenger compart-
ment. The number of such occupants depends strongly on
whether the driver or the passenger seat is being analyzed.
The variety of seating states or occupancies of the passenger
seat is vastly greater than that of the driver seat. For the
driver seat, a typical training set will consist of approxi-
mately 100 different vehicle occupancies. For the passenger
seat, this number can exceed 1000. These numbers are used
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for illustration purposes only and will differ significantly
from vehicle model to vehicle model. Of course many
vectors of data will be taken for each occupancy as the
occupant assumes different positions and postures.

[0617] The neural network is now used to determine
which of the stored occupancies most closely corresponds to
the measured data. The output of the neural network can be
an index of the setup that was used during training that most
closely matches the current measured state. This index can
be used to locate stored information from the matched
trained occupancy. Information that has been stored for the
trained occupancy typically includes the locus of the centers
of the chest and head of the driver, as well as the approxi-
mate radius of pixels which is associated with this center to
define the head area, for example. For the case of FIG. 8A,
it is now known from this exercise where the head, chest,
and perhaps the eyes and ears, of the driver are most likely
to be located and also which pixels should be tracked in
order to know the precise position of the driver’s head and
chest. What has been described above is the identification
process for automobile occupancy and is only representative
of the general process. A similar procedure, although usually
simpler with fewer steps, is applicable to other vehicle
monitoring cases.

[0618] The use of trainable pattern recognition technolo-
gies such as neural networks is an important part of the some
of the inventions discloses herein particularly for the auto-
mobile occupancy case, although other non-trained pattern
recognition systems such as fuzzy logic, correlation, Kalman
filters, and sensor fusion can also be used. These technolo-
gies are implemented using computer programs to analyze
the patterns of examples to determine the differences
between different categories of objects. These computer
programs are derived using a set of representative data
collected during the training phase, called the training set.
After training, the computer programs output a computer
algorithm containing the rules permitting classification of
the objects of interest based on the data obtained after
installation in the vehicle. These rules, in the form of an
algorithm, are implemented in the system that is mounted
onto the vehicle. The determination of these rules is impor-
tant to the pattern recognition techniques used in at least one
of the inventions disclosed herein. Artificial neural networks
using back propagation are thus far the most successful of
the rule determination approaches, however, research is
underway to develop systems with many of the advantages
of back propagation neural networks, such as learning by
training, without the disadvantages, such as the inability to
understand the network and the possibility of not converging
to the best solution. In particular, back propagation neural
networks will frequently give an unreasonable response
when presented with data than is not within the training data.
It is well known that neural networks are good at interpo-
lation but poor at extrapolation. A combined neural network
fuzzy logic system, on the other hand, can substantially
solve this problem. Additionally, there are many other neural
network systems in addition to back propagation. In fact,
one type of neural network may be optimum for identifying
the contents of the passenger compartment and another for
determining the location of the object dynamically.

[0619] Numerous books and articles, including more that
500 U.S. patents, describe neural networks in great detail
and thus the theory and application of this technology is well
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known and will not be repeated here. Except in a few
isolated situations where neural networks have been used to
solve particular problems limited to engine control, for
example, they have not previously been applied to automo-
biles, trucks or other vehicle monitoring situations.

[0620] The system generally used in the instant invention,
therefore, for the determination of the presence of a rear
facing child seat, an occupant, or an empty seat is the
artificial neural network or a neural-fuzzy system. In this
case, the network operates on the returned signals from a
CCD or CMOS array as sensed by transducers 49, 50, 51 and
54 in FIG. 8D, for example. For the case of the front
passenger seat, for example, through a training session, the
system is taught to differentiate between the three cases.
This is done by conducting a large number of experiments
where available child seats are placed in numerous positions
and orientations on the front passenger seat of the vehicle.

[0621] Once the network is determined, it is possible to
examine the result to determine, from the algorithm created
by the neural network software, the rules that were finally
arrived at by the trial and error training technique. In that
case, the rules can then be programmed into a microproces-
sor. Alternately, a neural computer can be used to implement
the neural network directly. In either case, the implementa-
tion can be carried out by those skilled in the art of pattern
recognition using neural networks. If a microprocessor is
used, a memory device is also required to store the data from
the analog to digital converters which digitize the data from
the receiving transducers. On the other hand, if a neural
network computer is used, the analog signal can be fed
directly from the transducers to the neural network input
nodes and an intermediate memory is not required. Memory
of some type is needed to store the computer programs in the
case of the microprocessor system and if the neural com-
puter is used for more than one task, a memory is needed to
store the network specific values associated with each task.

[0622] Areview of'the literature on neural networks yields
the conclusion that the use of such a large training set is
unique in the neural network field. The rule of thumb for
neural networks is that there must be at least three training
cases for each network weight. Thus, for example, if a neural
network has 156 input nodes, 10 first hidden layer nodes, 5
second hidden layer nodes, and one output node this results
in a total of 1,622 weights. According to conventional theory
5000 training examples should be sufficient. It is highly
unexpected, therefore, that greater accuracy would be
achieved through 100 times that many cases. It is thus not
obvious and cannot be deduced from the neural network
literature that the accuracy of the system will improve
substantially as the size of the training database increases
even to tens of thousands of cases. It is also not obvious
looking at the plots of the vectors obtained using ultrasonic
transducers that increasing the number of tests or the data-
base size will have such a significant effect on the system
accuracy. Each of the vectors is typically a rather course plot
with a few significant peaks and valleys. Since the spatial
resolution of an ultrasonic system is typically about 2 to 4
inches, it is once again surprising that such a large database
is required to achieve significant accuracy improvements.

[0623] The back propagation neural network is a very
successful general-purpose network. However, for some
applications, there are other neural network architectures



US 2008/0051957 Al

that can perform better. If it has been found, for example,
that a parallel network as described above results in a
significant improvement in the system, then, it is likely that
the particular neural network architecture chosen has not
been successful in retrieving all of the information that is
present in the data. In such a case, an RCE, Stochastic,
Logicon Projection, cellular, support vector machine or one
of the other approximately 30 types of neural network
architectures can be tried to see if the results improve. This
parallel network test, therefore, is a valuable tool for deter-
mining the degree to which the current neural network is
capable of using efliciently the available data.

[0624] One of the salient features of neural networks is
their ability of find patterns in data regardless of its source.
Neural networks work well with data from ultrasonic sen-
sors, optical imagers, strain gage and bladder weight sen-
sors, temperature sensors, chemical sensors, radiation sen-
sors, pressure sensors, electric field sensors, capacitance
based sensors, any other wave sensors including the entire
electromagnetic spectrum, etc. If data from any sensors can
be digitized and fed into a neural network generating pro-
gram and if there is information in the pattern of the data
then neural networks can be a viable method of identifying
those patterns and correlating them with a desired output
function. Note that although the inventions disclosed herein
preferably use neural networks and combination neural
networks to be described next, these inventions are not
limited to this form or method of pattern recognition. The
major breakthrough in occupant sensing came with the
recognition by the current assignee that ordinary analysis
using mathematical equations where the researcher looks at
the data and attempts, based on the principles of statistics,
engineering or physics, to derive the relevant relationships
between the data and the category and location of an
occupying item, is not the proper approach and that pattern
recognition technologies should be used. This is believed to
be the first use of such pattern recognition technologies in
the automobile safety and monitoring fields with the excep-
tion that neural networks have been used by the current
assignee and others as the basis of a crash sensor algorithm
and by certain automobile manufacturers for engine control.
Note for many monitoring situations in truck trailers, cargo
containers and railroad cars where questions such as “is
there anything in the vehicle?” are asked, neural networks
may not always be required.

[0625]

[0626] The technique described above for the determina-
tion of the location of an occupant during panic or braking
pre-crash situations involves use of a modular neural net-
work. In that case, one neural network was used to determine
the occupancy state of the vehicle and one or more neural
networks were used to determine the location of the occu-
pant within the vehicle. The method of designing a system
utilizing multiple neural networks is a key teaching of the
present invention. When this idea is generalized, many
potential combinations of multiple neural network architec-
tures become possible. Details about this are found in the
934 application, section 11.2, incorporated by reference
herein.

[0627]

[0628] Once a vehicle interior monitoring system employ-
ing a sophisticated pattern recognition system, such as a
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neural network or modular neural network, is in place, it is
possible to monitor the motions of the driver over time and
determine if he is falling asleep or has otherwise become
incapacitated. In such an event, the vehicle can be caused to
respond in a number of different ways. One such system is
illustrated in FIG. 6 and consists of a monitoring system
having transducers 8 and 9 plus microprocessor 20 pro-
grammed to compare the motions of the driver over time and
trained to recognize changes in behavior representative of
becoming incapacitated e.g., the eyes blinking erratically
and remaining closed for ever longer periods of time. If the
system determines that there is a reasonable probability that
the driver has fallen asleep, for example, then it can turn on
a warning light shown here as 41 or send a warning sound.
If the driver fails to respond to the warning by pushing a
button 43, for example, then the horn and lights can be
operated in a manner to warn other vehicles and the vehicle
brought to a stop. One novel approach, not shown, would be
to use the horn as the button 43. For a momentary depression
of the horn, for this case, the horn would not sound. Other
responses can also be programmed and other tests of driver
attentiveness can be used, without resorting to attempting to
monitor the motions of the driver’s eyes that would signify
that the driver was alert. These other responses can include
an input to the steering wheel, motion of the head, blinking
or other motion of the eyes etc. In fact, by testing a large
representative sample of the population of drivers, the range
of alert responses to the warning light and/or sound can be
compared to the lack of response of a sleeping driver and
thereby the state of attentiveness determined.

[0629] An even more sophisticated system of monitoring
the behavior of the driver is to track his eye motions using
such techniques as are described in U.S. Pat. No. 4,648,052,
U.S. Pat. No. 4,720,189, U.S. Pat. No. 4,836,670, U.S. Pat.
No. 4,950,069, U.S. Pat. No. 5,008,946 and U.S. Pat. No.
5,305,012. The detection of the impaired driver in particular
can be best determined by these techniques. These systems
use pattern recognition techniques plus, in many cases, the
transmitter and CCD receivers must be appropriately located
so that the reflection off of the cornea of the driver’s eyes can
be detected as discussed in the above-referenced patents.
The size of the CCD arrays used herein permits their
location, sometimes in conjunction with a reflective wind-
shield, where this corneal reflection can be detected with
some difficulty. Sunglasses or other items can interfere with
this process.

[0630] In a similar manner as described in these patents,
the motion of the driver’s eyes can be used to control various
systems in the vehicle permitting hands off control of the
entertainment system, heating and air conditioning system
or all of the other systems described above. Although some
of these systems have been described in the afore-mentioned
patents, none have made use of neural networks for inter-
preting the eye movements. The use of particular IR wave-
lengths permits the monitoring of the driver’s eyes without
the driver knowing that this is occurring. IR with a wave
length above about 1.1 microns, however, is blocked by
glass eyeglasses and thus other invisible frequencies may be
required.

[0631] The use of the windshield as a reflector is particu-
larly useful when monitoring the eyes of the driver by means
of a camera mounted on the rear view mirror assembly. The
reflections from the cornea are highly directional, as every
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driver knows whose lights have reflected off the eyes of an
animal on the roadway. For this to be effective, the eyes of
the driver must be looking at the radiation source. Since the
driver is presumably looking through the windshield, the
source of the radiation must also come from the windshield
and the reflections from the driver’s eyes must also be in the
direction of the windshield. Using this technique, the time
that the driver spends looking through the windshield can be
monitored and if that time drops below some threshold
value, it can be presumed that the driver is not attentive and
may be sleeping or otherwise incapacitated.

[0632] The location of the eyes of the driver, for this
application, is greatly facilitated by the teachings of the
inventions as described above. Although others have sug-
gested the use of eye motions and corneal reflections for
drowsiness determination, up until now there has not been a
practical method for locating the driver’s eyes with sufficient
precision and reliability as to render this technique practical.
Also, although sunglasses might defeat such a system, most
drowsiness caused accidents happen at night when it is less
likely that sunglasses are worn.

[0633] 11.4 Combining Occupant Monitoring and Car
Monitoring

[0634] There is an inertial measurement unit (IMU) under
development by the current assignee that will have the
equivalent accuracy as an expensive military IMU but will
sell for under $200 in sufficient volume. This IMU can
contain three accelerometers and three gyroscopes and per-
mit a very accurate tracking of the motion of the vehicle in
three dimensions. The main purposes of this device will be
replace all non-crush zone crash and rollover sensors, chas-
sis control gyros etc. with a single device that will be up to
100 times more accurate. Another key application will be in
vehicle guidance systems and it will eventually form the
basis of a system that will know exactly where the vehicle
is on the face of the earth within a few centimeters.

[0635] An additional use will be to monitor the motion of
the vehicle in comparison with that of an occupant. From
this, several facts can be gained. First, if the occupant moves
in such a manner that is not caused by the motion of the
vehicle, then the occupant must be alive. Conversely, if the
driver motion is only caused by the vehicle, then perhaps he
or she is asleep or otherwise incapacitated. A given driver
will usually have a characteristic manner of operating the
steering wheel to compensate for drift on the road. If this
manner changes, then again, the occupant may be falling
asleep. If the motion of the occupant seems to be restrained
relative to what a free body would do, then there would be
an indication that the seatbelt is in use, and if not, that the
seatbelt is not in use or that it is too slack and needs to be
retracted somewhat.

[0636] 11.5 Continuous Tracking

[0637] Previously, the output of the pattern recognition
system, the neural network or combined neural network, has
been the zone that the occupant is occupying. This is a
somewhat difficult task for the neural network since it calls
for a discontinuous output for a continuous input. If the
occupant is in the safe seating zone, then the output may be
0, for example and 1 if he moves into the at-risk zone. Thus,
for a small motion there is a big change in output. On the
other hand, as long as the occupant remains in the safe
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seating zone, he or she can move substantially with no
change in output. A better method is to have as the output the
position of the occupant from the airbag, for example, which
is a continuous function and easier for the neural network to
handle. This also provides for a meaningful output that
permits, for example, the projection or extrapolation of the
occupant’s position forward in time and thus a prediction as
to when he or she will enter another zone. This training of
a neural network using a continuous position function is an
important teaching of at least one of the inventions disclosed
herein.

[0638] To do continuous tracking, however, the neural
network must be trained on data that states the occupant
location rather than the zone that he or she is occupying.
This requires that this data be measured by a different system
than is being used to monitor the occupant. Various elec-
tromagnetic systems have been tried but they tend to get
foiled by the presence of metal in the interior passenger
compartment. Ultrasonic systems have provided such infor-
mation as have various optical systems. Tracking with a
stereo camera arrangement using black light for illumina-
tion, for example is one technique. The occupant can even
be illuminated with a UV point of light to make displace-
ment easier to measure.

[0639] In addition, when multiple cameras are used in the
final system, a separate tracking system may not be required.
The normalization process conducted above, for example,
created a displacement value for each of the CCD or CMOS
arrays in the assemblies 49, 50, 52, 52, and 54, (FIG. 8A) or
a subset thereof, which can now be used in reverse to find
the precise location of the driver’s head or chest, for
example, relative to the known location of the airbag. From
the vehicle geometry, and the head and chest location
information, a choice can now be made as to whether to
track the head or chest for dynamic out-of-position analysis.

[0640] Tracking of the motion of the occupant’s head or
chest can be done using a variety of techniques. One
preferred technique is to use differential motion, that is, by
subtracting the current image from the previous image to
determine which pixels have changed in value and by
looking at the leading edge of the changed pixels and the
width of the changed pixel field, a measurement of the
movement of the pixels of interest, and thus the driver, can
be readily accomplished. More generally, image subtraction
can be used to determine motion of the object represented by
the edges or more generally, the presence of an object
capable of movement. This may be useful to discriminate
between movable objects and immovable objects. Moreover,
image subtraction is not limited to tracking motion of an
occupant’s head or chest and can be used to track motion of
the entire occupant or other parts of the occupant.

[0641] Alternately, in another technique, a correlation
function can be derived which correlates the pixels in the
known initial position of the head, for example, with pixels
that were derived from the latest image. The displacement of
the center of the correlation pixels would represent the
motion of the head of the occupant. A wide variety of other
techniques will now be obvious to those skilled in the art.

[0642] In a method disclosed above for tracking motion of
a vehicular occupant’s head or chest in accordance with the
inventions, electromagnetic waves are transmitted toward
the occupant from at least one location, a first image of the
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interior of the passenger compartment is obtained from each
location, the first image being represented by a matrix of
pixels, and electromagnetic waves are transmitted toward
the occupant from the same location(s) at a subsequent time
and an additional image of the interior of the passenger
compartment is obtained from each location, the additional
image being represented by a matrix of pixels. The addi-
tional image is subtracted from the first image to determine
which pixels have changed in value. A leading edge of the
changed pixels and a width of a field of the changed pixels
is determined to thereby determine movement of the occu-
pant from the time between which the first and additional
images were taken. The first image is replaced by the
additional image and the steps of obtaining an additional
image and subtracting the additional image from the first
image are repeated such that progressive motion of the
occupant is attained.

[0643] Other methods of continuous tracking include plac-
ing an ultrasonic transducer in the seatback and also on the
airbag, each providing a measure of the displacement of the
occupant. Knowledge of vehicle geometry is required here,
such as the position of the seat. The thickness of the
occupant can then be calculated and two measures of
position are available. Other ranging systems such as optical
range meters and stereo or distance by focusing cameras
could be used in place of the ultrasonic sensors. Another
system involves the placement on the occupant of a reso-
nator or reflector such as a radar reflector, resonating
antenna, or an RFID or SAW tag. In several of these cases,
two receivers and triangulation based on the time of arrival
of the returned pulses may be required.

[0644] Tracking can also be done during data collection
using the same or a different system comprising structured
light. If a separate tracking system is used, the structured
light can be projected onto the object at time intervals
in-between the taking of data with the main system. In this
manner, the tracking system would not interfere with the
image being recorded by the primary system. All of the
methods of obtaining three-dimensional information
described above can be implemented in a separate tracking
system.

[0645]

[0646] Another important feature of a system, developed
in accordance with the teachings of at least one of the
inventions disclosed herein, is the realization that motion of
the vehicle can be used in a novel manner to substantially
increase the accuracy of the system. Ultrasonic waves reflect
on most objects as light off a mirror. This is due to the
relatively long wavelength of ultrasound as compared with
light. As a result, certain reflections can overwhelm the
receiver and reduce the available information. When read-
ings are taken while the occupant and/or the vehicle is in
motion, and these readings averaged over several transmis-
sion/reception cycles, the motion of the occupant and
vehicle causes various surfaces to change their angular
orientation slightly but enough to change the reflective
pattern and reduce this mirror effect. The net effect is that the
average of several cycles gives a much clearer image of the
reflecting object than is obtainable from a single cycle. This
then provides a better image to the neural network and
significantly improves the identification accuracy of the
system. The choice of the number of cycles to be averaged
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depends on the system requirements. For example, if
dynamic out-of-position is required, then each vector must
be used alone and averaging in the simple sense cannot be
used. This will be discussed more detail below. Similar
techniques can be used for other transducer technologies.
Averaging, for example, can be used to minimize the effects
of flickering light in camera-based systems.

[0647] Only rarely is unprocessed or raw data that is
received from the A-to-D converters fed directly into the
pattern recognition system. Instead, it is preprocessed to
extract features, normalize, eliminate bad data, remove noise
and elements that have no informational value etc.

[0648] For example, for military target recognition is
common to use the Fourier transform of the data rather than
the data itself. This can be especially valuable for catego-
rization as opposed to location of the occupant and the
vehicle. When used with a modular network, for example,
the Fourier transform of the data may be used for the
categorization neural network and the non-transformed data
used for the position determination neural network.
Recently, wavelet transforms have also been considered as
a preprocessor.

[0649] Above, under the subject of dynamic out-of-posi-
tion, it was discussed that the position of the occupant can
be used as a preprocessing filter to determine the quality of
the data in a particular vector. This technique can also be
used in general as a method to improve the quality of a
vector of data based on the previous positions of the occu-
pant. This technique can also be expanded to help differen-
tiate live objects in the vehicle from inanimate objects. For
example, a forward facing human will change his position
frequently during the travel of the vehicle whereas a box will
tend to show considerably less motion. This is also useful,
for example, in differentiating a small human from an empty
seat. The motion of a seat containing a small human will be
significantly different from that of an empty seat even
though the particular vector may not show significant dif-
ferences. That is, a vector formed from the differences from
two successive vectors is indicative of motion and thus of a
live occupant.

[0650] Preprocessing can also be used to prune input data
points. If each receiving array of assemblies, 49, 50, 51, and
54 for example (FIG. 8A), contains a matrix of 100 by 100
pixels (forming an image), then 40,000 (4x100x100) pixels
or data elements of information will be created each time the
system interrogates the driver seat, for example. There are
many pixels of each image that can be eliminated as con-
taining no useful information. This typically includes the
corner pixels, back of the seat and other areas where an
occupant cannot reside. This pixel pruning can typically
reduce the number of pixels by up to 50 percent resulting in
approximately 20,000 remaining pixels. The output from
each array is then compared with a series of stored arrays
representing different unoccupied positions of the seat, seat-
back, steering wheel etc. For each array, each of the stored
arrays is subtracted from the acquired array and the results
analyzed to determine which subtraction resulted in the best
match. The best match is determined by such things as the
total number of pixels reduced below the threshold level, or
the minimum number of remaining detached pixels, etc.
Once this operation is completed for all four images, the
position of the movable elements within the passenger
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compartment has been determined. This includes the steer-
ing wheel angle, telescoping position, seatback angle, head-
rest position, and seat position. This information can be used
elsewhere by other vehicle systems to eliminate sensors that
are currently being used to sense such positions of these
components. Alternately, the sensors that are currently on
the vehicle for sensing these component positions can be
used to simplify processes described above. Fach receiving
array may also be a 256x256 CMOS pixel array as described
in the paper by C. Sodini et al. referenced above greatly
increasing the need for an eflicient pruning process.

