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PROGRAMMABLE TACTILE TOUCH
SCREEN DISPLAYS AND MAN-MACHINE
INTERFACES FOR IMPROVED VEHICLE
INSTRUMENTATION AND TELEMATICS

This application claims benefit of U.S. Provisional Appli-
cations; SN 60/142,777 Tactile Touch Screens for Automo-
bile Dashboards, Interiors and Other Applications, filed Feb.
22, 2000; and SN 60/183, 807 Man-Machine Interfaces for
Vehicle Instrumentation and Telematics, filed Sep. 26, 2000.

CROSS REFERENCES TO RELATED
APPLICATIONS BY THE INVENTOR

1. Useful Man Machine interfaces and applications, Ser. No.

09/138,339
2. Touch TV and other Man Machine Interfaces Ser. No.

09/435,854
3. Systems for Occupant Position Sensing, Ser. No. 08/968,

114
4. More Useful Man Machine interfaces and applications

Ser. No. 09/433,297
5. Picture Taking method and apparatus Ser. No. 09/568,552
6. Methods and Apparatus for Man Machine Interfaces and

Related Activity Ser. No. 09/568,554
7. Camera Based Man-Machine Interfaces Ser. No. 09/612,

225

This application is a continuation-in-part of application
Ser. No. 09/435,854 filed Nov. 8, 1999 which was a con-
tinuation of application Ser. No. 07/496,908 filed Sep. 18,
1992, now U.S. Pat. No. 5,982,352, which was a continu-
ation-in-part of application Ser. No. 08/290,516, filed Aug.
15, 1994, now U.S. Pat. No. 6,008,000, which was a
continuation of application Ser. No. 07/946,588, filed Sep.
18, 1992, now abandoned.

This application is also a continuation in part of copend-
ing applications Ser. Nos. 09/138,339; 09/433,297; 09/568,
554;

Copies of the disclosures of the following U.S. patents
and co-pending patent applications are also incorporated
herein by reference:

1. U.S. Pat. No. 4,629,319 (Panel Surface Flaw inspec-
tion, which discloses a novel optical principle com-
monly called “D Sight™)

2. U.S. Ser. No. 09/435,854 and U.S. Pat. No. 5,982,352,
and U.S. Ser. No. 08/290,516 (“Man Machine Inter-
faces™), filed Aug. 15, 1994, now U.S. Pat. No. 6,008,
000, the disclosure of both of which is contained in that
of Ser. No. 09/435,854

3. U.S. application Ser. No. 09/138,339 Useful man
machine interfaces and applications

4. U.S. application Ser. No. 09/433,297 More useful man
machine interfaces and applications

5. Systems for Occupant Position Sensing, U.S. Ser. No.
08/968,114, itself abandoned, but the disclosure of
which is incorporated by reference in items 3 and 4
above

6. Camera Based Applications of Man-Machine Interfaces
U.S. Ser. No. 09/612,225

7. Picture Taking method and apparatus(U.S. Ser. No.
09/568,552

8. Methods and Apparatus for Man Machine Interfaces
and Related Activity Ser. No. 09/568,554

FEDERALLY SPONSORED R AND D
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not applicable
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2
MICROFICHE APPENDIX

not applicable

BACKGROUND OF THE INVENTION

Preface

This invention seeks to dramatically increase the utility of
car informational displays and controls, while at the same
time enhancing safety by improving sensory data presenta-
tion and ease of interaction with vehicle controls and data
sources. The programmable nature of the disclosed devices
also creates new methods for how data is delivered and
utilized.

The disclosed invention, including co-pending applica-
tions incorporated by reference, contains unique embodi-
ments which allow one to interact, by feel, with a display,
called herein a “programmable tactile display”. It encom-
passes two main focus areas:

A display having features commonly associated with a
touch screen, but in a new form which can be sensed in
several tactile manners, as well as visually.

A tactile selection or adjustment means, such as a knob,
slider, or switch, programmable in its tactile or visual
nature, and generally operated in conjunction with the
touch screen just described.

These features in turn provide the basis for a automobile
instrument panel (dashboard) or other control panel which
can be operated without undue concentration on visually
reading the display while working the controls. It serves as
an alternative, or adjunct, to voice activated systems being
considered today to allow increased functionality with safety
of vehicle operation. In several embodiments, the force or
other sensation felt can itself be programmably changed,
adding to driver understanding, and enhancing safety.

Because it resembles today’s dashboards, and can be used
for the basic control functions of the vehicle, the invention
provides not only a potential means of telematic connectiv-
ity while driving (e.g. with the internet, cellular telephonic
sources or the like), but a much more useful display and
control system capable of many more functions—including
the primary vehicle control functions, if desired.

In addition, I feel that a dashboard incorporating the
invention can be built at lower cost than a conventional
dashboard, especially as vehicles become ever more loaded
up with navigational systems and other electronic functions
incidental to the control of the vehicle.

There is no known prior art having the above character-
istics.

SUMMARY OF THE CHALLENGE AND
OPPORTUNITY

The automotive dashboard is today a confused array of
switches, knobs, dials, gages, and other tactile physical
selection or adjustment means and instruments. It is often
hard to see and to understand, and can cause undo distraction
to the driver. As a device, it is filled with different parts and
thus expensive to manufacture both in serial quantity, and in
redesign and tooling for new models. Furthermore, it is
inflexible, and invariant once manufactured. It cannot be
changed in its design by the user, and cannot be easily
changed by the manufacturer or the dealer.

In addition, the instrument panel in its current form it is
at its limit in so far as its ability to present data which can
be acted on. There isn’t any more room on the dash to put

IPR2025-00152
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more devices, and various safety issues such as airbag
deployment and passive interior safety preclude many
choices. Data which might be desired for action can be from
the vehicles own controls and state, its surroundings such as
from other vehicles or parked objects, or could include
material downloaded from the internet, or navigational data
from satellites.

Because of this, Voice recognition techniques are now
being researched in earnest in order to allow the user to
interact with computer based functions. IBM VIA VOICE
and DRAGON SOFTWARE Naturally Speaking products
have already reached the general office market, and are
reasonably accurate and effective if the surrounding envi-
ronment is quiet and stable. But in the car, this is not the
case, and even specialized limited capability Telematic
systems such as Fonix Corporations Automatic Speech
Recognition (ASR), L and H, etc, have lots of problems—for
example:

Noise—the car is not an ideal environment under any
circumstance, never mind with CD Player at full vol-
ume.

Different drivers, with different accents, practices

Limited or no teach in available to perfect the function of
the recognition program

Passenger disturbance, and conversation interruption (i.e.
a background noise source which disturbs the recog-
nition, or the actual intonation of the speech

These problems result in function which is possibly error
prone or time delayed. Having to repeat or worse, having the
wrong action, is not desirable in mission critical driving
situations so to speak. The Cell phone problem is notorious.
In the extreme, a form of rage can take over if the system
frustrates the driver. For this reason, voice recognition
systems used for actual vehicle functions (as opposed to
dialing phones and the like) have in effect, backup con-
trols—defeating the concept of increasing dashboard space,
and control comprehension.

In addition there is a sociological problem—talking to
ones car in unacceptable to many, even if the voice recog-
nition program works. For some this is always true, for
others its true with passengers present.

In addition, the presentation of data by the computer to the
driver by text to speech programs is known to have unac-
ceptable intonation or time latency in many circumstances
by the average user, and in any case is woefully inadequate
for graphical or tabular information, for example. The data
to be presented to the user, even in a simple list of choices,
has to be vocally spoken by the computer to the driver in
sequence, taking a great deal of concentration to avoid
missing an important point, and taking minutes to do what
can visually be done in a glance.

Voice aside, perhaps the only way more data can be
presented to users (driver, and/or passengers), who might
wish to engage in internet or cellular activity while driving,
for example, is through the use of programmable displays,
and programmable entry devices, which can be varied to suit
the need of the user at the instant of use. Such displays are
commonplace today in the computer world (e.g. “Win-
dows”, “Web Browsers”), so why not in a car?

It is noted that unbridled use of such displays by the driver
is however limited by laws in several states as for example
pointed out in U.S. Pat. No. 5,949,345 owned by
MICROSOFT corporation, which desirably covers an oper-
ating system for the computer driving the display to allow
legal operation. Also germane are Ser. No. 08/564,586 and
Ser. No. 08/668,781 assigned to MICROSOFT.

—
o

—
[

25

45

60

4

One problem is how to interact with the display, without
having a keyboard—which is generally too cumbersome,
switch filled, and space consuming for a car dash, armrest,
or other interior location. And a mouse is pretty much
impossible as well.

Accordingly, some companies have proposed or devel-
oped conventional changeable computer window type sys-
tems using up/down/left/right buttons or even joysticks to
select the screens and menus thereon in an attempt to solve
this problem. Such devices are however, not intuitive and
hard to use, for at least 95% of the populace I feel. Because
of such problems, even where implemented, they are rel-
egated to only non critical functions, such as navigation,
climate control, cell phone dialing or audio system enter-
tainment.

If such computer based systems could be used by the
general populace, without the limits of voice recognition, a
very large application area comprising in its limit the total
function of the vehicle could result. In addition, improved
productivity could result as people in the USA spend over
500 million hours it is said in their cars, and much of this
time is wasted, from a business point of view. Even to
salvage 1% is 50 million hours, which corresponds to over
a billion dollars saved.

1 feel a key part of the answer lies in a form of tactile
display or touch screen with tactile properties not hereto fore
seen. This display could, depending on its construction,
occupy some, or even most of the dashboard (also called
dash, or instrument panel). Alternatively and or in addition,
it could occupy the region in the center of the car called the
“center stack”. It should also be noted that the problem may
also require a multi-sensor solution, which will be discussed
herein.

Some requirements of an Automobile display/touch
screen could arguably be at least the following:

1. Sturdy—and conducive to interior passive safety, and

regulations

2. Should allow multiple functions to be undertaken
simultaneously, either all by feel, by glance and feel, or
by combinations of touch/feel. body positions, voice
and other variables.

3. Should provide enhanced measure of safety by requir-
ing less concentration on controls than present with
many controls today.

4. Allow programmable screen operation by feel if pos-
sible, for ease of use while driving (or while engaged
in other tasks) and safety. The “feel” sensation should
be itself programmable, such that varying responses
can be given the operator, depending on what screen
and what function or what amount is being actuated or
interrogated (that is you touch it to get a sensation first
indicative of the current value or screen type)

5. Activate functions easily

6. Not affected by environmental issues, such as ambient
light, contamination

7. Not sacrifice airbag function—thus must not be where
the airbag is, or the airbag/and screen module must be
of another design (one of which is disclosed herein)

8. High resolution, to allow graphics and dense informa-
tion such as that downloaded from the internet to be
displayed, when desired.

9. It should desirably respond to z inputs (into the display
screen itself) to give added dimension to function. (e.g.
volume of sound, air, etc,) or combine a switching
function with a turning, sliding or other function (simi-
lar to the heat knob of a Olds Aurora for example). And

IPR2025-00152
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response to inputs at angles to the screen normal would
also be desirable in some cases.

PRIOR ART

Directly to the point, there are no touch screens known to
me, other than my own, which have a physical tactile “feel”
aspect to them—a feature which I consider essential for the
vehicular control application of touch screens. Having said
this, a review of conventional touch screen art for automo-
biles follows.

Where limited functionality is all that is needed, conven-
tional touch screens of limited size are an answer. To my
knowledge, the application of touch screens for computer
input in automobiles was first achieved in the 1988, in the
General Motors Buick Riviera using a relatively small CRT
display located in the center of the dashboard. Such a display
is described in U.S. Pat. No. 4,787,040 by Ames, et al.
entitled Display system for Automotive Vehicle issued to
IBM Corporation Nov. 22, 1988.

More recently, numerous manufacturers have done the
same, for the purpose of navigation, using instant GPS data
and stored maps. However, none of these displays is easy to
use by the driver, being small, difficult to interact with
physically, and out of the general line of sight of the driver.
This is a problem as one has to see the screen to touch the
box corresponding to the input function desired. And to see
the screen, you have to take your eyes off the road for a
significant time. There is no physical sensation associated
with the function which would allow you to actuate the
function “by feel”. Indeed because of this, many of the GPS
systems being sold, are just displays, with function selection
and the like achieved with the standard assortment of
buttons, switches, dials, etc. And where touch boxes on
screens are used, they by necessity have limited functions.

Other problems with computer displays of the multiple
windows type exist when these are used in vehicles—this is
discussed in U.S. Pat. No. 5,995,104 by Kataoka, also aimed
at a Navigation system. The instant invention can use such
windows in the touch screens it provides, but preferably uses
more physical “objects” representing typical dashboard
instrumentation.

Finally, as another example of display locations in
vehicles, a recent U.S. Pat. No. 5,871,251 assigned to Prince
Corp) discloses an LCD display located in the sun visor, for
use by the driver, having no input capability which would
allow the driver to make use of it in normal operation (even
if he could see it well).

Another problem, is that the touch screen gets really
attractive, as you envision it as a replacement for a large
measure of the automobile user instrumentation and control
functions of today, a dramatic move, filled with other
advantages in flexibility, ease of use and user benefits—plus
potentially lower cost.

‘What about then, a touch screen of the LCD type, with a
surface acoustic wave (SAW)based touch cover screen? (e.g.
Microtouch brand). One could just put one of these across
the whole dashboard, at least in sections. SAW types do not
have some objectionable properties of cover materials and
the like which can get damaged which some other types of
conventional screens possess.

This use of a conventional LCD based (or alternatively
plasma display or other type) flat panel touch screen has
several problems (and is very expensive today). These are:

The requirement to see the function touched, with no

physical feedback from doing so, as pointed out above
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A potential problem in large size with complying with
interior passive safety regulations (should a persons
head hit it, say)

A problem in coexisting physically, and functionally, with
dashboard or steering wheel installed airbags (also
called SRS or supplemental restraint systems) and their
actuation.

