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(57)[Abstract] FIG. 2
[PROBLEM] To provide a facial recognition
device wherein an illumination light source s o we s e )
illuminates only when sharp captured — T e[ L‘gh‘;ng — -
images cannot be obtained due to the \_D’E;J T e
presence of ambient light or to insufficient magener oo )
exposure, etc., and a vehicle user hospitality y -
system utilizing same. ) Image Processor
[SOLUTION MEANS] Comprises an imaging  <iiimant, | |—— —— —
device 15 fastened to a vehicle for imaging T

1 {
12 13 14(17)

the face[s] of person[s] present within an
imaging field of view, and a face registration
unit 17 for storing facial feature information
of persons registered as users in
association with user identifying
information, whereby user recognition
processing is performed using facial feature
information in captured facial images and
facial feature information registered in face
a registration unit 17, and the recognition
results thereof are output. When user
recognition fails, a lighting device 16
illuminating the face of person[s] within the
imaging field of view is illuminated, the
facial image is again imaged, and
authentication processing is performed.
[Selected Figure] FIG. 2

[Scope of Patent Claims]
Claim1

A facial recognition device comprising: an imaging device fastened to the interior or

exterior of a vehicle to photograph the face of a person within a predetermined field of view;

a face registration unit that stores the facial characteristic information of persons
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registered as vehicle users in association with user-identifying information;

a lighting device for illuminating the face[s] of person[s] within the field of view of the
imaging device,

a user recognition means for acquiring facial feature information from facial images taken
by the imaging device and performing user recognition processing by comparing said acquired
facial feature information with facial feature information registered in the face registration unit;

a user recognition result output means for outputting said user recognition results;

and a lighting control means for illuminating the lighting device when user recognition
failed based on image[s] captured when the lighting device was not illuminated.

Claim 2

The facial recognition device of Claim 1, employing imaging elements with the sensitivity
required for facial imaging in both the visible light range and infrared range, such that facial images
can be captured in both visible light and infrared light;

wherein the lighting device has an infrared light source as the illumination light source.

Claim 3
The facial recognition device of Claim 2, wherein the infrared light source is a near-infrared
light source.

Claim4

The facial recognition device of any one of Claims 1 through 3, in which multiple [devices]
are provided to illuminate faces present within the field of view of the imaging device from
different directions.

Claim 5
The facial recognition device of Claim 4, wherein the lighting control means collectively
lights multiple lighting devices.

Claim 6

The facial recognition device of any one of Claims 1 through 3, [having] a facial presence
determining means for determining if a person’s face is present within the viewing field based on
images captured by the imaging device;

wherein when the facial presence determining means determines that a face is present,
the imaging device captures a primary image with the lighting device in an unlit state, and the user
recognition means performs primary recognition based on the facial image in said unlit state;

and when a user identification by said primary user recognition processing fails to identify
a user, the lighting device is lit by the lighting control means and a secondary facial image is
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captured in this state with the lighting device in a lit state, such that the user recognition means
performs secondary user recognition processing based on facial images in said lit state.

Claim7

The facial recognition device of Claim 6, comprising the requirements of Claim 4, wherein
secondary facial imaging by the imaging device and secondary user recognition processing by the
user recoghnition device are repeated while sequentially changing the lighting device type so that
illumination directions mutually differ.

Claim 8

The facial recognition device of any one of Claims 1 through 7, wherein a feature
information combining means is disposed for combining feature information from each image
obtained from multiple facial image captures, and the user recognition device recognizes users
based on said combined feature information.

Claim9

The facial recognition device of any one of Claims 1 through 8, comprising: a user
recognition iterative control means for iteratively executing, in a cyclic manner, facial imaging by
the imaging device and user recognition by the user recognition device based on said captured
facial images;

and a user recoghnition results output means which, once a user recognition means has
succeeded in recognizing a user, assures that no recognition failure result is output until said
failure recognition count reaches a predetermined number, even when user recognition has failed
in the iterative steps following user recognition processing.

Claim10

An vehicle user hospitality system comprising: the face recognition device of any
one of Claims 1 through 9;

a hospitality operation unit forimplementing hospitality operations to assist users
with utilization of the vehicle or to entertain users when a user is [engaged in] at least one
of the following: approaching the vehicle, getting into the vehicle, driving or occupying the
vehicle interior, or separating from the vehicle;

a hospitality operation information storage unit for storing registered users and
hospitality operation information defining the hospitality operation unit operating content
particular to each said registered user in mutual association;

and a hospitality execution control unit for reading hospitality operation information
corresponding to registered users recognized by the facial recognition device and
controlling the operation of the hospitality operation unit according to said hospitality
operation information.
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[Detailed Explanation of the Invention]
[Technical Field]
[0001]

The present invention pertains to a facial recognition device for recognizing a vehicle user
and a vehicle user hospitality system for assisting with vehicle use by a user, or for entertaining (or
servicing) users [when they] do at least one of the following: approach a vehicle, get into a vehicle,
drive, get out of a vehicle, or separate from a vehicle.

[Background Art]

[0002]

[Patent Document 1] Unexamined Patent Application 2004-144512
[0003]

As a facial recognition device for recognizing vehicle users, Patent Document 1 proposes a
device using infrared light as supplementary illumination to prevent the blurring of captured user
facial images by ambient light, wherein the effects of visible ambient light are removed by
disposing filters for selectively passing infrared rays to incident optics for capture of facial images,
making clear captured images easier to obtain.

[Disclosure of the Invention]
[Problems the Invention Seeks to Solve]
[0004]

However the device above is uneconomical, as an infrared light source must always be
turned on during image capture, even during the day when a sufficient amount of imaging light is
available, resulting in the problem that onboard battery life can be easily affected.

[0005]

The problem of the present invention is to provide a facial recognition device wherein an
illumination light source lights only when a clear image cannot be captured due to the presence of
ambient light, insufficient exposure, or the like, and a vehicle user hospitality system using same.
[Means and Operation/Effect for Solving the Problem]

[0006]

To solve the problem above, the facial recognition device of the present invention
comprises:

an imaging device fastened to the interior or exterior of a vehicle to image the face of a
person within a predetermined field of view;

a face registration unit for storing facial feature information of individuals registered as
vehicle users in association with user-identification information;

a lighting device for illuminating the face of a person present in the image capture device
field of view;

a user recognition means for performing user recognition by acquiring facial feature
information from facial images captured by an image capture device and comparing said acquired
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facial feature information to facial feature information registered in a user recognition means;

a user recognition result output means for outputting said user recognition results;

and an illumination control means for illuminating a lighting device when user recognition
by images captured in an unlit state fails.

[0007]

Using the above-described facial recognition device of the invention, the lighting device is
arranged to illuminate when a user recognition means fails to recognize a user using an image
captured when the lighting device is unlit, therefore the defect that when capturing facial images
for user recoghnition the lighting device is lit at all times, even during the day, can be effectively
eliminated.

[0008]

Further, the vehicle user hospitality system of the present invention comprises:

the above-described facial recognition device of the invention;

a hospitality operation unit for performing hospitality operations to assist a user's use of
the vehicle or to entertain a user when users do at least one of the following: approach a vehicle,
getin a vehicle, drive or occupy the vehicle interior, get out of a vehicle, or separate from a vehicle;

a hospitality operation information storage unit for storing registered user and hospitality
operating information defining the operational content of the hospitality operation unique to each
said registered user in a mutually associated manner;

and a hospitality execution control unit that reads hospitality operation information
corresponding to a registered user recoghized by a facial recognition device from a hospitality
operation information storage unit and performs operation control of a hospitality operation unit
according to said hospitality operation information.

[0009]

In the vehicle hospitality system of the present invention, even if a clear captured image
cannot be obtained due to insufficient exposure, etc., and user recognition fails, a facial image
with a degree of clarity favorable for user recognition can be reliably obtained in the next iteration
by receiving those results and turning on illumination. As a result, users targeted for hospitality
can be reliably identified and, furthermore, hospitality processing suitable to that user can be
appropriately conducted, and vehicle user satisfaction increased.

[0010]

Next, use of an imaging device with the sensitivity necessary for facial image capture in
both the visible light range and the infrared range as an imaging element enables facial image
capture with both visual light and infrared light. Infrared light, which is invisible light, is used as an
illumination light source at night, etc., when the amount of image capture light is insufficient,
yielding the advantage that users are less likely to be blinded by lighting. On the other hand,
images can be captured without problem using the visible light range sensitivity characteristics of
the imaging element during the day, etc. Use of a near-infrared light source as the infrared light
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source enables the illumination light source to be constituted at low cost [while] also easily
obtaining [required] lighting intensity. In addition, the near-infrared region adjacent to the low
wavelength side of the visible light sensitivity range has the advantage that imaging element
sensitivity can also be relatively easily obtained.

[0011]

Note that a visible light source or ultraviolet light source may also be used as illumination
light sources in place of an infrared light source.
[0012]

Next, the lighting device can be provided with multiple illuminators illuminating a face
present within the field of view of an imaging device from mutually differing directions. This allows
the face of a subject to be uniformly illuminated by multiple lighting devices, thereby improving
the recognition accuracy of user recognition processing performed after lighting is turned on.
From the standpoint of uniform illumination of a face, simultaneous illumination by multiple
lighting devices (using a lighting control means) may be deemed desirable. However when user
recognition failure results from ruination of a facial image by strong ambient light incident at a
diagonal angle to the image capture optical axis or the like, there are cases in which itis more
effective to correct an illuminance distribution bias on a subject caused by ambient light than to
illuminate the face uniformly.