[0651] An alternate technique of differentiating between
the occupant and the vehicle is to use motion. If the images
of the passenger seat are compared over time, reflections
from fixed objects will remain static whereas reflections
from vehicle occupants will move. This movement can be
used to differentiate the occupant from the background.

[0652] Following one or more of the subtraction processes
described above, each image now consists of typically as
many as 50 percent fewer pixels leaving a total of approxi-
mately 10,000 pixels remaining, for the 4 array 100x100
pixel case. The resolution of the images in each array can
now be reduced by combining adjacent pixels and averaging
the pixel values. This results in a reduction to a total pixel
count of approximately 1000. The matrices of information
that contains the pixel values is now normalized to place the
information in a location in the matrix which is independent
of the seat position. The resulting normalized matrix of 1000
pixel values can now be used as input into an artificial neural
network and represents the occupancy of the seat indepen-
dent of the position of the occupant. This is a brut force
method and better methods based on edge detection and
feature extraction can greatly simplify this process as dis-
cussed below.

[0653] There are many mathematical techniques that can
be applied to simplify the above process. One technique
used in military pattern recognition, as mentioned above,
uses the Fourier transform of particular areas in an image to
match with known Fourier transforms of known images. In
this manner, the identification and location can be deter-
mined simultaneously. There is even a technique used for
target identification whereby the Fourier transforms are
compared optically as mentioned herein. Other techniques
utilize thresholding to limit the pixels that will be analyzed
by any of these processes. Other techniques search for
particular features and extract those features and concentrate
merely on the location of certain of these features. (See for
example the Kage et al. artificial retina publication refer-
enced above.)

[0654] Generally, however as mentioned, the pixel values
are not directly fed into a pattern recognition system but
rather the image is preprocessed through a variety of feature
extraction techniques such as an edge detection algorithm.
Once the edges are determined, a vector is created contain-
ing the location of the edges and their orientation and that
vector is fed into the neural network, for example, which
performs the pattern recognition.

[0655] Another preprocessing technique that improves
accuracy is to remove the fixed parts of the image, such as
the seatback, leaving only the occupying object. This can be
done many ways such as by subtracting one image from
another after the occupant has moved, as discussed above.
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Another is to eliminate pixels related to fixed parts of the
image through knowledge of what pixels to removed based
on seat position and previous empty seat analysis. Other
techniques are also possible. Once the occupant has been
isolated, then those pixels remaining can be placed in a
particular position in the neural network vector. This is akin
to the fact that a human, for example, will always move his
or her eyes so as to place the object under observation into
the center of the field of view, which is a small percent of the
total field of view. In this manner the same limited number
in pixels always observe the image of the occupying item
thereby removing a significant variable and greatly improv-
ing system accuracy. The position of the occupant than can
be determined by the displacement required to put the image
into the appropriate part of the vector.

[0656] The above discussion has focuses on use of four
arrays, each obtaining an image of the same vehicular
compartment. A different number of arrays can be used in
the invention, including only a single array, i.e., a single
camera.

[0657] 11.7 Post Processing

[0658] Once the pattern recognition system has been
applied to the preprocessed data, one or more decisions are
available as output. The output from the pattern recognition
system is usually based on a snapshot of the output of the
various transducers unless a combination neural network
with feedback was used. Thus, it represents one epoch or
time period. The accuracy of such a decision can usually be
substantially improved if previous decisions from the pattern
recognition system are also considered. In the simplest form,
which is typically used for the occupancy identification
stage, the results of many decisions are averaged together
and the resulting averaged decision is chosen as the correct
decision. Once again, however, the situation is quite differ-
ent for dynamic out-of-position occupants. The position of
the occupant must be known at that particular epoch and
cannot be averaged with his previous position. On the other
hand, there is information in the previous positions that can
be used to improve the accuracy of the current decision. For
example, if the new decision says that the occupant has
moved six inches since the previous decision, and, from
physics, it is known that this could not possibly take place,
then a better estimate of the current occupant position can be
made by extrapolating from earlier positions. Alternately, an
occupancy position versus time curve can be fitted using a
variety of techniques such as the least squares regression
method, to the data from previous 10 epochs, for example.
This same type of analysis could also be applied to the
vector itself rather than to the final decision thereby cor-
recting the data prior to entry into the pattern recognition
system. An alternate method is to train a module of a
modular neural network to predict the position of the occu-
pant based on feedback from previous results of the module.

[0659] Summarizing, when an occupant is sitting in the
vehicle during normal vehicle operation, the determination
of the occupancy state can be substantially improved by
using successive observations over a period of time. This
can either be accomplished by averaging the data prior to
insertion into a neural network, or alternately the decision of
the neural network can be averaged. This is known as the
categorization phase of the process. During categorization,
the occupancy state of the vehicle is determined. Is the
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vehicle occupied by the forward facing human, an empty
seat, a rear facing child seat, or an out-of-position human?
Typically many seconds of data can be accumulated to make
the categorization decision. For non-automotive vehicles
this categorization process may be the only process that is
required. Is the container occupied or is it empty? If occu-
pied is there a human or other life form present? Is there a
hazardous chemical or a source of radioactivity present etc.?

[0660] When a driver senses an impending crash, he or she
will typically slam on the brakes to try to slow vehicle prior
to impact. If an occupant, particularly the passenger, is
unbelted, he or she will begin moving toward the airbag
during this panic braking. For the purposes of determining
the position of the occupant, there is not sufficient time to
average data as in the case of categorization. One method is
to determine the location of the occupant using the neural
network based on previous training. The motion of the
occupant can then be compared to a maximum likelihood
position based on the position estimate of the occupant at
previous vectors. Thus, for example, perhaps the existence
of thermal gradients in the vehicle caused an error in the
current vector leading to a calculation that the occupant has
moved 12 inches since the previous vector. Since this could
be a physically impossible move during ten milliseconds,
the measured position of the occupant can be corrected
based on his previous positions and known velocity. If an
accelerometer is present in the vehicle and if the acceleration
data is available for this calculation, a much higher accuracy
prediction can be made. Thus, there is information in the
data in previous vectors as well as in the positions of the
occupant determined from the latest data that can be used to
correct erroneous data in the current vector and, therefore, in
a manner not too dissimilar from the averaging method for
categorization, the position accuracy of the occupant can be
known with higher accuracy.

[0661] Post processing can use a comparison of the results
at each time interval along with a test of reasonableness to
remove erroneous results. Also averaging through a variety
of techniques can improve the stability of the output results.
Thus the output of a combination neural network is not
necessarily the final decision of the system.

[0662] One principal used in a preferred implementation
of at least one invention herein is to use images of different
views of the occupant to correlate with known images that
were used to train a neural network for vehicle occupancy.
Then carefully measured positions of the known images are
used to locate particular parts of the occupant such as his or
her head, chest, eyes, ears, mouth, etc. An alternate approach
is to make a three-dimensional map of the occupant and to
precisely locate these features using neural networks, sensor
fusion, fuzzy logic or other pattern recognition techniques.
One method of obtaining a three-dimensional map is to
utilize a scanning laser radar system where the laser is
operated in a pulse mode and the distance from the object
being illuminated is determined using range gating in a
manner similar to that described in various patents on
micropower impulse radar to McEwan. (See, for example,
U.S. Pat. No. 5,457,394 and U.S. Pat. No. 5,521,600) Many
other methods of obtaining a 3D representation can be used
as discussed in detail above. This post processing step
allows the determination of occupant parts from the image
once the object is classified as an occupant.
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[0663] Many other post processing techniques are avail-
able as discussed herein.

[0664]

[0665] As an example of the above concepts, a description
of a single imager optical occupant classification system will
now be presented.

[0666]

[0667] A number of image preprocessing filters have been
implemented, including noise reduction, contrast enhance-
ment, edge detection, image down sampling and cropping,
etc. and some of them will now be discussed.

11.8 An Example of Image Processing

11.8.1 Image Preprocessing

[0668] The Gaussian filter, for example, is very effective
in reducing noise in an image. The Laplacian filter can be
used to detect edges in an image. The result from a Laplacian
filter plus the original image produces an edge-enhanced
image. Both the Gaussian filter and the Laplacian filter can
be implemented efficiently when the image is scanned twice.
The original Kirsch filter consists of 8 filters that detect
edges of 8 different orientations. The max Kirsch filter,
however, uses a single filter that detects (but does not
distinguish) edges of all 8 different orientations.

[0669] The histogram-based contrast enhancement filter
improves image contrast by stretching pixel grayscale values
until a desired percentage of pixels are suppressed and/or
saturated. The wavelet-based enhancement filter modifies an
image by performing multilevel wavelet decomposition and
then applies a nonlinear transfer function to the detail
coeflicients. This filter reduces noise if the nonlinear transfer
function suppresses the detail coeflicients, and enhances the
image if the nonlinear transfer function retains and increases
the significant detail coeflicients. A total of 54 wavelet
functions from 7 families, for example, have been imple-
mented.

[0670] Mathematical morphology has been proven to be a
powerful tool for image processing (especially texture
analysis). For example, the grayscale morphological filter
that has been implemented by the current assignee includes
the following operators: dilation, erosion, close, open, white
top hat, black top hat, h-dome, and noise removal. The
structure element is totally customizable. The implementa-
tion uses fast algorithms such as van Herk/Gil-Werman’s
dilation/erosion algorithm, and Luc Vincent’s grayscale
reconstruction algorithm.

[0671] Sometimes using binary images instead of gray-
scale images increases the system robustness. The binariza-
tion filter provides 3 different ways to convert a grayscale
image into a binary image: 1) using a constant threshold; 2)
specifying a white pixel percentage; 3) Otsu’s minimum
deviation method. The image down-size filter performs
image down-sampling and image cropping. This filter is
useful for removing unwanted background (but limited to
preserving a rectangular region). Image down-sampling is
also useful because our experiments show that, given the
current accuracy requirement, using a lower resolution
image for occupant position detection does not degrade the
system performance, and is more computationally efficient.

[0672] Three other filters that were implemented provide
maximum flexibility, but require more processing time. The
generic in-frame filter implements almost all known and to
be developed window-based image filters. It allows the user
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to specify a rectangular spatial window, and define a math-
ematical function of all the pixels within the window. This
covers almost all well-known filters such as averaging,
median, Gaussian, Laplacian, Prewit, Sobel, and Kirsch
filters. The generic cross-frame filter implements almost all
known and to be developed time-based filters for video
streams. It allows the user to specify a temporal window, and
define a mathematical function of all the frames within the
window. The pixel transfer filter provides a flexible way to
transform an image. A pixel value in the resulting image is
a customizable function of the pixel coordinates and the
original pixel value. The pixel transfer filter is useful in
removing unwanted regions with irregular shapes.

[0673] FIG. 49 shows some examples of the preprocessing
filters that have been implemented. FIG. 49(1) shows the
original image. FIG. 49(2) shows the result from a histo-
gram-based contrast enhancement filter. FIG. 49(3) shows
the fading effect generated using a pixel transfer filter where
the transfer function is defined as

%21.5870.0001 [(X760}2+(y796}2]l

FIG. 49(4) shows the result from a morphological filter
followed by a histogram-based contrast enhancement filter.
The h-dome operator was used with the dome height=128.
One can see that the h-dome operator preserves bright
regions and regions that contain significant changes, and
suppresses dark and flat regions. FIG. 49(5) shows the edges
detected using a Laplacian filter. FIG. 49(6) shows the result
from a Gaussian filter followed by a max Kirsch filter, a
binarization filter that uses Otsu’s method, and a morpho-
logical erosion that uses a 3x3 flat structure element.

[0674] 11.8.2 Feature Extraction Algorithm

[0675] The image size in the current classification system
is 320x240, i.e. 76,800 pixels, which is typically too large
for a trained pattern recognition algorithm such as a neural
network to handle. In order to reduce the amount of the data
while retaining most of the important information, a good
feature extraction algorithm is needed. One of the algo-
rithms that was developed includes three steps:

[0676]
blocks.

[0677] 2) Calculate a few feature values from each block.

[0678] 3) Line up the feature values calculated from
individual blocks and then apply normalization.

1) Divide the whole image into small rectangular

[0679] By dividing the image into blocks, the amount of
the data is effectively reduced while most of the spatial
information is preserved.

[0680] This algorithm was derived from a well-known
algorithm that has been used in applications such as hand-
writing recognition. For most of the document related appli-
cations, binary images are usually used. Studies have shown
that the numbers of the edges of different orientations in a
block are very effective feature values for handwriting
recognition. For our application where grayscale images are
used, the count of the edges can be replaced by the sum of
the edge strengths that are defined as the largest differences

Page 98 of 123

Feb. 28, 2008

between the neighboring pixels. The orientation of an edge
is determined by the neighboring pixel that produces the
largest difference between itself and the pixel of interest (see
FIG. 50).

[0681] FIGS. 51 and 52 show the edges of eight different
orientations that are detected using Kirsch filters. The fea-
ture values that are calculated from these edges are also
shown. Besides Kirsch filters, other edge detection methods
such as Prewit and Sobel filters were also implemented.

[0682] Besides the edges, other information can also be
used as the feature values. FIG. 53 shows the feature values
calculated from the block-average intensities and deviations.
Our studies show that the deviation feature is less effective
than the edge and the intensity features.

[0683] The edge detection techniques are usually very
effective for finding sharp (or abrupt) edges. But for blunt
(or rounded) edges, most of the techniques are not effective
at all. These kinds of edges also contain useful information
for classification. In order to utilize such information, a
multi-scale feature extraction technique was developed. In
other words, after the feature extraction algorithm was
applied to the image of the original size, a 50% down-
sampling was done and the same feature extraction algo-
rithm (with the same block size) was applied to the image of
reduced size. If it is desired to find even blunter edges, this
technique can be applied again to the down-sampled image.

[0684] 11.8.3 Modular Neural Network Architecture

[0685] The camera-based optical occupant classification
system described here was designed to be a stand-alone
system whose only input is the image from the camera. Once
an image is converted into a feature vector, the classification
decision can be made using any pattern recognition tech-
nique. A vast amount of evidence in literature shows that a
neural network technique is particularly effective in image-
based pattern recognition applications.

[0686] In this application, the patterns of the feature
vectors are extremely complex. Therefore, with reference to
FIGS. 104-107 of the *881 application, it has been found that
a modular approach is extremely effective with such com-
plex systems.

[0687]

[0688] As discussed in the *881 application with reference
to FIGS. 108-111, post-processing filters can be used to
eliminate the random fluctuations in the neural network
output.

[0689]
ing

11.8.4 Post Neural Network Processing

11.8.5 Data Collection and Neural Network Train-

[0690] Schemes to collect data during the night and during
the day are discussed in the *881 application with reference
to FIGS. 112-117

[0691]

[0692] A symmetrical neural network architecture, shown
in FIG. 107 of the 881 application, was developed after the
system reported here. Results prove that this architecture
gives better performance than the other architectures. With
this architecture, it is possible to reduce misclassifications
by replacing the weak classifications with “undetermined”
states. More importantly, this architecture provides a way to
identify “unseen” patterns.

11.8.6 Conclusions and Discussions



US 2008/0051957 Al

[0693] Development of an optical occupant sensing sys-
tem requires many software tools whose functionalities
include: communication with hardware, assisting data col-
lection, analyzing and converting data, training modular
neural networks, evaluating and demonstrating system per-
formance, and evaluating new algorithms. Major software
components are shown in FIG. 118 of the *881 application.

[0694] 1t is important to note that the classification accu-
racies reported here are based on single images and when the
post processing steps are included the overall system accu-
racy approaches 100%. This is a substantial improvement
over previous systems even thought it is based on a single
camera. Although this system is capable of dynamic track-
ing, some additional improvement can be obtained through
the addition of a second camera. Nevertheless, the system as
described herein is cost competitive with a weight only
system and substantially more accurate. This system is now
ready for commercialization where the prototype system
described herein is made ready for high volume serial
production.

[0695]

[0696] A great deal of effort has been ongoing to develop
fast optical pattern recognition systems to allow military
vehicles such as helicopters to locate all of the enemy
vehicles in a field of view. Some of the systems that have
been developed are called optical correlation systems and
have the property that the identification and categorization
of various objects in the field of view happens very rapidly.
A helicopter, for example coming onto a scene with multiple
tanks and personnel carriers in a wide variety of poses and
somewhat camouflaged can locate, identify and count all
such vehicles in a fraction of a second. The cost of these
systems has been prohibitively expensive for their use in
automobiles for occupant tracking or for collision avoidance
but this is changing.

12. Optical Correlators

[0697] Theoretically system performance is simple. The
advantage of optical correlation approach is that correlation
function is calculated almost instantly, much faster that with
microprocessors and neural networks, for example. In sim-
plest case one looks for correlation of an input image with
reference samples. The sample which has the largest corre-
lation peak is assumed as a match. In practice, the system is
based on a training set of reference samples. Special filters
are constructed for correlation with input image. Filters are
used in order to reduce number of correlations to calculate.
The output of the filters, the result of the correlation, is
frequently a set of features. Finally the features are fed into
a classifier for decision making. This classifier can use
Neural Networks.

[0698] The main bottleneck of optical correlators is large
number of filters, or reference image samples, that are
required. For example, if it is requirement to detect 10
different types of objects at different orientation, scale and
illumination conditions, every modification factor enlarges
number of filters for feature selection or correlation by factor
of approximately 10. So, in a real system one may have to
input 10,000 filters or reference images. Most correlators are
able to find correlation of an input image with about of 5-20
filters during single correlation cycle. In other words the
reference image contains 5-20 filters. Therefore during deci-
sion making cycle one needs to feed into correlator and find
correlation with approximately 1000 filters.
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[0699] If the problem is broken down, as was done with
modular neural networks, then the classification stage may
take on the order of a second while the tracking stage can be
done perhaps in a millisecond.

[0700] U.S. Pat. No. 5,473,466 and U.S. Pat. No. 5,051,
738 describe a miniature high resolution display system for
use with heads up displays for installation into the helmets
of fighter pilots. This system, which is based on a thin garnet
crystal, requires very little power and maintains a particular
display until display is changed. Thus, for example, if there
is a loss of power the display will retain the image that was
last displayed. This technology has the capability of pro-
ducing a very small heads up display unit as will be
described more detail below. This technology has also been
used as a spatial light monitor for pattern recognition based
on optical correlation. Although this technology has been
applied to military helicopters, it has previously not been
used for occupant sensing, collision avoidance, anticipatory
sensing, blind spot monitoring or any other ground vehicle
application.

[0701] Although the invention described herein is not
limited to a particular spatial light monitor (SLM) technol-
ogy, the preferred or best mode technology is to use the
garnet crystal system described U.S. Pat. No. 5,473,466.
Although the system has never been applied to automobiles,
it has significant advantages over other systems particularly
in the resolution and optical intensity areas. The resolution
of the garnet crystals as manufactured by Revtek is approxi-
mately 600 by 600 pixels. The size of the crystal is typically
1 cm square.

[0702] Basically, the optical correlation pattern recogni-
tion system works as follows. Stored in a computer are many
Fourier transforms of images of objects that the system
should identify. For collision avoidance, these include cars,
trucks, deer or other animals, pedestrians, motorcycles,
bicycles, or any other objects that could occur on a roadway.
For an interior monitoring, these objects could include faces
(particularly ones that are authorized to operate the vehicle),
eyes, ears, child seats, children, adults of all sizes etc. The
image from the scene that is captured by the lens is fed
through a diffraction grating that optically creates the Fou-
rier transform of the scene and projects it through SLM such
as the garnet crystal of the 466 patent. The SLM is
simultaneously fed and displays the Fourier stored trans-
forms and a camera looks at the light that comes through the
SLM. If there is a match then the camera sees a spike that
locates the matching objects in the scene, there can be many
such objects, all are found. The main advantage of this
system over neural network pattern recognition systems is
speed since it is all done optically and in parallel.

[0703] For collision avoidance, for example, many
vehicles can be easily classified and tracked. For occupant
sensing, the occupant’s eyes can be tracked even if he is
rapidly moving his head and the occupant herself can be
tracked during a crash.

[0704]

[0705] Once the occupancy state of the seat (or seats) in
the vehicle or of the vehicle itself, as in a cargo container,
truck trailer or railroad car, is known, this information can be
used to control or affect the operation of a significant number
of vehicular systems, components and devices. That is, the

13. Other Products, Outputs, Features
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systems, components and devices in the vehicle can be
controlled and perhaps their operation optimized in consid-
eration of the occupancy of the seat(s) in the vehicle or of the
vehicle itself. Thus, the vehicle includes a control system
coupled to the processor for controlling a component or
device in the vehicle in consideration of the output indica-
tive of the current occupancy state of the seat obtained from
the processor. The component or device can be an airbag
system including at least one deployable airbag whereby the
deployment of the airbag is suppressed, for example, if the
seat is occupied by a rear-facing child seat, or otherwise the
parameters of the deployment are controlled. Thus, the
seated-state detecting unit described above may be used in
a component adjustment system and method described
below when the presence of a human being occupying the
seat is detected. The component can also be a telematics
system such as the Skybitz or OnStar systems where infor-
mation about the occupancy state of the vehicle, or changes
in that state, can be sent to a remote site.

