
APPLE INC. 
EXHIBIT 1004 - PAGE 0001

United States Patent [191

Rosenberg et al.

[54]

WO95(Y2801
W09S20787
WO9520788

METHOD AND APPARATUS FOR
CONTROLLING FORCE FEEDBACK
INTERFACE SYSTEMS UTILIZING A HOST
COMPUTER

Inventors: Louis B. Rosenberg. Pleasanton; Adam
C. Bmnn; Mike D. Levin. both of
Sunnyvale, all of Calif.

Assignee: Immersion Human Interface
Corporation. San Jose. Calif.

Appl. No.: 566,282

Filed: Dec. 1, 1995

Related U.S. Application Data

Continuation-in-part of Ser. No. 461,170, Jun. 5, 1995, Pat.
No. 5,576,727, and SE1’. No. 534.791, Sep. 27, 1995, said
Ser. No. 461,170, is a continuation of Ser. No. 92,974, Jul.
16, 1993, abandoned.

Int. Cl.“ .............................. G061? 3/033: GO9G 5/08
U.S. Cl. ............................ 345/161; 345/163; 463/30;

463/38
Field of Search ..................................... 345/156. 157.

345/161. 163; 318/568.11. 568.25: 74/471 Y;
463/37. 38. 30; 434/45; 395/99; 244/223

References Cited

U.S. PATENT DOCUMENTS

9/1959
1/1970

10/1970
4/1975
6/1975
3/1976

2,906,179
3,490,059
3,531,868
3,875,488
3,890,958
3,944,798

90/13.5
73/133
33/174

318/648
128/2 8

.. 235/151.3

Bower .............. ..
Paulsen et al.
Stevenson .... ..
Crocker et al.
Fister et al.
Eaton ............

(List continued on next page.)

FOREIGN PATENT DOCUMENTS

4-34610 2/1992
2254911 10/1992

1/1995
8/1995
8/1995

Japan .
United Kingdom .
WIPO .
WIPO .
WIPO .

USOO5734373A

Patent Number:

Date of Patent:

5,734,373

Mar. 31, 1998

[11]

[45]

WO9532459
W0961 6397
WO962259l
WO9642078

1 1/1995
5/1996
7/1 996

12/1996

OTHER PUBLICALFIONS

WIPO .
WIPO .
WIPO .
WIPO .

Minsky. Margaret et a.l.. “Feeling and Seeing: Issues in
Force Display.” ACM 1990. pp. 235-242.
Hernclon. J.N. et al.. ‘The State—of-the—Art Model M-2

Maintenance System." Proceedings of the 1984 National
Topical Meeting on Robotics and Remote Handling in
Hostile Environments. American Nuclear Society. pp.
59-65.

Batter. James J. et al.. “Grope-1: A Computer Display to the
Sense of Feel.” pp. TA—4—188—TA-4-192.

(List continued on next page.)

Primary Eramimn-—Jeffery Brier
Attorney, Agent, or Firm—Hickman Beyer & Weaver. LLP

[57] ABSTRACT

A method and apparatus for controlling and providing force
feedback using an interface device manipulated by a user. A
microprocessor is provided local to the interface device and
reads sensor data from sensors that describes the position
and/or other information about a user object moved by the
user. such as ajoystick. The microprocessor controls actua-
tors to provide forces on the user object and provides the
sensor data to a host computer mat is coupled to the interface
device. The host computer sends high level host commands
to the local microprocessor. and the microprocessor inde-
pendently implements a local reflex process based on the
high level command to provide force values to the actuators
using sensor data and other parameters. A provided host
command protocol includes a variety of difierent types of
host commands and associated command parameters. By
providing a relatively small set of high level host commands
and parameters which are translated into a panoply of forces.
the protocol further shifts the computational burden from the
host computer to the local microprocessor and allows a
software developer to easily create force feedback applica-
tions.

111 Claims, 21 Drawing Sheets

FOR&FElDIADK ‘- ~

wrt.n.=.A.-2.2-.E1rIc.=.....'f... (u.

