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Glen M. Diehl, Esq.

DIEHL SERVILLA LLC

33 Wood Avenue South,
Second Floor, Suite 210
Iselin, New Jersey 08830
Telephone: (732) 815-0404
Facsimile: (732) 815-1330
Email: gdiehl@dsiplaw.com

Attorneys for Plaintiffs
Virtual Reality Feedback
Corporation and Craig Thorner

UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

VIRTUAL REALITY FEEDBACK Civil Action No
CORPORATION and CRAIG THORNER, '
Plaintiffs, COMPLAINT
v JURY TRIAL DEMANDED
WAL-MART STORES, INC.
Defendant.

COMPLAINT AND DEMAND FOR JURY TRIAL

Plaintiffs Virtual Reality Feedback Corporation (“VVRF”) and Craig Thorner (“Thorner”)
for their Complaint against Defendant Wal-Mart Stores, Inc. (“Wal-Mart”) hereby allege as
follows:

THE PARTIES

1. Plaintiff VRF is a corporation organized and existing under the laws of the State
of New Jersey with a place of business located at 14 Stuyvesant Road, Brick, New Jersey 08723.
2. Plaintiff Thorner is an individual whose principle residence is located at 14

Stuyvesant Road, Brick, New Jersey 08723.
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3. On information and belief, Defendant Wal-Mart is a corporation organized and
existing under the laws of the State of Delaware and maintains a place of business at 702 SW 8th
Street, Bentonville, Arkansas 72716-8611.

NATURE OF THE ACTION

4, This is a civil action for the infringement of United States Patent Nos. 5,684,722
(the *722 patent”) and 5,669,818 (the “818 patent”) (collectively, the “722 and 818 patents”).
This action is based on the patent laws of the United States, 35 U.S.C. § 1 et. seq.

JURISDICTION AND VENUE

5. This Court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. 88 1331 and 1338, as Counts | and 11 arise under the patent laws of the United States.

6. This Court has personal jurisdiction over Defendant Wal-Mart based upon Wal-
Mart’s sales/business activity conducted through its interactive websites of www.walmart.com
and www.samsclub.com as well as the presence of its stores in New Jersey doing business under
the names Wal-Mart and Sam’s Club. For example, Wal-Mart’s Sam’s Club actively has done
business over the Internet through its sale of products that infringe the 722 and 818 patents via its
website at www.samsclub.com. On information and belief, Wal-Mart knew or had reason to
know that New Jersey citizens accessed its websites and purchased infringing products through
www.samsclub.com. On information and belief, Wal-Mart processed orders and received
payments from New Jersey citizens via www.samsclub.com. In addition, visitors to Wal-Mart’s
www.samsclub.com website are asked to submit personal information when making purchases
and returns as well as when requesting customer service. Thus, Wal-Mart’s www.samsclub.com
website is interactive and Wal-Mart knew or should have known that it engaged in business

transactions with New Jersey citizens through its www.samsclub.com website. This court also
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has personal jurisdiction over Wal-Mart based on Wal-Mart’s continuous and systematic
operation of retail stores in New Jersey.

7. Thus, the exercise of personal jurisdiction over Defendant Wal-Mart will not
offend traditional notions of fair play and substantial justice. Such an exercise is proper and
consistent with New Jersey's long-arm rule pursuant to N.J. Ct. R. 4:4-4.

8. Venue is proper in the judicial district pursuant to 28 U.S.C. 8§88 1391(c) and/or
1400(b).

FACTUAL BACKGROUND

9. On November 4, 1997, the 722 patent, entitled “Apparatus and Method for
Generating a Control Signal for a Tactile Sensation Generator,” was duly and legally issued.
The 722 patent is valid and enforceable. A copy of the 722 patent is attached hereto as Exhibit
A.

10.  On September 23, 1997, the 818 patent, entitled “Seat-Based Tactile Sensation
Generator,” was duly and legally issued. The 818 patent is valid and enforceable. A copy of the
818 patent is attached hereto as Exhibit B.

11. Plaintiffs Thorner and VRF are the owners of all right, title and interest in and to
the 722 patent.

12. Plaintiffs Thorner and VRF are the owners of all right, title and interest in and to
the 818 patent.

13.  The 722 and 818 patents relate generally to tactile sensation generators, devices
that incorporate such generators and methods of using such generators, where an audio signal
drives a motor to create vibrations.

14.  On information and belief, the company Ultimate Game Chair, Inc. (“Ultimate



Case 3:12-cv-04968-PGS-LHG Document 1 Filed 08/07/12 Page 4 of 43 PagelD: 4

Game Chair”) has had the “Renegade Game Chair” and other game chairs manufactured for sale
in the United States.

15. Ultimate Game Chair’s website (located at www.ultimategamechair.com) has a
Frequently Asked Questions (“FAQs”) section that describes the operation of its video gaming
chairs. The FAQs explain that the video gaming chairs, including “Free Play Game Pad,” the
“Reactor” and the “Renegade,” receive an audio signal from a video game and have multiple
motors that vibrate in synchronization with the game action. Thus, Ultimate Game Chair’s video
gaming chairs are driven by and vibrate in accordance with an audio signal received from a video
game. A copy of from of this FAQs section is attached as Exhibit C.

16. The game chairs made for Ultimate Game Chair, including the “Renegade Game
Chair,” infringe one or more claims of the 722 and 818 patents.

17.  On information and belief, Defendant Wal-Mart sells and/or has sold the
“Renegade Game Chair” at its Sam’s Club stores and/or website located at www.samsclub.com.
A copy of Wal-Mart’s www.samsclub.com webpage where the Renegade game chair has been
sold is attached as Exhibit D.

18. Defendant Wal-Mart is not licensed under the 722 patent or the 818 patent and is
not authorized or permitted to manufacture, use, import, sell or offer to sell any of the subject
matter claimed in the 722 patent or the 818 patent.

19. Ultimate Game Chair, the source of the “Renegade Game Chair,” is also not
licensed under the 722 patent or the 818 patent. In fact, a motion for a default judgment is
pending before this Court in a patent infringement action against Ultimate Game Chair in Civil

Action No. 3:11-cv-04566-PGS-DEA.
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COUNT I
PATENT INFRINGEMENT OF THE 722 PATENT

20. Plaintiffs VRF and Thorner repeat and re-allege the allegations of paragraphs 1-
19 above as if fully set forth herein.

21. In violation of 35 U.S.C. § 271, Defendant Wal-Mart has infringed and continues
to infringe, literally and/or under the doctrine of equivalents, one or more claims of the 722
patent by selling and/or offering to sell the “Renegade Game Chair” within this district and
elsewhere throughout the United States, and/or by inducing or contributing to the infringement of
one or more claims of the 722 patent by others.

22, Plaintiffs VRF and Thorner have suffered monetary damages as a result of
Defendant Wal-Mart’s infringement of the 722 patent.

23.  On information and belief, Defendant Wal-Mart will continue to infringe the 722
patent unless enjoined by this Court.

24, Plaintiffs VRF and Thorner have suffered and continue to suffer irreparable harm
for which they have no adequate remedy at law.

COUNT NI
PATENT INFRINGEMENT OF THE 818 PATENT

25. Plaintiffs VRF and Thorner repeat and re-allege the allegations of paragraphs 1-
24 above as if fully set forth herein.

26. In violation of 35 U.S.C. § 271, Defendant Wal-Mart has infringed and continues
to infringe, literally and/or under the doctrine of equivalents, one or more claims of the 818
patent by selling and/or offering to sell the “Renegade Game Chair” within this district and
elsewhere throughout the United States, and/or by inducing or contributing to the infringement of

one or more claims of the 818 patent by others.
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27. Plaintiffs VRF and Thorner have suffered monetary damages as a result of
Defendant Wal-Mart’s infringement of the 818 patent.

28. On information and belief, Defendant Wal-Mart will continue to infringe the 818
patent unless enjoined by this Court.

29. Plaintiffs VRF and Thorner have suffered and continue to suffer irreparable harm
for which they have no adequate remedy at law.

REQUEST FOR RELIEF

WHEREFORE, Plaintiffs VRF and Thorner respectfully request:

A. Judgment be entered that Wal-Mart has infringed, induced others to infringe,
and/or contributed to the infringement of one or more claims of the 722 and 818 patents;

B. Judgment be entered permanently enjoining Defendant Wal-Mart, its agents,
servants, representatives, officers, directors, attorneys, employees, affiliates, assigns and all
persons acting in concert with them, directly or indirectly, from infringing, inducing others to
infringe and/or contributing to the infringement of the 722 and 818 patents;

C. Judgment be entered awarding Plaintiffs VRF and Thorner all damages adequate
for compensation for all past infringement, including all pre-judgment and post-judgment interest

at the maximum rate permitted by law;
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D. Judgment be entered awarding Plaintiffs VRF and Thorner such other relief as

this Court may deem just and proper.

Respectfully submitted,

Dated: August 7, 2012 By: s/ Glen M. Diehl
Glen M. Diehl, Esq.

DIEHL SERVILLA LLC

33 Wood Ave. South

Second Floor, Suite 210
Iselin, New Jersey 08830
Telephone: (732) 815-0404
Facsimile: (732) 815-1330
Email: gdiehl@dsiplaw.com

Attorneys for Plaintiffs
Virtual Reality Feedback
Corporation and Craig Thorner
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DEMAND FOR JURY TRIAL

Pursuant to Fed. R. Civ. P. 38 and L. Civ. R. 38.1, Plaintiffs Virtual Reality Feedback

Corporation and Craig Thorner hereby demand a trial by jury on all issues so triable.