[0706] The component adjustment system and methods in
accordance with the invention can automatically and pas-
sively adjust the component based on the morphology of the
occupant of the seat. As noted above, the adjustment system
may include the seated-state detecting unit described above
so that it will be activated if the seated-state detecting unit
detects that an adult or child occupant is seated on the seat,
that is, the adjustment system will not operate if the seat is
occupied by a child seat, pet or inanimate objects. Obvi-
ously, the same system can be used for any seat in the
vehicle including the driver seat and the passenger seat(s).
This adjustment system may incorporate the same compo-
nents as the seated-state detecting unit described above, that
is, the same components may constitute a part of both the
seated-state detecting unit and the adjustment system, for
example, the weight measuring system.

[0707] The adjustment system described herein, although
improved over the prior art, will at best be approximate since
two people, even if they are identical in all other respects,
may have a different preferred driving position or other
preferred adjusted component location or orientation. A
system that automatically adjusts the component, therefore,
should learn from its errors. Thus, when a new occupant sits
in the vehicle, for example, the system automatically esti-
mates the best location of the component for that occupant
and moves the component to that location, assuming it is not
already at the best location. If the occupant changes the
location, the system should remember that change and
incorporate it into the adjustment the next time that person
enters the vehicle and is seated in the same seat. Therefore,
the system need not make a perfect selection the first time
but it should remember the person and the position the
component was in for that person. The system, therefore,
makes one, two or three measurements of morphological
characteristics of the occupant and then adjusts the compo-
nent based on an algorithm. The occupant will correct the
adjustment and the next time that the system measures the
same measurements for those measurement characteristics,
it will set the component to the corrected position. As such,
preferred components for which the system in accordance
with the invention is most useful are those which affect a
driver of the vehicle and relate to the sensory abilities of the
driver, i.e., the mirrors, the seat, the steering wheel and
steering column and accelerator, clutch and brake pedals.
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[0708] Thus, although the above description mentions that
the airbag system can be controlled by the control circuitry
20 (FIG. 1), any vehicular system, component or subsystem
can be controlled based on the information or data obtained
by transmitter and/or receiver assemblies 6, 8, 9 and 10.
Control circuitry 20 can be programmed or trained, if for
example a neural network is used, to control heating an
air-conditioning systems based on the presence of occupants
in certain positions so as to optimize the climate control in
the vehicle. The entertainment system can also be controlled
to provide sound only to locations at which occupants are
situated. There is no limit to the number and type of
vehicular systems, components and subsystems that can be
controlled using the analysis techniques described herein.

[0709] Furthermore, if multiple vehicular systems are to
be controlled by control circuitry 20, then these systems can
be controlled by the control circuitry 20 based on the status
of particular components of the vehicle. For example, an
indication of whether a key is in the ignition can be used to
direct the control circuitry 20 to either control an airbag
system (when the key is present in the ignition) or an
antitheft system (when the key is not present in the ignition).
Control circuitry 20 would thus be responsive to the status
of the ignition of the motor vehicle to perform one of a
plurality of different functions. More particularly, the pattern
recognition algorithm, such as the neural network described
herein, could itself be designed to perform in a different way
depending on the status of a vehicular component such as the
detected presence of a key in the ignition. It could provide
one output to control an antitheft system when a key is not
present and another output when a key is present using the
same inputs from the transmitter and/or receiver assemblies
6, 8, 9 and 10.

[0710] The algorithm in control circuitry 20 can also be
designed to determine the location of the occupant’s eyes
either directly or indirectly through a determination of the
location of the occupant and an estimation of the position of
the eyes therefrom. As such, the position of the rear view
mirror 55 can be adjusted to optimize the driver’s use
thereof.

[0711] Once a characteristic of the object is obtained, it
can be used for numerous purposes. For example, the
processor can be programmed to control a reactive compo-
nent, system or subsystem 103 in FIG. 24 based on the
determined characteristic of the object. When the reactive
component is an airbag assembly including one or more
airbags, the processor can control one or more deployment
parameters of the airbag(s).

[0712] The apparatus can operate in a manner as illus-
trated in FIG. 35 wherein as a first step 335, one or more
images of the environment are obtained. One or more
characteristics of objects in the images are determined at
336, using, for example, pattern recognition techniques, and
then one or more components are controlled at 337 based on
the determined characteristics. The process of obtaining and
processing the images, or the processing of data derived
from the images or data representative of the images, is
periodically continued at least throughout the operation of
the vehicle.

[0713]

[0714] The use of the vehicle interior monitoring system
to control the deployment of an airbag is discussed in detail

13.1 Control of Passive Restraints



US 2008/0051957 Al

in U.S. Pat. No. 5,653,462 referenced above. In that case, the
control is based on the use of a pattern recognition system,
such as a neural network, to differentiate between the
occupant and his extremities in order to provide an accurate
determination of the position of the occupant relative to the
airbag. If the occupant is sufficiently close to the airbag
module that he is more likely to be injured by the deploy-
ment itself than by the accident, the deployment of the
airbag is suppressed. This process is carried further by the
interior monitoring system described herein in that the
nature or identity of the object occupying the vehicle seat is
used to contribute to the airbag deployment decision. FIG. 4
shows a side view illustrating schematically the interface
between the vehicle interior monitoring system of at least
one of the inventions disclosed herein and the vehicle airbag
system 44. A similar system can be provided for the pas-
senger as described in U.S. patent application Ser. No.
10/151,615 filed May 20, 2002.

[0715] In this embodiment, ultrasonic transducers 8 and 9
transmit bursts of ultrasonic waves that travel to the occu-
pant where they are reflected back to transducers or recep-
tors/receivers 8 and 9. The time period required for the
waves to travel from the generator and return is used to
determine the distance from the occupant to the airbag as
described in the aforementioned U.S. Pat. No. 5,653,462,
i.e., and thus may also be used to determine the position or
location of the occupant. An optical imager based system
would also be appropriate. In the invention, however, the
portion of the return signal that represents the occupants’
head or chest, has been determined based on pattern recog-
nition techniques such as a neural network. The relative
velocity of the occupant toward the airbag can then be
determined, by Doppler principles or from successive posi-
tion measurements, which permits a sufficiently accurate
prediction of the time when the occupant would become
proximate to the airbag. By comparing the occupant relative
velocity to the integral of the crash deceleration pulse, a
determination as to whether the occupant is being restrained
by a seatbelt can also be made which then can affect the
airbag deployment initiation decision. Alternately, the mere
knowledge that the occupant has moved a distance that
would not be possible if he were wearing a seatbelt gives
information that he is not wearing one.

[0716] Another method of providing a significant
improvement to the problem of determining the position of
the occupant during vehicle deceleration is to input the
vehicle deceleration directly into the occupant sensing sys-
tem. This can be done through the use of the airbag crash
sensor accelerometer or a dedicated accelerometer can be
used. This deceleration or its integral can be entered directly
into the neural network or can be integrated through an
additional post-processing algorithm. Post processing in
general is discussed in section 11.7. One significant advan-
tage of neural networks is their ability to efficiently use
information from any source. It is the ultimate “sensor
fusion” system.

[0717] A more detailed discussion of this process and of
the advantages of the various technologies, such as acoustic
or electromagnetic, can be found in SAE paper 940527,
“Vehicle Occupant Position Sensing” by Breed et al. In this
paper, it is demonstrated that the time delay required for
acoustic waves to travel to the occupant and return does not
prevent the use of acoustics for position measurement of
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occupants during the crash event. For position measurement
and for many pattern recognition applications, ultrasonics is
the preferred technology due to the lack of adverse health
effects and the low cost of ultrasonic systems compared with
either camera, laser or radar based systems. This situation
has changed, however, as the cost of imagers has come
down. The main limiting feature of ultrasonics is the wave-
length, which places a limitation on the size of features that
can be discerned. Optical systems, for example, are required
when the identification of particular individuals is desired.

[0718] FIG. 36 is a schematic drawing of one embodiment
of an occupant restraint device control system in accordance
with the invention. The first step is to obtain information
about the contents of the seat at step 338, when such contents
are present on the seat. To this end, a presence sensor can be
employed to activate the system only when the presence of
an object, or living being, is detected. Next, at step 339, a
signal is generated based on the contents of the seat, with
different signals being generated for different contents of the
seat. Thus, while a signal for a dog will be different than the
signal for a child set, the signals for different child seats will
not be that different. Next, at step 340, the signal is analyzed
to determine whether a child seat is present, whether a child
seat in a particular orientation is present and/or whether a
child seat in a particular position is present. Deployment
control 341 provides a deployment control signal or com-
mand based on the analysis of the signal generated based on
the contents of the seat. This signal or command is directed
to the occupant protection or restraint device 342 to provide
for deployment for that particular content of the seat. The
system continually obtains information about the contents of
the seat until such time as a deployment signal is received
from, e.g., a crash sensor, to initiate deployment of the
occupant restraint device.

[0719] FIG. 37 is a flow chart of the operation of one
embodiment of an occupant restraint device control method
in accordance with the invention. The first step is to deter-
mine whether contents are present on the seat at step 910. If
so, information is obtained about the contents of the seat at
step 344. At step 345, a signal is generated based on the
contents of the seat, with different signals being generated
for different contents of the seat. The signal is analyzed to
determine whether a child seat is present at step 346,
whether a child seat in a particular orientation is present at
step 347 and/or whether a child seat in a particular position
is present at step 348. Deployment control 349 provides a
deployment control signal or command based on the analy-
sis of the signal generated based on the contents of the seat.
This signal or command is directed to the occupant protec-
tion or restraint device 350 to provide for deployment for
those particular contents of the seat. The system continually
obtains information about the contents of the seat until such
time as a deployment signal is received from, e.g., a crash
sensor 351, to initiate deployment of the occupant restraint
device.

[0720] In another implementation, the sensor algorithm
may determine the rate that gas is generated to affect the rate
that the airbag is inflated. In all of these cases, the position
of the occupant is used to affect the deployment of the airbag
either as to whether or not it should be deployed at all, the
time of deployment and/or the rate of inflation and/or
deflation.
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[0721] Such a system can also be used to positively
identify or confirm the presence of a rear facing child seat in
the vehicle, if the child seat is equipped with a resonator. In
this case, a resonator 18 is placed on the forward most
portion of the child seat, or in some other convenient
position, as shown in FIG. 1. The resonator 18, or other type
of signal generating device, such as an RFID tag, which
generates a signal upon excitation, e.g., by a transmitted
energy signal, can be used not only to determine the orien-
tation of the child seat but also to determine the position of
the child seat (in essentially the same manner as described
above with respect to determining the position of the seat
and the position of the seatbelt).

[0722] The determination of the presence of a child seat
can be used to affect another system in the vehicle. Most
importantly, deployment of an occupant restraint device can
be controlled depending on whether a child seat is present.
Control of the occupant restraint device may entail suppres-
sion of deployment of the device. If the occupant restraint
device is an airbag, e.g., a frontal airbag or a side airbag,
control of the airbag deployment may entail not only sup-
pression of the deployment but also depowered deployment,
adjustment of the orientation of the airbag, adjustment of the
inflation rate or inflation time and/or adjustment of the
deflation rate or time.

[0723] Several systems are in development for determin-
ing the location of an occupant and modifying the deploy-
ment of the airbag based of his or her position. These
systems are called “smart airbags”. The passive seat control
system in accordance with at least one of the inventions
disclosed herein can also be used for this purpose as illus-
trated in FIG. 38. This figure shows an inflated airbag 352
and an arrangement for controlling both the flow of gas into
and out of the airbag during a crash. The determination is
made based on height sensors 353, 354 and 355 (FIG. 49)
located in the headrest, a weight sensor 252 in the seat and
the location of the seat which is known by control circuit
254. Other smart airbags systems rely only on the position
of the occupant determined from various position sensors
using ultrasonics or optical sensors, or equivalent.

[0724] The weight sensor coupled with the height sensor
and the occupant’s velocity relative to the vehicle, as deter-
mined by the occupant position sensors, provides informa-
tion as to the amount of energy that the airbag will need to
absorb during the impact of the occupant with the airbag.
This, along with the location of the occupant relative to the
airbag, is then used to determine the amount of gas that is to
be injected into the airbag during deployment and the size of
the exit orifices that control the rate of energy dissipation as
the occupant is interacting with the airbag during the crash.
For example, if an occupant is particularly heavy then it is
desirable to increase the amount of gas, and thus the initial
pressure, in the airbag to accommodate the larger force
which will be required to arrest the relative motion of the
occupant. Also, the size of the exit orifices should be
reduced, since there will be a larger pressure tending to force
the gas out of the orifices, in order to prevent the bag from
bottoming out before the occupant’s relative velocity is
arrested. Similarly, for a small occupant the initial pressure
would be reduced and the size of the exit orifices increased.
If, on the other hand, the occupant is already close to the
airbag then the amount of gas injected into the airbag will
need to be reduced.
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[0725] Another and preferred approach is to incorporate
an accelerometer into the seatbelt or the airbag surface and
to measure the deceleration of the occupant and to control
the outflow of gas from the airbag to maintain the occupant’s
chest acceleration below some maximum value such as 40
Gs. This maximum value can be set based on the forecasted
severity of the crash. If the occupant is wearing a seatbelt the
outflow from the airbag can be significantly reduced since
the seatbelt is taking up most of the load and the airbag then
should be used to help spread the load over more of the
occupant’s chest. Although the pressure in the airbag is one
indication of the deceleration being imparted to the occupant
it is a relatively crude measure since it does not take into
account the mass of the occupant. Since it is acceleration
that should be controlled it is better to measure acceleration
rather than pressure in the airbag.

[0726] There are many ways of varying the amount of gas
injected into the airbag some of which are covered in the
patent literature and include, for example, inflators where
the amount of gas generated and the rate of generation is
controllable. For example, in a particular hybrid inflator
once manufactured by the Allied Signal Corporation, two
pyrotechnic charges are available to heat the stored gas in
the inflator. Either or both of the pyrotechnic charges can be
ignited and the timing between the ignitions can be con-
trolled to significantly vary the rate of gas flow to the airbag.

[0727] The flow of gas out of the airbag is traditionally
done through fixed diameter orifices placed in the bag fabric.
Some attempts have been made to provide a measure of
control through such measures as blowout patches applied to
the exterior of the airbag. Other systems were disclosed in
U.S. patent application Ser. No. 07/541,464 filed Feb. 9,
1989, now abandoned.

[0728] FIG. 38A illustrates schematically an inflator 357
generating gas to fill airbag 352 through control valve 358.
If the control valve 358 is closed while a pyrotechnic
generator is operating, provision must be made to store or
dump the gas being generated so to prevent the inflator from
failing from excess pressure. The flow of gas out of airbag
352 is controlled by exit control valve 359. The exit valve
359 can be implemented in many different ways including,
for example, a motor operated valve located adjacent the
inflator and in fluid communication with the airbag or a
digital flow control valve as discussed herein. When control
circuit 254 (FIG. 49) determines the size and weight of the
occupant, the seat position and the relative velocity of the
occupant, it then determines the appropriate opening for the
exit valve 359, which is coupled to the control circuit 254.
A signal is then sent from control circuit 254 to the motor
controlling this valve which provides the proper opening.

[0729] Consider, for example, the case of a vehicle that
impacts with a pole or brush in front of a barrier. The crash
sensor system may deduce that this is a low velocity crash
and only initiate the first inflator charge. Then as the
occupant is moving close to the airbag the barrier is struck
but it may now be too late to get the benefit of the second
charge. For this case, a better solution might be to always
generate the maximum amount of gas but to store the excess
in a supplemental chamber until it is needed.

[0730] In a like manner, other parameters can also be
adjusted, such as the direction of the airbag, by properly
positioning the angle and location of the steering wheel
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relative to the driver. If seatbelt pretensioners are used, the
amount of tension in the seatbelt or the force at which the
seatbelt spools out, for the case of force limiters, could also
be adjusted based on the occupant morphological charac-
teristics determined by the system of at least one of the
inventions disclosed herein. The force measured on the
seatbelt, if the vehicle deceleration is known, gives a con-
firmation of the mass of the occupant. This force measure-
ment can also be used to control the chest acceleration given
to the occupant to minimize injuries caused by the seatbelt.
As discussed above, it is better to measure the acceleration
of the chest directly.

[0731] In the embodiment shown in FIG. 8A, transmitter/
receiver assemblies 49, 50, 51 and 54 emit infrared waves
that reflect off of the head and chest of the driver and return
thereto. Periodically, the device, as commanded by control
circuitry 20, transmits a pulse of infrared waves and the
reflected signal is detected by the same (i.e. the LEDs and
imager are in the same housing) or a different device. The
transmitters can either transmit simultaneously or sequen-
tially. An associated electronic circuit and algorithm in
control circuitry 20 processes the returned signals as dis-
cussed above and determines the location of the occupant in
the passenger compartment. This information is then sent to
the crash sensor and diagnostic circuitry, which may also be
resident in control circuitry 20 (programmed within a con-
trol module), which determines if the occupant is close
enough to the airbag that a deployment might, by itself,
cause injury which exceeds that which might be caused by
the accident itself. In such a case, the circuit disables the
airbag system and thereby prevents its deployment.

[0732] In an alternate case, the sensor algorithm assesses
the probability that a crash requiring an airbag is in process
and waits until that probability exceeds an amount that is
dependent on the position of the occupant. Thus, for
example, the sensor might decide to deploy the airbag based
on a need probability assessment of 50%, if the decision
must be made immediately for an occupant approaching the
airbag, but might wait until the probability rises above 95%
for a more distant occupant. In the alternative, the crash
sensor and diagnostic circuitry optionally resident in control
circuitry 20 may tailor the parameters of the deployment
(time to initiation of deployment, rate of inflation, rate of
deflation, deployment time, etc.) based on the current posi-
tion and possibly velocity of the occupant, for example a
depowered deployment.

[0733] In another implementation, the sensor algorithm
may determine the rate that gas is generated to affect the rate
that the airbag is inflated. One method of controlling the gas
generation rate is to control the pressure in the inflator
combustion chamber. The higher the internal pressure the
faster gas is generated. Once a method of controlling the gas
combustion pressure is implemented, the capability exists to
significantly reduce the variation in inflator properties with
temperature. At lower temperatures the pressure control
system would increase the pressure in the combustion cham-
ber and at higher ambient temperatures it would reduce the
pressure. In all of these cases, the position of the occupant
can be used to affect the deployment of the airbag as to
whether or not it should be deployed at all, the time of
deployment and/or the rate of inflation.

[0734] The applications described herein have been illus-
trated using the driver and sometimes the passenger of the
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vehicle. The same systems of determining the position of the
occupant relative to the airbag apply to a driver, front and
rear seated passengers, sometimes requiring minor modifi-
cations. It is likely that the sensor required triggering time
based on the position of the occupant will be different for the
driver than for the passenger. Current systems are based
primarily on the driver with the result that the probability of
injury to the passenger is necessarily increased either by
deploying the airbag too late or by failing to deploy the
airbag when the position of the driver would not warrant it
but the passenger’s position would. With the use of occupant
position sensors for the passenger and driver, the airbag
system can be individually optimized for each occupant and
result in further significant injury reduction. In particular,
either the driver or passenger system can be disabled if either
the driver or passenger is out-of-position or if the passenger
seat is unoccupied.

[0735] There is almost always a driver present in vehicles
that are involved in accidents where an airbag is needed.
Only about 30% of these vehicles, however, have a passen-
ger. If the passenger is not present, there is usually no need
to deploy the passenger side airbag. The occupant monitor-
ing system, when used for the passenger side with proper
pattern recognition circuitry, can also ascertain whether or
not the seat is occupied, and if not, can disable the deploy-
ment of the passenger side airbag and thereby save the cost
of its replacement. The same strategy applies also for
monitoring the rear seat of the vehicle. Also, a trainable
pattern recognition system, as used herein, can distinguish
between an occupant and a bag of groceries, for example.
Finally, there has been much written about the out-of-
position child who is standing or otherwise positioned
adjacent to the airbag, perhaps due to pre-crash braking. The
occupant position sensor described herein can prevent the
deployment of the airbag in this situation as well as in the
situation of a rear facing child seat as described above.

[0736] As discussed herein, occupant sensors can also be
used for monitoring the rear seats of the vehicle for the
purpose, among others, of controlling airbag or other
restraint deployment.

[0737] 13.2 Seat, Seatbelt, Steering Wheel and Pedal
Adjustment and Resonators

[0738] Acoustic or electromagnetic resonators are active
or passive devices that resonate at a preset frequency when
excited at that frequency. Since this device can be identified,
it provides a particularly effective method of determining the
distance to a particular point in the vehicle passenger
compartment (i.e., the distance between the location of the
resonator and the detector), and thus the position of an object
or component equipped with a device. Additional details
about the use of resonators and reflectors are found in the
’996 application, section 13.2.