A potential problem with durability, being able to survive
hits by kids, feet on the dash, etc., as well as degrada-
tion of performance by contaminants (a major problem
of conventional technologies recently addressed in U.S.
Pat. No. 5,923,319 Bishop, et al.

Possible thermal drift and resolution problems due to the
extreme temperature situations in vehicles

The safety related issues are a significant stumbling block,
but the ease of use without undue concentration issues are as
well, and apply to other fields besides—indeed anywhere a
touch screen would be desirable but not easy to use by
someone who can not take the time to look, or to whom
looking is inconvenient or uncomfortable, or in the case of
the handicapped, difficult or impossible.

It is also noted, that the objectionable requirement to
touch what one sees(and thus take ones eyes significantly off
the road in many cases), has undoubtedly led manufacturers
of the most recent set of navigational screens, to use a fixed
set of keys as inputs, with the data display being the only
thing programmable. In this case the person can feel the
switch, and only quickly glance at the screen for data once
presented. But the keys and switches used are by necessity
small, and cluttered.

To conclude, conventional touch screens can work in
vehicles, but in their form heretofore they have no tactile
properties. Thus today they need to be augmented by voice
recognition and/or tactile devices placed near them if they
are to be used for important functions of the vehicle.

SUMMARY OF THE INVENTION

The instant invention disclosed herein seeks to provide a
vast increase in flexibility of data presentation and manipu-
lation, while obviating the problems of conventional tech-
nology, and doing so at a low price encouraging wide spread
automotive application. (indeed it is thought to be less
expensive to manufacture, and much less expensive to
design and redesign, than a conventional dash with its
various Input/Output devices). While the focus is on vehicu-
lar application, it is noted that the invention is not limited
thereto.

Safety is enhanced by providing a potentially safer car
interior and one more friendly to elderly or handicapped
drivers and those visually challenged (primarily due to the
larger displays and control devices made practical, while at
the same time having more functionality). In addition, it can
enhance safety by promoting a degree of dash standardiza-
tion between vehicles not now practical from a marketing
point of view. This is because certain functions could be
common, with the decorative and other portions customiz-
able.

The invention is also differentiated in that it expands the
stylistic and after market business opportunities associated
with vehicle sales. Just one example disclosed is a single use
or mission specific accessories to enable safe driving while
executing detailed specialized tasks, for example a project
worked on ones way to work, or a trip taken to a specific
place.

There are many embodiments of the invention disclosed
herein. One version, has a major advantage for near term
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commercialization in that it results in a dashboard and/or
center stack which is as close as possible to today’s cars
while possessing a high degree of programmably variable
operation needed for enhanced use by a driver.

It is especially noted that the invention serves to eliminate
problems brought about by reliance on voice communication
between driver and vehicle, and telematic connections to
same. Voice recognition has problems, as it often requires
prompts for the driver, which are often time consuming,
frustrating, and difficult to hear. Undue concentration on
same can also cause unsafe driving (for example in the
presence of sirens). In addition, voice is linear, and sequen-
tial. Only one message/action can be executed at once. And
the whole message has to be understood by the driver, or
vehicle or telematic connection—or all can be lost and the
process required to be repeated, which can provide frustra-
tion and endanger safety in extreme circumstances.

With the instant invention however, key functions can all
be implemented with little or no voice input/output by the
driver at all. And more than one function can be done at
once, using multiple fingers, hands, head movements and a
variety of alternative input mechanisms.

The invention also contributes to safe operation in other
ways. For example the dash can be built with a lack of
protruding devices if desired, contributing to passive safety.
In addition, the invention is also unique among touch
screens, as it allows the touch screen to coexist so to speak,
with an airbag. This in-turn may allow novel location of the
invention in the steering wheel. This is the easiest to use of
any location, as the drivers hands are normally on the wheel.

Another good location for the driver, also largely unex-
ploited heretofore is in the center console (also called center
stack). Even the armrest can be used, desirably assisted by
a heads up display on the windshield. Other embodiments of
the invention describe display locations of use to passengers,
or of use to the driver on an periodic basis only.

Since the technology disclosed herein and in co-pending
applications incorporated by reference is in many ways
universal in its application, some applications are herein
disclosed of use in the home and business as well. These
often do not require “feel”, but benefit from the invention’s
similarity to familiar tactile physical selection or adjustment
means found in the home or workplace—knobs, switches,
levers, sliders, and the like.

The basic aspects of some features and/or embodiments of
the invention have been disclosed in provisional patent
applications, co-pending applications and patents incorpo-
rated herein by reference. These are now briefly summa-
rized.

Co-pending application Ser. No. 09/435,854 by the inven-
tor (and recently granted U.S. Patents related thereto)
describes the use of unique touch devices for automotive
dashboard related applications, and in addition, discloses
new type of data entry device for computers and other
electronic equipment generally in the category of digitizers
and touch screens having several unique properties. This
device, in the form usable here, is most generally based on
the use of one or more TV cameras to view optically
discernable data associated with the screen from the rear in
order to determine the location in screen coordinates (and z
in some cases as well) of one or more touch points. Primarily
discussed therein are devices which use the electro-optical
determination of temporary surface distortion caused by the
physical input signal, or force, creating distortion (e.g. a
finger “touch”). This is referred to as “surface distortion
imaging” and depends on the ability to detect, and in some
cases quantify, small distortions of or stresses in member
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over a large (by comparison) area. This technology has some
unique advantages for automotive control and display appli-
cations, the subject of this disclosure, which elaborates on
the versions shown previously. It is also highly useful for
other applications, such as Kiosks, control panels in the
home, and the like. And further disclosed are means to allow
tactile physical selection or adjustment means such as
knobs, levers and switches to be integrated with a touch
screen, an area expanded on further in this application.

In addition to the unique touch screen just described, other
referenced patent applications by the inventor incorporated
by reference describe novel means to determine other events
which cooperatively or individually may a be imputed to a
computer using electro-optically determinable datum’s on
persons or other entry means, typically objects such as
steering wheels, switches, and the like in a vehicle. Included
is data input using direct camera observation of the user, or
datum’s attached to the user, or objects held by the user.
With the advent of low cost cameras, the use of such camera
systems becomes practical for automotive interior applica-
tion. And disclosed herein are other touch screen transduc-
tion methods which can be used alternatively or in combi-
nation with those of previous applications.

The above features are very useful in answering the needs
of potential applications in cars, trucks and other vehicles, as
well as for certain other instrumentation and related appli-
cations—even in the home. In particular, the invention
herein, even beyond previous disclosures will be further
shown to have unique advantages in the following areas.

1. Feed back to the user of touch related activities

2. Safety enhancement and compatibility with existing

safety systems and norms.

3. Ruggedness and ease of application in difficult envi-
ronments
Novelty in terms of the benefits for the user
5. New business methods resulting from the data intensive

activities made possible in the car
6. Novel locations made possible for the screens
Additional novel touch screen sensing approaches
including those using TV cameras to view the user or
objects.

>

~

Advantages of the Instant Invention
The instant invention is aimed primarily, but not neces-
sarily for dash mounted touch screen displays, which can
literally fill the dash if desired, or at least provide a large
display at any or all of these locations of primary interest:
In the center of the dash, or in the console (also called
center stack) for use by driver and/or passenger
Replacing the existing instrumentation cluster in front of
the driver
Located in the steering wheel, in addition to or in place of
said cluster.
In front of the passenger

Safety Advantages Include

Reduction in sources of anger or frustration caused by
alternative voice based systems

Large easy to read data—much larger than possible today,
and ideally suited for just quick glances and elderly
drivers, and drivers in general who are far sighted and
don’t have close up glasses. The large size is due to the
ability to time share the dashboard space In addition the
Focus of eye can be on objects outside the vehicle, as
letters big enough to read even if out of focus.

Can lead a degree of dash standardization between
vehicles not now practical from a marketing point of
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view. One can in an extreme, carry your own dash
program with you from one vehicle to another (e.g. a
rental car)!

Much more data available, in a wide expanse of screen.
This also includes TV imagery of the surroundings of
the vehicle (eliminating blind spots, aiding parking,
etc). Novel too is the ability to provide a human assist,
e.g. designation, to automatic vision and ir systems

The tactile control of the computer system used can be
customized not only by the user in general, but for
specific purposes—what 1 call a “Mission specific”
tactile and visual input and output. This makes it still
safer by providing just the right tactile controls for the
application at hand.

Some exemplary versions can potentially be collocated
with airbags, allowing placement in positions most
easy to use, such as the steering wheel.

It is in addition, a goal of the invention to improve vehicle

safety by

Providing an instrument panel which has larger and easier
to read and comprehend controls

Providing a means to inform drivers of hazardous condi-
tions

Providing a means to automatically cause the vehicle to
take action in hazardous situations

Providing a means for drivers to seek important safety
related information

Providing a dashboard of enhanced passive safety

Providing a means for telematic connectivity which is
conducive to safe driving

It is a also a goal of the invention to make possible the safe
use of aesthetically pleasing large screen programmable
displays by a driver as the primary means of data input and
output. And to provide means for changing these displays
and inputs to suit the needs and desires of the user.

It is an added goal of the invention to provide tactile
displays which allow a driver to “feel” the information
desired as well as see it, similar in many ways to instrument
panels of today but with many added benefits.

It is a goal of the invention to provide a touch screen or
other tactile display having a passive or active tactile feed-
back to a users touch.

It is another goal of the invention to provide a method by
making touch commands usable with just a glance from a
driver to the region of a large easy to read display.

It is a further goal to provide displays and actuation
devices for vehicle functions which can be customized at a
factory or dealership or otherwise (for example from a web
site).

It is also a goal of the invention to provide displays and
inputs not just for the functions of the vehicle operation
systems, but for a myriad of added functions, such as
navigation, reconnaissance, communication, information
download and retrieval, gaming, and even pleasing interior
design and changes thereto. Many of these functions also
can serve applications outside the vehicle as well, such as in
the home or workplace.

It is another goal of the invention to provide a touch
screen having controls which indicate to the user via physi-
cal touch sensible signals, such as acoustic waves, a condi-
tion, such as the control device touched, the particular
selection made of choices concerning same (e.g. heat or
wipers), or the magnitude of the setting desired of the choice
made. This can also indicate what the current value of the
choice or function is at the time of touch, not just changes
therein.
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It is a goal of the invention to further provide means by
which complex instructions for use can be presented in
easily readable form co-located with the control function
whose instruction is needed.

It is a goal of the invention to provide means by which
multiple inputs and outputs (e.g. touch, voice and direct
optical viewing of human or human actuated switch posi-
tions) can be used in concert.

It is a goal of the invention to provide means for both z
(direction into the display screen) and force based input of
single or multiple human or object inputs.

It is goal of the invention to provide a new form of flat
panel touch screen having tactile relation of user touch to the
screen.

It is goal of the invention to provide a flat panel display
having tactile physical selection and adjustment capability.

It is goal of the invention to provide a touch screen which
optically provides feed back to a driver in his line of sight
of touch screen or touch pad input movements.

It is goal of the invention to provide a device, which may
also include a touch screen, equipped with interchangeable
front panels which have specialized and if desired, purpose
special physical devices for interaction with the sensing
arrangement used.

It is goal of the invention to provide a touch screen having
a display and associated control function which moves
around the point of touch, using for example a vector of
touch, as opposed to requiring a person’s touch to track a
predetermined fixed display a task requiring much more
visual concentration.

It is a goal of the invention to provide methods for using
a touch screen for fine manipulation of data on the screen,
heretofore not possible.

It is goal of the invention to provide a method for
controlling a vehicle or other device which uses a combi-
nation of functions, particularly touch, voice and gestures.

It is another goal of the invention to provide for methods
of work improvement in use of computer tools such as
spread sheets, word processing, computer aided design and
the like.

It is a further goal of the invention to provide improved
controls for automation systems, including those in the
home.

It is noted that this invention presents fundamentally
different concepts for touch screens that those which are
menu driven as known in the art (though it can use those
too). It calls for “Natural” functions more related to the
existing instrumentation of the vehicle and the experience
base of the driver, including physical implementation not
known heretofore in the touch screen or control art, whether
for cars or for any other purpose.

These tactile methods, together with novel screen
embodiments and other means for communication with
automotive and other control functions are now disclosed.

While described as displays or “screens” in typical com-
puter parlance, there are in general, combinations of pro-
grammable displays, tactile touching aspects and gesture
and voice, to make a synergistic whole. Also the screens can
be as noted in front of the driver or passenger, or in the
center stack (middle region of the dash) for example, as
desired. They are discussed herein in the center stack as this
is thought the first point of application due to non-interfer-
ence with airbag location and other factors.

Finally, it is possible that the disclosed display and
instrumentation invention will prove safer for vehicle occu-
pants than those of today. One reason is that protruding
switches, knobs, stalks and the like can be eliminated, and
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these in some cases have caused injury, particularly when
passengers have been thrown into the center part of the
vehicle which has no protective airbag today.

BRIEF DESCRIPTION OF FIGURES

The invention will further be described in the following
figures:

FIG. 1 Illustrates conventional automotive practice, and
arrangements of screens and input devices (touch or other-
wise) which comprise various automotive operative control
and information embodiments of the invention. Further
illustrated is a preferred embodiment for near term commer-
cialization, located in this example in the center stack. This
embodiment discloses programmable tactile physical selec-
tion or adjustment means and is most like the dash operation
in vehicles of today, but in addition has programmable visual
and tactile aspects of high utility. Projection and LCD
display examples with different types of optical sensing are
illustrated, as are interchangeable tactile elements.

FIG. 2 illustrates additional detail and features of the
preferred embodiment for near term commercialization pos-
sessing a physical detail tactile feel, which may be also
operated in conjunction with the surface distortion or other
types of touch screens disclosed herein

FIG. 3 is a basic embodiment of a dashboard located
touch screen, similar to that of FIG. 2 of Ser. No. 09/435,
854. Also illustrated in FIGS. 35 to 34 are various examples
of tactile-like manipulation of data using such a screen

FIG. 4 a preferred arrangement for safety and other
purposes, in which the illumination and image projection
source are off-axis, such that an airbag (also called supple-
mental restraint system, or SRS) can be deployed on-axis.
Both optical and computer correction techniques are used to
make a presentable display.