Respectfully submitted,

Dated: August 7, 2012 By: s/ Glen M. Diehl
Glen M. Diehl, Esq.

DIEHL SERVILLA LLC

33 Wood Ave. South

Second Floor, Suite 210
Iselin, New Jersey 08830
Telephone: (732) 815-0404
Facsimile: (732) 815-1330
Email: gdiehl@dsiplaw.com

Attorneys for Plaintiffs
Virtual Reality Feedback
Corporation and Craig Thorner
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CERTIFICATION PURSUANT TO LOCAL CIVIL RULE 11.2

| certify that U.S. Patent Nos. 5,684,722 was the subject of the closed action of
VIRTUAL REALITY FEEDBACK CORPORATION, et al. v. SUKI LLC, 3:11-cv-04817-MLC
-LHG (D.N.J.). I also certify that U.S. Patent No. 5,684,722 and another patent are the subject of
the pending action of THORNER, et al. v. SONY COMPUTER ENTERTAINMENT
AMERICA LLC, et al., 3:09-cv-01894-GEB-DEA (D.N.J.).

I certify that U.S. Patent Nos. 5,684,722 and 5,669,818 were the subject of the closed
action of VIRTUAL REALITY FEEDBACK CORPORATION, et al. v. LUMISOURCE, INC.,
et al., 3:08-cv-02199-FLW-TJB (D.N.J.). | also certify that U.S. Patent Nos. 5,684,722 and
5,669,818 are the subject of the pending action of VIRTUAL REALITY FEEDBACK
CORPORATION, et al. v. ULTIMATE GAME CHAIR, INC,, et al., 3:11-cv-04566-PGS-DEA
(D.N.J.).

Dated: August 7, 2012 By: s/ Glen M. Diehl
Glen M. Diehl, Esq.

DIEHL SERVILLA LLC

33 Wood Ave. South

Second Floor, Suite 210
Iselin, New Jersey 08830
Telephone: (732) 815-0404
Facsimile: (732) 815-1330
Email: gdiehl@dsiplaw.com

Attorneys for Plaintiffs
Virtual Reality Feedback
Corporation and Craig Thorner
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EXHIBIT A
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{571 ABSTRACT

A control system that is responsive to an audio signal
generated by an audio source such as a computer, video
game console, stereo system and the like. The control system
converts the audio signal into a control signal for a tactile
sensation generator such as a vibrating cushion, vibrating
seat pad, and the like. The control system contains an audio
signal processor and a control signal generator. The audio
signal processor produces a processed signal indicative of
the amplitude, frequency, and rate of change of the audio
signal. From the processed signal, a control signal generator
produces a control signal for a tactile sensation generator.
The control signal causes the tactile sensation generator to
produce a tactile sensation comesponding to the present
scene being displayed, for example, on a monitor of a
computer executing a computer game.

27 Claims, 4 Drawing Sheets
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APPARATUS AND METHOD FOR
GENERATING A CONTROL SIGNAL FOR A
TACTILE SENSATION GENERATOR

BACKGROUND OF THE DISCLOSURE

1. Ficld of the Invention

The invention relates to virtual reality computer systems
and, more particularly, to circuitry for converting an audio
signal into a control signal for a tactile sensation generator
within a virtual reality computer system.

2. Description of the Prior Art

Video games are typically executed by microprocessors
within dedicated game consoles or computers such that a
player interactively manipulates a video game scene as
displayed on a video monitor or television using a keyboard,
mouse, joystick, or some other command input device. In
addition to the video output, most game apparatus also
produces an audio output that comresponds to the scene
presently displayed on the monitor. In this manner, the game
apparatus exposes a player is exposed to both auditory and
visual sensation.

Although today’s aundio-visual game experience is
exciting, the excitement is limited by the game's inability to
produce any form of tactile sensation corresponding to the
scene being displayed. Generally, tactile sensation, such as
vibeation, fist and bullet strikes and the like, have not been
simulated with any great success. In one available tactile
sensation generator, a modified speaker is positioned below
a player’s seat such that low frequencies in the sound applied
to the modified speaker will vibrate the seat. In such a
system, the sound volume must be very loud to achieve the
sensation of vibration.

Therefore, a need exists in the art for circuitry that
processes an audio signal produced by a video game pro-
gram or other audio source and generates, in response to the
audio signal, control signals to activate a tactile sensation
generator.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of the
prior art by providing apparatus, and a concomitant method,
of generating, from an audio signal, a control signal for a
tactile sensation generator. Specifically, the invention is a
control system that is responsive to an andio signal gener-
ated by an audio source such as a computer, video game
console, stereo system, microphone and the like. The control
system converts the audio signal into a control signal for a
tactile sensation generator such as a vibrating cushion,
vibrating seat pad, and the like. The control system contains
an audio signal processor and a control signal generator. The
audio signal processor produces a processed signal indica-
tive of the amplitude, frequency, and rate of change of the
audio signal. From the processed signal, a control signal
generator produces a control signal for a tactile sensation
generator. The control signal causes the tactile sensation
generator to produce a tactile sensation corresponding to the
present scene being displayed, for example, on 2 monitor of
a computer exccuting a computer game program.

BRIEF DESCRIPTION OF THE DRAWINGS
The teachings of the present invention can be readily
understood by considering the following detailed descrip-
tion in conjunction with the accompanying drawings, in
which:
FIG. 1 depicts a high level block diagram of a tactile
sensation generation system;

10

25

35

45

50

55

2

FIG. 2 schematically depicts an illustrative tactile sensa-
tion generator;

FIG. 3 depicts a detailed block diagram of the audio signal
processar of FIG. 1; and

FIG. 4 depicts a detailed block diagram of the control
signal generator of FIG. 1.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
elements that are common to the figures.

DETAILED DESCRIPTION

FIG. 1 depicts a high level block diagram of a tactile
sensation generation system 160 containing a computer
system or video game console 102, a tactile sensation
generator 110 and a control system 106 for the tactile
sensation generator 110. The control system 186 further
contains an audio signal processor 112 and a control signal
generator 114. The home computer 102 may, of course, be
replaced with any device that produces an andio signal such
as a video game console, stereo system, television receiver,
microphone, and the like. However, for simplicity, through-
out this disclosure, it is assumed that the audio source is a
conventional home computer executing a video game pro-
gram. As such, the control system 106 converts the audio
signals conventionally generated by the video game into
control signals for the tactile sensation generator.

More specifically, the computer 102 has its audio output
pott, €.8., an earphone jack, connected, via line 104, to audio
signal processor 112 within the control system 106. In
general, the signal processor analyzes the frequency,
amplitude, and rate of change of the audio signal produced
by the currently executing video game. From the analysis of
the audio signal, the audio signal processor 112 produces a
processed signal. The processed signal forms an input to the
control signal generator 114 which produces a control
signal, on line 108, for the tactile sensation generator 116,

The tactile sensation generator can be one or more devices
(actuators) capable of simulating vibration, punches, bullet
strikes and the like in accordance with specific control
signals. Consequently, while using the inventive apparatus,
a player experiences a virtual reality while interacting with
the video game. To provide a full understanding of the
invention, a detailed example of a tactile sensation generator
is provided below.

FIG. 2 depicts one example of a tactile sensation genera-
tor 110 capable of being controlled by the control system
106. Specifically, the tactile sensation generator contains a
seat pad 200 having localized vibration producing actuators
206 distributed within the pad. The seat pad 200 is a foam
cushion 292 enclosed in a cloth cover layer 204. Beneath the
cover layer 204 are electric motors having offset weights
mounted to their shafts. One such motor 208 is depicted in
FIG. 2. When activated by control signals applied via wires
210, the shafts of the motors rotate and the offset weights
caus¢ the motors to vibrate, The depicted seat has four such
vibrating motors. A seat pad of this type is available as
model 905 from JB Research of Los Angeles, Calif.
Although tactile sensation is generated in this example by
vibrating electric motors, those skilled in the art will reatize
that any type of vibrating actuator may be used in liew of
motors including buzzers, solenoids, piezo-electric
actuators, and the like. Also, any number of actuators can be
used, i.e., one or more actuators. Furthermore, the tactile
sensation actnators do not have to be vibratory, It is fore-
seeable that other forms of genmerators such as solenoids
could be used to poke and prod a player with a single strike
when a bullet or fist impact is to be simulated.
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Using the seat pad described above, a video game such as
an auto racing game produces simulated vibration as a
player’s video game car accelerates, ¢.g., increased vibration
with engine revs (higher pitched sound). The amplitude and
frequency of the vibration is changed as the video car
changes speed. Also, impacts with obstacles that are evi-
denced by low frequency, high amplitude audio signals
result in forceful, high-frequency vibrations throughout the
seat pad. Consequently, while playing the video game, a
player receives a tactile sensation of actually sitting in a race
car. To enhance the virtual reality effect, vibrating wrist
and/or ankle tactile sensation gencrators can be applied to
the player in addition to the seat pad. In accordance with the
teachings of the present invention, the control system 106
produces control signals for the vibration actuators 206.