[0739] Let us now consider the adjustment of a seat to
adapt to an occupant. First some measurements of the
morphological properties of the occupant are necessary. The
first characteristic considered is a measurement of the height
of the occupant from the vehicle seat. This can be done by
a sensor in the ceiling of the vehicle but this becomes
difficult since, even for the same seat location, the head of
the occupant will not be at the same angle with respect to the
seat and therefore the angle to a ceiling mounted sensor is in
general unknown at least as long as only one ceiling
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mounted sensor is used. This problem can be solved if two
or three sensors are used as described in more detail below.
The simplest implementation is to place the sensor in the
seat. In U.S. Pat. No. 5,694,320, a rear impact occupant
protection apparatus is disclosed which uses sensors
mounted within the headrest. This same system can also be
used to measure the height of the occupant from the seat and
thus, for no additional cost assuming the rear impact occu-
pant protection system described in the ’320 patent is
provided, the first measure of the occupant’s morphology
can be achieved. See also FIGS. 32 and 49. For some
applications, this may be sufficient since it is unlikely that
two operators will use the vehicle that both have the same
height. For other implementations, one or more additional
measurements are used. A face, fingerprint, voiceprint or iris
recognition system will have the least problem identifying a
previous occupant.

[0740] Referring now to FIG. 32, an automatic adjustment
system for adjusting a seat (which is being used only as an
example of a vehicle component) is shown generally at 371
with a movable headrest 356 and ultrasonic sensors 353, 354
and 355 for measuring the height of the occupant of the seat.
Other types of wave, energy or radiation receiving sensors
may also be used in the invention instead of the ultrasonic
transmitter/receiver set 353, 354, 355. A power system such
as motors 371, 372, and 373 connected to the seat for
moving the base of the seat, a control unit such as a control
circuit, system or module 254 connected to the motors and
a headrest actuation mechanism using servomotors 374 and
375, which may be servomotors, are also illustrated. The
seat 4 and headrest 356 are shown in phantom. Vertical
motion of the headrest 356 is accomplished when a signal is
sent from control module 254 to servomotor 374 through a
wire 376. Servomotor 374 rotates lead screw 377 which
engages with a threaded hole in member 378 causing it to
move up or down depending on the direction of rotation of
the lead screw 377. Headrest support rods 379 and 380 are
attached to member 378 and cause the headrest 356 to
translate up or down with member 378. In this manner, the
vertical position of the headrest can be controlled as
depicted by arrow A-A. Ultrasonic transmitters and receiv-
ers 353, 354, 355 may be replaced by other appropriate
wave-generating and receiving devices, such as electromag-
netic, active infrared transmitters and receivers, and capaci-
tance sensors and electric field sensors.

[0741] Wire 381 leads from control module 254 to servo-
motor 375 which rotates lead screw 382. Lead screw 382
engages with a threaded hole in shaft 383 which is attached
to supporting structures within the seat shown in phantom.
The rotation of lead screw 382 rotates servo motor support
384, upon which servomotor 374 is situated, which in turn
rotates headrest support rods 379 and 380 in slots 385 and
386 in the seat 4. Rotation of the servomotor support 384 is
facilitated by a rod 387 upon which the servo motor support
384 is positioned. In this manner, the headrest 356 is caused
to move in the fore and aft direction as depicted by arrow
B-B. There are other designs which accomplish the same
effect in moving the headrest up and down and fore and aft.

[0742] The operation of the system is as follows. When an
adult or child occupant is seated on a seat containing the
headrest and control system described above as determined
by the neural network 65, the ultrasonic transmitters 353,
354 and 355 emit ultrasonic energy which reflects off of the
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head of the occupant and is received by the same transduc-
ers. An electronic circuit in control module 254 contains a
microprocessor which determines the distance from the head
of the occupant based on the time between the transmission
and reception of the ultrasonic pulses. In the embodiment
wherein capacitance or electric field sensors are used instead
of ultrasonic transducers, the manner in which the distance
can be determined using such sensors is known to those
skilled in the art.

[0743] Control module 254 may be within the same micro-
processor as neural network 65 or separate therefrom. The
headrest 356 moves up and down until it finds the top of the
head and then the vertical position closest to the head of the
occupant and then remains at that position. Based on the
time delay between transmission and reception of an ultra-
sonic pulse, the system can also determine the longitudinal
distance from the headrest to the occupant’s head. Since the
head may not be located precisely in line with the ultrasonic
sensors, or the occupant may be wearing a hat, coat with a
high collar, or may have a large hairdo, there may be some
error in this longitudinal measurement.

[0744] When an occupant sits on seat 4, the headrest 356
moves to find the top of the occupant’s head as discussed
above. This is accomplished using an algorithm and a
microprocessor which is part of control circuit 254. The
headrest 356 then moves to the optimum location for rear
impact protection as described in the above referenced *320
patent. Once the height of the occupant has been measured,
another algorithm in the microprocessor in control circuit
254 compares the occupant’s measured height with a table
representing the population as a whole and from this table,
the appropriate positions for the seat corresponding to the
occupant’s height is selected. For example, if the occupant
measured 33 inches from the top of the seat bottom, this
might correspond to an 85% human, depending on the
particular seat and statistical table of human measurements.

[0745] Careful study of each particular vehicle model
provides the data for the table of the location of the seat to
properly position the eyes of the occupant within the “eye-
ellipse”, the steering wheel within a comfortable reach of the
occupant’s hands and the pedals within a comfortable reach
of the occupant’s feet, based on his or her size, etc. Of course
one or more pedals can be manually adjusted providing they
are provided with an actuator such as an electric motor and
any such adjustment, either manual or automatic, is con-
templated by the inventions disclosed herein.

[0746] Once the proper position has been determined by
control circuit 254, signals are sent to motors 371, 372, and
373 to move the seat to that position, if such movement is
necessary. That is, it is possible that the seat will be in the
proper position so that movement of the seat is not required.
As such, the position of the motors 371,372,373 and/or the
position of the seat prior to occupancy by the occupant may
be stored in memory so that after occupancy by the occupant
and determination of the desired position of the seat, a
comparison is made to determine whether the desired posi-
tion of the seat deviates from the current position of the seat.
If not, movement of the seat is not required. Otherwise, the
signals are sent by the control circuit 254 to the motors. In
this case, control circuit 254 would encompass a seat con-
troller.

[0747] Instead of adjusting the seat to position the driver
in an optimum driving position, or for use when adjusting
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the seat of a passenger, it is possible to perform the adjust-
ment with a view toward optimizing the actuation or deploy-
ment of an occupant protection or restraint device. For
example, after obtaining one or more morphological char-
acteristics of the occupant, the processor can analyze them
and determine one or more preferred positions of the seat,
with the position of the seat being related to the position of
the occupant, so that if the occupant protection device is
deployed, the occupant will be in an advantageous position
to be protected against injury by such deployment. In this
case then, the seat is adjusted based on the morphology of
the occupant view a view toward optimizing deployment of
the occupant protection device. The processor is provided in
a training or programming stage with the preferred seat
positions for different morphologies of occupants.

[0748] Movement of the seat can take place either imme-
diately upon the occupant sitting in the seat or immediately
prior to a crash requiring deployment of the occupant
protection device. In the latter case, if an anticipatory
sensing arrangement is used, the seat can be positioned
immediately prior to the impact, much in a similar manner
as the headrest is adjusted for a rear impact as disclosed in
the *320 patent referenced above.

[0749] If during some set time period after the seat has
been positioned, the operator changes these adjustments, the
new positions of the seat are stored in association with an
occupant height class in a second table within control circuit
254. When the occupant again occupies the seat and his or
her height has once again been determined, the control
circuit 254 will find an entry in the second table which takes
precedence over the basic, original table and the seat returns
to the adjusted position. When the occupant leaves the
vehicle, or even when the engine is shut off and the door
opened, the seat can be returned to a neutral position which
provides for easy entry and exit from the vehicle.

[0750] The seat 4 also contains two control switch assem-
blies 388 and 389 for manually controlling the position of
the seat 4 and headrest 356. The seat control switches 388
permits the occupant to adjust the position of the seat if he
or she is dissatisfied with the position selected by the
algorithm. The headrest control switches 389 permit the
occupant to adjust the position of the headrest in the event
that the calculated position is uncomfortably close to or far
from the occupant’s head. A woman with a large hairdo
might find that the headrest automatically adjusts so as to
contact her hairdo. This adjustment she might find annoying
and could then position the headrest further from her head.
For those vehicles which have a seat memory system for
associating the seat position with a particular occupant,
which has been assumed above, the position of the headrest
relative to the occupant’s head could also be recorded. Later,
when the occupant enters the vehicle, and the seat automati-
cally adjusts to the recorded preference, the headrest will
similarly automatically adjust as diagrammed in FIGS. 62A
and 62B of the parent 934 application.

[0751] The height of the occupant, although probably the
best initial morphological characteristic, may not be suffi-
cient especially for distinguishing one driver from another
when they are approximately the same height. A second
characteristic, the occupant’s weight, can also be readily
determined from sensors mounted within the seat in a
variety of ways as shown in FIG. 42 which is a perspective
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view of the seat shown in FIG. 32 with a displacement or
weight sensor 159 shown mounted onto the seat.

[0752] Displacement sensor 159 is supported from sup-
ports 165. In general, displacement sensor 164, or another
non-displacement sensor, measures a physical state of a
component affected by the occupancy of the seat. An occu-
pying item of the seat will cause a force to be exerted
downward and the magnitude of this force is representative
of the weight of the occupying item. Thus, by measuring this
force, information about the weight of the occupying item
can be obtained. A physical state may be any force changed
by the occupancy of the seat and which is reflected in the
component, e.g., strain of a component, compression of a
component, tension of a component. Other weight measur-
ing systems as described herein and elsewhere including
bladders and strain gages can be used.

[0753] An alternative approach is to measure the load on
the vehicle suspension system while the vehicle is at rest
(static) or when it is in motion (dynamic). The normal empty
state of the vehicle can be determined when the vehicle is at
rest for a prolonged time period. After then the number and
location of occupying items can be determined by measuring
the increased load on the suspension devices that attach the
vehicle body to its frame. SAW strain measuring elements
can be placed on each suspension spring, for example, and
used to measure the increased load on the vehicle as an
object or occupant is placed in the vehicle. This approach
has the advantage that it is not affected by seatbelt loadings,
for example. If the vehicle is monitored as each item is paced
in the vehicle a characterization of that item can be made.
The taking on of fuel, for example, will correspond to a
particular loading pattern over time that will permit the
identification of the amount of the weight on the suspension
that can be attributed to fuel. Dynamic measuring systems
are similar to those used in section 6.3 and thus will not be
repeated here.

[0754] The system described above is based on the
assumption that the occupant will be satisfied with one seat
position throughout an extended driving trip. Studies have
shown that for extended travel periods that the comfort of
the driver can be improved through variations in the seat
position. This variability can be handled in several ways. For
example, the amount and type of variation preferred by an
occupant of the particular morphology can be determined
through case studies and focus groups. If it is found, for
example, that the 50 percentile male driver prefers the seat
back angle to vary by 5 degrees sinusoidally with a one-hour
period, this can be programmed to the system. Since the
system knows the morphology of the driver it can decide
from a lookup table what is the best variability for the
average driver of that morphology. The driver then can
select from several preferred possibilities if, for example, he
or she wishes to have the seat back not move at all or follow
an excursion of 10 degrees over two hours.

[0755] This system provides an identification of the driver
based on two morphological characteristics which 1is
adequate for most cases. As additional features of the vehicle
interior identification and monitoring system described in
the above referenced patent applications are implemented, it
will be possible to obtain additional morphological mea-
surements of the driver which will provide even greater
accuracy in driver identification. Such additional measure-
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ments include iris scans, voice prints, face recognition,
fingerprints, voiceprints hand or palm prints etc. Two char-
acteristics may not be sufficient to rely on for theft and
security purposes, however, many other driver preferences
can still be added to seat position with this level of occupant
recognition accuracy. These include the automatic selection
of a preferred radio station, pedal position, vehicle tempera-
ture, steering wheel and steering column position, etc.

[0756] One advantage of using only the height and weight
is that it avoids the necessity of the seat manufacturer from
having to interact with the headliner manufacturer, or other
component suppliers, since all of the measuring transducers
are in the seat. This two characteristic system is generally
sufficient to distinguish drivers that normally drive a par-
ticular vehicle. This system costs little more than the
memory systems now in use and is passive, i.e., it does not
require action on the part of the occupant after his initial
adjustment has been made.

[0757] Instead of measuring the height and weight of the
occupant, it is also possible to measure a combination of any
two morphological characteristics and during a training
phase, derive a relationship between the occupancy of the
seat, e.g., adult occupant, child occupant, etc., and the data
of the two morphological characteristic. This relationship
may be embodied within a neural network so that during use,
by measuring the two morphological characteristics, the
occupancy of the seat can be determined.

[0758] There are other methods of measuring the height of
the driver such as placing the transducers at other locations
in the vehicle. Some alternatives are shown in other figures
herein and include partial side images of the occupant and
ultrasonic transducers positioned on or near the vehicle
headliner. These transducers may already be present because
of other implementations of the vehicle interior identifica-
tion and monitoring system described in the above refer-
enced patent applications. The use of several transducers
provides a more accurate determination of location of the
head of the driver. When using a headliner mounted sensor
alone, the exact position of the head is ambiguous since the
transducer measures the distance to the head regardless of
what direction the head is. By knowing the distance from the
head to another headliner mounted transducer the ambiguity
is substantially reduced. This argument is of course depen-
dent on the use of ultrasonic transducers. Optical transducers
using CCD, CMOS or equivalent arrays are now becoming
price competitive and, as pointed out in the above referenced
patent applications, will be the technology of choice for
interior vehicle monitoring. A single CMOS array of 160 by
160 pixels, for example, coupled with the appropriate pat-
tern recognition software, can be used to form an image of
the head of an occupant and accurately locate the head for
the purposes of at least one of the inventions disclosed
herein. It can also be used with a face recognition algorithm
to positively identify the occupant.

[0759] FIG. 40 also illustrates a system where the seatbelt
27 has an adjustable upper anchorage point 390 which is
automatically adjusted by a motor 391 to a location opti-
mized based on the height of the occupant. In this system,
infrared transmitter and CCD array receivers 6 and 9 are
positioned in a convenient location proximate the occupant’s
shoulder, such as in connection with the headliner, above
and usually to the outside of the occupant’s shoulder. An
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appropriate pattern recognition system, as may be resident in
control circuitry 20 to which the receivers 6 and 9 are
coupled, as described above is then used to determine the
location and position of the shoulder. This information is
provided by control circuitry 20 to the seatbelt anchorage
height adjustment system 391 (through a conventional cou-
pling arrangement), shown schematically, which moves the
attachment point 390 of the seatbelt 27 to the optimum
vertical location for the proper placement of the seatbelt 27.

[0760] The calculations for this feature and the appropriate
control circuitry can also be located in control module 20 or
elsewhere if appropriate. Seatbelts are most effective when
the upper attachment point to the vehicle is positioned
vertically close to the shoulder of the occupant being
restrained. If the attachment point is too low, the occupant
experiences discomfort from the rubbing of the belt on his
or her shoulder. If it is too high, the occupant may experi-
ence discomfort due to the rubbing of the belt against his or
her neck and the occupant will move forward by a greater
amount during a crash which may result in his or her head
striking the steering wheel. For these reasons, it is desirable
to have the upper seatbelt attachment point located slightly
above the occupant’s shoulder. To accomplish this for vari-
ous sized occupants, the location of the occupant’s shoulder
should be known, which can be accomplished by the vehicle
interior monitoring system described herein.

[0761] Many luxury automobiles today have the ability to
control the angle of the seat back as well as a lumbar
support. These additional motions of the seat can also be
controlled by the seat adjustment system in accordance with
the invention. FIG. 41 is a view of the seat of FIG. 32
showing motors 392 and 393 for changing the tilt of the seat
back and the lumbar support. Three motors 393 are used to
adjust the lumbar support in this implementation. The same
procedure is used for these additional motions as described
for FIG. 32 above.

[0762] An initial table is provided based on the optimum
positions for various segments of the population. For
example, for some applications the table may contain a
setting value for each five percentile of the population for
each of the 6 possible seat motions, fore and aft, up and
down, total seat tilt, seat back angle, lumbar position, and
headrest position for a total of 120 table entries. The second
table similarly would contain the personal preference modi-
fied values of the 6 positions desired by a particular driver.

[0763] The angular resolution of a transducer is propor-
tional to the ratio of the wavelength to the diameter of the
transmitter. Once three transmitters and receivers are used,
the approximate equivalent single transmitter and receiver is
one which has a diameter approximately equal to the short-
est distance between any pair of transducers. In this case, the
equivalent diameter is equal to the distance between trans-
mitter 354 or 355 and 353. This provides far greater reso-
lution and, by controlling the phase between signals sent by
the transmitters, the direction of the equivalent ultrasonic
beam can be controlled. Thus, the head of the driver can be
scanned with great accuracy and a map made of the occu-
pant’s head. Using this technology plus an appropriate
pattern recognition algorithm, such as a neural network, an
accurate location of the driver’s head can be found even
when the driver’s head is partially obscured by a hat, coat,
or hairdo. This also provides at least one other identification
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morphological characteristic which can be used to further
identify the occupant, namely the diameter of the driver’s
head.

[0764] In an automobile, there is an approximately fixed
vertical distance between the optimum location of the occu-
pant’s eyes and the location of the pedals. The distant from
a driver’s eyes to his or her feet, on the other hand, is not the
same for all people. An individual driver now compensates
for this discrepancy by moving the seat and by changing the
angle between his or hers legs and body. For both small and
large drivers, this discrepancy cannot be fully compensated
for and as a result, their eyes are not appropriately placed. A
similar problem exists with the steering wheel. To help
correct these problems, the pedals and steering column
should be movable as illustrated in FIG. 42 which is a plan
view similar to that of FIG. 40 showing a driver and driver
seat with an automatically adjustable steering column and
pedal system which is adjusted based on the morphology of
the driver.

[0765] In FIG. 42, a motor 394 is connected to and
controls the position of the steering column and another
motor 395 is connected to and controls the position of the
pedals. Both motors 394 and 395 are coupled to and con-
trolled by control circuit 254 wherein now the basic table of
settings includes values for both the pedals and steering
column locations.

[0766] The settings may be determined through experi-
mentation or empirically by determining an optimum posi-
tion of the pedals and steering wheel for drivers having
different morphologies, i.e., different heights, different leg
lengths, etc.

[0767] Regardless of which motor or motors are used, the
invention contemplates the adjustment or movement of the
steering wheel relative to the front console of the vehicle and
thus relative to the driver of the vehicle. This movement may
be directly effective on the steering wheel (via motor 429) or
effective on the steering column and thus indirectly effective
on the steering wheel since movement of the steering
column will cause movement of the steering wheel. Addi-
tionally when the ignition is turned off the steering wheel
and column and any other adjustable device or component
can be automatically moved to a more out of the way
position to permit easier ingress and egress from the vehicle,
for example.

[0768] The steering wheel adjustment feature may be
designed to be activated upon detection of the presence of an
object on the driver’s seat. Thus, when a driver’s first sits on
the seat, the sensors could be designed to initiate measure-
ment of the driver’s morphology and then control the motor
or motors to adjust the steering wheel, if such adjustment is
deemed necessary. This is because an adjustment in the
position of the steering wheel is usually not required during
the course of driving but is generally only required when a
driver first sits in the seat. The detection of the presence of
the driver may be achieved using the weight sensors and/or
other presence detection system, such as using the wave-
based sensors, capacitance sensors, electric field sensors,
ete.

[0769] The eye ellipse discussed above is illustrated at 358
in FIG. 43, which is a view showing the occupant’s eyes and
the seat adjusted to place the eyes at a particular vertical
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position for proper viewing through the windshield and rear
view mirror. Many systems are now under development to
improve vehicle safety and driving ease. For example, night
vision systems are being sold which project an enhanced
image of the road ahead of the vehicle onto the windshield
in a “heads-up display”. The main problem with the systems
now being sold is that the projected image does not precisely
overlap the image as seen through the windshield. This
parallax causes confusion in the driver and can only be
corrected if the location of the driver’s eyes is accurately
known. One method of solving this problem is to use the
passive seat adjustment system described herein to place the
occupant’s eyes at the optimum location as described above.
Once this has been accomplished, in addition to solving the
parallax problem, the eyes are properly located with respect
to the rear view mirror 55 and little if any adjustment is
required in order for the driver to have the proper view of
what is behind the vehicle. Currently the problem is solved
by projecting the heads-up display onto a different portion of
the windshield, the bottom.

[0770] Although it has been described herein that the seat
can be automatically adjusted to place the driver’s eyes in
the “eye-ellipse”, there are many manual methods that can
be implemented with feedback to the driver telling him or
her when his or her eyes are properly position. At least one
of the inventions disclosed herein is not limited by the use
of automatic methods.

[0771] Once the morphology of the driver and the seat
position is known, many other objects in the vehicle can be
automatically adjusted to conform to the occupant. An
automatically adjustable seat armrest, a cup holder, the
cellular phone, or any other objects with which the driver
interacts can be now moved to accommodate the driver. This
is in addition to the personal preference items such as the
radio station, temperature, etc. discussed above.

[0772] Once the system of at least one of the inventions
disclosed herein is implemented, additional features become
possible such as a seat which automatically makes slight
adjustments to help alleviate fatigue or to account for a
change of position of the driver in the seat, or a seat which
automatically changes position slightly based on the time of
day. Many people prefer to sit more upright when driving at
night, for example. Other similar improvements based on
knowledge of the occupant morphology will now become
obvious to those skilled in the art.