FIG. 5 illustrates a touch screen having indented or raised
portions of the screen or overlays thereon to facilitate the
driver finding the correct location for input action the touch
screen may provide, to aid knob turning, slider moving,
switch rocking, turn signaling, transmission mode selection
and other usage of various tactile physical selection or
adjustment means.

FIG. 6 illustrates a combined touch, gesture and voice
activated system

FIG. 7 illustrates a touch screen on the dash, whose
control is further (or alternatively) equipped or enhanced
with an optional TV camera based human extremity (head,
fingers, hands, etc) tracker in the roof and other features.

FIG. 8 further illustrates methods provision and function-
ality of external data using a screen with TV images

FIG. 9 illustrates another version, in which the steering
wheel and airbag also encompasses the display and touch
device.

FIG. 10 illustrates an embodiment of the invention where
a Screen display moves to or around a touch point touched
by a user, using a vector of touch or a time based input.

FIG. 11 is an alternate embodiment of the invention using
the image of a users body portion or object, using light from
a projection source, or from inside the car to back illuminate
said portion.

FIG. 12 is an alternate acoustic embodiment of the
invention using a surface acoustic wave (SAW) conven-
tional type touch screen or other acoustic means and
employing a LCD Flat panel display

FIG. 13 illustrates a unique “Heads up display” (HUD) of
touch screen and touch position, to aid the driver to work the
touch screen while driving.
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FIG. 14 illustrates a novel screen design for distortion
based touch screens. Also illustrated is an Optical touch
screen equipped with a force feedback signal which is
acoustically generated by a piezo electric or other transducer
providing an acoustic wave force pulse back to the user to
signal that one is close to the point desired or has reached it
for example. It can be pulsed, or of static or varying
repetition rate or frequency, or of varying amplitude.

FIG. 15 illustrates a display screen responsive to a laser
pointer or like device used by driver or passengers to input
data.

FIG. 16 illustrates an embodiment of the invention having
external cameras and cameras to sense the orientation of a
drivers head

FIG. 17 illustrates a front sensed switch overlay for
conventional or other touch screens.

FIG. 18 illustrates a ball joint or gimbaled physical
selection or adjustment means in which position and orien-
tation of the handle input is determined optically using for
example a four point target set.

FIG. 19 illustrates a multipurpose home application of the
invention

FIG. 20 illustrates an application for difficult environ-
ments, such as a home shower bath

FIG. 21 illustrates another screen input embodiment,
using cameras sensing humans or objects through the pro-
jection screen of the invention

FIG. 22 illustrates further camera sensed controls of the
invention

FIG. 23 illustrates a keyboard embodiment of the inven-
tion

FIG. 24 is an touch screen improvement whereby touch
designation precision of small displayed features is assisted
by use of two fingers and/or demagnified cursor movement
controlled by ones finger movement.

FIG. 25 illustrates further embodiments of the “touch
mouse” of FIG. 24 using a pinching or other action-in this
case with respect to information in a spreadsheet cell or a
word document word or letter.

FIG. 26 further illustrates a touch mouse using a sliding
lever or rotary knob or joystick representation.

FIG. 27 illustrates embodiments having elastic touch
screen properties and employing photo-elastic and other
principles

FIG. 28 illustrates an embodiment of the invention where
one first touches a screen at any point desired or comfort-
able, and said touch is temporarily indented into the screen
to serve as reference.

EMBODIMENTS OF THE INVENTION

FIG. 1

This invention is predominately aimed at providing a new
form of instrument panel and related controls, based on
displays, including touch screen displays, which have tactile
attributes of considerable utility for the driver of the vehicle.
By themselves, or in concert with voice techniques, these
tactile displays enable the effective selection of functions in
control related applications, not just in the vehicle, but in the
home and elsewhere. Many of the disclosed embodiments
are also thought to improve the safety of vehicle operation,
while doing so at less manufacturing cost.

In a vehicle, tactile displays of the invention can be
located on the passenger side (mainly for amusement and
internet communication), on the driver’s side as a replace-
ment for the existing instrument cluster, or in the middle
(also called center stack) which is the easiest to implement
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today because of lack of requirement of airbag application
and the fact that the steering wheel does not obstruct hand
or eye communication with the display screen.

Before providing detail on the specific technology
employed, it is of interest to consider what sorts of new
presentations of data to the driver and passengers of a
vehicle might be, if such technology were employed, espe-
cially but not necessarily that of the invention. Only if
displays having suitable tactile aspects are available (the
primary goal of the invention herein), will these possibilities
likely ever be realized, and least in the near to mid term.

FIGS. 1a and b illustrate one example of a conventional
Automobile instrument panel of today, in this case of a
SAAB 9-5. This dash includes many small buttons, displays
and controls, and yet has none of the features desired for
advanced forms of telematics, navigation and other features
disclosed herein. It is a good example of a nice design at its
limit.

FIG. 1c¢ Illustrates one example of a conceptual vehicle
basic dash board 1, and center stack 5, with tactile displays
and/or touch screens 10-14, made possible by this invention,
incorporated in

The steering wheel center, 10

The center stack, 11,12

The console, 14

The passenger side of the dash board, 13

And possibly the instrument cluster itself Not here illus-

trated.

As will become apparent on consideration of this inven-
tion, it is possible to provide in an automobile dash, a highly
effective touch screen or other display of large size having
the necessary tactile feel, passive safety, and air bag accom-
modation where needed to make it acceptable from a safety
point of view.

This unique ability opens up a host of novel dashboard
implementation embodiments presented here, which are
sometimes also possible less preferably with other prior art
touch screen devices in certain circumstances as well. The
reason for this is the huge increase in flexibility presented by
the tactile touch screen concept, and its ability to greatly
increase the active information which may be made avail-
able to improve automotive safety, as well as the driving
experience, at the same time in total synchronism with
current trends to information availability at all times and
places, including in ones vehicle. (a concept referred to as
“Telematics”).

Many of these advantages accrue because the same dis-
play can function as the controls, the vehicle operation
information presentation, and the telematic function dis-
plays. And on top of that, can provide information from
cameras and other inputs directly where needed by the driver
(as such information can temporarily, as in time of stress or
crisis, replace some or all of the functional displays, for
example of speed or engine RPM).

Some novel screens and other dash configurations and
representations according to the invention, which give an
idea of the breath of possibilities are given below.

a. Standard screen

b. Highway screen

c. City Traffic screen

d. Audio enjoyment screen

e. Night vision and fog screen

f. A Difficult driving or “Crisis” screen, where all func-

tions relate to navigating or recovering from a difficult
situation—such as very heavy traffic, ice conditions,
etc.
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g. Malfunction and alarm screen, including Automatic
switch to a “trouble mode” so to speak when something
wrong is detected

h. Telephoning faxing and Email screen

i. Climate control optimization screen

j. Exaggerated character and input screen (for elderly or
infirm persons, or as desired)

k. Internet and communication screen (passenger)

1. Internet and communication screen (driver moving, and
driver stopped)

m. A Techno screen, with graphs, charts, etc of interest
(laws may prohibit some of these from being displayed
to the driver while moving—in this case a set of
abbreviated screens with “legal information” might just
be displayed.

n. A “preflight” checkout screen to allow the driver to
ascertain correct functions and settings of various sub-
systems

0. Preventive maintenance screen, with data, predicted
service times, and even camera images of key parts of
vehicle such as wheels, engine, etc.

p. “Global” navigational screens, including GPS based
MAP data as is now prevalent for guiding one to a
destination

q. “Local” navigational screen for parking, in which
camera and other sensory data (microwave, ultrasound,
IR lidar, etc) are greatly magnified and presented. To
aid in parking or navigating in tight quarters.

r. Parking spot screen, providing data on location of
parking spots in for example, a garage, using data
downloaded to the car upon entering or nearing said
garage.

s. Car subsystem amusement and education screen, for
displaying, for example
a. 3D representation of airflow, with different HVAC

and vent position settings,
b. 3D representation of sound, with different settings,
including if desired the monitoring of ambient sound
c. 3D representation of rear and front viewing situa-
tions by various optical subsystems (mirrors, cam-
eras, IR or other night vision, etc) and radar sub-
systems if used.

The above screens can, if desired, occupy 60-70% of the
width of the dash, in front of the driver and in the center. Or
they can be in front of the driver, in the instrument cluster
area, or on the steering wheel as disclosed herein. They are
primarily for use by the driver, unassisted, but clearly have
use for passengers as well. If they are not for the driver,
many of the comments regarding vehicle functions may not
apply (e.g. the need for a speedometer or other critical car
function if any to be displayed somewhere at all times may
not be needed).

These screens do not represent the totality of novel
functions which may be provided, but are ones that I feel are
of considerable utility. Generically, these novel screens have
one or more of these common threads.

1. An ability to switch automatically to a new safety
oriented state on input of data from sensors which
indicate such is called for. This state can be activated
manually as well
an ability to switch among several screens
. an ability to be switched from one to another, as well

has have individual functions triggered from a variety
of human command inputs, including touch related
activities of various sorts, plus hand motions, head
motions, finger motions, and the like.

4.

Some more detail on the screens listed above appears in
a sequence of FIGS. 29a to 29s

W
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FIG. 1d illustrates a preferred highly tactile center stack
embodiment for near term commercialization, as it is closest
to the instrument panel of today in terms of touch and feel,
and visually, yet offers the full programmability required
tomorrow and it is also thought to promote safer driving. The
overall shape, in this example, is that of a SAAB 9000 and
9-5 which, like the Oldsmobile Aurora has a portion of the
dash/center stack as its called, canted toward the driver,
representing an almost ideal location for a touch screen or
other embodiment of the invention.

The base screen functions are depicted in the quasi
rectangular portion of the center stack area in question, in
keeping with the notion of a relatively simple projection
display on a scattering screen in the same area.

This embodiment utilizes “classical” tactile physical
selection or adjustment means (such as knobs) common to
dashboards today which may be also operated in conjunction
with the surface distortion or other types screens disclosed
herein. What makes it novel and exceedingly useful is that
it has programmable visual and tactile aspects approaching
and in some cases exceeding today’s dashboards, while at
the same time being programmably changeable as needed to
provide added features and enhanced versatility. By doing
so, safety is improved, and user value is enhance.

Elements have been disclosed in the referenced co-pend-
ing applications. Additional details are provided in FIG. 2
and other figures.

As shown in figure, an instrument panel center stack 101
is equipped with a large panel 105 which is primarily a
display screen having scattering characteristics to act as a
rear projection screen for LCD, DLP, or other type of
computer display projector 110 positioned behind it when
viewed by driver 111 from the drivers side, and controlled by
computer 120.

Clearly by known means computer data including mes-
sages and other communications down loaded to the com-
puter from external sources, or the vehicle itself can be
projected on the screen.

In this embodiment however, knob 115 (and if desired
other knobs or tactile physical selection or adjustment means
such as 116) is mounted on the screen so as to be rotatable
thereon to various positions which are sensed (for example
by optical means as shown in FIG. 2, such as camera 117
which looks at points on the back of the knobs which relate
to their circumferential position) and reported to the com-
puter 120 which in turn indicates the knob position, func-
tions or other data by projecting same onto the screen. The
rotation can optionally have a detent function, or another
feeling sensation dependent on rotational position can be
alternatively provided by an acoustic source such as 125
programmed by computer 120 and driven by drive electron-
ics 127 which, on command sends acoustic waves 126 which
can be felt by the user thru the screen panel 105, which is
made of Plexiglas or lexan.

By sharing the display area between knob selection or
adjustment functions (and their description/instructions, and
display functions (e.g. display of navigational charts), space
is saved on the dashboard, and larger knobs and lettering
may be provided (especially given the programmable opera-
tion). This then promotes safety immediately by making it
easier to see what is desired, or has been effected. The screen
too can be a touch screen as well.

Contributing even more to safety, the tactile feel of the
knob, or other tactile physical selection or adjustment
means, can itself be programmable, for example using
programmable acoustic wave pulses or other means, giving
many added benefits. Note that such a programmable tactile
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response can be programmed to change with function
selected, and/or variable affected And can operate statically
100, to give the driver a chance to tell the setting of the knob
by feel alone. In addition, conventional cues to the driver
such as the displayed values or computer generated speech
can be used as well or instead.

While described as a knob movable rotationally, other
tactile physical selection or adjustment means like sliders,
switches, levers or the like which are movable linearly,
angularly, or in other manners can be used.

Let us consider in more detail the operation of the
preferred embodiment, also in consideration of the front
view of FIG. 1e. As shown, there are two knobs, 115 and 116
preferably large for ease of use. While illustrated vertically,
a horizontal or any other positioning of such knobs or other
tactile selection and adjustment means can be used.

A driver can look at this screen 105 and see the lettering
displayed in big letters next to knob 115 indicative of its
function, eg the word “HEAT™ as shown. If he needs to keep
his eyes on the road he can as he touches the knob receive
a physical sensation due to the acoustic source 125, which
typically is a piezo-electric transducer known in the art. For
example, if as he touches the knob 115 the computer 120 can
cause the driver to feel a series of pulses 1 sec apart which
indicate that the knob is a function selector knob in its
current state of programmed operation. Or the one hertz
pulses might mean that it was the heater function (if there
was no doubt as to what the knob was for—ie having a sign
with big lettering right next to it.) or perhaps it was perma-
nently such a knob.

Alternatively, the definition of the setting can also be
actuated by voice. Say status, and the HEAT indication is
displayed.

In any case as the knob is moved, the lettering projected
is changed to indicate the new position. For example in one
program, as the knob is turned 20 degrees rotationally, the
function changes to wipers from heat, and in so doing the
acoustic source causes 2 hertz pulses, (or another choice of
signal like alternating high low pulses etc) which signify the
wiper function.