[0013]

When a facial presence determining means for determining whether or not a human face
is present in a field of view based on an image captured by an image capture device determines
that a face is present, the image capture device performs a primary facial imaging with an unlit
lighting device, and when a user recognition means performs primary user recognition processing
based on a facial image in said unlit state and said primary user recoghition processing fails to
identify the user, the lighting device is illuminated by an illumination control means and the image
capture device performs a secondary facial imaging in that state with the lighting device lit,
enabling the user recognition means to perform secondary user recognition processing based on
facial images in said illuminated state. In this constitution, user recognition processing is
executed only when a face is determined to be present in the captured image, so ho unnecessary
user recoghnition processing is required. Also, even if user identification fails in primary user
recognition processing, a secondary user recognition processing is performed after the lighting
device is illuminated, therefore users can be reliably identified.

[0014]

Also, in this case lighting devices are provided with multiple lighting [units] that illuminate
faces present within the imaging device field of view from different directions, and secondary user
recognition processing by the imaging device and secondary user recognition processing by the
user recognition means can be repeatedly executed while sequentially changing the type of
lighting devices to be illuminated so that [respective] directions of illumination are different from
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one other. In this constitution, the illumination direction changes sequentially, therefore
secondary facial images can be captured in an appropriate illumination state, and facial detection
performed reliably.

[0015]

Next, a feature information combining means for combining feature information from each
facial image obtained by multiple facial image captures is provided; the user recognition means
can perform user recognition based on said combined feature information. Use of combined
feature information enables user recognition with facial images to be efficiently performed.
[0016]

[The invention] further comprises a user recognition processing iteration control means
that iteratively executes facial imaging by an imaging device and user recognition processing by a
user recognition means based on said imaged facial image; and a user recognition result output
control means whereby even when user recognition fails in the iterative process following user
recognition processing after one successful user recognition by the user recognition means, said
failed recoghnition result is not output to the user recognition result output means until the number
of said failure recognitions reaches a predetermined number. Since the illumination state changes
as needed, it is inappropriate to determine a recognition failure with that as the cause. When a
user is recoghized inside a vehicle cabin, especially, frequent user changing of the seating position
seems unlikely. In this constitution, if a user recognition has succeeded even once, a recognition
failure is not determined [to have occurred] if failure recognition is within a predetermined number
of times or within a predetermined period, and various vehicle applications executed in
accordance with this determination can be operated appropriately.

[Best Mode for Practicing the Invention]
[0017]

Embodiments of the present invention are explained in detail below using the attached
drawings. FIG. 1 is a conceptual block diagram of a vehicle control system incorporating the facial
recognition device of the present invention. Automobile control system 1 in the figure is
constituted by connecting the facial recognition device 10 of the present invention, which
recognizes users using captured facial images, to an occupant adaptation system master device
(referred to below as master control device) 20 for performing various controls corresponding to a
recognized user.

[0018]

We first explain facial recognition device 10 of the present embodiment.

The facial recognition device 10 shown in FIG. 1 and FIG. 2 is constituted by an imaging
device 15 fastened to the inside or outside of a vehicle for capturing facial images of a person
present within a predetermined field of view, a lighting device 16 for illuminating the face of a
person present within an imaging device field of view, an imaging target detection unit 31 for
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detecting a subject (person) for imaging within the imaging device 15 field of view, and a control
unit (image processing device) 11 connected to these.
[0019]

The control unit 11 is provided with a face registration unit 17 that stores facial feature
information of a person registered as a vehicle user in association with user-specific information,
acquires facial feature information from facial images taken by the imaging device 15, performs
user recoghnition processing by comparing the acquired facial feature information with facial
feature information registered in the face registration unit 17, and outputs the user recognition
results to the master controller 20. Specifically, as shown in FIG. 2, the control unit 11 is
constituted by a CPU 12, a RAM 13 furnished with a work memory, and a ROM 14 for storing
various programs; ROM 14 is a flash ROM non-volatile memory, one part of the storage area of
which is deemed as face registration unit 17. Control unit 11 outputs control signals to imaging
device 15 and lighting device 16. By executing a program stored in ROM 14, this control unit 11
functions as a user recognition means, user recognition result output means, lighting control
means, face presence determination means, feature information combining means, and user
recognition result output control means.

[0020]

An imaging target detection unit 31 is provided in correspondence to each imaging device
15, and is a proximity sensor that detects imaging targets present within the imaging field of
imaging devices 15 or imaging targets approaching that imaging field of view. In this embodiment,
a known [device] that detects intrusion into a measurement area by outputting infrared, high
frequency, or ultrasonic waves, etc., can be adopted for the imaging target detection unit 31
corresponding to vehicle exterior imaging device 15. Also, a proximity sensor similar to the one
described above can be used for the imaging target detection unit 31 corresponding to in-vehicle
imaging device 15, and may detect a seat sensor disposed on a seat or motion related to door
opening/closing operations (e.g., holding a door handle).

[0021]

As shown in FIG. 6, imaging device 15 uses an imaging sensor with the sensitivity required
for facial imaging in both the visible light range and the infrared range, enabling facial imaging with
both visible light and infrared light. As shown in FIG. 3A and FIG. 3B, this imaging device 15
comprises vehicle interior imaging devices 15a, 15b, 15¢ for imaging the face of a user seated in a
vehicle seat, and vehicle exterior imaging devices 15d, 15e, 15f for imaging the face of a user
outside the vehicle getting in through a door.

[0022]

Vehicle interior imaging devices 15 are disposed in correspondence with seats inside the
vehicle, and the imaging fields of view of each are determined such that faces of users seated in
the seats to which each correspond can be imaged. Here, as shown in FIG. 3A, in- vehicle imaging
device 15ais disposed in or above the meter cluster to capture facial images of the passenger

Page 10 of 79



(driver) in the driver's seat; in-vehicle imaging device 15b is disposed on the upper dashboard in
front of the passenger seat to capture facial images of a passenger in the passenger seat, and in-
vehicle imaging device 15c is disposed on the upper portion of a front seat or in the headrest
thereof to capture facial images of a passenger in the rear seat. Note that imaging device 15c for
the rear seat uses a wide viewing angle so that images can be captured even if the seat is moved.

[0023]

At the same time, a vehicle exterior imaging device 15 is disposed in correspondence to
each vehicle door. Here, multiple vehicle exterior imaging devices 15 are associate with each
door, with vehicle exterior imaging device 15d disposed at the bottom end of the front door
window frame as shown in FIG. 3B, vehicle exterior imaging device 15f disposed at the bottom
end of the rear door window frame, and vehicle exterior imaging device 15e disposed on the pillar
therebetween, such that passengers approaching a door can be captured by multiple imaging
devices. Note that the vehicle exterior imaging devices 15d, 15e, and 15f shown in FIG. 3b
correspond to passenger-side doors (passenger seat door 1101 and sliding door 1102), and are
similarly disposed at the driver's seat. Also, vehicle exterior imaging device 15g is disposed at the
bottom end of the back door window frame to image passengers approaching the back door. Note
that exterior vehicle imaging devices can be similarly disposed if there are other doors, etc.
[0024]

Lighting device 16 uses an infrared light source as the illumination light source, and more
specifically an LED having a near-infrared light source is used as shown in FIG. 5, and is disposed
to correspond to the imaging fields of each imaging device 15. For example, for the field of view of
vehicle interior imaging device 15a corresponding to the driver's seat, vehicle interior imaging
device 16ais disposed at the bottom end of the door window frame, vehicle interior imaging
device 16b is disposed on the front pillar, vehicle interior imaging device 16c¢ is disposed on the
meter cowling, in-vehicle imaging device 16d is disposed in the top portion of the center console,
in-vehicle imaging device 16e is disposed in the bottom portion of the center console, and in-
vehicle imaging device 16f is disposed on the map lamp portion. Thus in the present invention
multiple lighting devices 16 corresponding to in-vehicle imaging device 15 can be provided so that
faces present within the imaging device 15 field of view can be illuminated from mutually differing
directions. Note that multiple [lighting devices] can also be provided on the passenger and rear
seat sides. Also, one or more lighting devices (not shown) are disposed with respect to exterior
vehicle imaging devices 15d, 15e, and 15f. Note that a lighting device used in common by these
imaging devices 15 may be provided when there are overlapping spaces included in the imaging
field of view of an imaging device 15.

[0025]

Control unit 11 acquires facial feature information from facial images captured by imaging

device 15, storing a user recognition program in the ROM 14 which recognizes users by comparing
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acquired facial feature information with facial feature information registered in face registration
unit 17. The flow of this user recognition program is explained below using the flow chart shown in
FIG. 8.

[0026]

First, in S101, imaging target detection unit 31 determines whether an imaging target
(person) was detected within the imaging device 15 field of view. If not detected, the program is
ended. If detected, [the system] proceeds to S102, and sequentially [captures images] upon the
arrival of a predetermined imaging timing by an imaging devices 15 corresponding to the detected
object detection unit 31. Imaging at this time is primary facial imaging performed with lighting
device 16 in an unlit state. Captured images are sequentially input to control unit 11.

