
Valve Exhibit 1047 
Valve v. Immersion

United States Patent [19] 

Peurach et al. 

[54] HAPTIC AUTHORING 

[75] Inventors: Thomas M. Peurach, Novi; Todd 
Yocum, Ann Arbor; Douglas Haanpaa, 
Ann Arbor; Charles J. Jacobus, Ann 
Arbor, all of Mich. 

[73] Assignee: Immersion Corporation, San Jose, 
Calif. 

[21] Appl. No.: 08/859,877 

[22] Filed: May 21, 1997 

Related U.S. Application Data 

[ 63] Continuation-in-part of application No. 08/543,606, Oct. 16, 
1995, Pat. No. 5,629,594, which is a continuation-in-part of 
application No. 08/257,070, Jun. 9, 1994, Pat. No. 5,459, 
382, which is a division of application No. 07 /984,324, Dec. 
2, 1992, Pat. No. 5,389,865, and a continuation of applica­
tion No. 08/854,375, May 12, 1997. 

[60] Provisional application No. 60/018,037, May 21, 1996. 

[51] Int. CI.7 ...................................................... G06F 17/30 
[52] U.S. Cl . ............................................. 707/102; 707/104 
[58] Field of Search ...................................... 707/102, 104 

[56] References Cited 

3,919,691 
4,604,016 
4,795,296 
4,982,918 
5,004,391 
5,007,300 
5,018,922 
5,044,956 
5,062,594 
5,103,404 
5,116,180 
5,142,931 
5,143,505 
5,146,566 
5,180,351 
5,185,561 
5,186,629 
5,220,260 

U.S. PATENT DOCUMENTS 

11/1975 Noll ..................................... 340/172.5 
8/1986 Joyce .......................................... 414/7 
1/1989 Jau .............................................. 414/5 
1/1991 Kaye ....................................... 244/223 
4/1991 Burdea .. ...... .......... ...... ...... .... ...... 414/6 
4/1991 Siva ................................... 74/471 XY 
5/1991 Yoshinada et al. ......................... 414/5 
9/1991 Behensky .................................. 434/45 

11/1991 Repperger ............................... 244/175 
4/1992 McIntosh ........................... 318/568.22 
5/1992 Fung et al. .................................. 414/5 
9/1992 Menahem ........................... 74/471 XY 
9/1992 Burdea et al. .............................. 414/5 
9/1992 Hollis, Jr. et al. ...................... 395/275 
1/1993 Ehrenfried ................................ 482/52 
2/1993 Good et al. ............................. 318/432 
2/1993 Rohen ..................................... 434/114 
6/1993 Schuler ................................... 318/561 

I 1111111111111111 11111 111111111111111 11111 11111 1111111111111111 Ill lllll llll 
US006131097 A 

[11] Patent Number: 

[45] Date of Patent: 

6,131,097 
Oct. 10, 2000 

5,223,776 
5,264,776 
5,382,885 
5,389,865 
5,405,152 
5,451,924 
5,459,382 
5,482,051 
5,506,605 
5,513,100 
5,515,919 
5,562,572 
5,576,727 
5,583,478 
5,587,937 

6/1993 Radke et al. ......................... 318/568.1 
11/1993 Gregory et al. .. ...................... 318/561 
1/1995 Salcudean et al. ................ 318/568.11 
2/1995 Jacobus et al. .................... 318/568.11 
4/1995 Katanics et al. ........................ 273/438 
9/1995 Massimino et al. ................. 340/407.1 

10/1995 Jacobus et al. .................... 318/568.11 
1/1996 Reddy et al. ........................... 128/733 
4/1996 Paley ....................................... 345/163 
4/1996 Parker et al. ...................... 364/167.01 
4/1996 Araki ...................................... 345/156 

10/1996 Carmein ...................................... 482/4 
11/1996 Rosenberg et al. ..................... 345/179 
12/1996 Renzi ................................... 340/407.1 
12/1996 Massie et al. .......................... 364/578 

(List continued on next page.) 

FOREIGN PATENT DOCUMENTS 

WO95/20788 8/1995 WIPO. 

OTIIER PUBLICATIONS 

Fletcher, L.A., and Kasturi, R.; A Robust Algorithm for Text 
String Separation from Mixed Text/Graphic Images. IEEE 
Transactions on Pattern Analysis and Machine Intelligence, 
vol. 10, No. 6, Nov. 1988; pp. 910--918. 