The system is totally programmable—the degrees of turn
to create a new choice of selection or function, the acoustic
pulse choices, and the visual display of lettering (and
language thereof too) is all programmable in computer
control unit 120. If desired a computer generated sound
(which can be made to emanate from one or more of the
radio loudspeakers can also be used to indicate position as
well or instead of the acoustic wave tactile pulses (or other
types).

This system has the ability to have its data read in a quick
visual glance and/or touch and visual confirmation too after
a move is made. Voice input or output can also be used. For
example when the knob is stopped from being turned, the
computer can annunciate its position. Or the person can tell
the system via a microphone connected to the computer
equipped with a voice recognition program (not shown)
what he wants the knob to be (eg heating and air) and the
knob function and its associated display can be changed
accordingly.

When the knob is at the point desired in the circumfer-
ential direction, it can be left there and after a momentary
dwell, the computer registers the reading desired (e.g. wipers
at the second position). Or, in another exemplary mode of
operation, the knob function can be changed. For example,
when at the “wipers” position, the knob can be pushed in to
register this choice (wipers) and then after that the knob
function and the display associated with the knob changed to
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wiper speed delay and other wiper function settings at the
different circumferential positions desired.

Note that the unit may have different functions made
possible for the knob or other devices when the car is
stopped. For example the knob might indicate wipers, heat
and radio when in motion, but additionally when stopped
could have email, internet surfing and other functions which
might be too dangerous while in motion.

As an alternative to an acoustic source thru the screen to
signal a feel of a variable to the user,, a sound generator
loudspeaker 130 can send sub audible waves 131 against the
whole screen 105 which can be sensed at the point touched.

In the preferred embodiment shown, the portion 106 of
the screen 105 is reserved for touch screen inputs for
example using known resistive, capacitive or other means
such as my distortion based types. Similarly as shown, the
users finger 141 (FIG. 1d) touching screen 105 can input
data, and information can also be communicated via acous-
tic source 125 controlled by computer 120.(see also FIG.
14).

It is noted too that the touch screen can desirably have
indents or ridges such as circular depression 140 in screen
105, in order to guide the users finger such as 141 to a certain
location on the screen where for example the starting point
of various command movements might be made. The indent
or ridge (disclosed further in FIG. 5 and elsewhere herein)
can be shallow such that it can be felt, but not deep enough
to cause refractive gradients which would disturb an image
say of a map that might take up the whole screen surface in
a navigational mode for example. Ridges and depressions in
smooth surfaces of even 0.003 inches for example can work
(thickness of human hair), while even 0.020 inches deep or
high can be used with little optical effect in many cases.

It should be noted that because the display and tactile
physical selection or adjustment means providing control
functions and feedback are both programmable, one can
have programs which vary by driver. Indeed, one can even
take your program with you, for example 1f renting a car
having a similar display and a data input device for your to
enter your program in (e.g. a CD Rom for example using a
version of the CD player of the car). Or your program can
be downloaded from remote sources such as your home
computer or the internet (where a selection of programs
might be found, say on the GM web site).

The Sequence of actions undertaken then using the
embodiment in one preferred version is

1. Glance,
2. touch,
3. move,

4. confirm (tactily and/or visually—much like today’s
dash boards—but generally with even more tactile feel
relating to the position, and larger lettering which can
be better seen at a glance) Alternatively, one can do it
entirely by feel, using the techniques described above
where the programmable acoustic source is used to
input to the user all data needed (even to include the
initial starting point of the knob position such as a short
pulse burst, with a long delay until the next one to
indicate a first position, or the end point, which might
be three short pulses with a long delay, to indicate
position 3 for example. Other pulse frequencies or
codes could signify different programmed knob func-
tions if desired, like wipers or heat, or whatever. Or
voice can be used as discussed, or combinations
thereof.
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Also gestures can be used, such as hand or finger position
or movement, as disclosed in my copending applications for
example.

It should also be noted that using the computer controlled
projector (or other screen) display a variety of visual cues
can be used to signal a function or state has been reached.
For example, Not only can one display a word such as
“high” to indicate high heat, but one can also have it blink
3 times when reached. This could correspond to a acoustic
or other tactile signal comprising three pulses as well.

Also it is possible for the colors or patterns of the words
or figures to be changed programmably. For example, in the
FIG. 1 case the whole knob, or its surroundings could be
illuminated through use of an appropriate computer program
for the display, in bright red when the highest heat position
was chosen (with blue, for the lowest, for example). And for
example, the knob surroundings could be projected on the
display in polka-dots, if the knob was not in a position that
actuated a function (e.g. a dead zone).

Where desired (e.g. with elderly drivers) the writing near
the knob, might be in large letters, which could even be so
large that the words (such as “high”, for a heater blower
speed selected, would need to be abbreviated as HI" for
example).

It should be noted that the knobs or other tactile input
devices shown could be contained on an interchangeable
member. One can have a touch screen, equipped with
interchangeable front panels of the type just described which
have specialized physical devices for interaction with the
sensing arrangement used. In this manner one can actually
add in an interchangeable manner, overlays to your dash
which can be used for different purposes. This can enable
you to do tasks by feel not otherwise possible.

For example consider a tactile display or touch screen of
the type shown in FIG. 1 or 2 using optically sensed details
on the back of the various control items used. In this instance
the control items are able to be interchanged. A group of
levers could be on one screen, knobs on another, and so
forth. Or one screen could have markings on its face for
email and stocks, with levers and knobs to suit, etc.

This overlay type of arrangement does not depend only on
the touch screen types I have invented, but may work with
touch screens employing other technology, for example the
acoustic surface wave version of FIG. 12.

The tactile control of the computer system used can in this
manner, be customized not only by the user in general, but
for specific purposes—what 1 call a “Mission specific”
tactile and visual input and output. This makes it still safer
by providing just the right tactile controls for the application
at hand.

To illustrate, consider optional removable (and inter-
changeable) tactile screen member 144(dotted lines), in this
case a piece of plastic shaped like a 3x5 inch card, and
containing a knob 145 (also dotted lines) as described whose
position can be determined (optically via camera 117, or
otherwise).

This card member can be inserted to change the function
of the tactile portions, or for example to include, as illus-
trated in this case, an additional knob as tactile physical
selection or adjustment means. In one preferred embodi-
ment, the card member can be placed in slot between guides
146 and 147 (which could be dovetailed to assist). Data
concerning the function of the knob in this particular case
can be provided to computer 120 by any means desired,
including downloads from the internet, magnetic or optically
encoded data on the card or whatever.
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The card as well can have printing on it, and may be
transparent in areas desired to allow data from the display
behind it to indicate data relating to the knob position or
other variables. The use of data permanently printed on the
card might befit a mission specific or one time use card, for
a particular project, or a particular drive to work. Note that
the card could also correspond to just one function, like an
internet music source selection card, that you could use just
for this purpose, removing and storing it when you wanted
to put another card in, or free up the display area for other
information.

It should be noted that an acoustic source such as 125
providing programmable feel, can couple to this insert-able
member as well. Such cards have a very interesting use as
single use, or mission specific controls for certain purposes,
and provide additional freedom in choice of tactile physical
selection and adjustment means.

It is noted that TV camera based systems are not the only
way of determining position or orientation of tactile physical
devices such as knobs in the invention. Other technologies
may be used. For example of interest in rear projection
display based applications of the invention are DLP or
micro-mirror type chip projectors which can be used in a
reverse mode as a scanning device, capable of determining,
with a suitable detector in conjunction therewith, indications
relating to say the location of a flag on a knob, corresponding
to its rotational position. In some cases they can be used to
see finger touch as well, by for example, the direct viewing
method of FIG. 11.

FIG. 1f provides another illustration of such devices.
Consider a version, in which a transparent member 150,
typically glass or Lexan plastic is placed in front of an LCD
or other flat panel display (e.g. a plasma display) 155 having
front surface 156 and rear illumination source 157 which
directs light upward in the drawing. LCD displays operate
by switching bi-refringent properties of individual elements
such as 158-160 (of hundreds of thousands), whose size is
exaggerated for clarity.

Knob 165 is secured to transparent member 150 using pin
166. On the rear of the knob, is reflector 170 which reflects
light 174 from light source 157 passing thru the L.CD
elements such that light so reflected (or other wise deviated)
back into member 150 reaches high gain photo detector 175
by bouncing between the front and rear surfaces 176 and 177
of member 150. The reflector design can be such that it
scatters or otherwise helps direct light to the detector.

In operation, the location of reflector 170 is determined,
in order to determine the circumferential location of knob
165. In this example, the area of LCD pixel elements in the
region of the knob are all initially dark (in this case a circular
area), and one by one are sequentially opened up (under
computer control) to allow light from source 157 to pass thru
in order to illuminate the region in front of them. To
illustrate, with the knob pointed in the position to the right
of the drawing, as the pixel elements 158-160 are sequenced
thru, it is noticed on graph 180 of detector amplifier 181
output, that at as element 159 was illuminated, that detector
175 received a signal considerably stronger than at other
positions. This then indicates that the reflector was closest to
that represented by LCD element 159. Typically such a
position would be an grouping of elements able to identify
knob circumferential position within the tolerances needed
(e.g. every 10 degrees, say).

LCD elements can be very rapidly sequenced in many
cases. Thus it may be that a sequential illumination scan
such as just represented can be done so fast (e.g. in a
millisecond) that it is unnoticed by a user—even if he is
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looking directly at the knob. (human eye integration time
being 60 milliseconds.). To make the total scan even quicker,
it is noted that it is only necessary to scan an annulus
corresponding to expected reflector positions, if a point
reflector is used on the periphery of the knob, say. Other
reflector designs can also be used. And refractive, diffrac-
tive, or other elements to direct light can also be used.

It is noted that transparent member 150 may be inter-
changeable as well, as disclosed above.

As shown therefore the circumferential location of knob
165 has been determined. Similarly slider (or other tactile
selection or adjustment means) axial locations can be deter-
mined as well. And in addition, so can finger touch locations
in x and y dimension of the LCD panel surface.

For example consider finger 190 touching front surface
177 of member 150 as shown. In this case the finger itself
acts to reflect light 191 from individually sequenced LCD
pixels (not shown for clarity) to the detector and its location
can be determined by similar means.

Finally it is of interest to consider optional ridge or other
small protrusion 192 on LCD flat panel screen (or cover
glass thereon, which as noted can be interchangable). This as
noted is to provide a tactile relation between the users finger
and the screen and display, an issue discussed in FIG. 5. This
allows the finger to easily find a set point or line of action
on the screen without looking. Typically the height of the
ridge or alternatively an indentation is small, so as not to
unduly disturb the light field of the screen. Generally pref-
erable is when there is sharp slopes, so as to minimize lens
effects.

It should be noted that displayed data next to (or even
within same, if room exists a knob or other tactile physical
selection or adjustment means usually at a minimum dis-
plays the selection or adjustment choices—e.g. wipers, heat,
air, cruise; or lo, med, hi for example. Alternatively or in
addition, pictographs, colors or patterns may be used for
example.

In addition other information can also be displayed, such
as more detail about what the choice means. This can even
include effectively displaying the instruction manual for that
function if desired.

FIG. 2

FIG. 2 illustrates in further detail the versions and features
of the preferred embodiment for near term commercializa-
tion disclosed in FIG. 1. It is illustrated in the form of a rear
projection display, but is not limited thereto. This embodi-
ment senses positions of screen mounted knobs and other
conventional tactile selection and adjustment means. Such
sensing can be performed by a variety of electrical, mag-
netic, acoustic or other means known in the art, but here is
preferably illustrated with optically based sensing means,
which has the advantage of simplicity and non contact
operation.

Consider screen 200, where a physical tactile selection or
adjustment means such as a knob, (switch, slider, rocker,
etc), 203, is in one portion of the screen surface, and this
knob has on its rear facing the camera a “pointer” or mark
210 which can be imaged and sensed by the camera 205 and
its associated image processing computer 212 to tell the
angular knob position, and pass this information to the
display and vehicle control computer 215. Camera 205, can
also be used to see screen distortion under touch like 340 in
FIG. 3. This means that a combination touch screen and
“regular” function dash can be provided for very low cost,
which can be interchanged, since the camera 205 can be
programmed to see any effect in any zone. Note that the light
source of projector 218 even may be used to provide
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illumination of mark 210. And since one can control the
projector, one can choose the light projected for example to
clearly illuminate the marker—which itself may be prefer-
entially reflective of a certain color which may be instantly
recognized in the color image obtained by camera 205,
which can be a solid state matrix TV camera. Identification
of the marker is also made easier by the fact that its relative
position is approximately known to be in a certain region of
the screen.

While the projector source may be used to light the
markers of any knob slider, switch or other selection or
adjustment means, a separate light source such as laser light
source 219 can be used alternatively such that the camera
using filter 221 (dotted lines)can for example see, using an
interference filtered image responsive only to laser light, the
knob mark reflection (where it too can have a dichroic mirror
reflecting only laser light substantially). This makes the
sensing of knob position independent of what is being
projected, and it can operate with no projection at all. Its
noted that if the laser (or alternatively for example an LED
source) is in the near IR (e.g. 0.9 microns) the user will not
see any indication of this.

With proper construction, the knob or for example trans-
parent slider 230, having mark 231 (also viewable by camera
205, or a different camera if desired) running in track 235 in
transparent screen 200, can be all transparent (however,
scattering light from the screen face, 201. Under computer
control, the projector source 218 then can be used to change
these devices to indicated different functions, both by pro-
jected lettering and color, and possibly other patterns or the
like.