FIG. 3 depicts a detailed block diagram of the audio signal
processor 112. In general, the input to processor 112 is an
audio signal from an audio source, any audio source. The
signal may be either stereophonic or monophonic. The
processor 112 responds to the pitch (frequency), volume
(amplitude) and rate of change of the andio signal by
producing a processed signal indicative of these character-
istics of the input audio signal.

Specifically, the audio signal processor 112 contains a
front end circuit 300, a preamplifier 302, an equalizer 304,
arectifier 306, a peak hold circuit 308, and an adjustable bias
circuit 310. These major components are motre or less
connected in series.

More specifically, the front end circuit 308 contains a
mixer for combining both channels of a stercophonic andio
signal to form a composite audio signal, a high pass filter for
lmiting noise that is below of the andio band, e.g., lower
than 20 Hz, and a diode signal limiter for limiting (clipping)
the amplitude of the input signal to protect the audio signal
processor from being damaged by overly powerful input

. audio signals. Circuitry 300 is connected to a variable gain
preamplifier 302.

The variable gain preamplifier 302 establishes the
dynamic range of the entire andio signal processor 112. For
instance, if the gain of the preamplifier is set to high, any
loud ¢high amplitude) signals would saturate the processor
and, as such, not create the desired tactile sensation. On the
other hand, if the preamplifier gain is set too low, low
amplitude audio signals would not generate any tactile
sensation and only high amplitude signals would cause a
tactile response. Consequently, a player must adjust the gain
of the preamplifier to conform to audio signal levels gener-
ated by the game currently being played. In other words, the
specific gain setting depends upon the dynamic range of
input audio signal and the player’s tactile sensation prefer-
ences. Mustratively, the voltage gain of the preamplifier is
variable from no gain to a 1000 times. In some applications
where the audio signal has a low amplitude, additional fixed
gain amplification may be necessary before and/or after the
variable gain preamplifier.

Once amplified, the audio signal forms an input to the
equalizer 309. The equalizer contains three parallel con-
pected filters: a high pass filter 312, a low pass filter 314, and
an bandpass filter 316. The high pass filter has an jllustrative
passband of 2 kHz to 13 kHz, the low pass filter has an
illustrative passband of 28 Hz to 350 Hz, and the bandpass
filter has a passband of 230 Hz to 10.3 kHz. The threc paths
each form an input to a summing amplifier 318.
Additionally, each of the three paths has a switch (switches
320, 322, and 324) 1o select one or more of the paths as an
input to the summming amplifier 318. As such, depending on

50

55

65

4

which of the signal paths are connected to the summing
amplifier, the equalizer can sclectively amplify or attenuate
low frequencies, high frequencies or both. As such, a game
player can adjust the frequency content of the audio that is
used to generate tactile sensation generator control signals
and, consequently, tailor the tactile sensation to the game
being executed.

Nonetheless, the equalizer 304 is an optional circuit for
the invention. The equalizer permits optimizing the tactile
sensation to a audio source, €.g., the cqualizer enables a
video game player to exclude the background music of the
game from the audio signal that produces a tactile sensation.
Therefore, if such additional fiexibility is not desired, the
equalizer can be deleted.

The rectifier 306 is provided to produce a positive signal
from the bi-polar filtered audio signal. The peak hold circuit
308 responds quickly to the peak amplitude of the rectified
signal, but slowly decays from that peak amplitude.
Specifically, the peak hold circuit contains a parallel com-
bination of a capacitor and a resistor. The capacitor charges
as the rectified audio signal is applied thereacross. The
resistor has a very large resistance, e.g., 10MQ, such that the
capacitor (0.022 pF) discharges slowly through the resis-
tance. As a result, the capacitor temporarily holds the peak
amplitude of the rectified audio. The voltage level on the
capacitor forms an input to a high impedance voltage
amplifier. This implementation of the peak circuit samples
both the frequency and amplinde of the rectified audio
signal, i.e., when cither the frequency or amplitude of the
input signal change, the output signal will change to some
degree. As such, the output of the peak hold circuit contains
information pertaining to the frequency and amplitude of the
rectified signal.

The specific time constant of this RC circuit is defined by
the response time of the actuators used in the tactile sensa-
tion generator. For example, the response of electric motors
is rather slow; therefore, the resonant frequency of the RC
circuit would be approximately 90 Hz. In contrast, if the
actuators in the tactile sensation generator are piezo-electric
actuators; then, the resonant frequency of the RC circuit
would be on the order of a thousand hertz or more.

Also, a DC bias voltage, generated by adjustable bias
circuit 310, is added to the peak held signal such that the
amplifier output signal is a composite (sim) of the peak held
signal and the DC bias value. The bias value is a player
adjustable offset. The utility of this DC bias is discussed
below. The biased and amplified peak held signal is here-
inafter referred to as a processed signal.

FIG. 4 depicts a detailed block diagram of the control
signal generator 114. Specifically, the control signal genera-
tor contains a pulse width modulator 400, an oscillator 410,
and drive circuit 416 for the tactile sensation generator 110.
The processed signal forms an input to the pulse width
modulator 400, e.g., 2 conventional 555 timer. Those skilled
in the art will realize from this disclosure that other forms of
modulation such as frequency modulation are also useful in
lien of pulse width modulation.

The pulse width modulator generates a pulse having a
width that corresponds to the amplitude of the input signal
to the pulse width modulator. As such, if a constant DC
voltage level (c.g., the DC bias discussed above) forms an
input to the pulse width modulator, the modulator will
generate an output pulse having a pulse width indicative of
the amplitude of that DC signal. When ar AC signal forms
the input to the modulator (¢.g., the processed signal), each
output pulse from the modulator has a duration that is
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indicative of the instantaneous amplitude of the AC signal
sampled at the clock rate. As such, for each clock pulse, the
pulse width modulator generates an output pulse having a
width defined by the amplitude of the processed signal at the
moment the clock pulse occurs. The pulse width of the
output pulse defines the activation duration for an actuator
206 in the tactile sensation generator 110, ¢.g., the longer the
pulse width the longer the vibration time.

The oscillator 410 generates a clock signal for the pulse
width modulator 400. Typically, the clock signal has a fixed,
nominal pulse rage that is slightly longer than the maximum
possible duration of an output pulse of the pulse width
modulator. The clock rate is optionally adjustable from the
minimum clock pulse spacing (e.g., slightly longer than the
maximum possible duration of the modulator output pulse).
By increasing the spacing between the clock pulses and
having a fixed maximum duration for the output pulse of the
modulator, the effective duty cycle of the pulse width
modulator output pulse is reduced. For example, if the clock
pulse spacing is doubled from its minimum rate and the
modulator is currently producing maximum width pulses,
the duty cycle is effectively halved by the clock pulse
spacing increase, ie., the output pulse of the modulator is
generated for half the time between the clock pulses. In this
manner, a player may adjust the intensity of the vibration to
a comfortable level.

The output signal from the pulse width modulator 409 is
used by the drive circuit 416 to turn on and off one or more
actuators 206 in the tactile sensation generator 110. The
drive circuit contains at least one transistar switch circuit
414,. The transistor switch circunit 414,, in response to the
output pulse of the modulator 400 becomes activated, e.g.,
conducts current, such that the transistor circuit, once
activated, allows current to pass through an actuator 206 to
ground. In response, the actuator 206, e.g., a DC motor,
vibrates., A pulse width modulator, such as the 555 timer, is
generally capable of driving a single transistor to activate a
single actuator. To enable the pulse width modulator to drive
muitiple transistor circuits 414, through 414, and multiple
actuators 206, one or more buffer circuits 412, through 412,
are typically provided between the transistor circuits and the
pulse width modulator.

The drive circuit 416 causes the tactile sensation actuators
206 to generate a tactile sensation for the player in response
to audio signals presently being generated by the video
game. By adjusting the filtering of the equalizer, the pream-
plifier gain, and the oscillator clock rate, the player can tailar
the responsiveness of the control system to any particular
game or other audio source. In addition, by adjusting the DC
bias, the player can generate constant background (i.e., low
amplitude) tactile sensation such as constant vibration of a
race car while idling. As such, the present invention provides
superb virtual reality excitement for a video game player.

The foregoing disclosure focused upon the use of the
invention to provide a virtual reality experience to a video
game player. However, this is not the only application for the
invention. For example, it is foreseeable that the invention
could be used to provide therapeutic tactile sensations to
injured persons, e.g., vibrating certain mnscles during physi-
cal therapy. Also, the invention can be used as a device for
the hearing impaired, e.g., as a warning device that provides
a tactile sensation when a certain sound occurs nearby such
as a car horn, warning sound, and the like. Furthermore, the
invention could be used in conjunction with a voice analyzer
to provide a hearing impaired person with a tactile sensation
in response to certain spoken words.

Although various embodiments which incorporate the
teachings of the present invention have been shown and
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described in detail herein, those skilled in the art can readily
devise many other varied embodiments that still incorporate
these teachings.

What is claimed is:

1. Apparatus for generating a control signal for a tactile
sensation generator comprising:

an audio signal processor for processing audio signals and

generating a processed signal; and

a control signal generator, connected to said audio signal

processor, for generating, in response to said processed
signal, said control signal for controlling the tactile
sensation generator.

2. The apparatus of claim 1 wherein said audio signal
processor generates said processed signal in response to the
frequency, amplitude and rate of change of said audio signal.