[0027]

Note that imaging by imaging device 15 is performed repeatedly at a predetermined
imaging cycle while the corresponding imaging target detection unit 31 continues to detect targets
for image capture. As shown in FIG. 7A, for example, there are cases where a single imaging
timing arrives in 1 imaging cycle and, as shown in FIG. 7B, cases where multiple imaging timings
arrive in 1 imaging cycle. In this embodiment, the Figure 7A case is assumed to be adopted.
[0028]

Following S102, control unit 11 determines in S103 whether a person's face is present
within a field of view based on an inputted captured image thereof; this is repeated until a face is
found. When confirming the presence of a face, the face is deemed to be present if even a small
part recognized as a face is recognized within a known program for detecting facial feature
information. If a face is determined to be present, [the system] proceeds to S104, and user
recognition processing is performed based on the captured facial image. Initially, since images are
captured in an unlit state, primary user recognition processing is performed. In S104, feature
information from each facial image obtained by capturing multiple facial images is combined, and
user recoghnition is performed based on the combined feature information. Specifically, as shown
in FIG. 9, a predetermined number of recently captured images are first acquired in S10, and in
S20 these captured images are combined to create a composite facial image suitable for facial
recognition. Feature [information] (organs such as eyes and mouth) is extracted from the
combined facial images in S30; in S40, slopes and sizes are normalized for the extracted features,
then facial recognition is performed by matching those features with facial feature information
stored in face registration unit 17. Note that this facial recognition process is completed within a
predetermined time (for example, 1sec). Note that captured images for which faces could not be
recognized by this processing may be deleted so that they are not used in subsequent processing.
[0029]

We return to FIG. 8. As a result of facial recognition in S104, S105, a determination is
made of whether the captured facial image matches the face of a registered user. If they do
match, [the system] advances to S106 and transmits user identifying information to a master
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controller 20; the program is then terminated. If there is no match, [the system] advances to
S107.
[0030]

In S107 a determination is made as to whether sufficient time (e.g., 2 sec) has elapsed for
facial recognition processing to be completed in S104. If the predetermined time has not elapsed,
[the system] returns to S104. If [the time] has elapsed, [the system] advances to S108 and
causes lighting device 16 to illuminate. In this embodiment, lighting device 16 is furnished with
multiple illuminators to illuminate faces present within the corresponding imaging device 15 field
of view from mutually differing directions, and those multiple lighting devices 16 are collectively
illuminated as shown in FIG. 7A. This allows the face of a subject person to be uniformly
illuminated by multiple lighting devices, improving the recognition accuracy of user recognition
processing performed after lighting is illuminated. Note that when multiple lighting devices 16 are
provided as described above, they may be turned on or off as the lighting direction is sequentially
changed so that the directions of illumination mutually differ, as shown in FIG. 7B. Note that in this
case, secondary facial imaging is performed according to the illumination state of each lighting
device 16. This results a reduction of burden to the eyes of the person being captured.

[0031]

When lighting device 16 is illuminated, secondary facial imaging by imaging device 15 is
periodically performed in response to that illumination state, those captured images are input to
control unit 11, and facial recognition processing is again performed. Facial recognition
processing performed with facial images obtained by this secondary face imaging is secondary
user recoghnition processing. Note that although the above-described primary user recognition
processing and secondary user recoghition processing are performed by the same process, the
latter uses images captured by turning on lighting device 16, which facilitates recognition.

[0032]

When lighting device 16 is illuminated in S108, the lighting device 16 illumination state
continues until a predetermined time (e.g., 5 sec) has elapsed thereafter; if user identification by
facial recognition processing is not completed in S104 even after the predetermined time has
passed, [the system] advances to S110, and the fact that facial recognition could not be achieved
is transmitted to master controller 20, [whereupon] lighting device 16 is turned off in S111, then
the program is terminated. Note that this program is periodically repeatedly executed.

[0033]

With this program, even if a clear captured image cannot be obtained due to insufficient
exposure, etc. such that user recognition fails, receipt of that result and provision of illumination
light enables a facial image with a degree of sharpness favorable for user recognition to be reliably
obtained at the next iteration. The result is that users can be reliably identified. A further
advantage is that unnecessary driving and control of lighting are omitted, since illuminating light is
turned on only when a failure occurs.
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[0034]

The user recognition program may follow the flow shown in FIG. 10. In this program, facial
imaging by imaging device 15 and user recognition processing based on the captured facial image
are repeatedly executed in a periodic manner, and after a user recognition is successful once,
then even if said user recognition failure occurs in the repetition of subsequent user recognition
processing, a failed recognition result will not be output until the number of said recognition
failures reaches a predetermined count. Below we explain the flow of the user recognition
program shown in FIG. 10.

[0035]

In S201 through S205, the same processing is performed as S101 to S105in the in FIG. 8
program above.
[0036]

As a result of the S204 facial recognition, a determination is made in S204 of whether the
captured facial image matches the face of a registered user; if it does match, [the system]
advances to S206. In S206, the failure recognition count N stored in a predetermined storage area
of predetermined control unit 11 is reset to N=0. Then, in S207, a facial recognition completed
flag T set to “1” when a facial recognition was previously made is [now] set to T=1; identifying user
information for a user identified in S208 is then transmitted to master controller 20, and the
program is terminated.

[0037]

If the captured facial image does not match the face of the registered user in S205, [the
system] advances to S209. In S209 a determination is made of whether the facial recognition
completed flag Tis a “1”; ifitis nota “1,”i.e. if itis a “0,” [the system] advances to S213, and the
fact that facial recognition was not possible is transmitted to master controller 20 and the
program terminated.

[0038]

In S209, when the facial recognition completed flag T is “1,” [the system] advances to
S210 and the failure recognition count N is setto N = N+1.In S211 a determination is made as to
whether the S210 result is N=3. If N=3, the facial recognition completed flag T is set to T=0 and
[the system] advances to S213; the fact that facial recognition was not possible is transmitted to
master controller 20, and the program terminated. If N#£3, the program terminates as is. Note that
the program is periodically repeatedly executed.

[0039]

With this program, once a user is recoghized, no immediate recognition fail determination
and output thereof is issued, even if there is a failed recognition within the predetermined
[incident] count. The state of illumination on an imaged subject changes as needed according to
target orientation/motion and ambient light conditions, so when this is the cause of repeated
outputs of recognition fails and recognition OKs, the control load on the side which implements

13
Page 14 of 79



controls based thereon, and on the master control device 20 side, [both] increase for that reason,
but with the above-described program, the recognition failure determination is not output to the
outside at a predetermined number of failed recognition [incidents], therefore the control load on
the master control device 20 side is reduced.

[0040]

Note that the user recognition program executes primary user recognition processing and
secondary user recognition processing, as in the FIG. 8 program above, and the program may be
constituted so as not to output failure recognition results until the failed recognition count
reaches a predetermined number, as in the FIG. 10 program above. Thus, the effects of both of
the above programs can be realized.

[0041]

We next explain a vehicle control system 1 using a facial recognition device 10.

As shown in FIG. 1, the operation of control target devices 513, 541, 515, etc. is controlled
by executing an operation control application stored in ROM on the master controller 20 itself.
Master controller 20 changes its control contents according to user recognition results (user
identification information) input from facial recognition device 10. l.e., master controller 20
executes controls responsive to the recognized user.

[0042]

For example, master controller 20 can control a door lock device 513 in response to a
recognized user. Specifically, a control to release the door lock can be implemented when, using a
facial image taken with the vehicle exterior imaging device 15, the facial recognition device 10
side recognizes a user who has been previously registered.

[0043]

Master controller 20 can also control a sliding door device 541 in response to a recognized
user. Specifically, when the facial recognition device 10 side recognizes a previously registered
user registered using a facial image taken by external vehicle imaging device 15, and that
recognized user is a child or elderly person, a control can be implemented to automatically open
the sliding door.

[0044]

Master controller 20 can also control indoor lighting device 511 in response to a
recognized user. Specifically, in response to a user recognized by a facial image captured by
imaging device (in particular in-vehicle imaging device) 15, a control can be implemented to
switch over to a pre-registered in-cabin illumination setting linked to said user.

[0045]

Master controller 20 can also control a music playback device 515 in response to a
recognized user. Specifically, in response to a user recognized by a facial image captured by
imaging device (in particular in-vehicle imaging device) 15, playback control can be implemented
on a music playback device according to a pre-registered music list linked to said user.
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[0046]

Next we explain an example of a specific embodiment of vehicle control system 1.

FIG. 11 is a conceptual block diagram of a vehicle user hospitality system (referred to
below as simply “hospitality system”) 1 incorporating the functions of a vehicle hospitality
information provision system, being an embodiment of the vehicle control system 1 of the present
invention. Said hospitality system 1 comprises as its main parts a hospitality execution control
unit 3, consisting of a first computer to which various hospitality operation units 502-517, 534,
541, 548, 549, 550, 551, 552, and 1001B are connected; and a vehicle-side mounting unit 100A
consisting of a hospitality decision making unit 2 formed of a second computer to which various
sensor/camera groups 518-528 are connected. Both the first computer and the second
computer comprise a CPU, ROM, and RAM, and various functions described below are realized
by executing control software stored in ROM, using RAM as work memory.