For example consider the function of transparent slider
230, illuminated by light projected through it, 231. as shown
this runs in dove tail groove track 235 in the outer portion
of screen 200, as shown in FIG. 25. in one mode, shown in
FIG. 2¢, the word “HEAT” is projected on the screen over
the top of it, by projector 218, and further, the zone from a
to b in the slider grove may be projected with a continuous
band changing from red (hot) at point a, to blue (cold) at
point b. Camera 205 senses the position of mark 231 and
computer controls the heating and air-conditioning system
of the vehicle accordingly.

In another screen scenario however, the projector can turn
this same slider into another function altogether, for example
as shown in FIG. 2d, where the data projected is indicative
of the viewing direction of a swiveling exterior rear view
camera on the right side of the vehicle, which presents an
image 240 of the rearward TV camera scene viewed on the
same screen 200 (or alternatively, a different screen), by
virtue of the projector 218 also projecting the image. The
words right and left are projected in this case.

In this manner, a relatively small number of knobs,
sliders, switches, buttons, or whatever can be used to control
a large number of functions, while in large measure still
retaining a classical “feel” to which users of dashboards are
accustomed. Not all portions of the screen zone need be
transparent, allowing the projected image to be displayed at
all points, but this feature allows maximum flexibility in the
use of the screen. The surface distortion technique or other
touch screen technologies as desired, may be combined with
the direct viewing technique as can be appreciated, such that
more data can be entered as well. For example in a particular
combination, one can use the FIG. 2 version to dial in a heat
setting, and then push the knob in, creating a distortion type
reading as taught in FIGS. 2-4 above and co-pending
applications indicating that the selection has been made. Or
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one can use stereo vision or other means to detector the push
command—which also may be proportionally related, rather
than just a switch.

Its noted that not only then is the image displayed
programmable, but the inputs are too. for example, if prob-
lems were detected, the Malfunction screen (or an applicable
portion thereof, such as electrical system data, if an electri-
cal problem was detected) could be called to be displayed,
and the slider 230 would assume say, the function of turning
the hazard lights on, and calling “ONSTAR”—if not auto-
matically called.

It is noted that the knob and slider examples, are those
where the position of the device (angular or linear, in the
case of knobs and sliders) is determined, and provides an
analog or digital indicator (if converted, or if mechanical
detents area used) to the control computer. If switches are
used, the function can be as simple as on or off. In this case,
shown in FIG. 2e, the button, such as 260, might push in to
the screen 265 to turn on, exposing as it does so a mark 270
to camera 275 (like 205).

It is useful to have tactile feel provided with ratchet clicks
for example, when moving a knob or slider or other means
ofthe invention. This provides a feedback to the user of how
much movement has occurred. In addition, the system itself
can provide a feedback by sound, or by visual indication on
the screen which could be a change of pattern, color or the
like.

FIG. 2f illustrates another example of a tactile conven-
tional mechanism built into a screen—which itself may
optionally be a touch screen. A big knob 277 as above is for
example located in the middle of a large screen 278 in the
central dash portion. Both the knob and the lettering on the
screen are desirably large to allow most all drivers to read it
easily in a glance without the aid of glasses. Optionally the
print and control knob etc sizes could be user selectable. For
example a young user might like four small knobs rather
than one big one, with less need to go to secondary screens.
Another user might want sliders rather than knobs. With an
open computer system, programs for this could even be
purchased in the after market.

As shown there are 6 indications at different circumfer-
ential locations (as shown there are diversely illustrated as
Heat/Air, Wipers, Stocks, Email, audio. It is possible to have
more than 6, with each still being quite readable, especially
if the screen is large.

The user turns the knob to the desired indication and
presses in the knob as appropriate to indicate his selection,
which is detected by the touch screen apparatus or by a
second camera capable of seeing the knob from a different
angle and thus by matching with image from camera 205
determining depth movement of the knob by pressing. (see
other drawings for examples).

Then as shown in FIG. 2g, a new screen 285 (in this case
a heat one selected in the first case 2f for example) may be
generated by the display control, indicative of that function.
In this particular example a bar indicator 286 is displayed,
and the user touches the point “P” on the bar which he wants,
temperature wise that is. The point can be programmed by
the display computer to be color indicated, or with actual
temperature markings or whatever. Or he can use the knob
to select a fan speed, rear air distribution, or something else.

FIG. 2/ illustrates a version of FIG. 2f or g which can be
achieved with a conventional display screen having no
special capability at all. In this case a conventional knob 290
(or other tactile selection and adjustment means) is located
below screen 291 and a large displayed surrogate knob 292,
like 277, is displayed on the screen. As the user physically
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turns real knob 290, the surrogate knob 292 moves to the
positions indicated—just like in FIG. 2f, where it was
physically turned. Again, one can push the real knob in if
desired to indicate a choice. Or the choice can be indicated
by just leaving the knob in position for a minimum time
period.

The “real” knob of 2f (albeit virtually displayed), or the
surrogate of 2/, both allow displays having multiple choices
of different variables or functions, and different gradations at
different circumferential locations, and the use of different
languages or the like.

It should also be noted that such a conventional approach
can be still more conventional, and that is to not display the
surrogate knob 292, but rather just display the status of the
knob and/or the result of its movement or other action.

For example, consider display of the word “Heat” 295 in
big letters on the screen, as the knob 290 is touched and
movement is sensed. As it reaches its next setting which
could be “Wipers”, for example, the display would be
changed accordingly. These large words could be supple-
mental to any smaller display words chosen. (particularly
when the knob is on the display rather than below it or
otherwise positioned).

It is noted that the acoustic or other programmable tactile
feedback to the user operating the conventional knob 290
can be provided as well.

It is also noted that with TV camera sensing of a finger
touch screen distortion or features of physical tactile devices
such as knobs as described can be usefully accomplished by
change detection, accomplished for example by subtracting
images in a quiet previous state (i.e. static) from instant
images. Both finger touch and knob turning represent
change which can be so identified. And the region of change
pinpointed.

Its also noted that one can calibrate the camera system
each time a measurement is made as well, if the movement
is known—e.g. a knob turn to the next position

FIG. 3

Where surface distortion based transduction of touch
events is desired, a preferred means of detecting surface
distortion is that given in reference 1, which discloses
illumination of a surface and subsequent retroreflective
re-illumination of the surface from which an enhanced
image of the distortion in such surface are created. This
method (and the products based thereon sold under the trade
name “D-Sight.TM.”), is at once, simple, fast, and capable
of intelligibly measuring minute distortions over large sur-
face areas. All of these are advantages for the present
disclosed invention, and “D-Sight. TM. is the preferred
method (but not the only method) for determining such
distortions. Other optical techniques are grid and moiré
triangulation, also providing surface distortion data.

FIG. 3 is a basic embodiment of one type of distortion/
deflection based touch screen suitable of the invention,
previously disclosed in reference 2, FIG. 2 (and others).
Touch screen 301 located on a vehicle dashboard 302 in
front of a passenger 305 for example, typically and desirably
of significant size so as to make reading and touching easy,
operates as follows. The screen surface 301 is illuminated by
a rear projection TV projector 310, in this case provided by
a low cost micro-display such as an LCD matrix 311 or
alternatively for example, a Texas instruments DLP device,
illuminated by light source 309, and imaged on screen 301
by lens 313, and controlled by display computer 315.

A TV camera based transduction of the screen touch or
other physical function is used as described in co-pending
applications and further in this application. In this embodi-
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ment, surface distortion of the screen caused by touch or
impact of one or more objects (e.g. thumb 320 and first
finger 321 of the passenger) is a achieved using for example
the D sight effect, and employing TV camera 340, light
source 345, and retro-reflective screen 350, together with
microcomputer 360 (which may be the same as 315) to
process the data obtained as to the location, of any and all
contacts in the xy plane of the screen, and their z direction
or force function if desired. As was disclosed in the refer-
enced application, it is the local screen distortion caused by
the touch that is being sensed in this case.

It is noted that camera 340 imaging distortion of screen
301 touched by finger 321 may also be used to image a
projected image on the screen produced by image projector
310 and backscattered by the screen. Analysis by computer
360 attached to camera 340 directly correlates the point of
touch “P” to a point determined by 360 in the image. For
example 1f a test image is produced on the screen which has
100 vertical bars, and the finger touch hits between the 907
and 91* bar, it is then known that the reading of the touch
determining apparatus corresponds to this location in the
image. Similarly 100 vertical bars could be projected and the
vertical distance calibrated.

This correlation can be performed when ever it is desired
to provide a test pattern. Thus the operation of the device is
not dependent on stable image projection over time and a
knowledge from the projection input, as to where the touch
occurred. This kind of operation is useful if there is insta-
bility in the projection for example, or if there are problems
with the mounting of projection devices, large amounts of
thermal expansion or the like.

The transparent screen material may be darkened if
desired, to make the system innocuous and or invisible when
not turned on. If desired, the display may be flat, or curved
with reasonable positive or negative radius to correspond to
aesthetic design considerations. (generally however, flat
displays are easiest to use).

While not the only form of touch screen which can be
used with the invention herein, this distortion based system
has several unique properties which are helpful in the car
application. For example some of those given in reference 2
are:

A potential “four” and “five dimensional” capability,
wherein the force vector direction as well as the mag-
nitude of force is measured.

An ability to have a data storage of a complete signature
at once, physically or in memory.

Robust and reliable. Many prior art touch screens are of
specialized construction and would be quite expensive
to replace if they were broken, especially as the size
increases

An ability to have the surface distortion or touching input
means of any material, completely removed from the
actual sensing of the input.

Inexpensive, particularly for larger surfaces.

Some embodiments give a desirable tactile feedback since
it is the actual physical deformation (and the amount
thereof) that is responsive. Thus the feedback to a
finger (or other member) in terms of resistive force is
proportional to the desired input. This tactile feedback
is particularly desirable in for example the automobile
where one should not take one’s eyes off the road.

High resolution data entry may be made directly on the
screen with ordinary instruments or fingers. If desired
the “beam” of the display can literally follow the touch
point, just as a pencil line would follow a pencil. In this
application the 3-D capability allows one to press
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harder and make a darker (or wider) line for example,
just as one would do in normal practice.

Multipoint Operation. The existing touch screen art is
capable only of measuring one touch point in X and Y
at a time. The invention is however, capable of multi-
point operation or even simultaneous detection of com-
plex area “signatures”, not just “points”. A further
advantage of the invention’s ability to detect multiple
input signatures, etc. at any point on its face, therefore
a keyboard, a piano keyboard, a joy stick can be
artificially created at any point under computer control
or simply by random human command. This is particu-
larly desirable in a car where you cannot necessarily
keep your eye on the data entry device. And it is of use
for handicapped people who could not be expected to
hit the right point on the device every time, but if they
just hit the device anywhere, could make a move from
that point in a manner that would be intelligible to a
computer for example

Variable and “Intelligent” orientation. It is also useful
therefore to replace in many cases keyboards which
have continuous arrays of keys, be they optical,
mechanical, contact, electro mechanical or whatever.
Unlike most keyboards the disclosed type can “float”
(i.e. be at any zone on the surface) which is convenient
for people who know how to type but cannot see the
keys for example, while driving.

Tactile feedback, including programmable. The unique
tactile feedback application aspect of the invention
allows one to essentially use a deformable member as
a sort of miniature joy stick for each finger or to allow
one to rock back and forth between one or more fingers
to enter information, for example—such as seek con-
trols on a car radio. In addition, programmable tactile
feedback such as air blasts, vibration, etc., can also be
added easily to the touch surface.

Another advantage of the invention is that it can detect a
force or displacement signature such that the signature of
someone can be used as a control enabler, or other verifi-
cation tool—for example in authorizing the driver to start
the car, or an internet transaction. In addition, for the
handicapped, non-conventional inputs such as palms and the
like can be used, rather than fingers.

As was pointed out in copending applications, the distor-
tion based screen, because it physically is perturbed by the
finger(s) of the user, has some subtle tactile features all by
itself. For example consider finger 320 and thumb 321 of
person 305 who desires to “rotate” a virtual knob 365 (dotted
lines in FIG. 3¢) depicted on touch screen 301 (for example
created by display computer 315). The person can do so by
pressing in on the screen 301, and registering to the com-
puter that a finger 320 and thumb 321 are touching in close
proximity, just as one would pinch a small knob on a dash
of today. This is illustrated in FIG. 35. Then in a sequential
motion, the screen sensing system senses that this knob is
being turned an amount m, in direction theta, so to speak, as
the fingers rotate their points of contact indication, FIG.
3c—effectively like a twisting motion. This amount of
rotation is communicated to the car control system, and the
heater output let us say, raised accordingly.

In another example shown in FIG. 3d, an input of how
much windshield wiper delay is desired. is achieved by just
touching the screen 301 again in this case with finger and
thumb, spaced d apart, in the general area of windshield
wiper control functions (dotted lines for example). This
could be a fixed zone of a particular displayed screen (such
that the driver would know by heart, or could be projected
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on the screen for the moment in such large manner that it
would be easy to see—and hit, so to speak. (so one wouldn’t
have to take eyes off road for but a fraction of a second).
With fingers still resting on the screen, the driver for
example, could move them a distance delta d to a new delay
position, in order to decrease the delay, say.

Alternatively the distance w of a finger touch point 338
with respect to the fixed base point ‘a’ (eg at the side of the
screen, or from a ridge or other tactile reference) could give
the delay for example.

Consider too the action of finger 320 and thumb 321
which can both rest on the screen at once, and alternately
push in and out, so as to “rock” back and forth, just as one
might do today in selecting radio stations with a seek rocker
switch, or moving outside mirror positions for example.

While use of a finger and thumb are most natural, clearly
any two things could do it in the above example. And some
functions might use three or even more input points.

More common is just one input, such as a forefinger. Here
again the device of ref 2 is useful, as the forefinger force on
the screen (also a z input) can be the function desired.