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


APPLE INC. 
EXHIBIT 1004 - PAGE 0002

5,734,373
Page 2 

U.S. PATENT DOCUMENTS 5,184,319 2/1993 Kramer 364/8016
5,185,561 2/1993 Good et :11, 318/432

4,125,800 11/1978 Jones .... .. 318/681 5,135,529 2/1993 R01,“ ______4 434/114
4,148,014 4/1979 Burson 340/709 5,187,874 2/1993 Takahashi ct al. . .. 33/SW
4,216,467 8/1980 Colston .. 340/365 L 5,189,806 3/1993 McMu1try el al. .. 33/503
4,398,889 8/1983 Lam elal 434/45 5,204,824 4/1993 Fujimaki 364/474.03
4,448,083 5/1984 Hayashi . . 73/862.04 5,209,131 5/1993 Baxter 73/865.8
4,477,043 10/1934 Repperger _ 244/223 5,220,260 6/1993 Schuler .. 318/561
4,477,973 10/1934 Davies .... .. 33/1 cc 5,223,776 6/1993 Radke etal. 1 318/5681
4550,22} 10/1935 ____ ._ 173/13 5,228,356 7/1993 Chuang .. 74/471 X
4550_517 11/1935 1 73/852104 5,230,523 7/1993 Gnthne 61 a1. . .. 433/72

4,571,334 2/1936 . .. 33/1 PT 13719;; “$53” 5‘ 31- -3:255:31;
gggjggg $7133; _, ~~~~~-—_3=;;,;~;$; 5,251,156 10/1993 2 . 3.91559
4,632,341 12/1986 244/230 53591190 “"993
4,633,793 1/1937 Shelden el a1. 123/30313 5»259~394 “"993 ---- -- 155754
4,653,011 3/1937 Iwano ............... .364/513 5/751777 “"995 ~ - -- 54190
4,654,643 3/1937 Henzington el al. . 340/710 53543755 “"993 . ‘ 345551
4,676,002 6/1987 Slocum 33/IMP 5375555 "1994 -- 43409
4,679,331 7/1937 Koontz .. 33/551 5939373 271994 -' 3457121
4,633,933 3/1937 Lindbam .414n35 5395/345 371994 3457151
477031443 10,1907 Mmmu ____ _1 _ 5,351,692 10/1994 . 123/662.06
4,704,909 11/1937 Grahnctal. . 73/362.04 5554452 “V1994 ~ --------‘“4’5
4,750,437 6/1933 Zaneni . 123/30313 5-379553 171995 -7474717‘
4,769,763 9/1933 Triebet :11. .364/559 5=354=45° ‘"995 250723‘-14
4,737,051 11/1933 015011 .364/518 5339555 971995 7‘°°"“‘°‘ ~ 3”‘’555“
4,791,934 12/1933 Bnmnett .123/653 5395355 371995 95""'"“ 545715‘
4,793,919 1/1939 Miessleret a1. . 173/13 5/395357 371995 B5540“ -3457155
4711001721 1,1909 Cemm11ae1a1_ 00,393 5397323 3/1995 Taylor et al. . 606/130
4711031113 2,1939 14011010 41 31 1 310,040 5,402,532 4/1995 Raab_.............. .. 33/503
41011008 311989 11111011 __ 710062104 5,405,152 4/1995 Katanrcsetal. 273/433
4,319,195 411989 Be“ 01 a1_ _ 364/57105 5,412,880 5/1995 Raab ....... .. .. 33/S03
4139111311 0,1909 L311. 110 411 304,709. 5,414,337 5/1995 Schnler .313/561
411491099 7,1909 010:1’ 324,100 5,417,696 5/1995 Kaslmba et a1. .. .. 606/91