[0047]

Note that facial recognition device 10 in the above embodiment shown in FIG. 1 is
incorporated as facial recognition unit 10 in part of the hospitality decision-making unit 2; similarly
master control unit 20 in the above embodiment corresponds to hospitality decision-making unit
2 and hospitality execution control unit 3, excluding facial recognition unit 10. The following types
of sensor/camera group for user recognition are connected to a hospitality decision-making unit 2
including a facial recognition unit 10.

* Vehicle exterior camera 518 (corresponding to vehicle exterior imaging device 15 in the above
embodiments): captures users approaching a vehicle. Acquires user gestures, facial expressions,
etc. as still images or videos. An optical zoom system using a telephoto lens and a digital zoom
system for digitally magnifying captured images can be used together to capture a user at a long
distance, or to enlarge only the user's face.

 Face camera 521 (corresponding to vehicle-interior imaging device 15 in the above
embodiments): Captures facial expressions of a seated user. In this embodiment, [this] is
attached to a rearview mirror, etc. and captures the upper body, including the face, of a user
(driver) seated on the seat, from diagonally above the driver looking from the windshield side. A
similar attachment to a rearview mirror, etc. can be made on the passenger side. The rear seat
side is fastened in the same manner as the above embodiments. The attached face camera[s]
can capture the upper bodies of passengers in each corresponding seat. By cutting out the facial
image portion from that captured image and comparing various user facial expressions to
previously captured and prepared master images, not only can user facial recognition be
performed, but the case in which a load other than a person is [seated] can be distinguished from
the case where a person is seated, and various facial expressions of the seated user can also be
identified.

[0048]
Also, a sensor/camera group for detecting a captured object present within the imaging
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area of imaging device 15, or an imaging target approaching into said imaging area, are connected
to a hospitality decision-making unit 2 including a facial recognition unit 10. Detection of an image
capture target by this sensor/camera group triggers execution of primary facial image capture
processing.

- Seated sensor 520 (corresponding to imaging target detection unit 31 in the above
embodiment): detects if a user is seated in a seat. Can be constituted by a proximity switch or the
like embedded in a vehicle seat. Note that a pressure-sensitive sensor may also be used. In this
case, user movement on the seat can also be detected by installing a pressure-sensitive sensor
on the seat.

* Door courtesy switch 537 (corresponding to imaging target detection unit 31 in the above

embodiments): detects door opening and closing. Used as a scene estimation information
acquisition means to detect transitions to scenes of getting into the car and getting out of the car.
[0049]

Note that a known GPS for acquiring position information is provided on a user-side
terminal device (mobile phone) 100, and this also functions as an imaging target detection unit
together with GPS 533 on the vehicle side.

[0050]

[The device] additionally has sensors and cameras 519 and 522-528; these function as a
scene estimation information acquisition means, a physical condition detection unit, etc.
[0051]

The output of an ignition switch 538 for detecting engine starts is also branched and input
to hospitality decision making unit 2. An illuminance sensor 539 for detecting the brightness level
inside the vehicle and an acoustic pressure sensor 540 for measuring the audio levels inside the
vehicle are similarly connected to hospitality decision-making unit 2.

[0052]

Also, an input unit 529 constituted by a touch panel or the like (may serve double duty as a
touch panel overlayed on the monitor of the car navigation device 534 shown in FIG. 20; in such
cases input information is transferred from hospitality execution control unit 3 to hospitality
decision making unit 2); and a storage device 535 constituted by a hard disk drive or the like
functioning as a hospitality operation information storage unit.

[0053]

Note that the user recognition processing method is the same as in the above FIG. 1
embodiment. When a sensor corresponding to imaging target detection unit 31 detects an
imaging target (person), a primary or secondary facial image is captured and a comparison made
between the facial feature information obtained from the captured image[s] and the facial feature
information stored in the user registration unit (face registration unit) 17 (partial storage area of the
hospitality decision making unit 2 ROM: see FIG. 11) to identify a user.
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[0054]

Here we explain user registration in the vehicle hospitality information provision system 1.
An vehicle user can be pre-registered in a user registration unit 17 (e.g., a ROM (preferably
constituted by a flash ROM to allow overwriting) in hospitality decision-making unit 2 contains the
face registration unit of the above-described embodiment), or a storage device 535. As shown in
FIG. 12, each user name (or user ID (and PIN)) and their facial image (master facial image for user
recognition) are registered in this user registration unit 17 in a mutually associated form.

[0055]

Specifically, precautions regarding the imaging angle for obtaining a frontal image enabling
identification of [facial] expressions are displayed on the monitor 536 (may also be substituted by
the car navigation device 534 monitor) in FIG. 11, then the user seated in the seat is captured with
imaging device 15 (here an in-vehicle imaging device 15 is used). A master facial image for
recognition of an imaged user is associated with a user name (user identifying information) and
stored in user registration unit 17. A step for confirming whether facial recognition processing can
be correctly performed with the captured facial image can be included, whereby the image is re-
captured if not correctly recognized.

[0056]

Also, in this embodiment, as shown in FIG. 12, the age, gender, and personality type of
each user (see FIG. 16) are mutually associated and registered for each user name. As described
above, personality types are acquired and accumulated as driving history information in a specific
driving unit while the user continues to use the vehicle, and estimated based on that accumulated
driving history information. If the accumulation of driving history information is insufficient,
however, such as immediately after starting to use a vehicle, or when there is a wish to purposely
estimate personality type without collecting driving history information, a user may be made to
input personality type information or information necessary to identify personality type
information as follows, and the personality type determined based on those input results.

[0057]

First, as shown in FIG. 22, there is a method whereby a personality type is displayed on a
monitor 536 (may also be substituted by the car navigation device 534 monitor) in FIG. 11, and a
user selects a personality type fitting to himself/herself, inputting this from input unit 529. The
input unit here is a touch panel overlaid on monitor 536, and selection inputs are made by
touching a displayed selection button 529B. As shown in FIG. 23, on the other hand, there is also
a method whereby instead of directly inputting the personality type, survey inputs are made to
estimate personality type. In this case, survey questions are displayed on a monitor 536, and the
user answers by selecting responses from response options (here the options are constituted by
selection buttons on the screen, and selection inputs are entered by touching corresponding
positions on an overlaid the touch panel). By answering all the questions, a single unambiguous
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determination is made from a predetermined personality type group in response to the
combination of answers.
[0058]

Registration including user name (user identification information) is then input from the
input unit 529 described above and stored in user registration unit 17 along with captured facial
image[s] and the determined personality type. This series of inputs can be made from a mobile
phone 1; in this case, the input information is wirelessly transferred to the vehicle side. In another
method the input unit 529 or a dedicated input tool is used on the dealer side to complete the
user registration input when a user purchases a vehicle. In this case the user name, age, and
gender are input together and stored in mutual association as user registration information. As
described above, a personality code is also registered when a user personality type can be
identified. Authentication of a registered user can thus be performed by capturing a facial image
(primary facial imaging and secondary facial imaging), enabling execution of hospitality operations
in response to a registered user, as well as reflection of the recognized user personality type in the
execution and selection of the executed hospitality operation.

[0059]

In the hospitality system 1 described above, the series of operations pertaining to a user's
vehicle use, from the user’s approach to vehicle, getting into said vehicle, driving or staying in said
vehicle, up to subsequent getting out of the vehicle are divided into multiple predetermined
scenes. Then, for each of the multiple divided scenes, hospitality operation units 502 to 517, 534,
541, 548, 549, 550, 551, 552, and 1001B perform hospitality operations to assist a user in using
the vehicle or to entertain the user. In this embodiment, a horn 502 and a buzzer 503 are
connected as generators of sound to the outside of the vehicle. Also, a headlamp 504 (beam
switchable between high and low), fog lamp 505, hazard lamp 506, tail lamp 507, cornering lamp
508, backup lamp 509, stop lamp 510, interior lighting 511, and underfloor lamp 512 are
connected as lighting devices (lamps). Also connected as hospitality operation units are: an air
conditioner 514, car audio system (car stereo) 515, drive units 517 for adjusting power seats 516
and side and rearview mirrors angles and the like, a car navigation device 534, door opening and
closing assist mechanism 541 (“door assist mechanism” below), a fragrance generator 548 for
releasing air freshener into the vehicle, an ammonia generating part 549 for alerting and
awakening relative to a severe physical condition (including severe drowsiness) (installed at the
center of the steering wheel so as to eject ammonia directed toward a driver’s facial area), seat
vibrator 550 (buried in the seat bottom or backrest area), steering wheel vibrator (installed on the
steering wheel axis), and noise canceller 1001B for reducing in-vehicle noise. A GPS 533 (also
used in car navigation device 534), brake sensor 530, vehicle speed sensor 531, and acceleration
sensor 532 for acquiring vehicle position information are also connected to hospitality execution
control unit 3.

[0060]
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Note that in the present embodiment, approach scene SCN1, boarding vehicle scene
SCNZ2, preparation scene SCNS, driving/occupying scene SCN4, exiting vehicle scene SCN5, and
separating from vehicle scene SCNG6 are set up chronologically in that order.