For example, as shown in FIG. 3E, a box 370 can be
displayed on screen 301, and the person just pushes on the
box at point ‘P’ with a force sufficient to cause an indentation
or distortion ‘Z > which is sensed, and used to indicate that
a high heater blower speed is desired (the Z value attained
could also be indicated to the driver with a tone or other
audio pulse, or a visual indication on the dash. For example
avalue of 0.010 inches could give a louder or higher pitched
sound than a 005 inch movement. Or it could be fed to a
voice program to just say HIGH, for example). This is easier
than, and preferable to, the common touch screen alterna-
tive, of leaving ones finger on the box for a given amount of
time t, during which the heater speed would ramp up. The
latter is disadvantageous, in that one must wait—with ones
finger still in place—for the desired speed or other desired
result to be obtained.

It should also noted that it is thought possible that one can
push in on a surface distortion detected screen with one
object, such as a forefinger, and not only detect the degree
of indentation, but the degree with which one might “twist”
ones finger in a rotation motion. This makes it easy for a
driver to interact.

It is also noted that one can also write on the display
screen 301 with any object for example pen 375 and have the
computer trace the line such as 376 on the screen, or store
it memory, or transmit it (the same goes for all data inputted
to the system by whatever means). One can also sense the
head 380 of pen 375 with a camera pair 385 and 386 (shown
here in the windshield header) such that the point of contact
is known on the screen, and the head position is known, and
thus the pointing angle to the screen is known which can be
useful for various applications, such as pointing at data
within a 3D virtual display.

Note that as alternative to the twisting knob motion of
FIGS. 3b-¢ above, one can also just trace with ones finger,
a movement on the screen. For example, a small left to right
linear movement starting at any point in at least a region of
the screen, could indicate an increase in a variable such as
heat, where as an arc shaped movement in the clockwise
direction could indicate an increase in heater blower speed.
The more the movement, the more the increase (and like
wise decrease). The rate of movement of ones finger across
the screen can also be sensed by comparing consecutive
camera views, and one could use rate to give a value as
well—a quick movement could be a quick blower speed, or
a fast wiper speed, say.
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FIG. 4

FIG. 4 illustrates the same arrangement as FIG. 3, but
with the image projection device 410 located off axis at
angle alpha to the normal 415 of screen 430 as shown, such
at an airbag 440 can be deployed on axis, substantially along
the normal. The display can be a simple display only, or can
be part of a touch screen as disclosed above and elsewhere
herein.

The airbag when initiated moves the touch screen 430 out
of the way. In this case it is desirable to secure the screen in
such a way for example by providing it with a weakened tear
line, that it blows down, or out of the way, and to make the
screen of material which itself causes minimal harm. The
ability to choose the screen material accordingly is advan-
tage when using the screen distortion based touch sensing
technology disclosed in ref 2. However, other touch screen
techniques known in the art can be used. For example a
surface acoustic wave generator 441 can be used (with
acoustic microphone pickups not shown for clarity), to
triangulate on where the human touch 443 has modified the
acoustic wave passing through the screen material.

Both optical and computer correction techniques are used
to make a presentable display. For example, the projection
source may have a light source 450 illuminating a LCD
matrix 451 driven by display computer 455, where the
matrix is tilted at an angle beta with respect to the axis of
projection 460 such that the image is in focus at all points on
screen 430.

Since this arrangement yields varying magnification at
different points across the screen, the input to display
computer 455 is advantageously corrected using equations
processed by said computer to account for the variation in
magnification and other issues as desired, in order to make
the projected image appear uniform.

As disclosed copending applications, the point 479 of an
ordinary pen or other device held and manipulated by a
person is shown here as an input, for drawing or other
purposes using computer 485 connected to the accoustic
sensing system 441, or alternatively, electro-optically based
sensing system 442. This computer 485 also acts as input to
display computer 455.

Finally it should be noted that another advantage of the
surface distortion system is that the material can be anything
sufficiently transparent that sufficiently deflects. If it is
desired that the screen break apart, rather than fly off, swing
down etc, when the airbag deploys against it, it can be slit
or serrated, or for example screen 430 can be equipped with
a weakened tear seam 491. Other touch screen types may
also be advantageously slit or serrated or otherwise induced
to break or disintegrate as well, but many will not work
properly in this mode due to disruption of acoustic or
capacitive fields for example. Again a big advantage of the
instant invention.

This approach not only allows the airbag to deploy
properly independent of the presence of the touch screen, but
as well allows low cost of repair after a deployment. The
screen surface isn’t expensive, and is the only thing struck-
less cost possibly than repairing dash upholstery.

It is noted in FIG. 4 that the image projector can be angled
in the x z plane as opposed to the yz plane as shown, in order
to miss the airbag deployment. Any touch screen sensing
using cameras or whatever does not have to be in the same
plane with the projection unit. In addition, where it makes
sense, the airbag itself can be somewhat angled with respect
to the touch screen as well.
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FIG. 5

On a touch screen display, it is desirable to have tactile
indication of where to touch, ideally so one would not have
to take ones eyes off the road. FIG. 5 illustrates an example
using a screen wherein such a means for tactile relation
comprises a local disturbance or relief of the screen surface.

First let us consider a touch screen 500 which could be of
any type, but is particularly easy to construct using the
surface distortion type. The screen surface 501 is not flat in
this case, but has transparent local protrusions such as 505,
or indentations such as 506 which make finding the zone
near them on the screen possible by feel. Generally, it is
preferable that the protrusions or indentations be small, on
the order of 0.010 inches or less for example (with corre-
spondingly small slopes if a smooth indentation), such that
minimum discontinuity to the eye occurs when images are
on the screen.

For example, round indentation 506, could be somewhat
larger in diameter “d” than ones finger tip 507, and be a
position where z force would give the desired input—what
ever it was. Thus if the driver switches screens to driver
input functions, and his finger went over to touch the
indentation in the approximate zone he knew, he would
know he was touching heater speed, for example. If his
finger went to the indentation on the other side 516, he
would know that was wiper speed, and so forth. He would
not each time have to look at the screen.

Similarly, if his finger found ridge 505, which might be
one of two ridges, the other being 515, he would know from
the displayed information “Heat” the bottom ridge 515 was
for example heat temperature, and he would slide his finger
along the ridge in the x direction accordingly to indicate how
much heat was desired, for example. If he wanted wiper
delay, he could slide along the upper ridge 505. In either
case, all functions once learned, (ideally possible by a very
quick observation if one was driving a rental car for
example)could be found by feel.

With a distortion based screen, such indentations also
serve another purpose, in that they cause more local distor-
tion in the zone indented such as in 506 side view FIG. 55,
due to reduction in wall thickness, t, of the material of the
screen (e.g. Plexiglas or Lexan). This is often useful to
decrease the force required for a given resolution. A similar
effect can be achieved as shown in FIG. 5¢ by substitution
of material of the screen, for example 1fin screen 540 a zone
545 where contact was to be made (in response for example
to displayed functions )could be of material 546 different
than that of the rest of the screen 540. In this case the screen
could still be flat, and if both materials were equally trans-
parent, likewise transparent. This is a particularly interesting
thing, in that functions what ever they are could be memo-
rized by the driver as always occurring in these spots on the
screen, even though the screen could be used to display
anything. And in some cases the totality of the screen at all
points could be touched, even though the response would be
different to forces at different points.

Indeed the previous indented or raised screen version, if
the indents did not overly optically change the information
displayed, can serve the same purpose. This then leads to yet
another alternative, discussed in reference 2, that is to
provide an overlay, on an otherwise uniform screen. This
overlay can be of ridges, as just discussed for example, or
can actually include various real knobs and switches, which
themselves contact the screen. (previously disclosed in
FIGS. 12 and 14 of reference 2).

The idea of adding ridges or indentations to touch screens
to improve their tactile function may be employed with other
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touch screens than my distortion based type, such as those
of the resistive type comprising a matrix of elements which
contact at a certain point touched when the force of touch
presses the outer layer of contacts against the inner. But it
may not be possible to easily provide such ridges and
indentations on conventional touch screens of today employ-
ing capacitive or SAW technology. It would however, be
possible for indirect sensing methods, for example the
“touch screen” of FIG. 11 in which ones finger image is
sensed using cameras or other external means, independent
of the screen itself.

As shown in FIG. 5d, the action of the indented other
material 546 for example, could “snap” to a new more
indented location such that there would be a definite feel
passed back to the person touching it. For example consider
button 555 which is curved toward the user in its quiescent
state, but when pushed in, snaps to position 560 (dotted
lines).

Also of use is a screen version having zones of more
elastic behavior, either due to weaker wall thickness of the
screen, or different material than other parts of the screen.
This may also be in addition to the use of indented or raised
portions of the screen to facilitate the driver finding the
correct location for input action. Note that where desired the
material may be of the substantially the same index of
refraction as the base material but considerably softer, and
more easily deflected. And it can be flush with the screen so
that the total screen appears uniformly flat.

FIG. S5e illustrates a novel annular groove 565 in a
translucent flat screen 570, which is easy for a user to under
stand by feel, placing his finger 571 in the groove. A raised
portion in the groove, 572, at the “9 O’clock position”
indicates the start of the groove, and as one moves clock-
wise, the amount of the desired input increases (typically, it
could be programmed otherwise). Optionally, small bumps
(which for example, can also be coded as shown, two 575 at
12 O’clock, three 576 at 3 O’clock, and four 577 at 6
O’clock) can be used to further indicate to the user the
location of his finger input by feel. As pointed out above, the
immediate region of the groove can be color displayed or the
like to better communicate visually to the user the result of
his action. Again this groove need not be more than a few
thousandths of inch deep in order to be felt by the user. If the
sidewalls of the groove are aligned with a line from projector
to the drivers eye, the effect of the groove on the displayed
image will be minimal.

The annular notch or groove is very “natural”. It has a neat
feel, like the dial of an old style telephone in a way, and the
analogy to a clock is known by everybody.

Alternatively a circular or annular ridge sticking out from
the screen can be made with some what the same effect.

As noted, a desirable aspect of such ridges, grooves and
the like, is that in linear form they can provide a “line of
action”, so to speak, which the driver can trace his finger
along, in the example from cold to hot, as one goes left to
right. The ridge or groove can be under or on top, or
surrounded by the display as desired.

In FIG. 5f, a more sophisticated situation is illustrated
wherein a plot of stock prices for the day has been displayed
(in this case in the same region as the previous heat control,
as a stock price selection has been made), and the driver with
a quick glance can tactily slide his finger 590 along a
horizontal tactile ridge or groove 591 to the point of the days
trading (say 4 pm near the right of the chart) that he wants
more information on. Such lines of action” can be vertical as
well as horizontal, and more than one can be on a screen
(e.g. 592 in the vertical direction). And as disclosed above,
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the line can be on a screen overlay which may be inter-
changeable, to accommodate different purposes.

Finally it is of interest to consider in FIG. 1 optional ridge
192 on LCD flat panel screen (or cover glass thereon, which
as noted can be interchangable). This as noted is to provide
a tactile relation between the users finger 190 and the screen
and display. Of importance is that this is a very useful
reference.

However to execute this with many types of conventional
touch screens is difficult. This is because one typically in the
car dashboard case at least would rest ones finger on the
tactile ridge, indentation or what ever. This would cause a
permanent signal if a conductive grid type, and this may not
be what is required. This can in one instance be solved by
only looking for changes in location of the finger touch, and
when change occurs in finger position, then begin tracking
the finger to its final position—which final position then
constitutes the signal desired. Alternatively, in some cases
the path or other characteristic of the movement may con-
stitute the answer.

FIG. 6

FIG. 6 illustrates a combined touch, gesture and voice
activated system Which further illustrates the intimate con-
nection of various functions of the invention, further includ-
ing voice activation and response functions. The invention
makes possible a multi-sensory dashboard data input/output
system, including voice recognition and computer text to
speech response, body part motion input (typically sensed
optically, but not necessarily) and touch screen capability.
Clearly it would be desirable to have such a device large,
tactile, easy to read for all functions; and easy to add more
functions—not achievable today with conventional dash-
boards.

FIG. 6aq illustrates a touch screen display 620 in which
two TV cameras 621 and 622 are located in the upper
corners (or elsewhere) in order to observe a users finger 625,
for example in stereo to obtain 3D finger position if desired.
In addition two microphones 628 and 629 are also located so
as to be spaced apart by a baseline b, allowing stereo
discrimination of a users voice location, as well as a voice
command. The voice location is used to determine driver
location, and optionally front seat passenger location for
airbag deployment or other purposes.

In a first version, the finger 625 touches the screen and
registers a touch location in x and y by whatever means
(conventional or as disclosed herein or in copending appli-
cations). The point touched by the finger, lets say the box
635 labeled “Heat” is detected and the coordinates of xy
provided to the camera analysis module 640 by the touch
screen determination module 645. At this point, the camera
system then knows the approximate location of the finger (or
optionally part or whole hand) in a very localized region of
space, and can immediately then look for its indication.

For example, the finger can now be moved vertically up
or down (or side to side), to indicate more or less heat
depending on the finger position or movement. (heat having
been the function selected with the touch screen).

This is not the only indication of combined function. The
user upon touch, can vocally speak the words “up” or
“down”, with voice recognition module 655 discerning his
command and executing same.

It is also possible as another example, to do both, moving
the finger up or down, and vocally indicating a command to
the microphones and voice module 655. In this manner, if
one of the signals is faint, or suspect, the other can prevail.
Or a co-incidence type of logic can be used where both the
finger and the voice have to agree, to execute the function.
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Alternatively it would however be possible for finger
location to be sensed directly by external means such as the
cameras 621 and 622, without any input from the touch
screen sensing device.

FIG. 7

FIG. 7 illustrates a touch screen on the dash (either
passenger or drivers side), whose control is further (or
alternatively) equipped, as disclosed in co-pending applica-
tion references, with an optional camera based head tracker
and/or finger or hand tracker (which can include multiple
cameras to improve accuracy and cover inputs from more
than one occupant). As shown, in one example the camera
701 is located in the headliner over the windshield 705 of the
vehicle, in this case positioned to look at the users face 710
(for face recognition security purposes for example), and/or
to look at the users hands 711, fingers 712, etc. Alternatively
or in conjunction, camera(s), such as 720 can be located in
the dash 721 itself, which are also useful for augmentation
of inputs of the touch screen by direct viewing of the fingers
or hands of the user when near the screen.