3. The apparatus of claim 2 wherein said audio signal
processor further comprises an equalizer for selectively
amplifying or attenuating sclected frequency bands of said
audio signal.

4. The apparatus of claim 3 wherein said equalizer further
comprises a high pass filter, a low pass filter and a bandpass
filter connected in parallel and having an output port of the
high pass filter, the low pass filter and the bandpass filter
connected to three respective inputs of a summing amplifier.

5. The apparatus of claim 1 wherein said signal processor
further comprises a rectifier for rectifying said andio signal.

6. The apparatus of claim 5 wherein said signal processor
further comprises a peak hold circuit for temporarily holding
the peak amplitude of the rectified audio signal.

7. The apparatus of claim 6 wherein said peak hold circuit
further comprises DC bias circuitry for applying a DC bias
to the peak amplitude of the rectified audio signal.

8. The apparatus of claim 7 wherein said control signal
generator further comprises a pulse width modulator for
producing a control signal having a pulse width indicative of
the amplitude of the sum of the DC bias and the peak
amplitude of the rectified audio signal.

9. The apparatus of claim 8 wherein the pulse width of
said control signal determines the on time for a tactile
sensation generator.

10. The apparatus of claim 1 wherein said tactile sensation
generator vibrates in response to said control signal.

11. The apparatus of claim 10 wherein said tactile sensa-
tion generator is a dc motor having an offset weight con-
nected to a shaft such that, when energized by the control
signal, the motor vibrates.

12. The apparatus of claim 1 wherein said audio sigpal is
produced by a video game executing upon a microprocessor.

13. The apparatus of claim 1 further comprising an
oscillator for generating timing signals for the control signal
generator.

14. The apparatus of claim 13 wherein said oscillator has
a variable frequency.

15. Apparatus for generating a control signal for a tactile
sensation generator comprising;

a front end circuit for forming a composite audio signal

from a stereophonic audio signal;

a variable gain preamplifier, connected to said front end

circuit, for amplifying said composite audio signal;
an equalizer, connected to said preamplifier, for selec-
tively filtering said amplified composite andio signal;

a rectifier, connected to said equalizer, for rectifying the

equalized signal;

a peak hold circuit, connected to said rectifier, for tem-

porarily holding the rectified signal and for adding a
DC bias to the rectified signal to generate a processed
signal; and
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a control signal generator, connected to said peak hold
circuit, for generating, in response to said processed
signal, a control signal for said tactile sensation gen-
erator.

16. The apparatus of claim 15 wherein said control signal
generator further comprises a pulse width modulator for
generating a control signal having at least one pulse whose
pulse width is indicative of the amplitude of the processed
signal.

17. The apparatus of claim 16 wherein said control signal
generator further comprises an oscillator for producing a
variable clock rate for said pulse width modulator to adjust
& duty cycle of said control signal.

18. A method of generating a control signal for a tactile
sensation generator comprising the steps of:

processing an audio signal to generate a processed signal;
and

generating, in response to said processed signal, said
control signal for said tactile sensation generator.

19. The method of claim 18 wherein said audio signal
processing step further comprises the step of generating said
processed signal in response to the frequency, amplitnde and
rate of change of said audio signal.

10

15

20. The method of claim 18 whercin said audio signal 25

processing step further comprises the step of equalizing said
audio signal by selectively amplifying or attenuating
selected frequency bands of said andio signal.

21. The method of claim 18 wherein said audio signal
processing step further comprises the step of rectifying said
audio signal.

22. The method of claim 21 wherein said audio signal
processing step further comprises the step of temporarily
holding a peak amplitade of the rectified andio signal.

8

23. The method of claim 22 wherein said holding step
further comprises applying a DC bias to the peak amplitude
of the rectified audio signal.

24. The method of claim 23 wherein said control signal
generating step further comprises the step of producing a
control signal having a pulse width indicative of the ampli-
tude of the sum of the DC bias and the peak amplitude of the
rectified andio signal.

25. The method of claim 18 wherein said tactile sensation
generator vibrates in response to said control signal.

26. A method of generating a control signal for a tactile
sensation generator comprising the steps of:

forming a composite andio signal from a stereophonic

audio signal;

amplifying said composite audio sigpal;

selectively filtering said amplified composite andio sig-

nal;

rectifying the equalized signal;

temporarity holding the rectified signal and for adding a

DC bias to the rectified signal to generate a processed
signal; and

generating, in response to said processed signal, a control

signal for said tactile sensation generator.

27. The method of claim 26 wherein said control signal
generating step further comprises the step of generating a

30 control signal having at least one pulse whose pulse width is

indicative of the amplitude of the processed signal.
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SEAT-BASED TACTILE SENSATION
GENERATOR

BACKGROUND OF THE DISCLOSURE

1. Field of the Invention

The invention relates to virtual reality computer systems
and. more particularly, to a tactile sensation generator within
a virtual reality computer system or virtual reality computer
game.

2. Description of the Background Art

Video games are typically executed by microprocessors
within dedicated game consoles or computers such that a
player interactively manipulates a video game scene as
displayed on a video monitor or television using a keyboard,
mouse, joystick, or some other command input device. In
addition to the video output, most game apparatus also
produces an audio output that corresponds to the scene
presently displayed on the monitor. In this manner, a player
is exposed to both auditory and visual sensation from the
game apparatus.

Although today’s audio-visual game experience is
exciting, the excitement is limited by the game’s inability to
produce any form of tactile sensation corresponding to the
scene being displayed. Generally, tactile sensation, such as
. vibration, vehicle acceleration, crashes, and the like, have
not been simulated with any great success. In one available
tactile sensation generator, a modified audio speaker is
positioned below a player’s seat such that low frequencies in
an audio signal applied to the modified speaker vibrate the
seat. In such a system. the sound volume of the game must
be very loud to achieve a significant sensation of vibration,
and the tactile scmsation only corresponds to the audio
signal.

Alterpatively, tactile sensation has been provided by
hydraulic and pneumatic systems. However, full motion
hydraulic and preumatic systems are very expensive and
bulky, requiring extensive maintenance and a significant
amount of floor space. These systems are far too complex
and impractical for widespread use.

Therefore, a need exists in the art for a seat-based tactile
sensation generator capable of implementing control signals
supplied by a video game such that the tactile sensation
generator produces tactile sensation corresponding to the
activity portrayed on a computer monitor by the game
apparatus.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of the
prior art by providing a seat-based tactile sensation genera-
tor capable of producing tactile sensations for a video game
player corresponding to an activity portrayed by game
apparatus. Specifically, the inventive generator operates in
response to control signals generated by a control circuit.
The controf circuit is either responsive to control commands
generated by a computer or video game console executing
the video game program, or by a computer or game system
operating in combination with an AudioSense™ control
signal generator. AudioSense is a trademark of Virtual
Reality Feedback Corporation. The AudioSense control sig-
nal generator is the subject of U.S. patent application Ser.
No. 08/309,763. filed Sep. 21. 1994. The control circuit
interprets the control commands (or audio signals) and
activates the seat-based tactile sensation generator in the
appropriate fashion to simulate the actiop occurring on the
monitor.
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The seai-based tactile sensation generator is composed of
an array of actuators arranged within a foam seat cushion.
More specifically, the actuators are motors with offset
weights that vibrate a player’s body in a specified pattern
and intensity, or solenoids that provide jolting effects. The
actuators are individually imbedded (or attached) to a foam
pad fabricated to conform to a chair or seat. In this manner,
the actoators can be arranged within the pad to contact
specific portions of a player’s body. Ilustratively, a back
portion of the seat-shaped foam pad contains two actuators.
and a bottom portion of the pad contains four actuators
arranged to contact the buttocks and each leg of a user. Each
actuator is independently actuated by the control circuit to
provide a localized tactile sensation.

In an alternative embodiment of the invention. the actua-
tors may be integrated permanently into a given seating
system. Such an embodiment finds use as a seat for an
arcade-type video game. Furthermore, a chest pad can be
added to further provide tactile sensation to the chest of a
user. The chest pad is a foam pad containing one or more
actuators. The chest pad is either held to the chest by a
harness or by an overhead mechanism that pivots to position
the chest pad into place.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily
understood by considering the following detailed descrip-
tion in conjunction with the accompanying drawings, in
which:

FIG. 1 depicts a high level block diagram of a virtual
reality computer system connected to a seat-based tactile
sensation generator;

FIG. 2 depicts a perspective view of the seat-based tactile
sensation generator;

FIG. 3 is a cross-sectional view of an actuator within the
seat-based tactile sensation generator of FIG. 2.

FIG. 4 is a perspective view of an alternative embodiment
of the seat-based tactile sensation generator.

FIG. 5§ is a perspective view of a seat-based tactile
sensation generator having a three-point seat belt system;
and

FIG. 6 is a perspective view of a harness for maintaining
an actuator chest portion in contact with a user’s chest.

FIG. 7 depicts a high level block diagram of a tactile
sensation genperation system;

FIG. 8 schematically depicts an illustrative tactile sensa-

tion generator;

FIG. 9 depicts a detailed block diagram of the audio signal

processor of FIG. 7; and

FIG. 10 depicts a detailed block diagram of the control

signal generator of FIG. 7.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
elements that are common to the figures.