4,379,556 “/1989 Dunne] 341,20 5,428,748 6/1995 Davidsonetal. . 395/275
4,333,377 12/1939 Endefle et a1. 33/559 51499114“ 7"995 B“""f’“"”"
4,391,339 1/1990 Tomelleri 33/503 5435542 7’1995 9551"‘ 5‘ "14 -
4,907,970 3/1990 Meenen,Jr, . .. 434/45 54551549 7”995 R°“’°‘ ~ -
4,907,973 3/1990 Hon .434/262 514451155 571995 . Z“ 179597
4,942,545 7/1990 Sapia. 364/571.01 5451994 971995 3407407-1
419451305 7,1990 B1004 _________ ._ 194,107.17 5,459,332 10/1995 Jacobns 1-1 :11. 313/563.11
4945501 7,1990 190110191 _ 004,571_05 5,467,763 11/1995 M61/1ahon etal. 600/201
4_901_130 10,1990 001111011 _304,200 5,513,919 4/1996 Arakr ........... 114345/156
4,961,267 10/1990 Herzog 33/503 551 /19° 471995 4 3 7157-91
4,962,591 10/1990 216116161 al. 33/502 5551701 971995 453735
419121104 1,1991 50041041113141. 39,502 5,570,111 10/1996 Bmettetal. . 345/157
4,933,736 1/1991 snevens etal. .. 173/13 5575-797 1171995 R°"'°“"°'E °‘ "1 - 545’179
5100790115 4,1991 016110133 01 31” 3110,25 5,539,354 12/1996 Ts_a1 ..... .. 345/161
5,007,300 4/1991 Siva 74/471x 5591974 171997 H‘“°“ 79352-943
5,040,306 3/1991 McMnnIy 61.3.1‘. . 33/556 5-5231557 477997 R°“'."’°‘3 395’99
5.044.956 9/1991 Behensky et a1. .... .. 434/45 51595575 4/1997 M5-““‘°“‘1— ~35“’573
5,050,000 9,1991 wa1m11ee1a1_ 1 121905311 5,629,594 5/1997 Jacobus et a1. .. 313/563.11
5072301 12,1991 030341111 304710701 5,642,469 6/1997 Hannafordetal. .. ............. 395/99
5,088,046 2/1992 , 364/474.03
5,033,055 2/1992 .. 364/560 OTHER PUBLICATIONS
5,095,303 3/1992 . .. 340/710 M - - -
5,103,404 471902 Mcmmh _ _ 3187568722 Gotow. ].K.. et al.. Preceptron of Mechamcal Propemcs at
5110710110 4,1902 Rose“ 11111111_. 20076 A the Man-Machine Interface," IEEE 1987. pp. 688-689.
5,115,051 5/1992 Moncfief at 31 , 2731443 13 “Proceedings of the IFIP Congress 65.” International Fed-
5,l26,948 6/1992 Mitchell et al. 364/474.03 eration for Information Processing. Information Processing
5,128,671 7/1992 Thomas, Jr. 341/20 1965. vol. 3. New York. May 24-29. 1965. p. 506.
5,131,344 7/1992 Marinaccio etal. 433/72 1111011131011. 0711113111 D_ 61 311 ..C0mp01,_1ng W101 F6811“...
5,132,672 7/1992 .. 340/710 .
51130261 871992 1 I 2737148 B Cornput. & Graphrcs. vol. 2. No. 2-E. pp. 97-103.
51142506 s/1992 __ __ 357/127 N011. A. Michael. “Man—Mach1'ne Tactile Communication
5,142,931 9/1992 74/471 X Dissertation.” Polytechnic Institute of Brooklyn. Jun. 1971,
5,143,505 9/1992 . . 414/5 pp. 1-88.