A stereo pair of cameras such as 701 (and another located
into the plane of the paper and not shown for clarity), located
in the roof can be used instead of a single camera. The
camera or cameras can alternatively be located in the dash
or elsewhere, and can also be used as taught in the copending
references to provide depth information of points in their
field of view. Indeed cameras can be located in the dash to
view the occupants, or as shown in FIG. 7, can even be
mounted in the touch screen itself, looking outward from
corners thereof.

For example, one mechanism is to use the upward move-
ment of a persons hand, such as 711, detected by camera 701
using image processor computer (eg a Cognex corp
“insight” unit) 728, to provide as signal to the display and
screen input control computer 725 to change the displayed
data on the screen 726 by projector 730. One movement
gesture of the hand (or just hand position) could be to change
the screen from one type to another, while another move-
ment could indicate which screen. Or as pointed out in
co-pending cases, the positions or movements could them-
selves indicate the action to be taken. For example 1f a slider
running left to right, corresponding cold, to hot of the heater
was displayed, an movement of ones hand or finger near the
slider from left to right could be used to provide an indica-
tion to the control computer to increase heat. In this case, a
touch screen per se is not required, only a programmable
screen. Thus this technique offers an alternative to use of
specialized screens for touch input.

Features of the face, such as the eyes can be used too. For
example consider Camera 701 looking at the face of a person
in the vehicle 710. In one embodiment, the persons eyes
found in the image for example using algorithms such as
discussed in U.S. Pat. No. 5,859,921 by Suzuki. The persons
eyes are separated a distance d which is determined using the
camera computer system of the invention. As the face
rotates, the distance d shrinks (foreshortens) as seen by the
camera, and this reduction in d can be used to control either
a function, like reducing the value of heat, or it can be used
to switch consecutively for example for every incremental
value of d, to an new screen choice or action choice within
a screen (e.g. heat action, vs. the same slider representing fan
speed action, say). The user could, for example, even choose
in one embodiment via a pre switch selection, whether he
wanted to control such things by voice, by hand gesture, or
by face position/rotation.
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Indeed, the user can signal the system to change screens
or some other function, just by the number of fingers he
holds up, the distance between them or some other signal.

As disclosed in referenced co-pending applications, by
finding the eyes and nose, or eyes and chin, for example (e.g.
3 points), and using the locations so determined, one can
arrive a complete single camera photogrammetric solution
(if the original spacings are known, or learned by the
system), such that x,y,z, roll pitch and yaw of the face
relative to the camera can be determined. The person can
thus nod up and down to make a selection as described
above, using the camera to determine the variation in
position of the plane of the face determined by 3 points such
as the eyes and nose, or eyes and chin.

Another method to change the screens from one display to
the next, or to change the function of individual controls of
a screen, is to provide in the dash (or alternatively on the
windshield header or door header for example), a ranging
sensor such as triangulation optical type 750 located in dash
721, which looks outward in this case from the dash, and, as
shown, measures the distance d, of a users hand 711 in front
of the dash 721. Sensors of this type are described in U.S.
Pat. Nos. 5,362,970 5,880,459, 5,877,491, 5,734,172, 5,670,
787 and others by the inventor and his colleagues.

This sensor can be set to read that a particular hand
position has been reached (as disclosed for example in U.S.
Pat. No. 5,362,970), in which case the display for example
can switch to a new screen—e.g. from highway screen 305,
to traffic screen 30c. Or in a more sophisticated mode of
operation, the sensor can determine the actual distance to the
users hand (or alternatively the change in distance plus or
minus from some nominal mid point d0. For example, if the
heater screen were touched, the distance delta d from d0 in
a positive direction could indicate the increase in heat from
the nominal setting. There are clearly many variations on
how such controls can be structured, but all have the
advantage that they can operate in the car environment, and
do not require one to deviate appreciably from important
driving tasks. Its noted that with laser sources and solid state
cameras (or PSD analog cameras) having large dynamic
range, that operation in a car is assured.

It should also be noted that cameras such as 720 in the
dash, can be used with laser or LED sources, such as 750 in
the triangulation mode, and at other times can be used for
photogrammetry or recognition purposes.

Other types of sensors can also be used to trigger screen
changes, or other wise input data to the computer control
systems of the invention. these can include, besides voice,
other audio inputs (e.g. hand clap), proximity sensors and
bulk mass sensors operating on inductive or capacitance
principles, and the like.

Sensors such as cameras or triangulation sensors such as
can also be used as components of a “Smart” airbag control
system to determine the characteristics and locations of
occupants of the vehicle, as disclosed in reference 5. It
should be noted that by co-locating camera or cameras or
other sensors with the touch screen operation and control
“module” to be inserted into a dashboard, one can assure
proper line up of camera viewing and touch screen display,
using a factory calibrated module, without in situ registra-
tion requirements (such that a indication say of a finger
pointing at a point on a screen, corresponds to the known
projection of information at that point.

It is noted the dashboard which may have a platform for
a lap top computer to dock into under the passenger side of
the dash, which can then allow the user to use the dashboard
screen while driving. The use of hand or fingers or objects
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held in the hand to operate such a laptop and screen
combination has been disclosed in the co-pending refer-
ences. Clearly one could use normal mice, keyboards and
the like which could plug in the laptop, or directly into a
dash receptacle. Alternatively, or in addition, voice com-
mands can also be used.

FIG. 8

Shown in FIG. 8 are user assisted displays used to control
machine vision systems associated with TV camera in puts
of conditions external to the vehicle. Two embodiments are
shown, a stereo vision based system capable of determining
range to an object in the z direction, as well as its xy
location, and a driver designated feature search, using a
screen of the invention.

As shown TV color camera pair 801 and 802 are posi-
tioned in close proximity to the windshield 805 with a
baseline B between them to provide range information as to
range R of objects in front of the vehicle when images from
each camera are matched in computer 810 using known
stereo photogrammetric triangulation principles. (see for
example, A paper by Dr. H. F. L. Pinckney entitled Theory
and Development of an on line 30 Hz video photogrammetry
system for real-time 3 dimensional control presented at the
Symposium of Commission V Photogrammetry for Industry,
Stockholm, August 1978, together with many of the refer-
ences referred to therein gives many of the underlying
equations of solution of photogrammetry particularly with a
single camera. Another reference relating to use of two or
more cameras, is Development of Stereo Vision for Indus-
trial Inspection, Dr. S. F. El-Hakim, Proceedings of the
Instrument Society of America (ISA) Symposium, Calgary
Alta, Apr. 3-5 1989. This paper too has several useful
references to the photogrammetry art.).

The color (e.g. red) and shape (e.g. round) of an object
such as the traffic light 808 can be used to help discrimina-
tion against background in the scene, as can their location
(either above or to the side of the road—which can be
inputted to the system automatically given a GPS signal to
locate what jurisdiction the car is in (such jurisdiction
having known traffic light positions).

In one embodiment, FIG. 8a, the computer 810 is pro-
grammed to simply look for red or yellow traffic light signal
images, such as 815 and 816 in the lower portion of
respective image fields 820 and 821 (due to lens inversion),
and provide to the operator of the vehicle a signal as to their
presence and distance. Optionally, such signals can be used
to actuate the brakes or other functions as well. If only
presence is needed, then a single camera data can give this
information.

In an alternate and similar embodiment, the signal looked
for is brake lights of vehicles ahead, or tail lights. It is noted
that a single camera can be used to roughly estimate range
to taillights since most are on relatively similar base line
widths (almost car width, and are this baseline is nearly
horizontal at all times). Similarly oncoming headlights can
be detected and range determined if desired in this manner.

In another embodiment of the invention, the user himself,
can designate things of interest for the camera system to
sense and help keep him aware of. For example as shown in
FIG. 8b, consider large touch screen display on the dash-
board 840 on which a TV camera image of the zone ahead
of the car is displayed using one of the screen options
available. The driver, with his finger 845 can touch the
screen to designate a region of interest, and the computer
camera analysis system can consider criteria in this region.
For example, the user could point out a car ahead, an
intersection with traffic lights, a shoulder of the road such as
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855, a line marker in the middle of the road, railway
crossings such as 852, and so forth. Known machine vision
programs such as Vision Bloks by Integral vision corpora-
tion can be used to process the TV image data to continue
to monitor the position of a crossing gate 850 in crossing and
to warn if it begins to go down for example. In this manner
Machine vision can be of assist to the driver, without the
necessity of processing complex scenes. It is particularly
true if the driver can say intersection, or light, and point to
the approximate region of the image to monitor.

In an auxiliary implementation, the car can further include
one or more infrared light projectors to illuminate retro-
reflectors (also generally in known locations) of vehicles and
highway signs ahead or to the sides of the vehicle. In this
case ir is used to keep from disturbing other drivers, and near
IR (e.g. 0.9 microns wavelength) can still be detected by
conventional cameras.

It is noted that the driver could alternatively ask the
system via microphone 860 using voice recognition to look
for a certain condition, such as “stoplight”. But voice
recognition is not as effective to determine where to look in
the image field.

In this example it is often desirable to find the traffic light
which is lit, so to speak (e.g. red green or yellow), since the
lit one is the most distinguishable. A problem exists that if
nothing is seen, it still doesn’t mean nothing is lit. (not fail
safe). Thus operator assist by designation is useful, to define
a region that surely has something lit, such that the sensi-
tivity can be ramped up until it is detected)

FIG. 9

FIG. 9 illustrates an embodiment building on that of FIG.
4, in which the steering wheel 901 includes in its center
portion a display and touch device, such as touch screen 910,
also with airbag 915 behind it. As in FIG. 4, the image
projector 920 and sensing means 925 for the touch screen is
preferably off the axis of the airbag deployment. Both are
included, with the airbag 915 in housing 930.

In this manifestation, the housing for the sensing means
and projector becomes larger in diameter than currently in
today’s steering columns, however Since the touch screen in
the wheel can allow virtually all essential controls and
functions to be viewed or actuated, this eliminates the need
for many of the switches and levers on the column needed
today for windshield wipers, cruise control, transmission
and the like, which also pose a safety hazard, as do any
switches which can be impacted by passengers. In this
example, there are no protruding devices of any kind
required.

It is not necessary to use a rear projection based touch
screen in the steering wheel, but given current laws, an
airbag is virtually required in the steering wheel. And too a
projection device can be fixed in position in some cases,
while the wheel moves. While this avoids wrapping of wires,
it does mean the display would not look right on a rotated
wheel, without computer compensation of the projection to
account for same.

Alternatively, or in addition, A camera overhead or to the
side such as shown in FIG. 23 as well as referenced
co-pending applications also can be used to input commands
from human positions, or small switches knobs or other
tactile selection and adjustment means and controls actuated
by the human which are on the steering wheel. For example,
in this case if the controls are done this way, the touch screen
910, need only be a display screen without the touch
capability, since control actuation by the user can be done by
use of the cameras as shown, or by conventional devices.
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FIG. 10

FIG. 10 illustrates an embodiment of the invention where
a Screen display moves around a touch point using a vector
of touch, rather than where the touched point is moved by
the person touching to different points on a fixed display.
This is radically different than any known touch screen
operation I am aware of, and is achieved herein by having
a display responsive to the vector of touch, which allows an
urging of the touched point in a chosen direction to com-
mand the display on the screen.

It should be noted that in FIG. 14, the finger 1410 by
pressing in on the pliable screen outer surface, undergoes
resistance which opposes movement from side to side, but
does not inhibit it. This resistance can be helpful in tactilely
determining a direction of movement. For example as ones
finger touches the screen at a point “P”, there is felt in the
finger is a resistance when one wishes to push to one side or
another. As soon as one begins to push, say to the right, the
display begins to move accordingly. But the finger itself
need not be moved across the screen, as the force of the
finger against the resistance acts as gas pedal so to speak to
cause the display to move.

For example consider FIG. 10a where a screen 1000 is
touched at point “P” by finger 1010. The display is con-
trolled to put a slider right on the finger point indicative of
its position along a sliding control path. At a future time,
after pushing with ones finger a given amount, the display
looks like that of FIG. 105. Note that the finger is in the same
xy location on the screen, but the display has moved, and is
now indicative of an increase in the position along the path,
and a corresponding increase in a variable, in this case heater
blower speed. The previous position of the heater control
slider is shown in dotted lines.

This same approach can be followed not only by conven-
tional knobs and the like, but also by more complex items,
such as displayed seat icons shaped like seats (such as
typically found in Oldsmobile aurora and Mercedes
vehicles). These icons can be pushed in any number of
different directions, not just x and y related.

Position and orientation of the image can thus be in
proportion to the absolute value of a control variable
known—which modifies what the image looks like as it
jumps to a logical position at the point of touch.

By having a display and associated control function which
moves around the point of an arbitrary touch, this embodi-
ment requires much less visual concentration than conven-
tional touch screens requiring the touch to track a predeter-
mined fixed display.

It is noted that the operation shown in FIG. 10 a and b can
also be achieved using more conventional touch screen
technology, but simply causing the movement of the display
shown between condition a and b to occur by leaving ones
finger on the display for a length of time, said time related
to the rate of display movement and the rate of change of the
control settings.

However in this case, the direction of change is not clear,
just by touching the screen at a point. Thus some other
indication has to be given (which the touch vector version
provides). This direction indication can come from moving
slightly in the direction desired, and then leaving ones finger
sit. Or it can be provided by voice input. Or some other
method.

FIG. 11

FIG. 11 is an alternate embodiment of the invention using
the image of a users body portion or object, using light from
a projection source, or from inside the car to back illuminate
said portion.
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For example, consider, finger 1100 of a user touches
screen 1102 which is sufficiently transparent (though still
able to scatter light projected on its surface). TV Camera
1105, located behind the screen and out of the way of the
displayed image projector device 1110, is used to view the
screen 1102 from the rear. The Camera image is processed
in system computer 1107.