DETAILED DESCRIPTION

FIG. 1 depicts a high level block diagram of a virtual
reality computer system 100 containing a computer system
102. a control circuit 104, and a seat-based tactile sensation
generator array 106. The computer system 102 is a conven-
tional home computer capable of executing vatious com-
puter game programs. Alternatively. a dedicated video game
console or an arcade-type video game system can be sub-
stituted for the computer system. Hereinafter. the game
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console or computer system 102 is generally referred to as
host system or merely as a host. As the host executes the
game programs, the programs generate signals that are used
by the control circuit to control the tactile sensation genera-
tor 106.

The control circuit 104 is either a host dependent direct
control interface circuit 108 or a host independent audio-
interpretation circuit 110. The host dependent direct control
interface circuit 108 implements specific control commands
generated by the executing program and made available to
the control circuit via the parallel or serial part of the host.
These commands are designed specifically to produce cer-
tain tactile sensation at particular points during the pro-
gram’s execution. On the other hand, the host independent
audio interpretation circuit 110 analyzes an audio signal
generated by the host and generates tactile sensation control
signals in response to the audio signal. Such an audio
interpretation circuit is disclosed in U.S. patent application
Ser. No. 08/309,763, filed Sep. 21, 1994 and herein
described below. Circuits 108 and 110 can be alternatively
used or used in combination.

The seat-based tactile sensation generator 106 converts
these control signals into tactile sensations corresponding to
a present game scene portrayed on some visual system, e.g..
a conventional computer monitor or television, or a stereo-
scopic tracking headset. These control signals activate one
or more actuators in an actuator array within the tactile
sensation generator to simulate any type of stimulus
imposed upon a specific character or vehicle within the
game scene. In a seat-based tactile sensation generator, the
tactile stimulus simulates vehicle acceleration, deceleration,
vibration, shaking, crashes. collisions, and the like.

FIG. 2 depicts a three-quarter perspective view of a
seat-based tactile sensation generator 106 positioned upon a
conventional chair 208 (shown in phantom). Although the
seat-based tactile sensation generator is illustratively
depicted as interfitting a conventional chair, the generator
may alterpatively be formed in the shape of a motorcycle
seat, aircraft cockpit and the like. In whatever physical
shape, in response to control signals from the control circuit,
the tactile sensation generator induces tactile sensation into
a person in contact with the actuator array within the
generator.

Specifically, the iHustrative generator 106 contains a
substantially unitary flexible pad 200 having an upper por-
tion 202 and a lower portion 204 that respectively contact
the back and legs of a person seated upon the generator. The
flexible pad is typically fabricated from a foam sheet such as
neoprene. The pad conforms to the body of a user and to a
chair upon which it is placed. The fiexible pad 200 has a
plurality of actuators 206 imbedded or attached thereto. In
the seat based actuator array, gravity insures that the sensa-
tion generated by any given actuator 206 contacts a part of
a player’s body. As such. the sensation is transmitted to a
player’s body.

The actuators 206 are attached to or embedded within the
surface of the pad. These actuators can be solenoids. piezo-
electric actuators, electro-mechanical buzzers, vibrating
motors, and the like, of any combination thereof. When
using solenoids, an aperture is provided through the pad
such that the moveable portion of the solenoid can impact
the player. For illustrative purposes, the remainder of this
disclosure describes the use of electric motors as actuators.
Those skilled in the art will realize from this disclosure that
any other form of actuator is contemplated for use as a
component of this seat-based tactile sensation generator. The
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actuator control signals from the control circuit are con-
rected to the generator 106 via cable and/or wiring harness
210. To ensure portability of the seat-based generator, the
harness 219 is connected to the control circuit via a detach-
able plug 212,

Although any number of actuators in any arrangement is
within the scope of this invention, the illustration shows six
actuators 206 arranged such that two actuators are located in
upper portion 202 and four actuators are located in fower
portion 204. The four lower actuators are further arranged
such that two actuators contact a user’s buttocks, one
actuator contacts a user’s right leg and one actuator contacts
a user’s left leg. Furthermore, the tactile sensation generator
106 is divided into three zones. Specifically, the zones
(defined while facing the seat-based tactile sensation
generator) include left lower portion (right buttock and right
leg actuators), a right lower portion (left buttock and left leg
actuators), and an upper portion (back actuators). Bach zone
can be controlled as wel as each individual actuator.
Additionally, an external fourth zone (a chest portion) is
optionally available as described in detail below with respect
to FIGS. 4, 5, and 6.

The various commands from the host specify which of the
actuators (or groups of actuators) shall be independently
energized to simulate the game activity portrayed upon the
computer monitor. As such, the game player experiences
tactile sensations that simulate the various physical elements
that are portrayed in the video game.

FIG. 3 depicts a cross-sectional view of an actuator 206
taken along line 3—3 in FIG. 2. The actuator is encased in
a housing 300, typically fabricated of aluminum or hard
plastic. A cloth, vinyl, or other covering matcrial 302 is
attached, by an adhesive or by sewing, to the susface of the
pad 200, The illustrative actnator that is depicted is an
electric motor 304 having an offset weight 306 attached to
its shaft 308. When energized, the electric motor 304 with an
offset shaft weight vibrates. thus, providing a tactile sensa-
tion to a.person that is in contact with the motor or its
housing. Wires 310 provide control signals and power to the
motor.

In operation, the control circuit selects one or more
actiators and applies an electric current to the selected
actuator(s). In one illustrative implementation of a command
structure, the parallel port of the host is used as the source
of commands. Alternatively, a serial port could be used or
the control circuit could be implemented on a circuit card for
connection to a parallel bus within the host. The game
program, as it executes on the host, is assumed to generate
the appropriate command for the tactile sensation generator
at the appropriate time.

FIG. 4 depicts a perspective view of an alternative
embodiment of the invention where the seat-based tactile
sensation generator is an integral portion of a seating system
400. Such a seating system has an illustrative use within an
arcade-type video game, a movie theater seat. and the like.
This stationary system functions identical to the portable
system discussed above.

A further alternative to either system is a chest portion.
The chest portion 402 contains one or more actuators 206
that, when activated, produce a tactile sensation on the chest
of a user. The actuators are generally incorporated into the
chest portion in the same manner as described above for
incorporating actuators into the seating system. In the sta-
tionary seating system of FIG. 4, the chest portion 402 is
atiached to a harness 404 that is much like an overhead
harness for a roller coaster. In use. the player pulls down the




Case 3:12-cv-04968-PGS-LHG Document 1 Filed 08/07/12 Page 32 of 43 PagelD: 32

5,669,818

5

harness (along arrow 486) into a position that places the
actuator(s) in the chest portion in contact with his or her
chest.

FIG. S depicts a perspective view of an alternative attach-~
ment for the chest portion 402. In this alternative
embodiment, the chest portion 402 is centrally attached to a
three-point seat belt system 500. The seat belt system is, in
turn, attached to the stationery seating system 4600.
Specifically. the chest portion 402 attaches to a shoulder
strap 502 of the seat belt system 500 such that portion 402
is maintained against the user’s chest.

FIG. 6 depicts a further alternative attachment of the chest
portion 402. In this embodiment, the chest portion 402 is
attached by a belt harness 600. The harness has a single belt
which circumscribes a user’s chest and maintains the chest
portion of the tactile sensation generator against the user’s
chest.

The illustrative belt harness depicted in FIG. 6 has two
fabric loops 602 and 604 affixed, by stitching or glue, to an
outer surface 606 of chest potion 402. A flexible, typically
fabric, belt is threaded through loop 604. Buckles (male 608
and female 610) are respectively attached to belt ends 612
and 614. During use buckle 608 and end 612 are threaded
through loop 602. The buckles are moveable with respect to
the belt such that, once buckled, a user can pull outwardly
on belt ends 612 and 614 to tighten the chest portion 402
against their chest. Friction of the belt passing through the
buckles maintains the belt in a tightened position such that
the chest portion remains in contact with the user’s chest. A
chest portion that is strapped to a user via a multiple-belt
shoulder harmess is described in U.S. patent application
08/309.764, filed Sep. 21, 1994 and herein incorporated by
reference.

Although various embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can readily
devise many other varied embodiments that still incorporate
these teachings.

FIG. 7 depicts a high level block diagram of a tactile
sensation generation system 100 containing a computer
system or video game console 102, a tactile sensation
generator 110 and a control system 106 for the tactile
sensation generator 119. The control system 106 farther
contains an audio signal processor 112 and a control signal
generator 114. The home computer 162 may, of course, be
replaced with any device that produces an audio signal such
as a video game console, stereo system, television receiver,
microphone, and the like. However. for simplicity, through-
out this disclosure, it is assumed that the audio source is a
conventional home computer executing a video game pro-
gram. As such, the control system 106 converts the audio
signals conventionally generated by the video game into
control signals for the tactile sensation generator.

More specifically, the computer 102 has its andio output
port, e.g., an earphone jack. connected, via line 1604, to audio
signal processor 112 within the control system 106. In
general. the signal processor analyzes the frequency,
amplitude, and rate of change of the audio signal produced
by the currently executing video game. From the analysis of
the audio signal. the andio signal processor 112 produces a
processed signal. The processed signal forms an input to the
control signal generator 114 which produces a control
signal. on line 108, for the tactile sensation generator 110.

The tactile sensation generator can be one or more devices
(actuators) capable of simulating vibration, punches, bullet
strikes and the like in accordance with specific control
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signals. Consequently, while using the inventive apparatus,
a player experiences a virtual reality while interacting with
the video game. To provide a full understanding of the
invention, a detailed example of a tactile sensation generator
is provided below.