5545577 971992 -- 3547559 0uh—Young. Ming. “Force Display in Molecular Docking.”5,173,012 1/1993 73/510 .
5,131,131 1/1993 .. 364/566 539595174471 1990* PP’ H45‘
5,132,557 1/1993 341/20 Ouh-young. Ming et al.. “Using a Manipulator for Foroc
5,184,306 2/1993 . 364/474.05 Display in Molecular Docking.” IEEE 1988. pp. 1824-1829.

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


APPLE INC. 
EXHIBIT 1004 - PAGE 0003

5,734,373
Page 3

Wilcer. Steven F. et al.. “Development of Tactile Mice for
Blind Access to Computers: Importance of Stimulation of
Locus. Object Size. and Vibrotactile Display Resolution.”
Proceedings of the Human Factors Society 35th Annual
Meeting 1991. pp. 708-712.
“Foot-Operated Mouse.” IBM Technical Disclosure Bulle-
tin. Apr. 1986. vol. 28. No. 11.
Tavkhelidze. D.S.. “Kinematic Analysis of Five—Link
Spherical Mechanisms.” Mechanism and Machine Theory.
1974. vol. 9. pp. 181-190.
“Cursor Walso." Designer’s Coma-Useful Technology for
Your Idea File. Design News. Mar. 7. 1993. p. 63.
“High Performance Model of the Immersion Probe Immer-
sion Probe-MDW. Immersion Corporation (1994).
Krueger. Myron W.. Artificial Reality 1988. pp. 54-75.
Adachi. Yoshitalra et al.. “Sensory Evaluation of Virtual
Haptic Push-Buttons.” Technical Research Center. Suzuki
Motor Corporation. Nov. 1994.
Su. S. Augustine et al.. "The Virtual Panel Architecture: A
3D Gesture Framework." IEEE 1993. pp. 387-393.
Jacobsen. S.C. et al.. “High Performance. High Dexterity.
Force Reflective Teleoperator II." ANS Topical Meeting on
Robotics & Remote Systems. Albuquerque. New Mexico
Feb. 24-27. 1991. pp. 1-10.
Kotoku. Tetsuo et al.. "Environment Modeling for the Inter-
active Display (EMID) Used in Telerobotic Systems." IEEE
Nov. 3-5. 1991. pp. 99-1004.
Bejczy. Antal K.. ‘The Phantom Robot: Predictive Displays
for Teleoperation with Time Delay.” IEEE 1990. pp.
546-550.

Buttolo. Pietro et al.. “Pen—Based Force Display for Preci-
sion Manipulation in Virtual Environments.” IEEE Mar.
1995. pp.1-8.
Tan. Hong Z. et al.. “Human Factors for the Design of
Force-Reflecting Haptic Interfaces." Tan. Srinivasan. Eber-
man. & Chang. ASME WAM 1994. pp. 1-11.
Ellis. RE et aL. “Design and Evaluation of a High-Perfor-
mance Prototype Planar Haptic Interface.” ASME Dec. 3.
1993. DSC-vol. 49. pp. 55-64.
Adelstein Bernard D. et al.. “A High Performance 'I‘wo
Degree-of-Freedom Kinesthetic Interface." Massachusetts
Institute of Technology 1992. pp. 108-112.
Colgate J. Edward et al.. Implementation of Stiff Virtual
Walls in Force—Refiecti.ng Interfaces. Sep. 22. 1993.
Iwata. Hiroo et al. Volume Haptization. IEEE 1993. pp.
16-18.

Fischer. Patrick et al.. “Specification and Design of Input
Devices for Teleoperation.” 1990.
Burdea. Grigore et al.. “Distributed Virtual Force Feed-
back.” IEEE. May 2. 1993. pp. 25-44.
Rosenberg. Louis B.. ‘The Use of Virtual Fixtures as Per-
ceptual Overlays to Enhance Operator Perfornzmnce in
Remote Environments." Air Force Material Command. Sep.
1992. pp. 1-42.
Rosenberg. Louis B.. Crew Systems Directorate Biodynam-
ics and Biocommunications Division Wright-Patterson. Air
Force Material Command. Mar. 1993. pp. 1-45.
Rosenberg. Louis B.. “Perceptual Design of a Virtual Rigid
Surface Contac.” Center for Design Research Stanford
University. Air Force Material Command. Apr. 1993. pp.
1-41.

Rosenberg. Louis B. et al.. “Perceptual Decomposition of
Virtual Haptic Surfaces.” IEEE. Oct. 1993.

Rosenberg. Louis B.. “Virtual Fixtures as Tools to Enhance
Operator Performance in Telepresence Environments.” SPIE
Telemanipulator Technology. 1993.
Rosenberg. Louis B.. “Virtual Haptic Overlays Enhance
Performance in Telepresence Tasks.” SPIE 1994.
Burdea. Grigore et al.. “Dextrous Telerobotics with Force
Feedback—An Overview." Robotica 1991. vol. 9.