[0061]

As described below, identification of proximity scene SCN1 is carried out by identifying
the relative distance and change therein between a vehicle and a user positioned outside said
vehicle using a user-side terminal device 100 GPS and a vehicle-side GPS 533 to detect that the
user has approached the vehicle within a predetermined distance. The boarding scene SCN2 and
exiting vehicle scene SCNS are specified based on the door open detection output from door
courtesy switch 537. However, because it is impossible to identify a boarding vehicle scene
versus an exiting vehicle scene using door opening information alone, this is handled by providing
a scene flag within the hospitality decision-making unit 2 RAM [serving] as current scene
identifying information storage means for storing and holding current scene identifying
information. Scene flags have individual scene flags corresponding to each scene, and with the
arrival of each scene, whose arrival order is determined in chronological order, a flag
corresponding to that scene is set to “arrived (flag value 1).” Specifying the latest flag whose value
is “1”in the scene flag (at the end of the “1” flag string) allows specification of how far the current
scene has advanced.

[0062]

Also, preparation scene SCN3 and driving/occupying scene SCN4 are both identified by
whether or not the seating sensor described above detects a user, but they are recognized as
preparation scenes until ignition switch 538 is turned on after [a user] gets into a vehicle, or until
sitting has been confirmed to have continued for a certain period of time or greater without the
ignition switch 538 being turned on. Also, the transition to exit scene SCNE6 is identified by the
door courtesy switch 537 detecting a door closing after vehicle exiting scene SCN5.

[0063]

Hospitality operations in each scene are controlled by an operation control application in
the corresponding hospitality operation unit. The theme determined on the hospitality decision
making unit 2 side is notified to hospitality execution control unit 3, where an operation control
application for the corresponding scene is read out and executed. When an operation control
application is executed, an adoption priority is predetermined according to the degree to which a
user orients toward said hospitality relative to multiple hospitality operations managed under
each hospitality theme; in each scene, operations with a high priority are selected from among the
prepared multiple hospitality operations.

[0064]

In the above-constituted hospitality system, the hospitality decision making unit 2 face
detection unit 10 outputs user identifying information and decides what kind of hospitality
operation to perform according to that content, then commands this to hospitality execution
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control unit 3. Hospitality execution control unit 3 receives this and causes corresponding
hospitality operation units 502-517, 534, 541, 548, 549, 550, 551, 552, and 1001B to execute
hospitality operations. l.e., hospitality decision making unit 2 and hospitality execution control unit
3 cooperate with one another to realize a function that changes the operational content of
hospitality operation units 502-517, 534, 541, 548, 549, 550, 551, 552, and 1001B in response to
the content of acquired user physical condition information.

[0065]

Below we explain those [cases] among the hospitality operation units 502-517, 534, 541,
548, 549, 550, 551, 552, and 1001B controlled by hospitality execution control unit 3 in which
control is based on user identifying information output from facial recognition unit 10.

[0066]

We first explain in-cabin illumination as a hospitality operation. For in-cabin illumination,
lighting conditions (lighting color/lighting pattern, etc.) for interior illumination are set for each
registered user registered on the vehicle side; when a user is recognized by facial recognition unit
10, interior lighting 511 lights up at lighting conditions corresponding to the recognized registered
user upon the arrival of a predetermined scene.

[0067]

FIG. 13 shows a constitutional example of interior lighting 511 having multiple lighting
units (in the present embodiment consisting of red lighting 511r, umber lighting 511u, yellow
lighting 511y, white lighting 511w, and blue lighting 511b). These lights receive a control
command signal input from hospitality decision-making unit 2 via hospitality execution control
unit 3; the specified one is selected, and lighting is controlled with various lighting patterns
according to the control command signal. Lighting colors and lighting patterns are set for each
registered user. FIG. 14 shows a constitutional example of illumination setting conditions (lighting
control data) set for each registered user, stored in hospitality decision-making unit 2 ROM. For
example, for a user 1 (see FIG. 12), red lighting 511r is selected and flash illuminated (at the start
only, then continuously lit), and for a user 2, umber lighting 511u is selected and faded in, and so
forth; this is just one of many examples. When user identifying information is output from facial
recognition unit 10 upon user recognition by facial recognition unit 10 and a user is identified by
receipt of that input to hospitality decision-making unit 2, and furthermore a corresponding scene
arrives, hospitality decision-making unit 2 reads out illumination setting conditions corresponding
to the input user identifying information from ROM, outputting an illumination command signal
and illumination condition signal to execution control unit 3, [such that] execution control unit 3
outputs a control command signal to the corresponding lighting unit, causing the lighting unit to
emit light. Note that lighting condition settings stored in ROM can be customized by input
operations from input unit 529, and users can freely set the lighting color/lighting pattern.

[0068]
In addition to incandescent bulbs and fluorescent lamps, lighting devices using light
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emitting diodes may also be used as lighting devices. In particular, various illumination lights can
be easily obtained by combining light emitting diodes of the three primary colors red (R), green
(G), and blue (B). The input waveforms of the command signals to the light emitting diodes of
each color may be independently changed so that any desired color tone can be obtained
according to the mixing ratio of the 3 light emitting colors; in addition, color tone and lighting
intensity patterns can be changed over time in response to the command signal input waveform.
Note that in addition to the PWM control method, the light emission intensity of light emitting
diodes for each color can also be adjusted using the drive current level, assuming continuous
illumination, and a method combining this with PWM control is also possible.

[0069]

By executing this interior illumination in the approach scene SCN1, lights installed in the
vehicle can be used as illumination to stage a welcome of the user, contributing to mood elevation
and the like. There is also an advantage to being able to easily find the location of a parked car at
night or in a dark place. This may be executed in the separation scene SCNG6 to stage a send-off
effect for the user.

[0070]

Also, in this case other lighting devices vehicle mounted on the vehicle and lighting up the
space outside the vehicle may be added (headlamps, tail lamps, hazard lamps, etc.; interior lights
can also illuminate vehicle exterior space by leaking through window glass). The above effects
can thus be still further increased.

[0071]

A hospitality control unit can be constituted to gradually change the operational content of
the hospitality operation unit according to the distance between the user and the vehicle based
on at least either stopping a hospitality operation unit already in operation or starting operation of
a hospitality operation unit not yet operating (including of course a switching operation between
multiple hospitality operation units, which is a combination of both). In this constitution, it is
sufficient to implement switching control between operation/non-operation using individual
hospitality operations by specifying an appropriate threshold value for the distance between a
user and a vehicle and simply determining whether [a user] approach exceeds that threshold,
thereby enabling the above effects to be achieved with relatively light weight control processing.
[0072]

For hospitality operations by the lighting devices described above, the hospitality control
unit can control the lighting device so that the total amount of illumination decreases as the
distance between the user side terminal device and the vehicle decreases. At the stage where the
distance to the vehicle is far, any abnormalities such as obstacles, etc., in the space up to the
vehicle may be more easily seen by increasing the total illumination; as the distance to the vehicle
decreases, wasteful [light use] can be eliminated by reducing the amount of light so that only the
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necessary field of view is illuminated, also reducing glare when approaching the illumination light
source.
[0073]

We next explain a car audio system that functions as a hospitality operation. In a car audio
system, hospitality song performance control information (including song ID information and
volume control information) is created for songs to be played, in a form reflecting the [playback]
history of song selection history storage unit 403 (formed in storage device 535 in FIG. 11); when a
predetermined scene arrives, songs are played based on said song list.

[0074]

FIG. 15 shows an example of the constitution of a car audio system 515, and has an
interface unit 515a into which hospitality song performance control information such as song ID
information and volume control information is input from hospitality decision-making unit 2
through hospitality execution control unit 3. Said car audio system 515 is also responsible for the
function output part of the vehicle hospitality information providing device of the present
invention, whereby a digital audio control unit 515e and music source databases 515b, 515c (the
former being an MPEG3 database, the latter a MIDI database) are connected to an interface part
515a. Music source data selected based on song specific information is sent to an audio control
unit 515e via an interface part 515a, where it is decoded into digital music waveform data,
converted to analog by an analog conversion unit 515f, then output through a pre-amplifier 515¢g
and power amplifier 515h from a speaker 515j, at a volume specified by hospitality song
performance control information.

[0075]

FIG. 16 shows an example of a database structure for the music source data described

above, wherein music source data (MPEG3 or MIDI) is stored in a form associated with a song ID,
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song name, and genre code. Personality codes (“active,” “quiet,” “optimistic,” “pessimistic,”
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“decadent,” “sports day,” “intellectua
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$

romantic,” etc.), age codes (“toddler,” “child,” “junior,”
“adolescent,” “prime of life,” “middle-aged,” “mature,” “respect for the elderly,” “age-irrelevant,”
etc.), and gender codes (“male,” “female,” and “gender-irrelevant”) are individually associated and
stored in each music source data by the personality type presumed of a user who has selected
that music. A personality code is one type of user personality identification information, and age
codes and gender codes are subcategories unrelated to personality. Even if a user's personality
can be identified from user identification information, selection of a music source unsuited [to the
user’s] age group or gender will half the “hospitality” entertainment effect. Assignment of
subcategories as described above is therefore effective for further narrowing down the suitability
of music sources provided to users.
[0076]

At the same time, song mode codes are also individually associated and stored in each

music source data. A song mode code is data showing the relationship between the mental state
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and physical condition of the user who selected the song; in this embodiment, [codes are]
classified into “exciting,” “invigorating,” “warm/recuperative,” “healing/alpha wave,” etc. Note that
since personality type codes, age codes, gender codes, genre codes, and song mode codes are
data referred to when selecting hospitality content specific to each user, we will refer to them
collectively as hospitality reference data.