(List continued on next page.) 

Primary Examiner-Wayne Amsbury 
Attorney, Agent, or Firm-Gifford, Krass, Groh, Sprinkle, 
Anderson & Citkowski, PC 

[57] ABSTRACT 

Methods are presented for authoring geometrical databases 
which incorporate touch or haptic feedback. In particular, a 
database of geometrical elements incorporates attributes 
necessary to support haptic interactions such as stiffness, 
hardness, friction, and so forth. Users may instantiate 
objects designed through CAD/CAM environments or 
attach haptic or touch attributes to subcomponents such as 
surfaces or solid sub-objects. The resulting haptic/visual 
databases or world-describing models can then be viewed 
and touched using a haptic browser or other appropriate user 
interface. 

58 Claims, 9 Drawing Sheets 

AtJTlfORI1IO/IEDITil!IG 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


6,131,097 
Page 2 

5,588,139 
5,589,828 
5,589,854 
5,619,180 
5,623,582 
5,623,642 
5,625,576 
5,666,473 
5,691,898 
5,709,219 
5,714,978 
5,721,566 
5,729,249 
5,734,373 
5,742,278 
5,755,577 
5,767,836 
5,769,640 
5,790,108 
5,802,353 
5,805,140 
5,825,308 
5,844,392 
5,889,670 

U.S. PATENT DOCUMENTS 

12/1996 Lanier et al. ........................... 395/500 
12/1996 Armstrong ................................ 341/20 
12/1996 Tsai ......................................... 345/161 
4/1997 Massimino et al. ................. 340/407.1 
4/1997 Rosenberg ................................ 395/99 
4/1997 Katz et al. .............................. 395/500 
4/1997 Massie et al. .......................... 364/578 
9/1997 Wallace ................................... 345/420 

11/1997 Rosenberg .............................. 364/190 
1/1998 Chen et al. ............................. 128/782 
2/1998 Yamanaka et al. ..................... 345/157 
2/1998 Rosenberg et al. ..................... 345/161 
3/1998 Yasutake ................................. 345/173 
3/1998 Rosenberg et al. ..................... 345/161 
4/1998 Chen et al. ............................. 345/156 
5/1998 Gillio ...................................... 434/262 
6/1998 Rosenberg .............................. 345/161 
6/1998 Jacobus et al. ......................... 434/262 
8/1998 Salcudean et al. .. ................... 345/184 
9/1998 Avila et al. ............................. 395/500 
9/1998 Rosenberg et al ...................... 345/161 

10/1998 Rosenberg ................................ 341/20 
12/1998 Peurach et al. .................... 318/568.17 
3/1999 Schuler et al ........................... 364/186 

OIBER PUBLICJITIONS 

Cavnar, W.B., Vayda, A.J., "Using Superimposed Coding of 
N-Gram Lists for Efficient Inexact Matching". Proceedings 
of the Fifth Advanced Technology Conference, Washington 
D. C., Nov. 1992, pp. 253-267. 
Iwaki, 0., Kida, H., and Arakawa, H.; A Segmentation 
Method Based on Office Document Hierarchical Structure. 
Proceedings of the IEEE International Conference on Sys­
tems, Man, and Cybernetics; Oct. 1987; pp. 759-763. 
Fisher, J.L., Hinds, S.C., D' Amato, D.P.; A Rule-Based 
System for Document Image Segmentation. Proceedings of 
the IEEE 10th International Conference on Pattern Recog­
nition, Jun. 1990; pp. 567-572. 
Wong, K.Y., Casey, R.G., and Wahl, F.M.; Document Analy­
sis System. IBM Journal of Research and Development, vol. 
26, No. 6, 1982; pp. 647-656. 
Lu, C.; Publish It Electronically. Byte Magazine, Sep. 1993; 
pp. 95-109. 
Zlatopolsky, A.A.; Automated Document Segmentation. Pat­
tern Recognition Letters, vol. 15, Jul. 1994; pp. 699-704. 
Mantelman, L.; Voting OCR: Three (or More) Engines Are 
Better Than One. Imaging Magazine, vol. 3, No. 12, Dec. 
1994; pp. 28-32. 
Wayner, P.; Optimal Character Recognition. Byte Maga­
zine, Dec. 1993; pp. 203-210. 
UNL V /Information Science Research Institute, 1994 Annual 
Report, University of Nevada, Las Vegas, Apr. 1994. 
van der Merwe, N.; The Integration of Document Image 
Processing and Text Retrieval Principles. The Electronic 
Library, vol. 11, No. 4/5, Aug./Oct. 1993: pp. 27'3-278. 
Nartker, T.A. Rice, S.V., and Kanai, J.; OCR Accuracy: 
UNLV's Second Annual Test. Inform Magazine, Jan. 1994; 
pp. 40--45. 
Nartker, T.A. and Rice, S.V.; OCR Accuracy, UNLV's Third 
Annual Test. Inform Magazine, Sep. 1994; pp. 30-36. 
Wahl, F.M., Wong, K.Y. and Casey, R.G.; Block Segmenta­
tion and Text Extraction in Mixed Text/Image Documents. 
Computer Vision, Graphics and Image Processing, vol. 20, 
1982; pp. 375-390. 