FIG. 8 depicts one example of a tactile sensation genera-
tor 110 capable of being controlled by the control system
106. Specifically, the tactile sensation generator contains a
seat pad 200 having localized vibration producing actuators
206 distributed within the pad. The seat pad 200 is a foam
cushion 202 enclosed in a cloth cover layer 204. Beneath the
cover layer 204 are electric motors having offset weights
monnted to their shafts. One such motor 208 is depicted in
FIG. 8. When activated by control signals applied via wires
210, the shafts of the motors rotate and the offset weights
cause the motors to vibrate. The depicted seat has four such
vibrating motors. A seat pad of this type is available as
model 905 from JB Research of Los Angeles, Calif.
Although tactile sensation is generated in this example by
vibrating electric motors, those skilled in the art will realize
that any type of vibrating actuator may be used in lieu of
motors including buzzers, solenoids, piezo-electric
actuators. and the like. Also, any number of actuators can be
used, i.c., one or more actuators. Furthermore, the tactile
sensation actuators do not have to be vibratory. It is fore-
seeable that other forms of generators such as solenoids
could be used to poke and prod a player with a single strike
when a bullet or fist impact is to be simulated.

Using the seat pad described above, a video game such as
an auto racing game produces simulated vibration as a
player’s video game car accelerates, e.g., increased vibration
with engine revs (higher pitched sound). The amplitude and
frequency of the vibration is changed as the video car
changes speed. Also, impacts with obstacles that are evi-
denced by low frequency, high amplitude audio signals
resuit in forceful, high-frequency vibrations throughout the
seat pad. Consequently, while playing the video game, a
player receives a tactile sensation of actually sitting in a race
car. To enhance the virtual reality effect, vibrating wrist
and/or ankle tactile sensation generators can be applied to
the player in addition to the seat pad. In accordance with the
teachings of the present invention, the control system 106
produces control signals for the vibration actuators 206.

FIG. 9 depicts a detailed block diagram of the audio signal
processor 112. In general, the input to processor 112 is an
audio signal from an audio source, any audio source. The
signal may be either stereophonic or monophonic. The
processor 112 responds to the pitch (frequency), volume
(amplitude) and rate of change of the audio signal by
producing a processed signal indicative of these character-
istics of the input audio signal.

Specifically, the audio signal processor 112 contains a
front end circuit 300, a preamplifier 302, an equalizer 364,
arectifier 306, a peak hold circuit 308, and an adjustable bias
circuit 310. These major components are more or less
connected in series.

More specifically, the front end circuit 300 contains a
mixer for combining both channels of a stereophonic audio
signal to form a composite audio signal. a high pass filter for
limiting noise that is below of the audio band, e.g., lower
than 20 Hz. and a diode signal limiter for limiting (clipping)
the amplitude of the input signal to protect the audio signal
processor from being damaged by overly powerful input
audio signals. Circuitry 308 is connected to a variable gain
preamplifier 302.

The variable gain preamplifier 302 establishes the
dynamic range of the entire audio signal processor 112. For
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instance, if the gain of the preamplifier is sct to high, any
loud (high amplitude) signals would saturate the processor
and, as such, not create the desired tactile sensation. On the
other hand, if the preamplifier gain is set too low, Jow
amplitide audio signals would not generate any tactile
sensation and only high amplitude signals would cause a
tactile response. Consequently, a player must adjust the gain
of the preamplifier to conform to audio signal levels gener-
ated by the game currently being played. In other words, the
specific gain setting depends upon the dynamic range of
input audio signal and the player’s tactile sensation prefer-
ences. Ilustratively, the voltage gain of the preamplifier is
variable from no gain to a 1000 times. In soroe applications
where the audio signal has a low amplitude, additional fixed
gain amplification may be necessary before and/or after the
variable gain preamplifier.

Once amplified, the audio signal forms an input to the
equalizer 306. The equalizer contains threc parallel con-
nected filters: a high pass filter 312, a low pass filter 314, and
an bandpass filter 316. The high pass filter has an illustrative
passband of 2 kHz to 13 kHz, the low pass filter has an
illustrative passband of 28 Hz to 350 Hz, and the bandpass
filter has a passband of 230 Hz to 10.3 kHz. The three paths
each form an input to a summing amplifier 318.
Additionally, each of the three paths has a switch (switches
320, 322, and 324) to select one or more of the paths as an
input to the summing amplifier 318. As such, depending on
which of the signal paths are connected to the summing
amplifier, the equalizer can selectively amplify or attennate
low frequencies, high frequencies or both. As such, a game
player can adjust the frequency content of the audio that is
used to generate tactile sensation generator control signals
and, consequently, tailor the tactile sensation to the game
being executed.

Nonetheless. the equalizer 304 is an optional circuit for
the invention. The equalizer permits optimizing the tactile
sensation to a audio source. c.g.. the equalizer enables a
video game player to exclude the background music of the
game from the audio signal that produces a tactile sensation.
Therefore, if such additional flexibility is not desired, the
equalizer can be deleted.

The rectifier 306 is provided to produce a positive signal
from the bi-polar filtered audio signal. The peak hold circuit
308 responds quickly to the peak amplitude of the rectified
signal, but slowly decays from that peak amplitude.
Specifically, the peak hold circuit contains a parailel com-
bination of a capacitor and a resistor. The capacitor charges
as the rectified audio signal is applied thereacross. The
resistor has a very large resistance, e.g., 10MQ, such that the
capacitor (0.022 pF) discharges slowly through the resis-
tance. As a result, the capacitor temporarily holds the peak
amplitude of the rectified audio. The voltage level on the
capacitor forms an input to a high impedance voltage
amplifier. This implementation of the peak circuit samples
both the frequency and amplitude of the rectified audio
signal, i.e.. when either the frequency or amplitude of the
input signal change, the output signal will change to some
degree. As such, the output of the peak hold circuit contains
information pertaining to the frequency and amplitude of the
rectified signal.

The specific time constant of this RC circuit is defined by
the response time of the actuators used in the tactile sensa-
tion generator. For example, the response of electric motors
is rather slow; therefore, the resonant frequency of the RC
circuit would be approximately 90 Hz. In contrast, if the
actuators in the tactile sensation generator are piezo-electric
actuators; then, the resonant frequency of the RC circuit
would be on the order of a thousand hertz or more.
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Also, a DC bias voltage, generated by adjustable bias
circuit 310, is added to the peak held signal such that the
amplifier output signal is a composite (sum) of the peak held
signal and the DC bias value. The bias value is a player
adjustable offset. The utility of this DC bias is discussed
below. The biased and amplified peak held signal is here-
inafter referred to as a processed signal.

FIG. 10 depicts a detailed block diagram of the control
signal generator 114. Specifically, the control signal genera-
tor contains a pulse width modulator 400, an oscillator 410,
and drive circuit 416 for the tactile sensation generator 110,
The processed signal forms an input to the pulse width
modulator 400, e.g., a conventional 555 timer. Those skilled
in the art will realize from this disclosure that other forms of
modulation such as frequency modulation are also useful in
lieu of pulse width modulation.

The pulse width modulator generates a pulse having a
width that corresponds to the amplitude of the input signal
to the pulse width modulator. As such, if a constant DC
voltage level (e.g., the DC bias discnssed above) forms an
input to the pulse width modulator, the modulator will
generate an output pulse having a pulse width indicative of
the amplitude of that DC signal. When an AC signal forms
the input to the modulator (e.g., the processed signal), each
output pulse from the modulator has a duration that is
indicative of the instantaneous amplitude of the AC signal
sampled at the clock rate. As such, for each clock pulse, the
pulse width modulator generates an output pulse having a
width defined by the amplitude of the processed signal at the
moment the clock pulse occurs. The pulse width of the
output pulse defines the activation duration for an actnator
206 in the tactile sensation generator 110, e.g.. the longer the
pulse width the longer the vibration time.

The oscillator 410 generates a clock signal for the pulse
width modulator 460. Typically, the clock signal has a fixed,
nominal pulse rate that is slightly longer than the maximum
possible duration of an output pulse of the pulse width
modulator. The clock rate is optionally adjustable from the
mipimum clock pulse spacing (e.g., slightly longer than the
maximurm possible duration of the modulator output pulse).
By increasing the spacing between the clock pulses and
having a fixed maximum duration for the output pulse of the
modulator, the effective duty cycle of the pulse width
modulator output pulse is reduced. For example, if the clock
pulse spacing is doubled from its minimum rate and the
modulator is currently producing maximum width pulses,
the duty cycle is effectively halved by the clock pulse
spacing increase, i.e.. the output pulse of the modulator is
generated for half the time between the clock pulses. In this
manner, a player may adjust the intensity of the vibration to
a comfortable level.