[0773] FIG. 39 shows a flow chart of one manner in the
arrangement and method for controlling a vehicle compo-
nent in accordance with the invention functions. A measure-
ment of the morphology of the occupant 30 is performed at
396, i.e., one or more morphological characteristics are
measured in any of the ways described above. The position
of the seat portion 4 is obtained at 397 and both the measured
morphological characteristic of the occupant 30 and the
position of the seat portion 4 are forwarded to the control
system 400. The control system considers these parameters
and determines the manner in which the component 401
should be controlled or adjusted, and even whether any
adjustment is necessary.

[0774] Preferably, a seat adjustment system 398 is pro-
vided to enable automatic adjustment of the seat portion 4.
If so, the current position of the seat portion 4 is stored in
memory 399 (which may be a previously adjusted position)
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and additional seat adjustment, if any, is determined by the
control system 400 to direct the seat adjustment system 398
to move the seat. The seat portion 4 may be moved alone,
i.e., considered as the component, or adjusted together with
another component, i.e., considered separate from the com-
ponent (represented by way of the dotted line in FIG. 39).

[0775] Although several preferred embodiments are illus-
trated and described above, there are other possible combi-
nations using different sensors which measure either the
same or different morphological characteristics, such as
knee position, of an occupant to accomplish the same or
similar goals as those described herein.

[0776] 1t should be mentioned that the adjustment system
may be used in conjunction with each vehicle seat. In this
case, if a seat is determined to be unoccupied, then the
processor may be designed to adjust the seat for the benefit
of other occupants, i.e., if a front passenger side seat is
unoccupied but the rear passenger side seat is occupied, then
adjustment system could adjust the front seat for the benefit
of the rear-seated passenger, e.g., move the seat base for-
ward.

[0777] In additional embodiments, the present invention
involves the measurement of one or more morphological
characteristics of a vehicle occupant and the use of these
measurements to classify the occupant as to size and weight,
and then to use this classification to position a vehicle
component, such as the seat, to a near optimum position for
that class of occupant. Additional information concerning
occupant preferences can also be associated with the occu-
pant class so that when a person belonging to that particular
class occupies the vehicle, the preferences associated with
that class are implemented. These preferences and associ-
ated component adjustments include the seat location after it
has been manually adjusted away from the position chosen
initially by the system, the mirror location, temperature,
radio station, steering wheel and steering column positions,
pedal positions etc. The preferred morphological character-
istics used are the occupant height from the vehicle seat,
weight of the occupant and facial features. The height is
determined by sensors, usually ultrasonic or electromag-
netic, located in the headrest, headliner or another conve-
nient location. The weight is determined by one of a variety
of technologies that measure either pressure on or displace-
ment of the vehicle seat or the force in the seat supporting
structure. The facial features are determined by image
analysis comprising an imager such as a CCD or CMOS
camera plus additional hardware and software.

[0778] The eye tracker systems discussed above are facili-
tated by at least one of the inventions disclosed herein since
one of the main purposes of determining the location of the
driver’s eyes either by directly locating them with trained
pattern recognition technology or by inferring their location
from the location of the driver’s head, is so that the seat can
be automatically positioned to place the driver’s eyes into
the “eye-ellipse”. The eye-ellipse is the proper location for
the driver’s eyes to permit optimal operation of the vehicle
and for the location of the mirrors etc. Thus, if the location
of the driver’s eyes are known, then the driver can be
positioned so that his or her eyes are precisely situated in the
eye ellipse and the reflection off of the eye can be monitored
with a small eye tracker system. Also, by ascertaining the
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location of the driver’s eyes, a rear view mirror positioning
device can be controlled to adjust the mirror 55 to an optimal
position. See section 6.5.

[0779] 13.3 Side Impacts

[0780] Side impact airbags are now used on some
vehicles. Some are quite small compared to driver or pas-
senger airbags used for frontal impact protection. Neverthe-
less, a small child could be injured if he is sleeping with his
head against the airbag module when the airbag deploys and
a vehicle interior monitoring system is needed to prevent
such a deployment. In FIG. 44, a single ultrasonic transducer
420 is shown mounted in a door adjacent airbag system 403
which houses an airbag 404. This sensor has the particular
task of monitoring the space adjacent to the door-mounted
airbag. Sensor 402 may also be coupled to control circuitry
20 which can process and use the information provided by
sensor 402 in the determination of the location or identity of
the occupant or location of a part of the occupant.

[0781] Similar to the embodiment in FIG. 4 with reference
to U.S. Pat. No. 5,653,462, the airbag system 403 and
components of the interior monitoring system, e.g., trans-
ducer 402, can also be coupled to a processor 20 including
a control circuit 20A for controlling deployment of the
airbag 404 based on information obtained by the transducer
402. This device does not have to be used to identify the
object that is adjacent the airbag but it can be used to merely
measure the position of the object. It can also be used to
determine the presence of the object, i.e., the received waves
are indicative of the presence or absence of an occupant as
well as the position of the occupant or a part thereof. Instead
of an ultrasonic transducer, another wave-receiving trans-
ducer may be used as described in any of the other embodi-
ments herein, either solely for performing a wave-receiving
function or for performing both a wave-receiving function
and a wave-transmitting function.

[0782] FIG. 45 is an angular perspective overhead view of
a vehicle 405 about to be impacted in the side by an
approaching vehicle 406, where vehicle 405 is equipped
with an anticipatory sensor system showing a transmitter
408 transmitting electromagnetic, such as infrared, waves
toward vehicle 406. This is one example of many of the uses
of the instant invention for exterior monitoring. The trans-
mitter 408 is connected to an electronic module 412. Module
412 contains circuitry 413 to drive transmitter 408 and
circuitry 414 to process the returned signals from receivers
409 and 410 which are also coupled to module 412. Cir-
cuitry 414 contains a processor such as a neural computer
415 or microprocessor with a pattern recognition algorithm,
which performs the pattern recognition determination based
on signals from receivers 409 and 410. Receivers 409 and
410 are mounted onto the B-Pillar of the vehicle and are
covered with a protective transparent cover. An alternate
mounting location is shown as 411 which is in the door
window trim panel where the rear view mirror (not shown)
is frequently attached. One additional advantage of this
system is the ability of infrared to penetrate fog and snow
better than visible light which makes this technology par-
ticularly applicable for blind spot detection and anticipatory
sensing applications. Although it is well known that infrared
can be significantly attenuated by both fog and snow, it is
less so than visual light depending on the frequency chosen.
(See for example L. A. Klein, Millimeter-Wave and Infrared
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Multisensor Design and Signal Processing, Artech House,
Inc, Boston 1997, ISBN 0-89006-764-3).

[0783] 13.4 Children and Animals Left Alone

[0784] The various occupant sensing systems described
herein can be used to determine if a child or animal has been
left alone in a vehicle and the temperature is increasing or
decreasing to where the child’s or animal’s health is at risk.
When such a condition is discovered, the owner or an
authority can be summoned for help or, alternately, the
vehicle engine can be started and the vehicle warmed or
cooled as needed. See section 9.4.

[0785] 13.5 Vehicle Theft

[0786] If a vehicle is stolen then several options are
available when the occupant sensing system is installed.
Upon command by the owner over a telematics system, a
picture of the vehicles interior can be taken and transmitted
to the owner. Alternately a continuous flow of pictures can
be sent over the telematics system along with the location of
the vehicle if a GPS system is available or from the cell
phone otherwise to help the owner or authorities determine
where the vehicle is.

[0787]

[0788] If the owner has parked the vehicle and is return-
ing, and an intruder has entered and is hiding, that fact can
be made known to the owner before he or she opens the
vehicle door. This can be accomplished thought a wireless
transmission to any of a number of devices that have been
programmed for that function such as vehicle remote key
fob, cell phones, PDAs etc.

[0789]

13.6 Security, Intruder Protection

13.7 Entertainment System Control

[0790] Itis well known among acoustics engineers that the
quality of sound coming from an entertainment system can
be substantially affected by the characteristics and contents
of the space in which it operates and the surfaces surround-
ing that space. When an engineer is designing a system for
an automobile he or she has a great deal of knowledge about
that space and of the vehicle surfaces surrounding it. He or
she has little knowledge of how many occupants are likely
to be in the vehicle on a particular day, however, and
therefore the system is a compromise. If the system knew the
number and position of the vehicle occupants, and maybe
even their size, then adjustments could be made in the
system output and the sound quality improved. FIG. 8A,
therefore, illustrates schematically the interface between the
vehicle interior monitoring system of at least one of the
inventions disclosed herein, i.e., transducers 49-52 and 54
and processor 20 which operate as set forth above, and the
vehicle entertainment system 99. The particular design of
the entertainment system that uses the information provided
by the monitoring system can be determined by those skilled
in the appropriate art. Perhaps in combination with this
system, the quality of the sound system can be measured by
the audio system itself either by using the speakers as
receiving units also or through the use of special micro-
phones. The quality of the sound can then be adjusted
according to the vehicle occupancy and the reflectivity, or
absorptivity, of the vehicle occupants. If, for example,
certain frequencies are being reflected, or absorbed, more
that others, the audio amplifier can be adjusted to amplify
those frequencies to a lesser, or greater, amount than others.
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[0791] The acoustic frequencies that are practical to use
for acoustic imaging in the systems are between 40 to 160
kilohertz (kHz). The wavelength of a 50 kHz acoustic wave
is about 0.6 cm which is too coarse to determine the fine
features of a person’s face, for example. It is well understood
by those skilled in the art that features which are smaller
than the wavelength of the illuminating radiation cannot be
distinguished. Similarly the wave length of common radar
systems varies from about 0.9 cm (for 33,000 MHz K band)
to 133 cm (for 225 MHz P band) which is also too coarse for
person identification systems. In FIG. 4, therefore, the
ultrasonic transducers of the previous designs are replaced
by laser transducers 8 and 9 which are connected to a
microprocessor 20. In all other manners, the system operates
similarly. The design of the electronic circuits for this laser
system is described in some detail in the U.S. Pat. No.
5,653,462 referenced above and in particular FIG. 8 thereof
and the corresponding description. In this case, a pattern
recognition system such as a neural network system is
employed and uses the demodulated signals from the recep-
tors 8 and 9. The output of processor 20 of the monitoring
system is shown connected schematically to a general inter-
face 36 which can be the vehicle ignition enabling system;
the entertainment system; the seat, mirror, suspension or
other adjustment systems; or any other appropriate vehicle
system.

[0792] Recent developments in the field of directing sound
using hyper-sound (also referred to as hypersonic sound)
now make it possible to accurately direct sound to the
vicinity of the ears of an occupant so that only that occupant
can hear the sound. The system of at least one of the
inventions disclosed herein can thus be used to find the
proximate direction of the ears of the occupant for this
purpose. This is discussed in the *934 application, section
13.7.

[0793]

[0794] Considering again FIG. 2A. In normal use (other
than after a crash), the system determines whether any
human occupants are present, i.e., adults or children, and the
location determining system 152 determines the occupant’s
location. The processor 152 receives signals representative
of the presence of occupants and their location and deter-
mines whether the vehicular system, component or sub-
system 155 can be modified to optimize its operation for the
specific arrangement of occupants. For example, if the
processor 153 determines that only the front seats in the
vehicle are occupied, it could control the heating system to
provide heat only through vents situated to provide heat for
the front-seated occupants.

13.8 HVAC

[0795] Additional details of this aspect of the invention are
set forth in the 934 application, section 13.8.

[0796] 13.9 Obstruction Sensing

[0797] To the extent that occupant monitoring transducers
can locate and track parts of an occupant, this system can
also be used to prevent arms, hands, fingers or heads from
becoming trapped in a closing window or door. Although
specific designs are presented for window and door anti-trap
solutions, if there are several imagers in the vehicle, these
same imagers can monitor the various vehicle openings such
as the windows, sunroof, doors, trunk lid, hatchback door
etc. In some cases, the system can be aided through the use
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of special lighting designs that either cover only the opening
or comprise structured light so that the distance to a reflect-
ing surface in or near to an opening can be determined.

[0798] Additional details of obstruction sensing can be
found in the *881 application.

[0799] 13.10 Rear Impacts

[0800] Rear impact protection is also discussed herein. A
rear-of-head detector 423 is illustrated in FIG. 4. This
detector 423, which can be one of the types described above,
is used to determine the distance from the headrest to the
rearmost position of the occupant’s head and to therefore
control the position of the headrest so that it is properly
positioned behind the occupant’s head to offer optimum
support during a rear impact. Although the headrest of most
vehicles is adjustable, it is rare for an occupant to position
it properly if at all. Each year there are in excess of 400,000
whiplash injuries in vehicle impacts approximately 90,000
of which are from rear impacts (source: National Highway
Traffic Safety Admin.). A properly positioned headrest could
substantially reduce the frequency of such injuries, which
can be accomplished by the head detector of at least one of
the inventions disclosed herein. The head detector 423 is
shown connected schematically to the headrest control
mechanism and circuitry 424. This mechanism is capable of
moving the headrest up and down and, in some cases,
rotating it fore and aft.

[0801] 13.11 Combined with SDM and Other Systems

[0802] The occupant position sensor in any of its various
forms may be integrated into the airbag system circuitry so
that airbag deployment is controlled, in any form, based on
the determination of information about occupancy of the
vehicle. This aspect is discussed in the 934 application,
section 13.11.

[0803]

[0804] Referring now to FIGS. 45 and 46, the same system
can also be used for the detection of objects in the blind spots
and other areas surrounding the vehicle and the image
displayed for the operator to see or a warning system
activated, if the operator attempts to change lanes, for
example. In this case, the mounting location must be chosen
to provide a good view along the side of the vehicle in order
to pick up vehicles which are about to pass the subject
vehicle 710. Each of the locations 408, 409 and 410 provide
sufficient field of view for this application although the space
immediately adjacent to the vehicle could be missed. Alter-
nate locations include mounting onto the outside rear view
mirror assembly or the addition of a unit in the rear window
or C-Pillar, in which case, the contents of areas other than
the side of the vehicle would be monitored. Using several
receivers in various locations as disclosed above would
provide for a monitoring system which monitors all of the
areas around the vehicle. The mirror location, however, does
leave the device vulnerable to being covered with ice, snow
and dirt.

13.12 Exterior Monitoring

[0805] In many cases, neural networks are used to identify
objects exterior of the vehicle and then an icon can be
displayed on a heads-up display, for example, which pro-
vides control over the brightness of the image and permits
the driver to more easily recognize the object.
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[0806] In both cases of the anticipatory sensor and blind
spot detector, the infrared transmitter and imager array
system provides mainly image information to permit recog-
nition of the object in the vicinity of vehicle 710, whether the
object is alongside the vehicle, in a blind spot of the driver,
in front of the vehicle or behind the vehicle, the position of
the object being detected being dependent on the position
and orientation of the receiver(s). To complete the process,
distance information is also require as well as velocity
information, which can in general be obtained by differen-
tiating the position data or by Doppler analysis. This can be
accomplished by any one of the several methods discussed
above, such as with a pulsed laser radar system, stereo
cameras, focusing system, structured light as well as with a
radar system.

[0807] Radar systems, which may not be acceptable for
use in the interior of the vehicle, are now commonly used in
sensing applications exterior to the vehicle, police radar
being one well-known example. Miniature radar systems are
now available which are inexpensive and fit within the
available space. Such systems are disclosed in the McEwan
patents described above. Another advantage of radar in this
application is that it is easy to get a transmitter with a
desirable divergence angle so that the device does not have
to be aimed. One particularly advantageous mode of prac-
ticing the invention for these cases, therefore, is to use radar
and a second advantageous mode is the pulsed laser radar
system, along with an imager array, although the use of two
such arrays or the acoustical systems are also good choices.
The acoustical system has the disadvantage of being slower
than the laser radar device and must be mounted outside of
the vehicle where it may be affected by the accumulation of
deposits onto the active surface. If a radar scanner is not
available it is difficult to get an image of objects approaching
the vehicle so that the can be identified. Note that the
ultimate solution to monitoring of the exterior of the vehicle
may lay with SWIR, MWIR and LWIR if the proper
frequencies are chosen that are not heavily attenuated by
fog, snow and other atmospheric systems. The QWIP system
discussed above or equivalent would be a candidate if the
cooling requirement can be eliminated or the cost of cooling
the imaging chip reduced. Finally, terahertz frequencies
(approximately 0.1-5 THz) are beginning to show promise
for this application. They can be generated using laser type
devices and yet have almost the fog penetration ability of
mm wave radar.

[0808] Another innovation involves the use of multiple
frequencies for interrogating the environment surrounding a
vehicle and in particular the space in front of the vehicle.
Different frequencies interact differently with different mate-
rials. An example given by some to show that all such
systems have failure modes is the case of a box that in one
case contains a refrigerator while in another case a box of the
same size that is empty. It is difficult to imagine how such
boxes can reside on a roadway in front of a traveling vehicle
but perhaps it fell off of a truck. Using optics it would be
difficult if not impossible to make the distinction, however,
some frequencies will penetrate a cardboard box exposing
the refrigerator. One might ask, what happens if the box is
made of metal? So there will always be rare cases where a
distinction cannot be made. Nevertheless, a calculation can
be made of the cost and benefits to be derived by fielding
such a system that might occasionally make a mistake or,
better, defaults to no system when it is in doubt.
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[0809] Inapreferred implementation, transmitter 408 is an
infrared transmitter and receivers 409, 410 and 411 are
CMOS transducers that receive the reflected infrared waves
from vehicle 406. In the implementation shown in FIG. 45,
an exterior airbag 416 is shown which deploys in the event
that a side impact is about to occur as described in U.S. Pat.
No. 6,343,810.

[0810] Referring now to FIG. 46, a schematic of the use of
one or more receivers 409, 410, 411 to affect another system
in the vehicle is shown. The general exterior monitoring
system, or blind spot monitoring system if the environment
exterior of the vehicle is not viewable by the driver in the
normal course of driving the vehicle, includes one or more
receivers 409, 410, 411 positioned at various locations on
the vehicle for the purpose of receiving waves from the
exterior environment. Instead of waves, and to the extent
different than waves, the receivers 409, 410, 411 could be
designed to receiver energy or radiation.

[0811] The waves received by receivers 409, 410, 411
contain information about the exterior objects in the envi-
ronment, such waves either having been generated by or
emanating from the exterior objects or reflected from the
exterior objects such as is the case when the optional
transmitter 408 is used. The electronic module/processor
412 contains the necessary circuitry 413,414 and a trained
pattern recognition system (e.g., neural computer 415) to
drive the transmitter 408 when present and process the
received waves to provide a classification, identification
and/or location of the exterior object. The classification,
identification and/or location is then used to show an image
on a display 420 viewable to the driver. Also, the classifi-
cation, identification or location of the objects could be used
for airbag control, i.e., control of the deployment of the
exterior airbag 416 (or any other airbags for that matter), for
the control of the headlight dimmers (as discussed with
reference to FIG. 47 or in general, for any other system
whose operation might be changed based on the presence of
exterior objects.

[0812] FIG. 48 shows the components for measuring the
position of an object in an environment of or about the
vehicle. A light source 425 directs modulated light into the
environment and at least one light-receiving pixel or an
array of pixels 427 receives the modulated light after reflec-
tion by any objects in the environment. A processor 428
determines the distance between any objects from which the
modulated light is reflected and the light source based on the
reception of the modulated light by the pixel(s) 427. To
provide the modulated light, a device or component for
modulating a frequency of the light 426 are provided. Also,
a device for providing a correlation pattern in a form of code
division modulation of the light can be used. The pixel may
be a photo diode such as a PIN or avalanche diode.

[0813] The processor 428 includes appropriate circuitry to
determine the distance between any objects from which any
pulse of light is reflected and the light source 425. For
example, the processor 428 can determine this distance
based on a difference in time between the emission of a pulse
of light by the light source 425 and the reception of light by
the pixel 427.

[0814] FIG. 47 illustrates the exterior monitoring system
for use in detecting the headlights of an oncoming vehicle or
the taillights of a vehicle in front of vehicle 259. In this
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embodiment, the imager array 429 is designed to be sensi-
tive to visible light and a separate source of illumination is
not used. Once again for some applications, the key to this
technology is the use of trained pattern recognition algo-
rithms and particularly the artificial neural network. Here, as
in the other cases above and in the patents and patent
applications referenced above, the pattern recognition sys-
tem is trained to recognize the pattern of the headlights of an
oncoming vehicle or the tail lights of a vehicle in front of
vehicle 259 and to then dim the headlights when either of
these conditions is sensed. It is also trained to not dim the
lights for other reflections such as reflections off of a sign
post or the roadway. One problem is to differentiate taillights
where dimming is desired from distant headlights where
dimming is not desired. Three techniques are used: (i)
measurement of the spacing of the light sources, (ii) deter-
mination of the location of the light sources relative to the
vehicle, and (iii) use of a red filter where the brightness of
the light source through the filter is compared with the
brightness of the unfiltered light. In the case of the taillight,
the brightness of the red filtered and unfiltered light is nearly
the same while there is a significant difference for the
headlight case. In this situation, either two CCD arrays are
used, one with a filter, or a filter which can be removed either
electrically, such as with a liquid crystal, or mechanically.

[0815] The environment surrounding the vehicle can be
determined using an interior mounted camera that looks out
of the vehicle. The status of the sun (day or night), the
presence of rain, fog, snow, etc can thus be determined.