Wang, D. and Srihari, S.N.; Classification of Newspaper 
Image Blocks Using Texture Analysis. Computer Vision, 
Graphics and Image Processing, vol. 47, 1989; pp. 327-352. 
O'Gorman, L.; The Document Spectrum for Page Layout 
Analysis. IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 15, No. 11, Nov. 1993; pp. 
1162-1173. 
Pavlidis, T., and Zhou, J.; Page Segmentation and Classifi­
cation. CVGIP: Graphical Models and Image Processing, 
vol. 54, No. 6, Nov. 1992; pp. 484--496. 
Saitoh, T., Pavlidis, T.; Page Segmentation Without Rect­
angle Assumption. Proceedings IEEE 11th International 
Conference on Pattern Recognition, Sep. 1992; pp. 
277-280. 
Perry,A. and Lowe, D.G.; Segmentation of Textured Images. 
Proceedings of the IEEE Computer Society Conference on 
Computer Vision and Pattern Recognition, 1989; pp. 
326-332. 
Shih, F.Y., Chen, S., Hung, D.C.D., Ng. P.A.; A Document 
Segmentation, Classification and Recognition System. Pro­
ceedings IEEE of the Second International Conference on 
Systems Integration-ICSI, 1992; pp. 258-267. 
Saitoh, T., Yamaai, T., and Tachikawa, M.; Document Image 
Segmentation and Layout Analysis. IEICE Transactions on 
Information and Systems, vol. E77-D, No. 7, Jul. 1994; pp. 
778-784. 
Smith, Geoffrey, "Call It Palpable Progress," Business 
Week, Oct. 9, 1995, p. 93-96. 
Ouh-young, Ming et al., "Using a Manipulator for Force 
Display in Molecular Docking", IEEE 1988, pp. 1824-1829. 
Iwata, Hiroo et al., "Volume Haptization", IEEE 1993, pp. 
16-18. 
Arps, R. B., and Truong, T.K.; Comparison of International 
Standards for Lossless Still Image Compression. Proceed­
ings of the IEEE, vol. 82, No. 6, Jun. 1994, pp. 889-899. 
Baird, H.S., Jones, S.E., Fortune, S.J.; Image Segmentation 
by Shape-Directed Covers. Proceedings of the IEEE 10th 
International Conference on Pattern Recognition, Jun. 1990; 
pp. 567-572. 
Heid, J.; Page to Pixel. MacWorld, Jul. 1992; pp. 174--181. 
Clark, M. and Bovik, AC.; Experiments in Segmenting Text 
on Patterns Using Localized Spatial Filters. Pattern Recog­
nition, vol. 22, No. 6, 1989; pp. 707-717. 
Jain, Anil K. and Bhattacharjee, Sushil; Text Segmentation 
Using Gabor Filters for Automatic Document Processing. 
Machine Vision and Applications, vol. 5, 1992; pp. 169-184. 
Diehl, S. and Eglowstein, H. Tame the Paper Tiger. Byte 
Magazine, Apr. 1991; pp. 220-238. 
Hampel, H.,Arps, R.B., et al.; Technical features oftheJBIG 
standard for progressive bi-level image compression. Signal 
Processing: Image Communication, vol. 4,No. 2, Apr. 1992, 
pp. 103-111. 
Farrokhnia, F. and Jain, AK.; A Multi-Channel Filtering 
Approach to Texture Segmentation. Proceedings of the IEEE 
Computer Vision and Pattern Recognition Conference, Jun. 
1991; pp. 364--370. 
Adachi, Y., "Touch & Trace on the Free-Form Surface of 
Virtual Object", Proceedings of IEEE Virtual Reality Annual 
International Symposium (Sep. 18-22, 1993, Seattle WA) 
pp. 162-168. 
Adlestein, Bernard D. et al., "Design & Implementation of 
a Force Reflecting manipulandum for Manual Control 
Research", 1992, pp. 1-24. 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