The output signal from the pulse width modulator 400 is
used by the drive circuit 416 to turn on and off one or more
actuators 206 in the tactile sensation generator 110. The
drive circuit contains at least one transistor switch circuit
414;. The transistor switch circuit 414, in response to the
output pulse of the modulator 400 becomes activated. e.g.,
conducts current, such that the transistor circuit, once
activated, allows current to pass through an actuator 206 to
ground. In response. the actuator 206, e.g.. a DC motor,
vibrates. A pulse width modulator. such as the 555 timer, is
generally capable of driving a single transistor to activate a
single actuator. To enable the pulse width modulator to drive
multiple transistor circuits 414, through 414, and multiple
actuators 206. one or more buffer circuits 412, through 412,
are typically provided between the transistor circuits and the
pulse width modulator.
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The drive circuit 416 causes the tactile sensation actuators
206 to generate a tactile sensation for the player in response
to audio signals presently being generated by the video
game. By adjusting the filtering of the equalizer, the pream-
plifier gain. and the oscillator clock rate, the player can tailor
the responsiveness of the control system to any particular
game or other andio source. In addition, by adjusting the DC
bias, the player can generate constant background (i.e., low
amplitude) tactile sensation such as constant vibration of a
race car while idling. As such, the present invention provides
superb virtual reality excitement for a video game player.

The foregoing disclosure focused upon the use of the
invention to provide a virtual reality experience to a video
game player. However, this is not the only application for the
invention. For example, it is foreseeable that the invention
could be used to provide therapeutic tactile sensations to
injured persons, €.g., vibrating certain muscles during physi-
cal therapy. Also, the invention can be used as a device for
the hearing impaired. ¢.g., as a warning device that provides
a tactile sensation when a certain sound occurs nearby such
as a car horn, warning sound, and the like, Furthermore, the
invention could be used in conjunction with a voice analyzer
to provide a hearing impaired person with a tactile sepsation
in response to certain spoken words.

Although various embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can readily
devise many other varied embodiments that still incorporate
these teachings.

What is claimed is:

1. In a virtual reality computer system, apparatus for
providing, in response to signals generated by said virtual
reality computer system, a tactile sensation to a user of said
virtual reality computer system, said apparatus comprising:

a flexible pad;

a plurality of actnators, attached to said pad, for selec-

tively generating said tactile sensation; and

a control circuit, coupled to said plurality of actuators,

where said control circuit is responsive to an audio
signal for generating a control signal to control activa-
tion of said plurality of actuators, where said audio
signal corresponds to action portrayed on said virtual
reality computer system.

2. The apparatus of claim 1, wherein said flexible pad
further comprises:

a first portion being substantially rectangular;

a second portion, attached along an edge to said first

portion, being substantially rectangular; and

where said first portion interfits with a back portion of a

chair and said second portion interfits with a seat
portion of a chair.

3. The apparatus of claim 1 wherein said flexible pad is
affixed to a stationery seating system.

4. The apparatus of claim 1 wherein said flexible pad is
substantially shaped as a motorcycle seat.

§5. The apparatus of claim 1 wherein each actuator in said
plurality of actuators are imbedded within said flexible pad.

6. The apparatus of claim 1 wherein each actuator in said
plurality of actuators is an electric motor having a shaft with
an offset weight attached thereto.

7. The apparatus of claim 6 wherein each of said electric
motors are enclosed in a housing.

8. The apparatus of claim 7 wherein each of said electric
motors is embedded in said flexible pad and a covering
material is affixed to a surface of the flexible pad where each
of said electric motors are sealed within said flexible pad by
said covering material.
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9. The apparatus of claim 1 wherein each actuator in said
plurality of actuators is independently activated.

10. The apparatus of claim 1 wherein said plurality of
actuators are organized into groups and each of said groups
are independently activated.

11. The apparatus of claim 1 wherein each of said
actuators is a solenoid.

12. The apparatus of claim 2 wherein said first portion
contains a first set of actuators and said second portion
contains a second set of actuators.,

13. The apparatus of claim 12 wherein said first set of
actuators is linearly arranged to generate a tactile sensation
in the back of said user.

14. The apparatus of claim 12 wherein said second set of
said actuators is arranged to generate a tactile sensation in
the buttocks and legs of said user.

15. The apparatus of claim 1 wherein said control circuit
comprises:

an audio signal processor for processing said audio signal
and generating a processed signal; and

a control signal generator, coupled to said audio signal
processor, for generating, in response to said processed
signal, said control signal.

16. The apparatus of claim 15 wherein said audio signal
processor generates said processed signal in response to a
frequency, amplitude and rate of change of said audio signal,
where said audio signal corresponds to a scene displayed on
the virtual reality computer system.

17. The apparatus of claim 16 wherein said audio signal
processor further comprises an equalizes for selectively
amplifying or attenuating selected frequency bands of said
audio signal.

18. The apparatus of claim 17 wherein said audio signal
processor further comprises a rectifier for rectifying said
audio signal.

19. The apparats of claim 15 wherein said control signal
generator further comprises an oscillator for generating
timing signals for said control signal generator.

20. The apparatus of claim 1 whercin said control circuit
comprises:

a front end circuit for forming a composite audio signal

from a stereophonic audio signal;

a variable gain preamplifier, coupled to said front end
circuit, for amplifying said composite audio signal;

an equalizer, coupled to said variable gain preamplifier,
for selectively filtering said amplified composite audio
signal;

a rectifier, coupled to said equalizer, for rectifying said
equalized signal;

a peak hold circuit, coupled to said rectifier, for tempo-
rarily holding said rectified signal and for adding a DC
bias to said rectified signal to generate a processed
signal; and

a control signal generator, coupled to said peak hold
circuit, for generating, in response to said processed
signal, said control signal.

21. In a virtual reality computer system. apparatus for
providing, in response to signals generated by said virtual
reality computer system, a tactile sensation to a user of said
virtual reality computer system, said apparatus comprising:

a stationary seating system;

a flexible seat cushion affixed to said stationary seating
systermn;

a plurality of actuators, attached to said flexible seat
cushion, for selectively generating said tactile sensa-
tion; and
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a control circuit, coupled to said plurality of actmators,
where said control circuit is responsive to an audio
sigpal for generating a control signal to control activa-
tion of said plurality of actuators, where said audio
signal corresponds to action portrayed on said virtual
reality computer system.

22. The apparatus of claim 21, wherein said flexible seat

cushion further comprises:

a first portion forming a back portion for said seating
system; and

a second portion, attached along an edge to said first
portion, forming a seat portion of said seating system.

23. The apparatus of claim 21 wherein said flexible seat
cnshion is substantially shaped as a motorcycle seat.

24. The apparatus of claim 21 wherein each actuator in
said plurality of actuators are imbedded within said flexible
scat cushion.

25. The apparatus of claim 21 wherein each actuator in
said plurality of actuators is an electric motor having a shaft
with an offset weight attached thereto.

26. The apparatus of claim 25 wherein each of said
electric motors are enclosed in a housing.

27. The apparatus of claim 26 wherein each of said
electric motors is embedded in said flexible seat cushion and
a covering material is affixed to a surface of the flexible seat
cushion where each of said electric motors are sealed within
said flexible seat cushion by said covering material.
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28. The apparatus of claim 21 wherein each actuator in
said plarality of actuators is independently activated.

29. The apparatus of claim 21 wherein said plurality of
actuators are organized into groups and each of said groups
are independently activated.

30. The apparams of claim 21 wherein each of said
actuators is a solenoid.

31. The apparatus of claim 22 wherein said first portion
contains a first set of actuators and said second portion
contains a second set of actuators.

32. The apparatus of claim 31 wherein said first set of
actuators is linearly arranged to generate a tactile sensation
in the back of said user.

33. The apparatus of claim 31 wherein said second set of
said actuators is arranged to generate a tactile sensation in
the buttocks and legs of said user.

34. The apparatus of claim 22 further comprising a chest
portion containing at least one actuator, said chest portion
being supported by a harness that positions the chest portion
against the chest of said user.

35. The apparatus of claim 34 wherein said harness is
pivotable to a first position where the chest portion is
maintained against the chest of said user and a second
position where the chest portion is separated from the chest
of said user.
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4/26/12 Ultimate Game Chair: The Ultimate Video Game Chair

Home | Products | Support | MediaCoverage | Testimonials | Company Info

l Tame Chaiy Ret I Game Chair Support FAQs l

Ultimate Game Chair Frequently Asked Questions - FAQ

Can | connect two or more Reactor Game Chairs together?

Yes, you can with a pair of RCA splitters available at Radio Shack and online @ the link below:

http:/fmww.cablestogo.com/product.asp?cat%5fid=2009&sku=03181

Can [ plug in my own controlier?

With the Ultimate Game Chair, you do not plug the controller into the game chair but directly into the game console. So, you can
use any controller, wireless controller and any game accessory as well.

@ Do we sell wholesale?

We do offer price breaks at higher quantity purchases. Ideally, we prefer wholesale purchases at full 40’ container lots, shipped
directly to you from our factory in China.
Please contact us at email@uitimategamechair.com for a complete quote.

Do we ship internationally?

We currently have international distribution:

UK - The Gaming Collection.

Games House

Lancashire

PR7 4NY

Tel: 01257 477060

email: info@thegamingcollection.com

Australia

Telephone: +08 9303 4652
info@thegamingcollection.com.au
http:/imww.thegamingcollection.com.au/

Do we ship to the UK?

Please check with our UK Distributor, The Gaming Collection.
Games House

Lancashire

PR7 4NY

Tel: 01257 477060

email: info@thegamingcollection.com

Do you offer volume discounts?

Yes, please email us @ email@ultimategamechair.com with your quantity requested, date required, delivery address and indicate
if the address is commercial or residential. We will get back to you within 2 business days with a quote valid for 10 days.