[0077]

An operation unit 515d (FIG. 15) manually operated by a user is provided in car audio
system 515; desired music source data can be read out and performed by inputting song
selection data from here. A volume/tone control signal from operation unit 515d is input to
preamplifier 515g. This song selection data is transferred from interface unit 515a to hospitality
decision making unit 2 via the hospitality execution control unit 3 in FIG. 11 and accumulated as
song selection history data 403 (FIG. 17) in a storage device 535 connected to it. When a
predetermined scene arrives, hospitality decision-making unit 2 creates a song list based on the
accumulated content, and sequentially plays back songs included in that song list. Note that
hospitality decision making unit 2 may also be one which sequentially selects one song at a time.
[0078]

However, if [a user] does not like the song automatically selected by hospitality decision
making unit 2, a user can at any time switch the performance to a preferred song by an input from
operation unit 515d (FIG. 15). As shown in FIG. 17, when a user him/herself selects a song, that
user's identifying information (username or user ID), the selected music source data ID, and the
aforementioned hospitality reference data (personality type code, age code, gender code, genre
code, and song mode code) are stored in a mutually associated form in song selection history
storage unit 403. In this embodiment, the date and time of song selection and the gender and age
of the user are also stored together.

[0079]

As shown in FIG. 18, statistical information 404 for song selection history by registered
user (stored in the FIG. 11 storage device 535) is created in song selection record storage unit
403. In statistical information 404, song selection data is counted per personality code (SKC), and
the most selected personality type songs are identified as numerical parameters. As the simplest
process, the personality type with the highest song selection frequency can be identified as the
user personality. For example, when the number of song selections accumulated in statistical
information 404 reaches a fixed level, personality types initialized by user input may be replaced
with personality types derived from statistical information 404 as described above.

[0080]

Onboard car audio equipment can be used more comfortably by executing this music
playback based on the arrival of a preparation scene SCN3 or driving/occupying scene SCN4, or
based on the operation of a user’s operation unit 515d. When executed in an approach scene
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SCN1 (or separation scene SCNB), staging can be implemented to greet (or say goodbye to) a
user, contributing to an improvement of user mental state.
[0081]

We next explain a door assist mechanism 541. Door assist mechanism 541 controls the
drive torque of an actuator (door assist motor) when opening and closing a door based on age
information (age codes) stored for each registered user on the vehicle side.

[0082]

As shown in FIG. 3B, a swinging door (also referred to below simply as a “door”) 1101 for
getting in and out is attached to an edge of a boarding and exiting opening via a door rotation axis
(not shown). Door 1101 can be manually opened to any angle position from a blocked position in
which the boarding and exit opening is blocked. This manual door opening operation is then
power-assisted by a motor (actuator not shown). In this embodiment, to assist door
opening/closing, the rotational output of the motor is directly transferred as rotational driving
force to a rotational shaft (not shown) which rotates with door 1101 as torque is increased via a
reduction gear mechanism.

[0083]

Door assist mechanism 541 has an obstacle detection means (e.g., an obstacle sensor
such as a known proximity switch, a reflective optical sensor (including the infrared type), or an
ultrasonic sensor for detecting an obstacle outside the vehicle which interferes with the door
during a door opening operation; when no obstacle is detected, an actuator control means goes
into normal assist mode, whereby a positive assist force is generated in the door opening direction
by an actuator at the time of a door opening operation; if the obstacle detection means does
detect an obstacle, the actuator-driven door assist is controlled to produce a collision
suppression mode, whereby a collision between an obstacle and the door is suppressed, while a
door opening operation is enabled from the close position in which the door blocks the [vehicle]
boarding/exiting port up to at least a midpoint position in the door rotational space leading to the
position of collision with an object.

[0084]

The actuator is a motor capable of rotation in both forward and reverse directions; in this
embodiment it is constituted by a DC motor (other types of motors such as induction motors,
brushless motors, step motors, etc. may of course be used).The actuator control means is
causes the motor to rotate forward in the positive assist mode and rotate in reverse in the reverse
assist mode; in this embodiment the motor actuator control means is constituted by a
bidirectional linear control-type motor driver using a push-pull transistor circuit.

[0085]

As is known, door 1101 can be opened and closed with either a vehicle exterior operating
knob or a vehicle interior operating knob; when a door lock button is pressed down, door
opening/closing operations with a knob inside or outside the vehicle is rendered impossible by the
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known door lock mechanism 513. Driving of the motor is stopped when door lock mechanism
513 is locked.
[0086]

In door lock mechanism 513, the principle parts of the lock portion are: a door-side
engagement portion (a male spline in this embodiment) provided on the rotational shaft of door
1101, and a vehicle body-side engagement portion (a female spline in this embodiment), which is
affixed to the vehicle body side and detachably engages said door-side engagement portion ata
desired angle phase corresponding to the rotational angle of the rotating shaft, [thereby] locking
the rotation of the rotational shaft in the engaged state. The vehicle body-side engagement portion
is disposed so that it can approach and separate from the door side engagement part in the axial
direction of the rotational shaft; itis in locked engagement with the vehicle body-side engagement
portion during approach, and unlocked during separation. In this embodiment, this
approach/separation mechanism is constituted by a known solenoid mechanism (may also be a
cylinder mechanism, etc.). With the lock portion, the limit angle position is variable according to
the door angle position when the obstacle detection means detects an obstacle (i.e., according to
the position of the obstacle). Thus regardless of the relative distance of the obstacle from the
vehicle, when a door approaches due to an opening operation, the door opening operation is
blocked so as not to hit the obstacle.

[0087]

An operating force detection unit 1002 such as a torque sensor for detecting the operating
force on door 1101 is provided on door assist mechanism 541; under the actuator control means,
in the positive assist mode the actuator motion is controlled so that the smaller the door
operating force detected by operating force detection unit 1002, the more the positive assist force
increases. l.e., when a vehicle boarding scene SCN2 or vehicle exiting scene SCN5 arrives, the
hospitality decision-making unit 2 recognizes the boarding or exiting user and acquires the
recognized user's age information (age or age code (classified into “infant,” “child,” “junior,”
“youth,” “prime of life,” “middle aged,” “mature,” “respect for the elderly,” “age irrelevant,” etc.)),
and based on the acquired age information, when a person of an age at which strength is
presumed to be weak tries to open a door 1101, the positive assist force from the corresponding
door motor acts strongly, and door 1101 can be easily opened. On the other hand when a person
of an age presumed to be strong tries to open the door strongly, the positive assist force works
relatively weakly. For example, if the sum of the door opening torque caused by externally applied
operation force and the door opening torque caused by a positive assist force is controlled to be
essentially constant, then door 1101 can be opened with essentially a constant standard torque
regardless of who operates it.

[0088]
Note that [the invention] may also be employed on the FIG. 3B power sliding door 1102
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comprising a known power automatic opening and closing mechanism or assist mechanism
rather than in the form of a swing-type door with assist mechanism as described above.
[0089]

We next explain a hospitality operation based on a user-side terminal device 100. In a
mobile phone 100, audio information (music, sound effects, voice, etc.) played when approaching
a vehicle can be set and played for each registered user.

[0090]

Next, user-side terminal device 100 is constituted as a mobile phone in the present
embodiment (also referred to as “mobile phone 1” below). Mobile phone 1 comprises a monitor
composed of a liquid crystal display or the like; an input unit composed of a keyboard; a receiver;
a transmitter, and the like. A pulse sensor (heart rate sensor) 342 is also provided on the side
thereof.

[0091]

FIG. 19is a block diagram showing an example of the electrical constitution of a mobile
phone 1. The essential parts of the circuit include an input/output unit 1311 and a control unit 310
consisting of a CPU 312, a ROM 314, and a RAM 313, etc., connected thereto. An input section
305 and an on-hook/off-hook changeover switch 306 are connected to input/output unit 1311.
Also, receiver 303 is connected via amplifier 315 and D/A converter 316, and a transmitter 304 is
connected via amplifier 317 and A/D converter 318 to I/0 unit 1311, respectively. In addition, a
known GPS 554 for acquiring mobile phone 1 position information is connected to input/output
unit 1311.

[0092]

To find the distance and directional relationship between a user-side terminal device 1
and a vehicle, a method is adopted in the present embodiment whereby a GPS 554 is provided on
the user side terminal device 1 in addition to the vehicle-side GPS 533 (FIG. 11), such that the
user-side terminal device 1 can independently acquire that position information, and that terminal
position information is transmitted to the vehicle side over a wireless communication network.
Thus on the vehicle side, both an accurate vehicle position by GPS 533 connected to [the vehicle]
itself and an accurate terminal position by GPS 554 received from the user-side terminal device 1
can be acquired so that the distance and directional relationship between the user-side terminal
device 1 and the vehicle can be found with extremely high accuracy. Also, distance changes and
approach direction changes between the user side terminal device 1 and the vehicle can also be
known effectively in real time.