6,131,097 
Page 3 

Bejczy, Antal K., "The Phantom Robot: Predictive Displays 
for Teleoperation with Time Delay", IEEE 1990, pp. 
546--550. 
Iwata, Hirao, "Pen-Based Haptic Virtual Environment" 
Proceedings of IEEE Virtual Reality Annual International 
Symposium (Sep. 18-22, 1993, Seattle, Washington). 
Kotoku, Tetsue et al., "Environment Modeling for the Inter­
active Display (EMID) Used in Telerobotic Systems", IEEE 
Nov. 3-5, 1991,pp. 999-1004. 
Burdea, Grigore et al., "Dextrous Telerobotics with Force 
Feedback-An Overview", Robotica 1991, vol 9. 
Hannaford, Blake et al., "Performance Evaluation of a 
Six-Axis Generalized Force-Reflecting Teleoperator'', 
IEEE May/Jun. 1991, vol. 21, Nov. 3, pp. 620---633. 
Fischer, Patrick et al., "Specification and Design of Input 
Devices for Teleoperation", 1990. 
Colgate, J. Edward et al., "Implementation of Stiff Virtual 
Walls in Force-Reflecting Interfaces", Sep. 22, 1993, pp. 
1-9. 
Tan, Hong Z., et al., "Human Factors for the Design of 
Force-Reflecting Haptic Interfaces," Tan, Srinvasan, Eber­
man, & Chang, ASME WAM 1994, pp. 1-11. 
Buttolo, Pietro et al., "Pen-Based Force Display for Preci­
sion Manipulation in Virtual Environments", IEEE, Mar. 
1995, pp. 1--8. 
Kim, Won S. et al., "Graphics Displays for Operator Aid in 
Telemanipulation", IEEE 1991, pp. 1059-1067. 
Rosenberg. Louis B., "Perceptual Design of a Virtual Rigid 
Surface Contact," Center for Design Research, Stanford U ., 
Armstrong Laboratory, AL/CF-TR-1995-0029, Apr. 1993. 
Ouh-young, Ming et al., "Force Display Performs Better 
than Visual Display in a Simple 6-D Docking Task", IEEE 
1989, pp. 1462-1466. 
Rosenberg, Louis B. et al., "Perceptual Decomposition of 
Virtual Haptic Surfaces," IEEE, Oct. 1993. 
Pavlidis, T., and Zhou, J.; Page Segmentation and Classifi­
cation. CVGIP: Graphical Models and Image Processing, 
vol. 54, No. 6, Nov. 1992; pp. 484-496. 
Saitoh, T., Pavlidis, T.; Page Segmentation Without Rect­
angle Assumption. Proceedings IEEE 11th Conference on 
Pattern Recognition, Sep. 1992; pp. 277-280. 
Perry, A. and Lowe, D .G .; Segmentation of Textured Images. 
Proceedings of the IEEE Computer Society Conference on 
Computer Vision and Pattern Recognition, 1989; pp. 
326--332. 
A. Kelly, S. Salcudean, "MagicMouse: Tactile and Kines­
thetic Feedback in the Human-Computer Interface Using an 
Electromagnetically Actuated Input/Output Device," Uni­
versity of British Columbia, Oct. 1993. 
A. Kelly, S. Salcudean, "On the Development of a Force­
-Feedback Mouse and its Integration into a Graphical User 
Interface," Nov. 1994. 