[0816] The information provided by the exterior monitor-
ing system can be combined with the interior monitoring
system in order to optimize both systems for the protection
of the occupants.

[0817] 13.13 Monitoring of other Vehicles, e.g., Cargo
Containers, Truck Trailers and Railroad Cars

[0818] 13.13.1 Monitoring the Interior Contents of a Ship-
ping Container, Trailer, Boat, Shed, etc.

[0819] Commercial systems are now available from com-
panies such as Skybitz Inc. 45365 Vintage Park Plaza, Suite
210, Dulles, Va. 20166-6700, which will monitor the loca-
tion of an asset anywhere on the surface of the earth. Each
monitored asset contains a low cost GPS receiver and a
satellite communication system. The system can be installed
onto a truck, trailer, container, or other asset and it well
periodically communicate with a low earth orbit (LEO) or a
geostationary satellite providing the satellite with its loca-
tion as determined by the GPS receiver or a similar system
such as the Skybitz Global Locating System (GLS). The
entire system operates off of a battery, for example, and if the
system transmits information to the satellite once per day,
the battery can last many years before requiring replace-
ment. Thus, the system can monitor the location of a trailer,
for example, once per day, which is sufficient if trailer is
stationary. The interrogation rate can be automatically
increased if the trailer begins moving. Such a system can last
for 2 to 10 years without requiring maintenance depending
on design, usage and the environment. Even longer periods
are possible if power is periodically or occasionally avail-
able to recharge the battery such as by vibration energy
harvesting, solar cells, capacitive coupling, inductive cou-
pling, RF or vehicle power. In some cases an ultracapacitor
as discussed above can be used in place of a battery.
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[0820] The Skybitz system by itself only provides infor-
mation as to the location of a container and not information
about its contents, environment, and/or other properties. At
least one of the inventions disclosed herein disclosed here is
intended to provide this additional information, which can
be coded typically into a few bytes and sent to the satellite
along with the container location information and identifi-
cation. First consider monitoring of the interior contents of
a container. From here on, the terms “shipping container” or
“container” will be used as a generic cargo holder and will
include all cargo holders including standard and non-stan-
dard containers, boats, trucks, trailers, sheds, warehouses,
storage facilities, tanks, buildings or any other such object
that has space and can hold cargo. Most of these “contain-
ers” are also vehicles as defined above.

[0821] One method of monitoring the space inside such a
container is to use ultrasound such as disclosed in U.S. Pat.
No. 5,653,462, U.S. Pat. No. 5,829,782, U.S. RE37260 (a
reissue of U.S. Pat. No. 5,943,295), U.S. Pat. No. 5,901,978,
U.S. Pat. No. 6,116,639, U.S. Pat. No. 6,186,537, U.S. Pat.
No. 6,234,520, U.S. Pat. No. 6,254,127, U.S. Pat. No.
6,270,117, U.S. Pat. No. 6,283,503, U.S. Pat. No. 6,341,798,
U.S. Pat. No. 6,397,136 and RE 37,260 for monitoring the
interior of a vehicle. Also, reference is made to U.S. Pat. No.
6,279,946, which discusses various ways to use an ultra-
sonic transducer while compensating for thermal gradients.
Reference is also made to U.S. Pat. No. 5,653,462, U.S. Pat.
No. 5,694,320, U.S. Pat. No. 5,822,707, U.S. Pat. No.
5,829,782, U.S. Pat. No. 5,835,613, U.S. Pat. No. 5,485,000,
U.S. Pat. No. 5,488,802, U.S. Pat. No. 5,901,978, U.S. Pat.
No. 6,309,139, U.S. Pat. No. 6,078,854, U.S. Pat. No.
6,081,757, U.S. Pat. No. 6,088,640, U.S. Pat. No. 6,116,639,
U.S. Pat. No. 6,134,492, U.S. Pat. No. 6,141,432, U.S. Pat.
No. 6,168,198, U.S. Pat. No. 6,186,537, U.S. Pat. No.
6,234,519, U.S. Pat. No. 6,234,520, U.S. Pat. No. 6,242,701,
U.S. Pat. No. 6,253,134, U.S. Pat. No. 6,254,127, U.S. Pat.
No. 6,270,116, U.S. Pat. No. 6,279,946, U.S. Pat. No.
6,283,503, U.S. Pat. No. 6,324,453, U.S. Pat. No. 6,325,414,
U.S. Pat. No. 6,330,501, U.S. Pat. No. 6,331,014, RE 37260
U.S. Pat. No. 6,393,133, U.S. Pat. No. 6,397,136, U.S. Pat.
No. 6,412,813, U.S. Pat. No. 6,422,595, U.S. Pat. No.
6,452,870, U.S. Pat. No. 6,442,504, U.S. Pat. No. 6,445,988,
U.S. Pat. No. 6,442,465, which disclose inventions that may
be incorporated into the invention(s) disclosed herein.

[0822] Consider now a standard shipping container that is
used for shipping cargo by boat, trailer, or railroad. Such
containers are nominally 8'wx8hx20" or 40' long outside
dimensions, however, a container 48' in length is also
sometimes used. The inside dimensions are frequently
around 4" less than the outside dimensions. In a simple
interior container monitoring system, one or more ultrasonic
transducers can be mounted on an interior part of the
container adjacent the container’s ceiling in a protective
housing. Periodically, the ultrasonic transducers can emit a
few cycles of ultrasound and receive reflected echoes of this
ultrasound from walls and contents of the trailer. In some
cases, especially for long containers, one or more transduc-
ers, typically at one end of the container, can send to one or
more transducers located at, for example, the opposite end.
Usually, however, the transmitters and receivers are located
near each other. Due to the long distance that the ultrasound
waves must travel especially in the 48 foot container, it is
frequently desirable to repeat the send and receive sequence
several times and to add or average the results. This has the
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effect of improving the signal to noise ratio. Note that the
system disclosed herein and in the parent patents and
applications is able to achieve such long sensing distances
due to the principles disclosed herein. Competitive systems
that are now beginning to enter the market have much
shorter sensing distances and thus a key invention herein is
the ability to achieve sensing distances in excess of 20 feet.

[0823] Note that in many cases several transducers are
used for monitoring the vehicle such as a container that
typically point in slightly different directions. this need not
be the case and a movable mounting is also contemplated
where the motion is accomplished by any convenient
method such as a magnet, motor, etc.

[0824] Referring to FIG. 57, a container 480 is shown
including an interior sensor system 481 arranged to obtain
information about contents in the interior of the container
480. The interior sensor system includes a wave transmitter
482 mounted at one end of the container 480 and which
operatively transmits waves into the interior of the container
480 and a wave receiver 483 mounted adjacent the wave
transmitter 482 and which operatively receives waves from
the interior of the container 480. As shown, the transmitter
482 and receiver 483 are adjacent one another but such a
positioning is not intended to limit the invention. The
transmitter 482 and receiver 483 can be formed as a single
transducer or may be spaced apart from one another. Mul-
tiple pairs of transmitter/receivers can also be provided, for
example transmitter 482' and receiver 483' are located at an
opposite end of the container 480 proximate the doors 484.

[0825] The interior sensor system 481 includes a processor
coupled to the receiver 483, and optionally the transmitter
482, and which is resident on the container 480, for example,
in the housing of the receiver 483 or in the housing of a
communication system 485. The processor is programmed
to compare waves received by each receiver 483, 483" at
different times and analyze either the received waves indi-
vidually or the received waves in comparison to or in
relation to other received waves for the purpose of providing
information about the contents in the interior of the con-
tainer 480. The processor can employ pattern recognition
techniques and as discussed more fully below, be designed
to compensate for thermal gradients in the interior of the
container 480. Information about the contents of the con-
tainer 480 may comprise the presence or motion of objects
in the interior. The processor may be associated with a
memory unit which can store data on the location of the
container 480 and the analysis of the data from the interior
sensor system 481.

[0826] The container 480 also includes a location deter-
mining system 486 which monitors the location of the
container 480. To this end, the location determining system
can be any asset locator in the prior art, which typically
include a GPS receiver, transmitter and appropriate elec-
tronic hardware and software to enable the position of the
container 480 to be determined using GPS technology or
other satellite or ground-based technology including those
using the cell phone system or similar location based sys-
tems.

[0827] The communication system 485 is coupled to both
the interior sensor system 481 and the location determining
system 486 and transmits the information about the contents
in the interior of the container 480 (obtained from the
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interior sensor system 481) and the location of the container
480 (obtained from the location determining system 486).
This transmission may be to a remote facility wherein the
information about the container 480 is stored, processed,
counted, reviewed and/or monitored and/or retransmitted to
another location, perhaps by way of the Internet.

[0828] The container 480 also includes a door status
sensor 487 arranged to detect when one or both doors 484
is/are opened or closed after having been opened. The door
status sensor 487 may be an ultrasonic sensor which is
positioned a fixed distance from the doors 484 and registers
changes in the position of the doors 484. Alternately, other
door status systems can be used such as those based on
switches, magnetic sensors or other technologies. The door
status sensor 487 can be programmed to associate an
increase in the distance between the sensor 487 and each of
the doors 484 and a subsequent decrease in the distance
between the sensor 487 and that door 484 as an opening and
subsequent closing of that door 484. In the alternative, a
latching device can be provided to detect latching of each
door 484 upon its closure. The door status sensor 487 is
coupled to the interior sensor system 481, or at least to the
transmitters 482,482 so that the transmitters 482,482' can be
designed to transmit waves into the interior of the container
480 only when the door status sensor 487 detects when at
least one door 484 is closed after having been opened. For
other purposes, the ultrasonic sensors may be activated on
opening of the door(s) in order to monitor the movement of
objects into or out of the container, which might in turn be
used to activate an RFID or bar code reading system or other
object identification system.

[0829] When the ultrasonic transducers are first installed
into the container 480 and the doors 484 closed, an initial
pulse transmission can be initiated and the received signal
stored to provide a vector of data that is representative of an
empty container. To initiate the pulse transmission, an ini-
tiation device or function is provided in the interior sensor
system 481, e.g., the door status sensor 487. At a subsequent
time when contents have been added to the container (as
possibly reflected in the opening and closing of the doors
484 as detected by the door status sensor 487), the ultrasonic
transducers can be commanded to again issue a few cycles
of ultrasound and record the reflections. If the second pattern
is subtracted from the first pattern, or otherwise compared,
in the processor the existence of additional contents in the
container 480 will cause the signal to change, which thus
causes the differential signal to change and the added
contents detected. Vector as used herein with ultrasonic
systems is a linear array of data values obtained by rectify-
ing, taking the envelope and digitizing the returned signal as
received by the transducer or other digital representation
comprising at least a part of the returned signal.

[0830] When a container 480 is exposed to sunlight on its
exterior top, a stable thermal gradient can occur inside the
container 480 where the top of the container 480 near the
ceiling is at a significantly higher temperature than the
bottom of the container 480. This thermal gradient changes
the density of the gas inside the container causing it to act
as a lens to ultrasound that diffracts or bends the ultrasonic
waves and can significantly affect the signals sensed by the
receiver portions 483,483' of the transducers. Thus, the
vector of sensed data when the container is at a single
uniform temperature will look significantly different from
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the vector of sensed data acquired within the same container
when thermal gradients are present.

[0831] Itis even possible for currents of heated air to occur
within a container 480 if a side of the container is exposed
to sunlight. Since these thermal gradients can substantially
affect the vector, the system must be examined under a large
variety of different thermal environments. This generally
requires that the electronics be designed to mask somewhat
the effects of the thermal gradients on the magnitude of the
sensed waves while maintaining the positions of these waves
in time. This can be accomplished through the use, for
example, of a logarithmic compression circuit. There are
other methods of minimizing the effect on the reflected wave
magnitudes that will accomplish substantially the same
result some of which are disclosed herein.

[0832] When the complicating aspects of thermal gradi-
ents are taken into account, in many cases a great deal of
data must be taken with a large number of different occu-
pancy situations to create a database of perhaps 10,000 to
one million vectors each representing the different occu-
pancy state of the container in a variety of thermal environ-
ments. This data can then be used to train a pattern recog-
nition system such as a neural network, modular or
combination neural network, cellular neural network, sup-
port vector machine, fuzzy logic system, Kalman filter
system, sensor fusion system, data fusion system or other
classification system. Since all containers of the type trans-
ported by ships, for example, are of standard sizes, only a
few of these training exercises need to be conducted, typi-
cally one for each different geometry container. The process
of adapting an ultrasonic occupancy monitoring system to a
container or other space is described in considerable detail
for automobile interior monitoring in the above-referenced
patents and patent applications, and herein, and therefore
this process need not be repeated here.

[0833] Other kinds of interior monitoring systems can be
used to determine and characterize the contents of a space
such as a container. One example uses a scanner and
photocell 488, as in a laser radar system, and can be mounted
near the floor of the container 480 and operated to scan the
space above the floor in a plane located, for example, 10 cm
above the floor. Since the distance to a reflecting wall of the
container 480 can be determined and recorded for each
angular position of the scanner, the distance to any occupy-
ing item will show up as a reflection from an object closer
to the scanner and therefore a shadow graph of the contents
of the container 10 cm above the floor can be obtained and
used to partially categorize the contents of the container 480.
Categorization of the contents of the container 480 may
involve the use of pattern recognition technologies, other
locations of such a scanning system are possible.

[0834] In both of these examples, relatively little can be
said about the contents of the container other then that
something is present or that the container is empty. Fre-
quently this is all that is required. A more sophisticated
system can make use of one or more imagers (for example
cameras) 489 mounted near the ceiling of the container, for
example. Such imagers can be provided with a strobe flash
and then commanded to make an image of the trailer interior
at appropriate times. The output from such an imager 489
can also be analyzed by a pattern recognition system such as
a neural network or equivalent, to reduce the information to
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a few bytes that can be sent to a central location via an LEO
or geostationary satellite, for example. As with the above
ultrasonic example, one image can be subtracted from the
empty container image and if anything remains then that is
a representation of the contents that have been placed in the
container. Also, various images can be subtracted to deter-
mine the changes in container contents when the doors are
opened and material is added or removed or to determine
changes in position of the contents. Various derivatives of
this information can be extracted and sent by the telematics
system to the appropriate location for monitoring or other
purposes.

[0835] Each of the systems mentioned above can also be
used to determine whether there is motion of objects within
the container relative to the container. Motion of objects
within the container 480 would be reflected as differences
between the waves received by the transducers (indicative of
differences in distances between the transducer and the
objects in the container) or images (indicative of differences
between the position of objects in the images). Such motion
can also aid in image segmentation which in turn can aid in
the object identification process. This is particularly valu-
able if the container is occupied by life forms such as
humans.

[0836] In the system of FIG. 57, wires (not shown) are
used to connect the various sensors and devices. It is
contemplated that all of the units in the monitoring system
can be coupled together wirelessly, using for example the
Bluetooth, WI-FI or other protocol.

[0837] If an inertial device 490 is also incorporated, such
as the MEMSIC dual axis accelerometer, which provides
information as to the accelerations of the container 480, then
this relative motion can be determined by the processor and
it can be ascertained whether this relative motion is caused
by acceleration of the container 480, which may indicate
loose cargo, and/or whether the motion is caused by the
sensed occupying item. In latter case, a conclusion can
perhaps be reached that container is occupied by a life form
such as an animal or human. Additionally, it may be desir-
able to place sensors on an item of cargo itself since damage
to the cargo could occur from excessive acceleration, shock,
temperature, vibration, etc. regardless of whether the same
stimulus was experienced by the entire container. A loose
item of cargo, for example, may be impacting the monitored
item of cargo and damaging it. Relative motion can also be
sensed in some cases from outside of the container through
the wuse of accelerometers, microphones or MIR
(Micropower Impulse Radar). Note that all such sensors
regardless of where they are placed are contemplated herein
and are part of the present inventions.

[0838] Chemical sensors 491 based on surface acoustic
wave (SAW) or other technology can in many cases be
designed to sense the presence of certain vapors in the
atmosphere and can do so at very low power. A properly
designed SAW or equivalent sensing device, for example,
can measure acceleration, angular rate, strain, temperature,
pressure, carbon dioxide concentration, humidity, hydrocar-
bon concentration, and the presence or concentration of
many other chemicals. A separate SAW or similar device
may be needed for each chemical species (or in some cases
each class of chemicals) where detection is desired. The
devices, however, can be quite small and can be designed to
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use very little power. Such a system of SAW or equivalent
devices can be used to measure the existence of certain
chemical vapors in the atmosphere of the container much
like a low power electronic nose. In some cases, it can be
used to determine whether a carbon dioxide source such as
a human is in the container. Such chemical sensing devices
can also be designed, for example, to monitor for many other
chemicals including some narcotics, hydrocarbons, mercury
vapor, and other hazardous chemicals including some rep-
resentative vapors of explosives or some weapons of mass
destruction. With additional research, SAW or similar
devices can also be designed or augmented to sense the
presence of radioactive materials, and perhaps some bio-
logical materials such as smallpox or anthrax. In many
cases, such SAW devices do not now exist, however,
researchers believe that given the proper motivation that
such devices can be created. Thus, although previously not
appreciated, SAW or equivalent based systems can monitor
a great many dangerous and hazardous materials that may be
either legally or illegally occupying space within a con-
tainer, for example. In particular, the existence of spills or
leakages from the cargo can be detected in time to perhaps
save damage to other cargo either within the container or in
an adjacent container. Although SAW devices have in par-
ticular been described, other low power devices using bat-
tery or RF power can also be used where necessary. Note,
the use of any of the afore mentioned SAW devices in
connection within or on a vehicle for any purpose other than
tire pressure and temperature monitoring or torque monitor-
ing is new and contemplated by the inventions disclosed
herein. only a small number of examples are presented of the
general application of the SAW, or RFID, technology to
vehicles.

[0839] Other sensors that can be designed to operate under
very low power levels include microphones 492 and light
sensors 493 or sensors sensitive to other frequencies in the
electromagnetic spectrum as the need arises. The light
sensors 493 could be designed to cause activation of the
interior sensor system 481 when the container is being
switched from a dark condition (normally closed) to a light
situation (when the door or other aperture is opened). A
flashlight could also activate the light sensor 493.

[0840] Instead of one or more batteries providing power to
the interior sensor system 481, the communication system
485 and the location determining system 486, solar power
can be used. In this case, one or more solar panels 494 are
attached to the upper wall of the container 480 (see FIG. 1)
and electrically coupled to the various power-requiring
components of the monitoring system. A battery can thus be
eliminated. In the alternative, since the solar panel(s) 494
will not always be exposed to sunlight, a rechargeable
battery can be provided which is charged by the solar panel
494 when the solar panels are exposed to sunlight. A battery
could also be provided in the event that the solar panel 494
does not receive sufficient light to power the components of
the monitoring system. In a similar manner, power can
temporarily be supplied by a vehicle such as a tractor either
by a direct connection to the tractor power or though
capacitive, inductive or RF coupling power transmission
systems. As above an ultracapacitor can be used instead of
a battery and energy harvesting can be used if there is a
source of energy such as light or vibration in the environ-
ment.
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[0841] In some cases, a container is thought to be empty
when in fact it is being surreptitiously used for purposes
beyond the desires of the container owner or law enforce-
ment authorities. The various transducers that can be used to
monitor interior of a container as described above, plus
others, can also be used to allow the trailer or container
owner to periodically monitor the use of his property.

[0842] 13.13.2 Monitoring the Entire Asset

[0843] Immediately above, monitoring of the interior of
the container is described. If the container is idle, there may
not the need to frequently monitor the status of the container
interior or exterior until some event happens. Thus, all
monitoring systems on the container can be placed in the
sleep mode until some event such as a motion or vibration
of the container takes place. Other wakeup events could
include the opening of the doors, the sensing of light or a
change in the interior temperature of the container above a
reference level, for example. When any of these chosen
events occurs, the system can be instructed to change the
monitoring rate and to immediately transmit a signal to a
satellite or another communication system, or respond to a
satellite-initiated signal for some LEO-based, or geocentric
systems, for example. Such an event may signal to the
container owner that a robbery was in progress either of the
interior contents of the container or of the entire container.
It also might signal that the contents of the container are in
danger of being destroyed through temperature or excessive
motion or that the container is being misappropriated for
some unauthorized use.

[0844] FIG. 58 shows a flowchart of the manner in which
container 480 may be monitored by personnel or a computer
program at a remote facility for the purpose of detecting
unauthorized entry into the container and possible theft of
the contents of the container 480. Initially, the wakeup
sensor 495 detects motion, sound, light or vibration includ-
ing motion of the doors 484, or any other change of the
condition of the container 480 from a stationary or expected
position. The wakeup sensor 495 can be designed to provide
a signal indicative of motion only after a fixed time delay,
i.e., a period of “sleep”. In this manner, the wakeup sensor
would not be activated repeatedly in traffic stop and go
situations.

[0845] The wakeup sensor 495 initiates the interior sensor
system 481 to perform the analysis of the contents in the
interior of the container, e.g., send waves into the interior,
receive waves and then process the received waves. If
motion in the interior of the container is not detected at 496,
then the interior sensor system 481 may be designed to
continue to monitor the interior of the container, for
example, by periodically re-sending waves into the interior
of the container. If motion is detected at 496, then a signal
is sent at 497 to a monitoring facility via the communication
system 485 and which includes the location of the container
480 obtained from the location determining system 486 or
by the ID for a permanently fixed container or other asset,
structure or storage facility. In this manner, if the motion is
determined to deviate from the expected handling of the
container 480, appropriate law enforcement personnel can
be summoned to investigate.