@ Does it use speakers to create the vibration?

www. ultimategamechair.com/fag.php 1/5
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4/26/12 Ultimate Game Chair: The Ultimate Video Game Chair

No — the Ultimate Game Chair each uses GameSync™ vibration motors that are synchronized to the game action. When you pull
the trigger, the chair vibrates. When the car crashes, the chair vibrates. When the quarterback is sacked, that's when the chair
vibrates. This creates a more intense game experience and bottom line makes games more fun!

How big are the Ultimate Game Chairs?

The dimensions are as follows:
Reactor Game Chair 33" L x 17" W x 24" H 31 Ibs.

Reactor Mini Game Chair 25.75" Hx 14.5" W x 24,5" H 13 Ibs.
Ultimate Game Chair V3 38" L x 43" Hx 29" W 60 Ibs.

How big is the Reactor Game Chair?

You can download our full specifications at:

http:/lwww.ultimategamechair.com/reactor_lo.pdf

How do | feel the game?

The Ultimate Game Chair uses GameSync™ vibration motors that match the game action, in variable intensities. So with major
explosions, you feel the motors fire in maximum intensity. With smail gunfire, the motors fire at about 10%, so game play is more
realistic.

How dol get for my Ultimate Game Chair that is out of warranty?

All replacement parts are subject to availability and all shipping charges are the responsibility of the customer. Send an email to
support@uitimategamechair.com with your chair model, store purchased, and the part required. Our Technical Support will email
you within 24 - 48 business hours of the availability and price of the parts.

How does it connect to a PC?

The Ultimate Game Chair connects to the PC using the supplied RCA cable to the PC Sound Card. Also included with the game
chairs is a 3.5 mm male to male connection that allows the game chair to connect through the stereo headphone jack on a PC.

éﬁi How hard is it to set up?

The Ultimate Game Chair is very simple to set up. The back rest slides onto the base and clicks into position. Then make the
connections to our game console and you are ready to go.

How long has this been around?

Ultimate Game Chair was started in 2003 as a true garage invention. The Ultimate Game Chair has been in development for 2
years and began sales in March 2005.

if you do a Google search on Ultimate Game Chair, you will find all what the media has been saying about the Ultimate Game
Chair — they love it!

Google Search: Uitimate Game Chair

How long will it take to get to me?

As soon as the product ships, it normally takes 3 — 5 business days in the US.

§%§ I am having trouble connecting to my game console Please help

From the game console cable that connects to the TV, there is a red, white & yellow connector. Unplug the red and white from the
TV.

The game chair came with a stereo cable with red & white ends. It also came with a female to female adapter that looks like a small
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Connect the stereo cable to the female adapter, then connect the female adapter to the Game Console red and white that were
plugged into the TV.

If you have an older TV that uses a cable or coax connection, you will need to purchase an RF Modulator that is available at
Radio Shack to get the stereo connections that are needed.

1 get left side audio out of the right speaker and right side out of the left speaker How can I fix this?

Switch the RCA Stereo Cable inputs - red to white and white to red.

Is it compatible with the Nintendo Wii?

The Ultimate Game Chair is fully compatible with the Nintendo Wii. The Ultimate makes Wii games very fun as the games have
tons of vibration. Racing games with the Wii are incredible. Even bowling in the Ultimate is incredible as you feel the pins crash.

Is it compatible with the PlayStation 37

The Ultimate Game Chair is fully compatible with the PS3. The Ultimate makes PS3 games actually playable as you feel every car
crash, gun shot and explosion with incredible game audio.

Is it compatible with the Xbox 3607

The Ultimate Game Chair is fully compatible with the Xbox 360. Games such as Halo 3, Gears of War, Call of Duty, Burnout
Revenge are absolutely incredible in the Ultimate Game Chair.

My game console connects to my television using a cable connection How do  connect the game chair?

You will need to purchase an RF Modulator that is available at Radio Shack. This will convert your coax {cable) connection to an
RCA (yellow, red, white stereo) and allow you to connect the game chair stereo cable to the RF Modulator.

PS3 Question I use HDMI for my 1080p television Will audiovideo quality be hurt?

You can still hook up the HDMi for the video and in the PS3 set up, change the audio to output using the RCA connectors. This
will not effect the video quality.

In the PS3 Menu, go to Settings -> Sound Settings -> Audio Qutput Settings -> Select AV Multi

What comes with my order?

With the Ultimate Game Chair, we include a power supply, 6' audio cable, and 3.5mm male to male audio cable.

What games do they work with?

The Ultimate Game Chair is compatible with all games on the Xbox 360, PS3, Wii, PC, iPod & PS2.

What happened to the Renegade Game Chair?

We are currently redesigning the Renegade Game Chair, and the new release date has not been announced.

What is the difference between the Renegade Game Chair and the Reactor Game Chair?

The Reactor Game Chair features our same GameSync™ technology, so game play is just as good as it is on the Renegade
Game Chair.

The Reactor does not have armrests, neckrest, does not recline, no ground effects lighting, no storage drawer and no cup holder.
it is approximately the same size as the Renegade, but sits about 2 inches higher than the Renegade.
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The Reactor Game Chair costs $60.00 by UPS Ground within the US. The Ultimate Game Chair V3 costs $135 by UPS Ground
within the US.

What is the warranty?

80 days parts and fabor. Shipping is not included under any circumstances.
We do offer an 9 month extended warranty on the Ultimate Game Chair web site for $59 and a 3 year extended warranty for $259.

What is the weight limit of the Reactor Game Chair?

The Reactor Game Chair is warrantied at 200 Ibs.

What is this?

This is the Ultimate Game Chair. Each game chair brings the video game experience like never before. The Ultimate Game Chairs
features GameSync™ vibration motors that move with the game action, so you feel every gunshot, car crash and quarterback
sack. It also feature 3D stereo sound with speakers built into the headrest so you play like never before. It's the closest virtual
reality game experience on the market.

Where can | buy an AC Adapter for the Renegade Game Chair?

Generally available at Radio Shack or other electronics stores. The specifications are:
*2-25A

* 3.5 mm pin

*'Outer Sleeve' dimension 5.46mm of the plug

center pin is + and the outer is -

Where can | purchase replacement parts?

The RCA Audio Cable can be purchased at this link:
http://iwww.ultimategamechair.com/accessory_details.php?item=243157.89473684
The AC Adapter can be purchased at this link:

http:/Awww.ultimategamechair.com/accessory_details.php?item=267473.68421053

Where can | try the Reactor Game Chair in Canada?

We currently do not have any distribution in Canada for the Reactor Game Chair.

Which game chair works best for my Game Center?

All of the Ultimate Game Chair models work great in a Game Center environment. We highly recommend securing the cords,
either under the carpet, or use a cord runner.

It is also important to monitor the use of your equipment, especially the Ultimate Game Chairs. We do not recommend allowing
your customers unsupervised use of the game chairs or any of your equipment.

Will the Reactor Game Chair work with my PC?

Yes, the Reactor Game Chair is fully compatible (vibration and audio} with PC & Mac games.

However, the Reactor is somewhat low for desktop PC gamers and there is no tray for keyboard and mouse use.

Is this the same game chair that was in The 40 Year Old Virgin?

Yes, we are the same company. We have evolved the design and that originai game chair is no fonger in production. The
producers of the movie approached the manufacturer and the Ultimate Game Chair has great coverage in the movie. The game
chair was also in other movies — Grandma's Boy (2006), The Controller (2007) & Stay Alive (2006).
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Welcome to Sam's Club Now shopping:

R
Register or Renew Y our Membership. ;f_:; ‘%E All tems {Change) My Account Order Status

Sign-in NO CLUB SELECTED (Select A Club) Shopping Tools Find a Sam's Club
Ag?&mca& Blectronios Furnilure éeweiw Offies Produsts ! Qutdoor :

Get offers in your inbox- Sam's Club Newsletters Search:
All Categories November 21 at samsclub.com

Apparel Renegade Game Chair

Appliances

Automotive & Garage
Beauty & Barber Shops
Books

C-Stores & Retail Stores
Child Care & Schools
Churches & Religious...
Contractors, Maintenance...
Hectronics & Computers

Select Quantity, then click "Add to Cart"

Available Online Only

Entertainment Tickets 1 ; Delivery: $179.84
Fow ers, Gifts & Gourmet

Furniture

Grocery.

Health, Beauty, & Medical #782400
Home Furnishings
Home Improvement

Janitorial
Jewelry Feel every gunshot, car crash and quarterback sack in the Renegade Game
Motels Bed & Breakfasts Chair.

Movies, Books & Music

Musical Instruments

Office Products

Outdoor Living

Paper Goods

Pet Supplies

Restaurant & Foodservice

Soft Drinks, Juice & Water

Softw are R )
. Sports & Fitness - -

Televisions

Tires

Tobacco

Toys

Vending & Concession
Video Games & Consoles

About Sam's Club Sam's Club Features In-Club Events Help FAQs

About samsclub.com Sam's Club Socurce™ Eind a Sam's Club Contact Sam's Club Shipping

Site Directory Samis Club Credit Press Releases Forgot E-mail/Passw ord Returns and Refunds
Privacy Policy Sam's Club International Road Show Events Product Recalls Sam's Club Supplier
Terms and Conditions Sam's Club Careers Author Signing Events All Help All FAQs
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