B. Schult, R. Jebens, "Application Areas for a Force-Feed­
back Joystick," ASME 1993, pp. 47-54. 
M. Minsky, M Ouh-young, L. Steele, F. Brooks, Jr., M. 
Behensky, "Feeling and Seeing: Issues in Force Display," 
pp. 235-42. (no date). 
M. Russo, "The Design and Implementation of a Three 
Degree-of-Freedom Force Output Joystick," May 1990. 
L. Rosenberg, "A Force Feedback Programming Primer," 
1997. 
J. Payette, "Evaluation of a Force Feedback (Haptic) Com­
puter Pointing Device in Zero Gravity," ASME 1996, pp. 
547-53. 
B. Hannaford, Z Szakaly, "Force-Feedback Cursor Control, 
"NASA Tech Brief, vol. 13, No. 11, Item No. 21, Nov. 1989. 
C. Ramstein, V. Hayward, The Pantograph: A Large Work­
space Haptic Devcie for a Multimodal Human-Computer 
Interaction, Computer-Human Interaction, CHI, 1994. 
Y. Yokohohji, R. Hollis, T. Kanade, "What You Can See is 
What You Can Feel-Development of a Visual/Haptic Inter­
face to Virtual Environment," Proceedings of VRAIS pp. 
46-54. 
L. Rosenberg, S. Brave, "The Use of Force Feedback to 
Enhance Graphical User Interfaces," Proc. SPIE 2653, vol. 
19, pp. 243-24.8. 
H. Iwata, Artificial Reality with Force-Feedback: Develop­
ment of Desktop Virtual Space with Compact Master 
Manipulator, Computer Graphics, vol. 24, No. 4, Aug. 1990, 
pp. 165-70. 
S. Su, R. Furuta, "The Virtual Panel Architecture: A 3D 
Gesture Framework," pp. 387-393. (no date). 
G. Burdea, E. Roskos, D. Gomez, N. Langrana, P. Richard, 
"Distributed Virtual Force Feedback," May 1993, pp. 25-44. 
T. Kotoku, "A Predictive Display with Force Feedback and 
its Application to Remote Manipulation System with Trans­
mission Time Delay," Proc. IEEE 1992, pp. 239-46. 
R. Ellis, 0. Ismmaeil, G. Lipsett, "Design and Evaluation of 
a High-Performance Prototype Planar Haptic Interface," 
ASME Dec. 1993, pp. 55-64. 
L. Rosenberg, T. Lacey, D. Stredney, M. VanDerLoss, 
"Commercially Viable Force Feedback Controller for Indi­
viduals with Neuromotor Disabilities," U.S. Air Force Final 
Report, Oct. 1995-May 1996. 
P. Kilpatrick, "The Use of Kinesthetic Supplement in an 
Interactive Graphics System," Univ. of North Carolina at 
Chapel Hill, 1976. 
G. Winey III, "Computer Simulated Visual and Tactile 
Feedback as an Aid to Manipulator and Vehicle Control," 
Mass. Institute of Technology, Jun. 1981. 
K. Hirota, M. Hirose, "Development of Surface Display," 
IEEE 1993, pp. 256--62. 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


-

Visual 
Parser 

~ . 
Visual 

Rendering 
System 

,.. 
Display 
Device 

Hardware 

,, 

User Sights 

DISPLAY 

BROWSER 

World Description 
(from over the network 
or from a local file) 

/" / ~ -
✓ ~ ~ 

Haptic Visual Haptic 
Parser Parser Parser 

; ~ H, 

INPUT/OUTPUT 

,. 
Haptic Visual Haptic 

Rendering Editing Editing 
System System System 

~ ~ / EDITING 

" / 

Haptic Haptic 
Device .... .. Navigation 

Hardware 

NAVIGATION 
, .. 

User Touch 
and Point 

AUTHORING/EDITING 

d . 
r:JJ. . 
~ 
~ ...... 
~ = ...... 

0 
I") 

:-'" 

'""" ~= 
N 
0 

8 

'JJ. =­~ 
~ .... 
'""" 0 ...., 
\0 

0--, .... 
~ 
~ 
~ = \0 
.....:a 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent 

,.- ~ r---..,....... ) 
"-. 

r -...., 
r--..... ---World 

Description(s) 
(from over the - network or from a - local file) 

'-----o INPUT 

Penetration or 
Touch location 

Oct.10, 2000 

DISPLAY or 
BROWSE 

r 

Sheet 2 of 9 6,131,097 

Figure - 2 

EDIT and 
ATTRIBUTE OUTPUT 

1 
NAVIGATION 

Touched 
Surface 

Reaction Force 
From Touch or 

Penetration 

Figure- 3 

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.