In a first case, the camera sees the darker image of the
finger 1100 touching the screen, when back illuminated by
light 1111 from the users side (in this case light inside the
car. This works well during daylight and in relatively well
defined situations, but poorly at night unless auxiliary light-
ing is provided inside the vehicle (e.g. From IR LED’s
which can be placed for example in the roof of the vehicle
behind the front seats, which are not disturbing as they are
invisible). The camera is ideally used to see the finger touch
location in x and y screen coordinates when the projector
source is dark eliminating background noise from the
screen. The projector can in some cases be switched off or
its displayed image darkened only momentarily, to avoid the
impression of it being off, which can disturb the user.

As an alternative solution to the night illumination prob-
lem, a reverse situation can be used, and is generally
preferred. Here, in one embodiment, the finger tip 1101 is
front illuminated through the screen instead using light 1115
from the projector 1110 (or optionally by a separate source
such as IR LED’s 1116 (dotted lines) located behind the
screen, whose light, like that of the projector, passes through
the screen from the rear. The reflection 1120 from the finger,
is sensed through the screen by the camera 1105 as shown.

Given the screen scattering properties, generally required
to make the projected display image visible to users in
variant positions, the user’s finger (or fingers) need be close
or touching the screen for best results. (when touching it
may act to frustrate the scattering effect, and work even
better).

For best results in the presence of strong projection
images, anti reflection coating 1121 is applied to the back of
the screen to prevent backscatter reaching the camera from
the projection source, and the camera is purposely located
off the angle of direct reflection off the screen from the
source as well. If a separate quasi monochromatic source
such as IR LED 1116 is used, a band pass filter at that
wavelength such as 1126 (dotted lines) can be placed in front
of'the TV camera 1105 in order to pass largely light from the
special source, and not from the projector (which could also
include a band blocking filter at that wavelength-desirable in
most cases anyway to limit heat reaching the screen.

It is noted that if the screen is to the right of the driver, as
it would be if located to the right of the steering wheel on the
dash or center stack, the finger will generally approach the
screen at an angle as shown—this can make it easier to
discern the point of finger contact as a longer stretch of the
finger edges can be used to perform the calculation from the
TV image.

The screen if desired, could have raised or indented
portions, as described in FIG. 5, such as indent 1130 where
the users finger would touch.

The image of finger tip 1101 can be further distinguished
by other methods. For example the camera 1105 is typically
a color camera, and if the light projected by projector is
white in nature, the color of the imaged light from the finger
tip will be flesh colored, and only flesh colored images can
be looked for by image analysis software in computer 1107.
Since everyone’s flesh may be different in color, one can
teach the camera computer system during a setup phase, by
simply putting ones finger on a square or squares on which
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white (or another color) is projected. It is thus desired to
match the return from one or more projected colors with an
indication of the persons finger.

Another means of distinguishing ones finger is by image
sharpness. Since the surface of the screen 1102 is typically
scattering, it is clear that objects that aren’t in direct contact
with the screen will be seen less clearly—and in fact become
undiscern—able if the finger or other object is too far from
the screen in the direction away from the camera. Thus a
criteria for determining finger presence on the screen is both
sharpness and color, as well as degree of light return and size
(most finger touches being within a size range on the order
of 10 millimeters on the screen).

To avoid having the camera system exposed to images
which don’t represent a touch, it is possible to sense inde-
pendently that a touch condition has occurred, for example
with piezoelectric transducers such as 1180, and 1181 whose
information is processed by computer 1107 and then use this
signal to cause the camera computer to analyze images on
the screen. When a force or other touch condition is detected
the system is programmed to look, minimizing the chance of
false signals due to unusual lighting conditions.

Another variant is to see the deflection of the screen or
other indicator of finger location, and using this knowledge,
then localize the search for the finger image. Conversely, one
can get a rough finger image, and then localize the location
of search thru other means, which could be acoustic, optical
or whatever.

FIG. 115 illustrates an annular groove 1155 in screen 1102
which can be traced around with finger tip 1101 in order to
guide finger tip to the desired clock wise position indicative
of a variable or quantity desired. The finger image, is
discerned best when the finger is fully in the groove, as it
would be when one was “feeling” for same and guiding ones
finger around it, in a fashion similar to a old style telephone
dial, or knob.

FIG. 11c illustrates a thresholded finger image 1190 as
seen by camera 1105 when the finger is in direct contact with
a outer scattering screen surface, while finger image 1191 is
that seen with a finger 3 mm away from the scattering
surface. In each case the images are thresholded to the same
intensity value.

Note too that the edge contrast as illustrated in the
intensity profile 1195 of image 1190 is much higher than the
corresponding profile 1196 of 1191, which contrast can also
be used, besides size at a given threshold intensity value, to
discriminate the two conditions.

While the discussion above has been concerned with
finger or other images illuminated with light in the visible or
near IR wavelengths, alternatively, the Self generated radia-
tion of the body can be used, detected with IR TV (eg
pyroelectric) cameras 1105 operating in longer wavelength
regions.

FIG. 12

FIG. 12 is an alternate embodiment of the invention using
a SAW type touch screen 1200, such as a Mass Multimedia/
Elo brand, model M14-SAW employed with an LCD display
1201. (note it can also use the micro-display projection unit
of FIG. 2). And the display screen may be equipped with
eschelle prisms, rectilinear screens, or other optics 1210, to
direct the light preferentially, for example toward the driver
or in another direction as desired.

FIG. 125 illustrates another form of ultrasonic based
touch screen, in which an acoustic imaging transducer array
1230 is located behind an LCD display screen 1235 having
glass cover 1236 is capable of detecting the location of a
finger touch 1240 on the front of the screen, 1236. The array
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1230 is composed of 100 individual acoustic transducers
(individually not shown for clarity,) which are read by signal
generator and receiver electronics module 1245 switched to
each position in succession by multiplexor 1250. Switching
time for 5 Mhz signals from each transducer is about 0.1
seconds, but can be less.

This embodiment can produce an acoustic image of the
surface of the screen, which as disclosed above can have
ridges on it, or other tactile relations as desired. The finger
position and degree of indentation if desired of the glass
plate can be determined by computer module 1260 which
processes the time of flight of the ultrasonic wave and looks
for changes in the norm. Even though the signals from the
various layers of the LCD screen are complex, the change in
reflected signal due to the finger touch on glass 1236 is
clearly discernable, and pinpoints location in xy and dis-
tance z. For example in this case shown in FIG. 12 ¢ the
signal back from transducer A and transducer B is different,
with transducer B being stronger, indicating that the finger
touch 1240 is closer to B than A. These signals can be
calibrated to give a lookup table which allows one to
compute the xy location of touch in the computer 1260.
Typical beam spreads of the acoustic send and receive
modules are 20 degrees.

It should be noted that the xy location is not just limited
to resolution of 10x10 where 100 transducers are used, since
interpolation between signals of adjacent transducers can be
used to isolate the position to at least 4x better in x and y.
This gives a 40x40 matrix, sufficient for many touch screen
applications in cars.

Ultrasound can also be used in air in such a manner to
monitor a screen such as in FIG. 2, illuminated by a
projection display for example.

FIG. 13

FIG. 13 illustrates a related embodiment of the invention
in which a simple LCD display 1300 is located in the armrest
portion 1305 between the two front seats (or optionally
between two rear seats). This display may optionally be
equipped with touch screen capability.

The display is positioned to be easy for the driver 1328 to
use with his right (left in the UK and Japan) hand, and can
be seen by him by looking down and to the right. The touch
screen or other display may optionally be rotate-able so that
the passenger can use it as well. When the display is rotated,
the display may be varied to meet applicable safety laws, for
example by not presenting graphics or perhaps internet
surfing information to the driver while moving.

In a preferred example of an embodiment with many
desirable advantages, TV camera 1320 in the roof, for
example obtains an image of the touched screen and the
finger 1310 touching it (in essence creating a touch screen,
by noting the position in the camera computer 1321 of the
display as well). This image 1330 is then displayed for the
driver on the windshield 1340 of the vehicle in or near his
normal line of sight, using a heads up display (HUD)
employing holographic or other lens technology known in
the art. This provides the driver a very desirable display of
what is happening, so to speak on the display/touch screen,
along with his vision of the road. Its noted that this approach
works wherever the display, touch screen or pad exists—as
long as the camera can obtain its image.

For those touch screens or pads capable of outputting the
locations of the human finger(s), the display can create these
without the camera, by using the image drive circuitry of the
touch screen to drive the heads up display as well.

For example FIG. 13B illustrates what a direct image
taken with an external camera such as 1320 would look like
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when projected. The person is touching point a virtual slider
1360 for heat control in this example, which is moved by the
driver to position B, from an initial position A. This is
something like one sees with ones eyes, when one works a
touch screen type display normally—i.e., you see your hand
and finger near or at the screen. In either case you can get
a much better feel for what you have to do to make a reading
register successfully, by watching your finger approach the
point in question, and watching the display say change color
(if programmed to do so) when you correctly touch it.
Alternatively, in other embodiments herein an acoustic sig-
nal, or force pulse to your finger can also or alternatively be
used to indicate correct contact so to speak. This issue
though, is how do you approach the point, with only a
glance, at the screen, and without taking your eyes off the
road for anything other than an instant.)

This concept is different than conventional touch screens
which do not have an auxiliary display (in this case via an
HUD, or “heads up” display) displaying not only the results
of the touch in a box on a screen, but to actually display the
position of ones finger on the screen with the screen infor-
mation. This is to allow one to “See what one is doing”
without taking ones eyes off the road—a new concept in its
own right, which could be extrapolated to other tasks in the
car—or in other applications such as the home or business
as well. Indeed the auxiliary display, could be the only
display. The touch screen itself can be of the standard type
such as in FIG. 12, or preferably with one or more tactile
features as in the invention herein disclosed.

It is noted that because of the unique properties of the
heads up display of such touch screen inputs, that one can
maintain a conventional instrument cluster ahead of the
driver such as in FIG. 1 if desired while still having all the
advantages of the touch screens of FIG. 1 and more besides.
Data entered from the touch screen can be used to override
conventional controls if any which are still present. Or
priority can be given to the conventional controls.

Note that to make it easier for the driver, and use up less
space on the windshield, one might only display portions of
his finger and the slider, not the whole screen image acquired
by camera 1320.

FIG. 14

FIG. 14 illustrates another embodiment of my distortion
touch screen invention As discussed above A TV or com-
puter display image projector such as a Sharp brand LCD
based projector 1401 can be used to project a desired display
image on the screen 1403. In this embodiment, distortion of
the screen material 1403 (for example a plastic sheet with
scattering properties on its front surface 1405) occurs pri-
marily by virtue of the compressible supporting material
1406 that allows the relatively thin sheet member 1403 to
locally distort or otherwise be changed under action of a
touch, for example by finger 1410,

As shown, the screen member 1403 is separated from
rigid Plexiglas backing member 1415 by refractive medium
1406 of thickness t, which is compressed or displaced by the
force of finger 1410. Alternatively, the medium 1406 can be
a liquid such as oil, glycol, or water, that is compressed or
displaced by the finger push(raising the surface elsewhere).

Light 1430 from light source 1431 from the rear passes
through backing member 1415 and is reflected off the back
surface 1404 of screen member 1405. Desirably, the index of
refraction of member 1415 and material 1406 are closely
matched such that little refraction occurs, Ideally anti-
reflection coatings eliminate most of the reflections from the
various surfaces other than that from the back surface 1404
of member 1403 desired.
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Light reflected from surface 1404 reflects back toward
camera 1435 (after retro reflection by expansive retro reflec-
tor 1440 made of scotch light 7615 glass bead material) for
example effectively used to determine the distortion of 1403
due to the retro reflective based “D sight” image effect or
another optical phenomena such as disclosed in copending
reference 1 and 2.

Its noted that the Dsight system operates independently of
the projector, and is not affected by its operation. If desired,
laser sources instead of a conventional light source 1431 can
be used, with appropriate filters on the TV camera to assure
function. This holds true of all optical methods such as grid
projection that might alternatively be used to determine the
change in screen 1403.

It is also noted that in another embodiment, the material
of 1403 may itself be in contact with the rigid (relatively at
least) member 1415. In this case the material of 1403 should
be compressible, and closely matched where possible in its
index of refraction to that of 1415. In this case the reflection
comes from the front surface of 1403 facing the user. The
refractive medium 1406 in this case doesn’t exist, or can be
considered of t=zero.

Also illustrated in FIG. 14 is the use of a force feedback
signal to the users finger in which an acoustic wave in the
screen signals to the users finger that an event has occurred
It can be pulsed, or of static or varying repetition rate or
frequency, or of varying amplitude and is an alternative to
providing the user a beep tone for example to indicate that
an action has registered.

As the user finger 1410 presses on the screen 1403, a
strong acoustic wave 1465 is generated by transducer 1470
in material 1406. The transducer input is triggered by the
sensor of what ever type is used in determining the screen
has been touched (in the case here, it is signaled by computer
1446 analyzing the image from TV camera 1435 which
determines a touch at a given screen coordinate has occurred
(and its magnitude if desired. This then is compared to the
screen projection data, to determine what the touch has
registered, if anything. When some sort of registration data
is desired, The acoustic wave is generated and impacts finger
1410 which then feels the event. The degree of touching in
the z or force direction can be used to control the amplitude
or the frequency of the acoustic wave 1465 and thus signal
to the user the degree of z actuation.

It should be noted that the finger 1410 by pressing in on
the pliable screen outer surface 1405, undergoes resistance
from sidewalls 1411 and 1412 for example of the indent,
which opposes movement from side to side (and similarly,
up and down), but does not inhibit it. This resistance can be
helpful in tactilely determining a direction of movement. It
can also be actually increased or enhanced in some manner
by using an acoustic source to provide a pulse or other signal
to the finger in proportion to movement o