[0093]

Next, the following functions are provided on mobile phone 1 in order to output ringtones
and play music. l.e., ringtone data and music data (MPEG3 data or MIDI data; also used as
ringtones) downloaded by wireless reception are stored in an audio data flash ROM 316. With
MIDI data, musical sound data describing tone, pitch, length, tempo, etc. according to MIDI code
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is sent to a musical sound synthesis unit 357. In musical sound synthesis unit 357, waveform
data for a specified tone is read out from waveform ROM 358 functioning as an audio source
while that audio data is buffered; [this] is frequency-converted to the MIDI code-specified pitch,
then output as digital waveform data at the specified tempo. Outputted digital waveform data is
output from a speaker 311 via an analog conversion circuit 359 and an amplifier 350. Audio data
composed of compressed waveform data such as MPEGS3, etc. is decoded and passes through
analog conversion circuit 359 and amplifier 350 to be output from a speaker 311. In the present
embodiment, timing information for audio output by musical sound synthesis unit 357 isinput to a
sequencer 352, then passes through PWM unit 353 to sync the music to a vibrator unit 354 and a
LED unit 355, so that the hospitality effect is further enhanced by combining the sound output
with vibration and LED light emission.

[0094]

When a user approaches a vehicle, the speaker (audio output unit) 311 provided on the
mobile phone 1 (user-side terminal device) can also be used as a hospitality operation unit, in
addition to the lighting device described above. In this case the vehicle-side communication
device 4 detects the approach of a mobile phone 1, i.e., a user, and outputs a hospitality voice
from speaker 311 with different output contents according to the user personality type (i.e.,
acquired user physical condition information). In this embodiment, music source data is used as
hospitality voice data, but it may also be sound effect or human voice data (“ring voice”). This
hospitality voice data is stored in the vehicle-side storage device 535 shown in FIG. 11; required
[data] may either be distributed to the mobile phone 1 via a communication device 4, or stored in
the audio data flash ROM 316 on the mobile phone 1 side. Here we use the latter example for our
explanation.

[0095]

First, when a user is recognized by facial recognition unit 10, user identifying information is
output from facial recognition unit 10 and hospitality decision making unit 2 receives that input
and identifies the user. When a user is identified and the corresponding scene (approach scene
SCN1) arrives, a hospitality voice data ID (stored in audio data flash ROM 316) corresponding to
that user is wirelessly acquired from mobile phone 1 (here we present the example of MIDI data
use). Next, music source data corresponding to that ID is selected, and performance [thereof] is
started on mobile phone 1. Note that voice data for hospitality is set according to the user's
proximity distance. Vibrator unit 354 and the LED unit 355 may also be synchronously driven with
music to further add to the hospitality resulting from sound output. The vehicle-side lighting
device may also be made to blink in tandem with the music. In addition, when a user finally gets
close enough to be about to get into the vehicle, the excitement effect can be further enhanced by
operating power window([s] to open, synchronously outputting with the [musical] performance
[playing] on mobile phone 1. On the vehicle side, if the pitch code of the main melody part of the
MIDI data is changed to be lower (or higher) by a number of steps forming a harmony with the
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mobile phone 1-side main melody part, then the mobile phone 1 output and the car audio system
515 output can be harmonized, and if the output timing of the MIDI data main melody partis
delayed (or advanced) by a certain number of beats relative to the main melody part on the
mobile phone 1 side, then a circle singing [round] effect between the mobile phone 1 output and
the car audio system 515 output can be achieved.

[0096]

We now explain car navigation device 534. In car navigation device 534, setting
information for each registered user registered on the vehicle side may be applied, for example, to
the destination settings of a car navigation device.

[0097]

FIG. 20 is a block diagram showing an example of the constitution of the car navigation
device 534 shown in FIG. 11. Car navigation device 534 handles the function output portion of the
vehicle hospitality information provision device of the present invention, and comprises a monitor
110 composed of a position detector 101, a map data input device 106, an operation switch
group 107, a remote control (“remote control” below), a sensor 111, a speaker 115 that performs
voice guidance, etc., a non-volatile memory 109 constituted by flash memory or the like, a
monitor 110 consisting of an LCD or the like, an information system ECU51 serving as primary
control unit to which the above [devices] are connected, a remote control terminal 112, and a
hard disk device 121 forming a primary storage device. Non-volatile memory 109 stores
information and data necessary for operation of a navigation device, such as vehicle history
information.

[0098]

Position detector 101 has a known geomagnetic sensor 102, a gyroscope 103, a distance
sensor 104, and a GPS receiver 105 for detecting the position of a vehicle based on radio waves
from a satellite. Since each of these sensors 102, 103, 104, 105 has errors with different
characteristics, they are constituted to be compensated as they are used, using multiple sensors.
Depending on accuracy, [the system] may be constituted by [only] some of the sensors described
above, and steering rotation sensors, wheel sensors, etc. for each rolling wheel may also be used.
[0099]

Mechanical switches or the like may be used for operation switch group 107, but in the
present embodiment a touch panel 122 integrated with the monitor 110 is jointly used, and
operating states can be recognized by touching with a finger the touch panel areas corresponding
to button images displayed on monitor 110 (“soft buttons”). Various instructions can be inputted
by these operation switch groups 107 and remote control terminals 112.

[0100]

Aside from the operation switch group 107 and remote control terminal 112, various
instructions can also be input using a voice recognition unit 130. This refers to inputting a voice
from a microphone 131 connected to a speech recognition unit 130, such that the voice signal is
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processed for speech recognition using known speech recognition technology and converted into
an operational command based on that result.
[0101]

Information system ECU 51 is constituted as a normal computer, to which known CPU
181, ROM 182, RAM 183, previously described non-volatile memory 109, and the input/output
unit 184 are connected over a bus. The above-described HDD 121 is bus-connected via interface
129f. A rendering LSI 187 responsible for outputting images to monitor 110 based on rendering
information for displaying maps or navigation operating screens, and a graphic memory 187M for
render processing are similarly bus-connected, and the above-described monitor 110 connected
thereto. CPU 181 performs controls using a navigation program 21p and data stored in HDD 121.
Control of data read/write HDD 121 is performed by CPU 181.

[0102]

Map data 21m including road data, and a destination database 21d, are stored in HDD
121. In addition, users can independently write data 21u, such as location registration. The
content of these data can be overwritten using operation switch group 107 and remote control
terminal 112, or by voice input. The content of HDD 121 can also be updated by reading data from
storage medium 120 using an external information input/output device (map data input device)
106. In the present embodiment an information system ECU 51 is connected via a
communication interface 126 and a buffer memory 126f for primary storage of communication
data to a serial communication bus 127 forming an in-vehicle network so that data is exchanged
between other control devices in the vehicle, such as body ECU 142 and engine control ECU (not
shown).

[0103]

For ease of conceptual understanding, hospitality execution control unit 3 in FIG. 11 has
been explained thus far using an example in which it is composed of a single ECU, but it is of
course more realistic to constitute the execution control unit 3 with multiple ECUs connected to
the above network. An arrangement is also acceptable in which various data in storage unit 535
used by hospitality decision making unit 2 for hospitality decision making, and at least a portion of
data targeted for output [by] a vehicle hospitality information providing device (e.g., data stored in
destination database 21d (FIG. 20) described below, or data stored in music source databases
515b, 515c¢ (FIG. 15)) may be stored on a data server outside the vehicle and downloaded to the
vehicle by wireless communication and used.

[0104]

Monitor 110 is constituted by a color liquid crystal display; superimposed and displayed
on the screen thereof are the current position mark of a vehicle input from position detector 101,
map data 21m input from HDD 121, and additional data such as guidance routes displayed on the
map; menu buttons for setting route guidance and performing screen switching operations during
route guidance are also displayed on this screen.
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[0105]

An FM tuner 141 mounted on a car stereo 515 receives broadcast radio waves carrying
road traffic information for traffic jam displays from a VICS center 114 (Vehicle Information and
Communication System; a road traffic information communication system), and that information
is transmitted to information system ECU 51 via an in-vehicle network.

[0106]

In car navigation device 534, a navigation program 21p is started by CPU 181 in
information system ECU 51. A driver selects a desired destination from destination database 21d
by operating an operation switch group 107 or a remote control terminal 112, or by voice input
from a microphone 131. For example, when route guidance processing for displaying a
destination route on monitor 110 is selected from a menu displayed on monitor 110, the following
processing is performed. When a driver inputs a destination based on a map or destination
selection screen on monitor 110, the current position of the vehicle is obtained based on satellite
data obtained from a GPS receiver 105, and processing is performed to obtain an optimal route
from the current position to the destination. The guidance route is then superimposed and
displayed on the road map on monitor 110, and an appropriate route is guided to the driver.
Methods such as the Dijkstra method are known for automatically setting an optimal route. Also,
guidance during operation and notification of messages in response to operating states are
performed by at least one of the monitor 110 and speaker 115.