Colgate. J. Edward et al.. “I.mplernentation of Stiff Virtual
Walls in Force-Reflecting Interfaces." 1993. pp. 1-9.
Yamakita. M. et al.. Te1e—Virtual Reality of Dynamic
Mechanical Model. IEE Jul. 7-10. 1992. pp. 1103-1110.
Adlestein. Bernard D. et al.. “Design and Implementation of
a Force Reflecting Manipulandum for Manual Control
Research.” 1992. pp. 1-24.
Ouh-young. Ming ct al.. “Force Display Performs Better
than Visual Display in a Simple 6-D Docking Task.” IEEE
1989. pp. 1462-1466.
Kim. Won S. et al.. "Graphics Displays for Operator Aid in
Telemanipulation." IEEE 1991. pp. 1059-1067.
Hannaford. Blake et al.. “Performance Evaluation of a
Six—Axis Generalized Force-Refleaing Teleoperator."
IEEE May/Jun. 1991. vol. 21. No. 3. pp. 620-633.
Kim. Won S. et al.. ATeleopei-ation Training Simulator with
Visual and Kinesthetic Force Virtual Reality.
Btndea. Grigore et al.. “A Portable Dextrous Master with
Force Feedback.” Presence: Teleoperators and Virtual Envi-
ronments. MIT Press. Jun. 1991.
Fisher. S.S. et al.. “Virtual Environment Display System”
ACM Interactive 3D Graphics. Oct. 1986.
‘The Personal DigitizcrW."Irnmersion Human Interface
Corporation 1994.
“High Performance Model of the Immersion Probe." Immer-
sion Probe-MDTM. Immersion Human Interface Corpora-
tion.
3D Human Interface Tool. Immersion Probem. Immersion
Human Interface Corporation 1994.
Meyer. Kenneth et al.. “A Survey of Position Trackers.” The
Massachusetts Institute of Technology 1992. Presence. vol.
1. No. 2.
“Useful Technology for Your Idea File." Design News. Mar.
7. 1994. p. 63.
Smith. Geoflrey. “Call It Palpable Progress." Business
Week. Oct. 9. 1995. pp. 93. 96.
Repperger. D.W.. “Active Force Reflection Devices in Tele-
operation”, IEEE Control Systems. 1991. pp. 52-56.
Winey III. Calvin M.. “Computer Simulated Visual and
Tactile Feedback as an Aid to Manipulator and Vehicle
Contro ". MII‘. 1981.
Iwata. Hiroo. “Pen-based Hapitc Virtual Environment.”
Institute of Engineering Mechanics. Univerisity of Tsukuba.
Japan. pp. 287-292.
Schrnult. Brian et aL. “Application Areas for a Force-Feed-
back Joystick.” ASME 1993. DSC-vol. 49. pp. 47-54.
McAiIee. Douglas A.. ‘Teleoperator Systemlfelerobot
Demonstrator: Force Reflecting Hand Controller Equipment
Manual." JPL Jan. 1988. pp. 3-8. 11. and A—34.
Howe. Robert D.. “Task Performance with a Dextrous
Teleoperated Hand System." Proceedings of SPIE. Nov.
1992. vol. 1833. pp. 1-9.
Snow. E. et al.. “Compact Force-Reflecting Hand Control-
ler.” .lPL.Apr. 1991.vol. 15.No. 3.ItemNo. l53.pp. 1-15a.
Tan. Hong Z et aL. “Manual Resolution of Compliance
When Work and Force Cues are ASME 1993.

DSC-vol. 49. pp. 99-104.

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


APPLE INC. 
EXHIBIT 1004 - PAGE 0004

5,734,373
Page 4 

Kotoku. Tetsuo. “A Predictive Display with Force Feedback
and its Application to Remote Manipulation System with
Transmission Time Display." IEEE 1992. Jul. 7-10. 1992.
pp. 239-246.

Russo. Massimo Andrea. ‘The Design and Implementation
of a Three Degree-—of—Freedom Force Output Joystick.”

Department of Mechanical Engineering. May 11. 1990. pp.
9-40 & 96 & 97.

Jones. L.A.. et 211.. “A Perceptual Analysis of Stiffness."
Experimental Brain Research 1990. pp. 151-156.
Has ser. Christopher John. ‘Tactile Feedback for a Force—Re—
fleeting Haptic Display." The School of Engineering. Uni-
versity of Dayton. Dec. 1995. pp. ii.i—xii & 1-96.

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


APPLE INC. 
EXHIBIT 1004 - PAGE 0005

U.S. Patent Mar. 31, 1993 Sheet 1 of 21

AUDIO OUT-

PUT DEVICE

FORCE FEEDBACK

INTERFACE DEVICE— — — _ — _ _ _ _ . _ _ _ _ _ _ _ _ _ — _ _.._/-.......—I

26

LOCAL

MICRO-

PROCESSOR

39 '

OTHER OBJECT T. __

INPUT AN"T_|
_I

I_ 5 ULATEJ
38 41 __ __:_L____

7

|‘:fi'é"’q"":I\‘(’:'I‘E ACTUATORS

I
I
I
I
l
I
I
I
I
I
I
I
I
I
I

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