[0846] When it is known and expected that the container
should be in motion, monitoring of this motion can still be
important. An unexpected vibration could signal the start of
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a failure of the chassis tire, for example, or failure of the
attachment to the chassis or the attachment of the chassis to
the tractor. Similarly, an unexpected tilt angle of the con-
tainer may signify a dangerous situation that could lead to a
rollover accident and an unexpected shock could indicate an
accident has occurred. Various sensors that can be used to
monitor the motion of the container include gyroscopes,
accelerometers and tilt sensors. An IMU (Inertial Measure-
ment Unit) containing for example three accelerometers and
three gyroscopes can be used.

[0847] In some cases, the container or the chassis can be
provided with weight sensors that measure the total weight
of the cargo as well as the distribution of weight. By
monitoring changes in the weight distribution as the vehicle
is traveling, an indication can result that the contents within
the trailer are shifting which could cause damage to the
cargo. An alternate method is to put weight sensors in the
floor or as a mat on the floor of the vehicle. The mat design
can use the bladder principles described above for weighing
b vehicle occupants using, in most cases, multiple chambers.
Strain gages can also be configured to measure the weight of
container contents. An alternate approach is to use inertial
sensors such as accelerometers and gyroscopes to measure
the motion of the vehicle as it travels. If the characteristics
of the input accelerations (linear and angular) are known
from a map, for example, or by measuring them on the
chassis then the inertial properties of the container can be
determined and thus the load that the container contains.
This is an alternate method of determining the contents of a
container. If several (usually 3) accelerometers and several
(usually 3) gyroscopes are used together in a single package
then this is known as an inertial measurement unit. If a
source of position is also known such as from a GPS system
then the errors inherent in the IMU can be corrected using
a Kalman filter.

[0848] Other container and chassis monitoring can include
the attachment of a trailer to a tractor, the attachment of
electrical and/or communication connections, and the status
of the doors to the container. If the doors are opened when
this is not expected, this could be an indication of a criminal
activity underway. Several types of security seals are avail-
able including reusable seals that indicate when the door is
open or closed or if it was ever opened during transit, or
single use seals that are destroyed during the process of
opening the container.

[0849] Another application of monitoring the entire asset
would be to incorporate a diagnostic module into the asset.
Frequently, the asset may have operating parts, e.g., if it is
a refrigerated and contains a refrigeration unit. To this end,
sensors can be installed on the asset and monitored using
pattern recognition techniques as disclosed in U.S. Pat. No.
5,809,437 and U.S. Pat. No. 6,175,787. As such, various
sensors would be placed on the container 480 and used to
determine problems with the container 480 which might
cause it to operate abnormally, e.g., if the refrigeration unit
were about to fail because of a refrigerant leak. In this case,
the information about the expected failure of the refrigera-
tion unit could be transmitted to a facility and maintenance
of the refrigeration unit could be scheduled.

[0850] It can also be desirable to detect unauthorized entry
into container, which could be by cutting with a torch, or
motorized saw, grinding, or blasting through the wall, ceil-
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ing, or floor of the container. This event can be detected by
one or more of the following methods:

[0851] 1. Alight sensor which measures any part of the
visible or infrared part of the spectrum and is calibrated
to the ambient light inside the container when the door
is closed and which then triggers when light is detected
above ambient levels and door is closed.

[0852] 2. A vibration sensor attached to wall of con-
tainer which triggers on vibrations of an amplitude
and/or frequency signature indicative of forced entry
into the container. The duration of signal would also be
a factor to consider. The algorithm could be derived
from observations and tests or it could use a pattern
recognition approach such as Neural Networks.

[0853] 3. Aninfrared or carbon dioxide sensor could be
used to detect human presence, although a carbon
dioxide sensor would probably require a prolonged
exposure.

[0854] 4. Various motion sensors as discussed above
can also be used, but would need to be resistant to
triggering on motion typical of cargo transport. Thus a
trained pattern recognition algorithm might be neces-
sary.

[0855] 5. The Interior of the container can be flooded
with waves (ultrasonic or electromagnetic) and the
return signature evaluated by a pattern recognition
system such as a neural network trained to recognize
changes consistent with the removal of cargo or the
presence of a person or people. Alternately the mere
fact that the pattern was changing could be indicative of
human presence.

[0856] As discussed above and below, information from
entry/person detector could be sent to communication net-
work to notify interested parties of current status. Addition-
ally, an audible alarm may be sounded and a photo could
also be taken to identify the intruder. Additionally, motion
sensors such as an accelerometer on a wall or floor of a
vehicle such as a container or an ultrasonic or optical based
motion detector such as used to turn on residential lights and
the like, can also be used to detect intrusion into a vehicle
and thus are contemplated herein. Such sensors can be
mounted at any of the preferred locations disclosed herein or
elsewhere in or on the vehicle. If a container, for example,
is closed, a photocell connected to a pattern recognition
system such as a neural network, for example can be trained
to be sensitive to very minute changes in light such as would
occur when an intruder opens a door or cuts a hole in a wall,
ceiling or the floor of a vehicle even on a dark night. Even
if there are holes in the vehicle that allow light to enter, the
rate of change of this illumination can be detected and used
as an indication of an intrusion.

[0857] It is noteworthy that systems based on the disclo-
sure above can be configured to monitor construction
machinery to prevent theft or at least to notify others that a
theft is in progress.

[0858] 13.13.3 Recording

[0859] In many cases it is desirable to obtain and record
additional information about the cargo container and its
contents. As mentioned above, the weight of the container
with its contents and the distribution and changes in this
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weight distribution could be valuable for a safety authority
investigating an accident, for highway authorities monitor-
ing gross vehicle weight, for container owners who charge
by the used capacity, and others. The environment that the
container and its contents have been subjected to could also
be significant information. Such things as whether the con-
tainer was flooded, exposed to a spill or leakage of a
hazardous material, exposed to excessive heat or cold,
shocks, vibration etc. can be important historical factors for
the container affecting its useful life, establishing liability
for damages etc. For example, a continuous monitoring of
container interior temperature could be significant for per-
ishable cargo and for establishing liability.

[0860] With reference to FIG. 59A, in some cases, the
individual cargo items 498 can be tagged with RFID or SAW
tags 499 and the presence of this cargo in the container 480
could be valuable information to the owner of the cargo. One
or more sensors on the container that periodically read RFID
tags could be required, such as one or more RFID interro-
gators 500 which periodically sends a signal which will
causes the RFID tags 499 to generate a responsive signal.
The responsive signal generated by the RFID tags 499 will
contain information about the cargo item on which the RFID
tag 499 is placed. Multiple interrogators or at least multiple
antennas may be required depending on the size of the
container. The RFID can be based on a SAW thus providing
greater range for a passive system or it can also be provided
with an internal battery or ultracapacitor for even greater
range. energy harvesting can also be used if appropriate.

[0861] Similarly, for certain types of cargo, a barcode
system might acceptable, or another optically readable iden-
tification code. The cargo items would have to be placed so
that the identification codes are readable, i.e., when a beam
of light is directed over the identification codes, a pattern of
light is generated which contains information about the
cargo item. As shown in FIG. 59B, the cargo items in this
case are boxes having an equal height so that a space
remains between the top of the boxes 501 and the ceiling of
the container 480. One or more optical scanners 502, includ-
ing a light transmitter and receiver, are arranged on the
ceiling of the container and can be arranged to scan the
upper surfaces of the boxes 503, possibly by moving the
length of the container 480, or through a plurality of such
sensors. During such a scan, patterns of light are reflected
from the barcodes 501 on the upper surfaces of the boxes
503 and received by the optical scanner 502. The patterns of
light contain information about the cargo items in the boxes
503. Receivers can be arranged at multiple locations along
the ceiling. Other arrangements to ensure that a light beam
traverses a barcode 501 and is received by a receiver can
also be applied in accordance with the invention. As dis-
cussed above, other tag technologies can be used if appro-
priate such as those based of magnetic wires.

[0862] The ability to read barcodes and RFID tags pro-
vides the capability of the more closely tracking of packages
for such organizations as UPS, Federal Express, the U.S.
Postal Service and their customers. Now, in some cases, the
company can ascertain that a given package is in fact on a
particular truck or cargo transporter and also know the exact
location of the transporter.

[0863] Frequently, a trailer or container has certain hard-
ware such as racks for automotive parts, for example, that
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are required to stay with the container. During unloading of
the cargo these racks, or other sub-containers, could be
removed from the container and not returned. If the con-
tainer system knows to check for the existence of these
racks, then this error can be eliminated. Frequently, the racks
are of greater value then the cargo they transport. Using
RFID tags and a simple interrogator mounted on the ceiling
of the container perhaps near the entrance, enables moni-
toring of parts that are taken in or are removed from the
container and associated with the location of container. By
this method, pilferage of valuable or dangerous cargo can at
least be tracked.

[0864] Containers constructed in accordance with the
invention will frequently have a direct method of transmit-
ting information to a satellite. Typically, the contents of the
container are more valuable than the truck or chassis for the
case of when the container is not a trailer. If the tractor, train,
plane or ship that is transporting the container is experienc-
ing difficulties, then this information can be transmitted to
the satellite system and thus to the container, carrier, or cargo
owner or agent for attention. Information indicating a prob-
lem with carrier (railroad, tractor, plane, boat) may be sensed
and reported onto a bus such as CAN bus which can be
attached either wirelessly or by wires to the container.
Alternately, sensors on the container can determine through
vibrations etc. that the carrier may be experiencing prob-
lems. The reporting of problems with the vehicle can come
from dedicated sensors or from a general diagnostic system
such as described in U.S. Pat. No. 5,809,437 and U.S. Pat.
No. 6,175,787, and herein. Whatever the source of the
diagnostic information, especially when valuable or danger-
ous cargo is involved, this information in coded form can be
transmitted to a ground station, LEO or geostationary sat-
ellite as discussed above. Other information that can be
recorded by container includes the identification of the boat,
railroad car, or tractor and operator or driver.

[0865] The experiences of the container can be recorded
over time as a container history record to help in life cycle
analysis to determine when a container needs refurbishing,
for example. This history in coded form could reside on a
memory that is resident on the container or preferably the
information can be stored on a computer file associated with
that container in a database. The mere knowledge of where
a container has been, for example, may aid law enforcement
authorities to determine which containers are most likely to
contain illegal contraband.

[0866] The pertinent information relative to a container
can be stored on a tag that is associated and physically
connected to the container. This tag may be of the type that
can be interrogated remotely to retrieve its contents. Such a
tag, for example, could contain information as to when and
where the container was most recently opened and the
contents of the container. Thus, as containers enter a port,
their tags can each be interrogated to determine their
expected contents and also to give a warning for those
containers that should be inspected more thoroughly. In most
cases, the tag information will not reside on the container but
in fact will be on a computer file accessible by those who
have an authorization to interrogate the file. Thus, the
container need only have a unique identification number that
cannot easily be destroyed, changed or otherwise tampered
with. These can be visual and painted on the outside of the
container or an RFID, barcode or other object identification
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system can be used. Again, the tags can be based on passive
SAW technology to give greater range or could contain a
battery or ultracapacitor for even greater range. The tag can
be in a sleep mode until receiving a wakeup call to further
conserve battery power.

[0867] FIG. 60 shows a flow chart of the manner in which
multiple assets may be monitored using a data processing
and storage facility 510, each asset having a unique identi-
fication code. The location of each asset is determined at
511, along with one or more properties or characteristics of
the contents of each asset at 512, one or more properties of
the environment of each asset at 513, and/or the opening
and/or closing of the doors of each asset at 514. This
information is transmitted to the data processing and storage
facility 510 as represented by 515 with the identification
code. Information about the implement being used to trans-
port the asset and the individual(s) or company or companies
involved in the transport of the asset can also be transmitted
to the facility as represented by 516. This latter information
could be entered by an input device attached to the asset.

[0868] The data processing and storage facility 510 is
connected to the Internet at 517 to enable shippers 518 to
check the location and progress of the asset, the contents of
the asset, the environment of the asset, whether the doors are
being opened and closed impermissibly and the individual
and companies handling the asset. The same information, or
a subset of this information, can also be accessed by law
enforcement personnel at 519 and maritime/port authorities
at 520. Different entities can be authorized to access differ-
ent items of information or subsets of the total information
available relating to each asset.

[0869] For anti-theft purposes, the shipper enters the
manifest of the asset using an input device 521 so that the
manifest can be compared to the contents of the asset (at
522). A determination is made at 523 as to whether there are
any differences between the current contents of the asset and
the manifest. For example, the manifest might indicate the
presence of contents whereas the information transmitted by
the asset reveals that it does not contain any objects. When
such a discrepancy is revealed, the shipment can be inter-
cepted at 524 to ascertain the whereabouts of the cargo. The
history of the travels of the asset would also be present in the
data facility 510 so that it can be readily ascertained where
the cargo disappeared. If no discrepancy is revealed, the
asset is allowed to proceed at 525.

[0870] 13.13.4 Exterior Monitoring Near a Vehicle

[0871] Having the ability to transmit coded information to
a satellite, or other telematics system, using a low cost
device having a battery that lasts for many years opens up
many other, previously impractical opportunities. Many of
these opportunities are discussed above and below and all
are teachings of at least one of the inventions disclosed
herein. In this section, opportunities related to monitoring
the environment in the vicinity of the container will be
discussed. Many types of sensors can be used for the
purpose of exterior monitoring including ultrasound, imag-
ers such as cameras both with and without illumination
including visual, infrared or ultraviolet imagers, radar, scan-
ners including laser radar and phased array radar, other types
of sensors which sense other parts of the electromagnetic
spectrum, capacitive sensors, electric or magnetic field sen-
sors, and chemical sensors among others.
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[0872] Cameras either with or without a source of illumi-
nation can be used to record people approaching the con-
tainer and perhaps stealing the contents of the container. At
the appropriate frequencies, (tetra Hertz, for example) the
presence of concealed weapons can be ascertained as
described in Alien Vision: Exploring the Electromagnetic
Spectrum With Imaging Technology (SPIE Monograph Vol.
PM104) by Austin Richards. Infrared sensors can be used to
detect the presence of animal life including humans in the
vicinity of container. Radio frequency sensors can sense the
presence of authorized personnel having a keyless entry type
transmitter or a SAW, RFID or similar device of the proper
design. In this way, the container can be locked as a safe, for
example, and only permit an authorized person carrying the
proper identification to open the container or other storage
facility.

[0873] A pattern recognition system can be trained to
identify facial or iris patterns, for example, of authorized
personnel or ascertain the identity of authorized personnel to
prevent theft of the container. Such a pattern recognition
system can operate on the images obtained by the cameras.
That is, if the pattern recognition system is a neural network,
it would be trained to identify or ascertain the identity of
authorized personnel based on images of such personnel
during a training phase and thus operationally only allow
such personnel to open the container, enter the container
and/or handle the container.

[0874] a wide variety of smart cards, biometric identifi-
cation systems (such as fingerprints, voice prints and Iris
scans) can be used for the same purpose. When an unau-
thorized person approaches the container, his or her picture
can be taken and in particular, if sensors determine that
someone is attempting to force entry into the container, that
person’s picture can be relayed via the communication
system to the proper authorities. Cameras with a proper
pattern recognition system can also be used to identify if an
approaching person is wearing a disguise such as a ski mask
or is otherwise acting in a suspicious manner. This deter-
mination can provide a critical timely warning and in some
cases permit an alarm to be sounded or otherwise notify the
proper authorities.

[0875] Capacitance sensors or magnetic sensors can be
used to ascertain that the container is properly attached to a
trailer. An RFID or barcode scanner on the container can be
used to record the identification of the tractor, trailer, or
other element of the transportation system. These are just a
small sampling of the additional sensors that can be used
with the container or even mounted on a tractor or chassis to
monitor the container. With the teachings of at least one of
the inventions disclosed herein, the output of any of these
sensors can now be transmitted to a remote facility using a
variety of telematics methods including communication via
a low power link to a satellite, such as provided by the
Skybitz Corporation as described above and others.

[0876] Thus, as mentioned above, many new opportunities
now exist for applying a wide variety of sensors to a cargo
container or other object as discussed above and below.
Through a communication system such as a LEO or geo-
stationary or other satellite system, critical information
about the environment of container or changes in that
environment can be transmitted to the container owner, law
enforcement authorities, container contents owner etc. Fur-
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thermore, the system is generally low cost and does not
require connection to an external source of power. The
system generally uses low power from a battery that can last
for years without maintenance,

[0877] 13.13.5 Analysis

[0878] Many of the sensor systems described above output
data that can best be analyzed using pattern recognition
systems such as neural networks, cellular neural networks,
fuzzy logic, sensor fusion, modular neural networks, com-
bination neural networks, support vector machines, neural
fuzzy systems or other classifiers that convert the pattern
data into an output indicative of the class of the object or
event being sensed. One interesting method, for example, is
the ZISC® chip system of Silicon Recognition Inc., Peta-
luna, Calif. A general requirement for the low power satellite
monitoring system is that the amount of data routinely sent
to the satellite be kept to a minimum. For most transmis-
sions, this information will involve the location of the
container, for example, plus a few additional bytes of status
information determined by the mission of the particular
container and its contents. Thus, the pattern recognition
algorithms must convert typically a complex image or other
data to a few bytes representative of the class of the
monitored item or event.

[0879] In some instances, the container must send consid-
erably more data and at a more frequent interval than
normal. This will generally happen only during an excep-
tional situation or event and when the added battery drain of
this activity is justified. In this case, the system will signal
the satellite that an exception situation exists and to prepare
to receive additional information.

[0880] Many of the sensors on the container and inside the
container may also require significant energy and thus
should be used sparingly. For example, if the container is
known to be empty and the doors closed, there is no need to
monitor the interior of the container unless the doors have
been reopened. Similarly, if the container is stationary and
doors are closed, then continuously monitoring the interior
of the container to determine the presence of cargo is
unnecessary. Thus, each of the sensors can have a program
duty cycle that depends on exterior or other events, in some
applications either solar power or other source of power may
be available either intermittently to charge the battery or
continuously.

[0881] If the vehicle such as a container is stationary then
usually the monitoring can take place infrequently and the
battery is conserved. When the vehicle is in motion then
energy is frequently available to charge the battery and thus
more frequent monitoring can take place as the battery is
charged. The technique in known as “energy harvesting” and
involves, for example, the use of a piezoelectric material that
is compressed, bent or otherwise flexed thereby creating an
electric current that can be used to charge the battery. Other
methods include the use of a magnet and coil where the
magnet moves relative to the coil under forces caused by the
motion of the vehicle.

[0882] Since the duty cycle of the sensor system may vary
considerably, and since any of the sensors can fail, be
sabotaged or otherwise be rendered incapable of performing
its intended function either from time, exposure, or inten-
tionally, it is expected that some or all of the sensors will be
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equipped with a diagnostic capability. The communication
system will generally interrogate each sensor or merely
expect a transmission from each sensor and if that interro-
gation or transmission fails or a diagnostic error occurs, this
fact will be communicated to the appropriate facility. If, for
example, someone attempts to cover the lens of a camera so
that a theft would not be detected, the mere fact that the lens
was covered could be reported, alerting authorities that
something unusual was occurring.

[0883] 13.13.6 Safety

[0884] As mentioned previously, there are times when the
value of the contents of a container can exceed the value of
the tractor, chassis and container itself. Additionally, there
are times when the contents of the container can be easily
damaged if subjected to unreasonable vibrations, angles,
accelerations and shocks. For these situations, an inertial
measurement unit (IMU) can be used in conjunction with the
container to monitor the accelerations experienced by the
container (or the cargo) and to issue a warning if those
accelerations are deemed excessive either in magnitude,
duration, or frequency or where the integrations of these
accelerations indicate an excessive velocity, angular velocity
or angular displacement. Note that for some applications in
order to minimize the power expended at the sensor instal-
lation, the IMU correction calculations based on the GPS
can be done at an off sensor location such as the receiving
station of the satellite information.

[0885] Ifthe vehicle operates on a road that has previously
been accurately mapped, to an accuracy of perhaps a few
centimeters, then the analysis system can know the input
from the road to the vehicle tires and thus to the chassis of
the trailer. The IMU can also calculate the velocity of the
trailer. By monitoring the motion of the container when
subjected to a known stimulus, the road, the inertial prop-
erties of the container and chassis system can be estimated.
If these inertial properties are known than a safe operating
speed limit can be determined such that the probability of
rollover, for example, is kept within reasonable bounds. If
the driver exceeds that velocity, then a warning can be
issued. Similarly, in some cases, the traction of the trailer
wheels on the roadway can be estimated based on the
tendency of a trailer to skid sideways. This also can be the
basis of issuing a warning to the driver and to notify the
contents owner especially if the vehicle is being operated in
an unsafe manner for the road or weather conditions. Since
the information system can also know the weather condi-
tions in the area where the vehicle is operating, this added
information can aid in the safe driving and safe speed limit
determination. In some cases, the vibrations caused by a
failing tire can also be determined. For those cases where
radio frequency tire monitors are present, the container can
also monitor the tire pressure and determine when a dan-
gerous situation exists. Finally, the vehicle system can input
to the overall system when the road is covered with ice or
when it encounters a pothole.