[0107]

FIG. 21 shows the content of the destination database 21d used in car navigation device
534, and as with the music source database described above, classification information
composed of similar hospitality reference data is attached to the location information of each
destination, along with IDs for specifying individual destinations. Of these, the personality codes,
age codes, and gender codes are almost the same as those used in music source databases. l.e.,
personality codes indicating personality types estimated for users who select destinations

9 ¢ 2 ¢ 9 &

(“active,” “quiet,” “optimistic,” “pessimistic,” “decadent,” “athletic,” “intellectual,” “romanticist,”

9 &

etc.), age codes (“infant,” “child,” “junior,” “youth,” “middle-aged,” “mature,” “respect for the
elderly,” “age irrelevant,” etc.), gender codes (“male,” “female,” and “gender irrelevant”) are
mutually associated and stored. A personality code is one type of user personality identification
information, and age codes and gender codes are subcategories unrelated to personality. Even
though the personality of a user may be identified, if the selected destination does not suit the age
group or gender, the effect as “hospitality” to entertain a user is halved. It is therefore effective to
apply subcategories such as those described above to further narrow down the suitability of
destinations proposed to users.
[0108]

Also, genre codes classify facilities serving as destinations according to their type, and are

9 & 2 ¢

divided into “restaurants,” “entertainment facilities,” “parks,” lodging facilities, “road service
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2 ¢ 2 ¢ 2 ¢

facilities,” “convenience stores,” “supermarkets,” etc. Among these, “restaurants,” “road service
facilities,” “convenience stores,” “supermarkets,” and the like are positioned as food and drink
facilities.

[0109]

Also, subcategory codes suitable for each genre code are attached to each genre code. In
the case of a “restaurant,” the type of subcategory code is considered so that a destination
associated with the user's physical condition or mental state can be selected in light of the
“hospitality” effect. l.e., restaurants which should be selected when [a user is] in good physical
condition and has an appetite (especially youth, prime of life, etc.) are given subcategory codes
(“heaping, hearty”) that prioritize satiety, and a subcategory code (“light, simple”) prioritizing light
meals is attached to restaurants that prioritize light meals when physical condition is not too good
and appetite is mild (especially women, etc.). Also, subcategory codes (“chic, fashionable”) that
prioritize meals that emphasize atmosphere are attached to restaurants that should be selected
in situations where fatigue has advanced and a change of mood is desired, or when couples or the
like wish to raise their mood.

[0110]

Also, apart from the priority of the “hospitality” effect, subcategory codes based on
general cooking types (“Japanese food/sushi,” “Chinese/ramen,” “Western food/curry”) are
separately assigned, so that they can be selected appropriately.

[0111]

For recreational or entertainment facilities such as amusement facilities (or tourist spots)
and parks, subcategory code types have been considered to enable selection of destinations
associated with the user's physical condition or mental state. l.e., a subcategory code (“super
energy spot”) that prioritizes physical strength or mental release is assigned to a facility that
should be selected when one is in good physical condition and wants cheerful and active service
(especially youth, prime of life, etc.), and a subcategory code (“relaxation/healing”) that prioritizes
prevention of physical exhaustion is attached to cases where physical condition is not too good or
[the user] is tired (especially women, etc.). Also, a subcategory code (“love spot”) with an
emphasis on atmosphere is attached to facilities that should be selected when a couple or the
like wish to raise their mood.

[0112]

At the same time, “road service facilities” are assigned subcategory codes of “service
area,”
[0113]

Since user recognition is performed by the facial recognition unit 10 in this embodiment, it

9 &

parking area,” “roadside station,” and “drive-in.”

is possible when searching for a destination or music source to immediately narrow down by age
code, gender code, and personality code by comparing with recognized user registration
information (age, gender, personality). l.e., a search suitable to that user is performed.
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[0114]

In the car navigation device 534 described above, user-specific navigation setting
information (memory location information, destination selection history, priority condition
settings relating to route settings, etc.) is also stored in user data 21u for each registered user.
Thus when a user is recognized by facial recognition unit 10, user identifying information is output
from facial recognition unit 10 and hospitality decision making unit 2 receives the input and
identifies the user; furthermore when a corresponding scene (e.g., preparation scene SCN3)
arrives, hospitality decision making unit 2 reads the input user identifying information from the
hospitality decision making unit 2 ROM and outputs it to hospitality execution control unit 3 and
hospitality execution control unit 3 outputs said user identifying information to car navigation
device 534. Car navigation device 534 can be made to reflect settings based on that user
identifying information.

[0115]

Also, car navigation device 534 can receive schedule information corresponding to the
destination from an external scheduler 2001. When schedule information is determined relative
to a user, relevant schedule information can be received and the schedule announced (by voice or
screen display) when the said user is recognized.

[0116]

We have explained embodiments of the present invention above, but the present invention
is not limited to these embodiments, and the following embodiments are also included in the
technical scope of the present invention, and can be varied within a scope not deviating from the
substance thereof.

[Brief Explanation of Figures]

[0117]

FIG. 1 is a block diagram showing an example of the electrical constitution of a vehicle control
system incorporating the facial recognition device of the present invention.

FIG. 2 is a block diagram showing an example of the electrical constitution of the facial
recognition device of the present invention.

FIG. 3Ais a diagram explaining the positioning of an in-vehicle imaging device.

FIG. 3B is a diagram explaining the positioning of an outside-of-vehicle imaging device.

FIG. 4 is a diagram explaining the positioning of lighting devices.

FIG. 5 is a graph explaining characteristics of a lighting device.

FIG. 6 is a graph explaining the spectral sensitivity of an imaging device.

FIG. 7A is a diagram explaining a first embodiment of imaging timing for an imaging device and
illumination timing for a lighting device.

FIG. 7B is a diagram explaining a second embodiment of imaging timing for an imaging device and
illumination timing for a lighting device.

32
Page 33 of 79



FIG. 8 is a flowchart explaining a first embodiment of user recognition processing.

FIG. 9 is a flowchart explaining facial recognition processing.

FIG. 10 is a flowchart explaining a second embodiment of user recognition processing.

FIG. 11 is a block diagram showing an example of the electrical constitution of a vehicle user
hospitality system incorporating the facial recognition device of the present invention.

FIG. 12 is a conceptual diagram showing the contents of user registration information.

FIG. 13 is a block diagram showing an example of the electrical constitution of vehicle interior
lighting.

FIG. 14 is a conceptual diagram showing an example of the constitution of lighting control data for
a lighting device.

FIG. 15 is a block diagram showing an example of the electrical constitution of a car audio
system.

FIG. 16 is a conceptual diagram showing the contents of a music source database.

FIG. 17: Conceptual diagram showing the contents of a song selection history storage unit.
FIG. 18 is a conceptual diagram showing the content of song selection history statistical
information.

FIG. 19 is a block diagram showing an example of the electrical constitution of a user-side
terminal device.

FIG. 20 is a block diagram showing an example of the electrical constitution of a car navigation
device incorporated into a user hospitality system for a vehicle.

FIG. 21 is a conceptual diagram of a destination database.

FIG. 22 is a schematic diagram showing a first example of an input method for determining
personality types.

FIG. 23 is a schematic diagram showing a second example of an input method for determining
personality types.

[Explanation of Symbols]

[0118]

1. Automotive control system (automotive user hospitality systems)

10. Facial recognition device (facial recognition unit)

11. Control unit (user recognition means, user recognition result output means, lighting control
means, face presence determination means, feature information combining means, user
recognition result output control means)

15. (518, 521) Imaging device (in-vehicle camera (face camera), vehicle exterior camera (exterior
camera))

16. Lighting device

20. System master device (master control device)
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31. Imaging target detection unit

17. Face registration unit

2. Hospitality decision making unit (scene identification means, hospitality control unit,
mental/physical state estimation means)

3. Hospitality execution control unit (hospitality control unit)

100. mobile phone (user side terminal device)
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FIG. 5
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FIG. 7B
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FIG. 10
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FIG. 21
21d
Facility |  Genre [Character| Age Gender | Subcateg. | Location Facility
ID1 Name 1 Code 1 Code 1 Code 1 Code 1 Code 1 Info. 1 Content Info. 1
Facility Genre |Character | Age Code| Gender | Subcateg. Location Facility
ID2 Name 2 Code 2 Code 2 2 Code 2 Code 2 Info.2 |ContentInfo. 2
Facility Genre .|Character|Age Code | ggnder | Subcateg. Location Facility
ID3| Name3 | coges | Code3 3 Code3 | Code3 Info.3  |Contentlnfo. 3
Facility Genre |Character|Age Code | Gender | Subcateg. | Location Facility
ID4) Name 4 | code 4 Code 4 4 Code4 || Code4 Info. 4 |Contentinfo.4
[— T enmneminad /
\\
Subcategory Code
NSC11 :heaping/hearty
Genre Code (NJC) —=+ NSC12:light/simple
NSC13:chic/fashionable
NJC1 :Restaurant < * . y
NJC2 : Entertainment Facility ——— NSC21 : Japanese/sushi
NJC3 :Park NSC22 : Chinese/ramen
NJC4 : Lodging NSC23 - Western/curry
NJC5 :Road service : .
Facility . .
NJCG * Convenience Store
Supermarket NSD11 : Super energy spot
: : —>< NSD12 :Relax/recuperate spot
* . NSD13:Love spot
NSE11: Service area
< NSE12: Parking area
NSE13: ‘Roadside station/drive-in
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FIG. 22
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529B
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What's your favorite color?
529B
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