[0886] Thus, there are many safety related aspects to
having sensors mounted on a container and where those
sensors can communicate periodically with a LEO or other
satellite, or other communication system, and thereafter to
the Internet or directly to the appropriate facility. Some of
these rely on an accurate IMU. Although low cost IMUs are
generally not very accurate, when they are combined using
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a Kalman filter with the GPS system, which is on the
container as part of the tracking system, the accuracy of the
IMU can be greatly improved, approaching that of military
grade systems.

[0887] 13.13.7 Other Remote Monitoring

[0888] The discussion above has concentrated on contain-
ers that contain cargo where presumably this cargo is
shipped from one company or organization to another. This
cargo could be automotive parts, animals, furniture, weap-
ons, bulk commodities, machinery, fruits, vegetables, TV
sets, or any other commonly shipped product. What has been
described above is a monitoring system for tracking this
cargo and making measurements to inform the interested
parties (owners, law enforcement personnel etc.) of the
status of the container, its contents, and the environment.
This becomes practical when a satellite system exists such as
the Skybitz, for example, LEO or geostationary satellite
system coupled with a low cost low power small GPS
receiver and communication device capable of sending
information periodically to the satellite. Once the satellite
has received the position information from the container, for
example, this information can be relayed to a computer
system wherein the exact location of the container can be
ascertained. Additionally, if the container has an RFID
reader, the location of all packages having an RFID tag that
are located within the container can also be ascertained.

[0889] The accuracy of this determination is currently now
approximately 20 meters. However, as now disclosed for the
first time, the ionosphere caused errors in GPS signals
received by container receiver can be determined from a
variety of differential GPS systems and that information can
be coupled with the information from the container to
determine a precise location of the container to perhaps as
accurate as a few centimeters. This calculation can be done
at any facility that has access to the relevant DGPS correc-
tions and the container location. It need not be done onboard
the container. Using accurate digital maps the location of the
container on the earth can be extremely precisely deter-
mined. This principle can now be used for other location
determining purposes. The data processing facility that
receives the information from the asset via satellites can also
know the DGPS corrections at the asset location and thus
can relay to the vehicle its precise location.

[0890] Although the discussion above has centered on
cargo transportation as an illustrative example, at least one
of the inventions disclosed herein is not limited thereto and
in fact can be used with any asset whether movable or fixed
where monitoring for any of a variety of reasons is desired.
These reasons include environmental monitoring, for
example, where asset damage can occur if the temperature,
humidity, or other atmospheric phenomena exceeds a certain
level. Such a device then could transmit to the telecommu-
nications system when this exception situation occurred. It
still could transmit to the system periodically, perhaps once
a day, just to indicate that all is OK and that an exceptional
situation did not occur.

[0891] Another example could be the monitoring of a
vacation home during the months when the home is not
occupied. Of course, any home could be so monitored even
when the occupants leave the home unattended for a party,
for example. The monitoring system could determine
whether the house is on fire, being burglarized, or whether
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temperature is dropping to the point that pipes could freeze
due to a furnace or power failure. Such a system could be
less expensive to install and maintain by a homeowner, for
example, than systems supplied by ADT, for example, the
monitoring of a real estate location could also be applied to
industrial, governmental and any other similar sites. Any of
the sensors including electromagnetic, cameras, ultrasound,
capacitive, chemical, moisture, radiation, biological, tem-
perature, pressure, radiation, etc. could be attached to such
a system which would not require any other electrical
connection either to a power source or to a communication
source such as a telephone line which is currently require by
ADT, for example. In fact, most currently installed security
and fire systems require both a phone and a power connec-
tion, if a power source is available it can be used to recharge
the batteries or as primary power.

[0892] Of particular importance, this system and tech-
niques can be applied to general aviation and the marine
community for the monitoring of flight and boat routings.
For general aviation, this or a similar system can be used for
monitoring the unauthorized approach of planes or boats to
public utilities, government buildings, bridges or any other
structure and thereby warn of possible terrorist activities.

[0893] Portable versions of this system can also be used to
monitor living objects such as pets, children, animals, cars,
and trucks, or any other asset. What is disclosed herein
therefore is a truly general asset monitoring system where
the type of monitoring is only limited by requirement that
the sensors operate under low power and the device does not
require connections to a power source, other than the inter-
nal battery, or a wired source of communication. The com-
munication link is generally expected to be via a transmitter
and a LEO, geostationary or other satellite, however, it need
not be the case and communication can be by cell phone, an
ad hoc peer-to-peer network, IEEE 801.11, Bluetooth, or any
other wireless system. Thus, using the teachings of at least
one of the inventions disclosed herein, any asset can be
monitored by any of a large variety of sensors and the
information communicated wireless to another location
which can be a central station, a peer-to-peer network, a link
to the owners location, or, preferably, to the Internet.

[0894] Additional areas where the principles of the inven-
tion can be used for monitoring other objects include the
monitoring of electric fields around wires to know when the
wires have failed or been cut, the monitoring of vibrations
in train rails to know that a train is coming and to enable
tracking of the path of trains, the monitoring of vibrations in
a road to know that a vehicle is passing, the monitoring of
temperature and/or humidity of a road to signal freezing
conditions so that a warning could be posted to passing
motorists about the conditions of the road, the monitoring of
vibrations or flow in a oil pipe to know if the flow of oil has
stopped or being diverted so that a determination may be
made if the oil is being stolen, the monitoring of infrared or
low power (MIR) radar signal monitoring for perimeter
security, the monitoring of animals and/or traffic to warn
animals that a vehicle is approaching to eliminate car to
animal accidents and the monitoring of fluid levels in tanks
or reservoirs. It is also possible to monitor grain levels in
storage bins, pressure in tanks, chemicals in water or air that
could signal a terrorist attack, a pollution spill or the like,
carbon monoxide in a garage or tunnel, temperature or
vibration of remote equipment as a diagnostic of pending

Page 120 of 123

Feb. 28, 2008

system failure, smoke and fire detectors and radiation. In
each case, one or more sensors is provided designed to
perform the appropriate, desired sensing, measuring or
detecting function and a communications unit is coupled to
the sensor(s) to enable transmission of the information
obtained by the sensor(s). A processor can be provided to
control the sensing function, i.e., to enable only periodic
sensing or sensing conditioned on external or internal
events. For each of these and many other applications, a
signal can be sent to a satellite or other telematics system to
send important information to a need-to-know person, moni-
toring computer program, the Internet etc.

[0895] Three other applications of at least one of the
inventions disclosed herein need particular mention. Peri-
odically, a boat or barge impacts with the structure of a
bridge resulting in the collapse of a road, railroad or high-
way and usually multiple fatalities. Usually such an event
can be sensed prior to the collapse of the structure by
monitoring the accelerations, vibrations, displacement, or
stresses in the structural members. When such an event is
sensed, a message can be sent to a satellite and/or forwarded
to the Internet, and thus to the authorities and to a warning
sign or signal that has been placed at a location preceding
entry onto the bridge. Alternately, the sensing device can
send a signal directly to the relevant sign either in addition
or instead of to a satellite.

[0896] Sometimes the movement of a potentially hazard-
ous cargo in itself is not significantly unless multiple such
movements follow a pattern. For example, the shipment of
moderate amounts of explosives forwarded to a single
location could signify an attack by terrorists. By comparing
the motion of containers of hazardous materials and search-
ing for patterns, perhaps using neural networks, fuzzy logic
and the like, such concentrations of hazardous material can
be forecasted prior to the occurrence of a disastrous event.
This information can be gleaned from the total picture of
movements of containers throughout a local, state or
national area. Similarly, the movement of fuel oil and
fertilizer by itself is usually not noteworthy but in combi-
nation using different vehicles can signal a potential terrorist
attack.

[0897] Many automobile owners subscribe to a telematics
service such as OnStar®. The majority of these owners when
queried say that they subscribe so that if they have an
accident and the airbag deploys, the EMS personnel will be
promptly alerted. This is the most commonly desired feature
by such owners. A second highly desired feature relates to
car theft. If a vehicle is stolen, the telematics services can
track that vehicle and inform the authorities as to its where-
abouts. A third highly desired feature is a method for calling
for assistance in any emergency such as the vehicle becomes
stalled, is hijacked, runs off the road into a snow bank or
other similar event. The biggest negative feature of the
telematics services such as OnStar® is the high monthly cost
of the service. See also section 9.2.

[0898] The invention described here can provide the three
above-mentioned highly desired services without requiring a
high monthly fee. A simple device that communicates to a
satellite or other telematics system can be provided, as
described above, that operates either on its own battery
and/or by connecting to the cigarette lighter or similar power
source. The device can be provided with a microphone and
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neural network algorithm that has been trained to recognize
the noise signature of an airbag deployment or the informa-
tion that a crash transpired can be obtained from an accel-
erometer. Thus, if the vehicle is in an accident, the EMS
authorities can be immediately notified of the crash along
with the precise location of the vehicle. Similarly, if the
vehicle is stolen, its exact whereabouts can be determined
through an Internet connection, for example. Finally, a
discrete button placed in the vehicle can send a panic signal
to the authorities via a telematics system. Thus, instead of a
high monthly charge, the vehicle owner would only be
charged for each individual transmission, which can be as
low as $0.20 or a small surcharge can be added to the price
of the device to cover such costs through averaging over
many users. Such a system can be readily retrofitted to
existing vehicles providing most of advantages of the
OnStar® system, for example, at a very small fraction of its
cost. The system can reside in a “sleep” mode for many
years until some event wakes it up. In the sleep mode, only
a few microamperes of current are drawn and the battery can
last the life of the vehicle. A wake-up can be achieved when
the airbag fires and the microphone emits a current. Simi-
larly, a piezo-generator can be used to wake up the system
based on the movement of a mass or diaphragm displacing
a piezoelectric device which then outputs some electrical
energy that can be sensed by the system electronics. Simi-
larly, the system can be caused to wake up by a clock or the
reception of a proper code from an antenna. Such a generator
can also be used to charge the system battery extending its
useful life. Such an OnStar®-like system can be manufac-
tured for approximately $100, depending on production
volume and features.

[0899] The invention described above can be used in any
of its forms to monitor fluids. For example, sensors can be
provided to monitor fuel or oil reservoirs, tanks or pipelines
and spills. Sensors can be arranged in, on, within, in con-
nection with or proximate a reservoir, tank or pipeline and
powered in the manner discussed above, and coupled to a
communication system as discussed above. When a property
of characteristic of the environment is detected by the
sensor, for example, detection of a fluid where none is
supposed to be (which could be indicative of a spill), the
sensor can trigger a communication system to transmit
information about the detection of the fluid to a remote site
which could send response personnel, i.e., clean-up person-
nel. The sensors can be designed to detect any variables
which could provide meaningful information, such as a flow
sensor which could detect variations in flow, or a chemical
sensor which could detect the presence of a harmful chemi-
cal, biological agent or a radiation sensor which could detect
the presence of radioactivity. Appropriate action could be
taken in response to the detection of chemicals or radioac-
tivity.

[0900] Remote water monitoring is also contemplated in
the invention since water supplies are potentially subject to
sabotage, e.g., by the placement of harmful chemicals or
biological agents in the water supply. In this case, sensors
would be arranged in, on, within, in connection with or
proximate water reservoirs, tanks or pipelines and powered
in the manner discussed above, and coupled to a commu-
nication system as discussed above. Information provided
by the sensors is periodically communicated to a remote site
at which it is monitored. If a sensor detects the presence of
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a harmful chemical or agent, appropriate action can be taken
to stop the flow of water from the reservoir to municipal
systems.

[0901] Even the pollution of the ocean and other large
bodies of water especially in the vicinity of a shore can now
be monitored for oil spills and other occurrences.

[0902] Similarly, remote air monitoring is contemplated
within the scope of the invention. Sensors are arranged at
sites to monitor the air and detect, for example, the presence
of radioactivity and bacteria. The sensors can send the
information to a communication system which transmits the
information to a remote site for monitoring. Detection of
aberrations in the information from the sensors can lead to
initiation of an appropriate response, e.g., evacuation in the
event of radioactivity detection.

[0903] The monitoring of forests for fires is also a possi-
bility with the present invention, although satellite imaging
systems are the preferred approach.

[0904] An additional application is the monitoring of
borders such as the on between the United States and
Mexico. Sensors can be placed periodically along such a
border at least partially in the ground that are sensitive to
vibrations, infrared radiation, sound or other disturbances.
Such sensor systems can also contain a pattern recognition
system that is trained to recognize characteristic signals
indicating the passing of a person or vehicle. When such a
disturbance occurs, the system can “wake-up” and receive
and analyze the signal and if it is recognized, a transmission
to a communication system can occur. Since the transmis-
sion would also contain either a location or an identification
number of the device, the authorities would know where the
border infraction was occurring.

[0905] Above, the discussion of the invention has included
the use of a location determining signal such as from a GPS
or other location determining system such as the use of time
of arrival calculations from receptions from a plurality of
cell phone antennas. If the device is located in a fixed place
where it is unlikely to move, then the location of that place
need only be determined once when the sensor system is put
in place. The identification number of the device can then be
associated with the device location in a database, for
example. Thereafter, just the transmission of the device ID
can be used to positively identify the device as well as its
location. Even for movable cargo containers, for example, if
the container has not moved since the last transmission,
there is no need to expend energy receiving and processing
the GPS or other location determining signals. If the device
merely responds with its identification number, the receiving
facility knows its location. The GPS processing circuitry can
be reactivated if sensors on the asset determine that the asset
has moved.

[0906] Once the satellite or other communication system
has received a message from the sensor system of at least
one of the inventions disclosed herein, it can either store the
information into a database or, more commonly, it can
retransmit or make available the data usually on the Internet
where subscribers can retrieve the data and use it for their
own purposes. Since such sensor systems are novel to at
least one of the inventions disclosed herein, the transmission
of the data via the Internet and the business model of
providing such data to subscribing customers either on an
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as-needed bases or on a push basis where the customer
receives an alert is also novel. Thus, for example, a customer
may receive an urgent automatically-generated e-mail mes-
sage or even a pop-up message on a particular screen that
there is a problem with a particular asset that needs imme-
diate attention. The customer can be a subscriber, a law
enforcement facility, or an emergency services facility,
among others.

[0907] An additional dimension exists with the use of the
Skybitz system, for example, where the asset mounted
device has further wireless communications with other
devices in or on the asset. The fact that certain tagged items
within or on the assets can be verified if a local area network
exists between the Skybitz device and other objects. Perhaps
it is desired to check that a particular piece of test equipment
is located within an asset. Further perhaps it is desired to
determine that the piece of equipment is operating or oper-
ating within certain parameter ranges, or has a particular
temperature etc. Perhaps it is desired to determine whether
a particular set of keys are in a key box wherein the keys are
fitted with an RFID tag and the box with a reader and method
of communicating with the Skybitz device. The possibilities
are endless for determining the presence or operating param-
eters of a component of occupying item of a remote asset
and to periodically communicate this information to an
internet site, for example, using a low power asset monitor-
ing system such as the Skybitz system.

[0908] The Skybitz or similar system can be used with cell
phones to provide a location determination in satisfaction to
US Federal regulations. The advantage of this use of Skybitz
is that it is available world wide and does not require special
equipment at the cell phone station. This also permits an
owner of a cell phone to determine its whereabouts for cases
where it was lost or stolen. a similar system can be added to
PDAs or other CD players, radios, or any other electronic
device that a human may carry. Even non electronic devices
such as car keys could be outfitted with a Skybitz type
device. It is unlikely that such a device would have a 10 year
life but many of them have batteries that are periodically
charged and the others could have a very low duty cycle such
that they last up to one year without replacement of the
battery and then inform the owner that the battery is low.
This information process could even involve the sending of
an email message to the owner’s email stating the location
of the device and the fact that the battery needs replacement.

[0909] Although several preferred embodiments are illus-
trated and described above, there are possible combinations
using other signals and sensors for the components and
different forms of the neural network implementation or
different pattern recognition technologies that perform the
same functions which can be utilized in accordance with the
invention. Also, although the neural network and modular
neural networks have been described as an example of one
means of pattern recognition, other pattern recognition
means exist and still others are being developed which can
be used to identify potential component failures by compar-
ing the operation of a component over time with patterns
characteristic of normal and abnormal component operation.
In addition, with the pattern recognition system described
above, the input data to the system may be data which has
been pre-processed rather than the raw signal data either
through a process called “feature extraction” or by various
mathematical transformations. Also, any of the apparatus
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and methods disclosed herein may be used for diagnosing
the state of operation or a plurality of discrete components.

[0910] Although several preferred embodiments are illus-
trated and described above, there are possible combinations
using other geometries, sensors, materials and different
dimensions for the components that perform the same func-
tions. At least one of the inventions disclosed herein is not
limited to the above embodiments and should be determined
by the following claims. There are also numerous additional
applications in addition to those described above. Many
changes, modifications, variations and other uses and appli-
cations of the subject invention will, however, become
apparent to those skilled in the art after considering this
specification and the accompanying drawings which dis-
close the preferred embodiments thereof. All such changes,
modifications, variations and other uses and applications
which do not depart from the spirit and scope of the
invention are deemed to be covered by the invention which
is limited only by the following claims.

1. A vehicle including a compartment receivable of an
object of interest and a system for tracking the object of
interest in the compartment, comprising:

at least one imaging device each arranged to receive an
image of a portion of the compartment containing the
object of interest; and

a control unit coupled to said at least one imaging device
and arranged to control said at least one imaging device
to obtain a first set of images without the object of
interest and a second image including the object of
interest, said control unit being arranged to analyze the
second image in consideration of the first set of images
to derive information about the object of interest,

whereby the derived information can be used to control a

vehicular component.

2. The vehicle of claim 1, wherein said at least one
imaging device comprises a plurality of imaging devices
arranged at different locations to obtain different images of
a common portion of the compartment.

3. The vehicle of claim 1, wherein said control unit
analyzes the second image in consideration of the first set of
images to derive information about the object of interest by
subtracting the second image from each image in the first set
of images to determine which provides a best match and then
deriving the information about the object of interest based
on a differential image between the second image and the
determine one of the first images which provides the best
match after the subtraction process.

4. The vehicle of claim 1, wherein said control unit
analyzes the second image in consideration of the first set of
images to derive information about the object of interest by
comparing the second image to each image in the first set of
images to determine the presence of static and dynamic
reflections and deriving information about the object of
interest by analyzing the dynamic reflections.

5. The vehicle of claim 1, wherein said control unit
analyzes the second image in consideration of the first set of
images to derive information about the object of interest by
inputting a matrix derived from the second image into a
trained pattern recognition algorithm which is trained on
images of different objects in different positions in the
compartment.



US 2008/0051957 Al

6. The vehicle of claim 5, wherein the trained pattern
recognition algorithm is a neural network.

7. The vehicle of claim 1, wherein said control unit is
arranged to derive information about occupancy or a seating
state of a seat in the compartment.

8. The vehicle of claim 1, wherein when the object of
interest is a human, said control unit is arranged to determine
information about a location of eyes, ears, a chest or a head
of the human.

9. The vehicle of claim 1, wherein when the object of
interest is a human, said control unit is arranged to determine
information about a location of a chest or a head of the
human and track motion of the head or chest through
analysis of images subsequently obtained by said at least one
imaging device.

10. The vehicle of claim 9, wherein said control unit is
arranged to analyze images to track motion of the head or
chest using differential motion or a correlation technique.

11. The vehicle of claim 1, wherein said control unit is
arranged to apply a feature extraction technique to images
obtained by said at least one imaging device.

12. The vehicle of claim 11, wherein said feature extrac-
tion technique is arranged to divide an entire image into
small rectangular blocks, calculate feature values from each
block, line up the calculated feature values from individual
blocks, and then normalize the feature values.

13. The vehicle of claim 11, wherein said feature extrac-
tion technique is arranged to analyze pixels of the images by
obtaining a sum of edge strengths defined as the largest
differences between neighboring pixels and an orientation of
an edge determined by the neighboring pixel that produces
the largest difference between itself and the pixel of interest.

14. A method for tracking a human in a compartment in
a vehicle, comprising:

arranging at least one imaging device in a position in
which it receives an image of a portion of the com-
partment containing the human;

controlling the at least one imaging device to obtain a first
set of images without the human and a second image
including the human;
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analyzing the second image in consideration of the first
set of images to determine information about a location
of a chest or a head of the human;

once the location of the chest or head is determined,
tracking motion of the head or chest through analysis of
images subsequently obtained by the at least one imag-
ing device; and

optionally controlling a component in the vehicle based

on the tracking of the motion of the head or chest.

15. The method of claim 14, wherein the tracking of the
motion of the head or chest comprises using differential
motion or a correlation technique.

16. The method of claim 14, wherein the at least one
imaging device comprises a plurality of imaging devices,
further comprising arranging the imaging devices at differ-
ent locations to obtain different images of a common portion
of the compartment.

17. The method of claim 14, wherein the analysis of the
second image in consideration of the first set of images
comprises applying a trained pattern recognition algorithm
to an array derived from the second image.

18. The method of claim 14, wherein the analysis of the
second image in consideration of the first set of images
comprises extracting features from an array derived from the
second image.

19. The method of claim 18, wherein the step of extracting
features comprises dividing the array into small rectangular
blocks, calculating feature values from each block, lining up
the calculated feature values from individual blocks, and
then normalizing the feature values.

20. The method of claim 18, wherein the step of extracting
features comprises analyze pixels of the array by obtaining
a sum of edge strengths defined as the largest differences
between neighboring pixels and an orientation of an edge
determined by the neighboring pixel that produces the
largest difference between itself and the pixel of interest.





