US007355508B2

a2 United States Patent (10) Patent No.: US 7,355,508 B2

Mian et al. 45) Date of Patent: Apr. 8, 2008
(54) SYSTEM AND METHOD FOR MONITORING 5,742,336 A 4/1998 Lee
AN AREA 5,883,586 A 3/1999 Tran et al.
6,078,253 A * 6/2000 Fowler .........ccccceeeeenn. 340/501
(75)  Inventors: Zahid F. Mian, Loudonville, NY (US); 6,474,599 B1* 11/2002 Stomski 244/118.5
Ryk E. Spoor, Troy, NY (US); Ronald 6,507,779 B2*  1/2003 Breed et al. .....ccorrcec.. 701/45
W. Gamache, East Greenbush, NY 6,580,450 Bl 6/2003 Kersting et al.
Us) 6,771,186 B1* 82004 Boveja et al. woovvveeee.... 340/945
. . . . 6,793,179 B2* 9/2004 Daniels ......cccceeveeeee 244/118.5
(73) - Assignee: Icntematmnal Electronic Machines 6,844,817 B2* 12005 Gleine .....ovovrorrrrrrvoen 340/574
orp., Albany, NY (US)
6,972,694 B2* 12/2005 Carroll ......ccccceeeeeeenn. 340/963
(*) Notice: Subject to any disclaimer, the term of this 7,044,371 B2* 52006 Dove et al. . - 235/384
patent is extended or adjusted under 35 2003/0058112 AL*  3/2003 Gleine .......cceov.e...... 340/573.1
U.S.C. 154(b) by 299 days.
(21) Appl. No.: 11/003,039 OTHER PUBLICATIONS
(22) Filed: Dec. 3, 2004 Knudsen, “Auditory and Visual Maps of Space in the Optic Tectum
. L. of the Owl,” Journal of Neuroscience, vol. 2, No. 9, pp. 1177-1194,
(65) Prior Publication Data Sep. 1982.
US 2005/0258943 Al Nov. 24, 2005 (Continued)
Related U.S. Application Data Primary Examiner—Toan N. Pham
(60) Provisional application No. 60/572,756, filed on May (7,4 ) Attorney, Agent, or Firm—Hoffman, Warnick &
21, 2004. D’ Alessandro, LL.C
(51) Int. CL 57 ABSTRACT
B60Q 25/10 (2006.01)
(52) US.ClL 340/4262 43‘3‘292281’ 33 44(;)//5432 95 252’ i&n impr%\ll.ed system flolr monitoring an area, an(g in palx;t.icfl-
. . K ’ ’ ) ar a public area such as a passenger area of a vehicle.
(58)  Field of Cla;s;l(i)f:élsogl i;a;fg 42624 4 2364(2)/642 463'51;’ Various types of sensing devices and analysis solutions are
"~ S 140 /'5 4 l’ 56 5 5’3 0 2’ incorporated and the results combined to enable the moni-
S lication file f ) h’ hi ’ : toring system to operate in an intelligent manner. To this
ee application file for complete search history. extent, the monitoring system can monitor and confirm the
i identification of individuals as well as numerous events that
(56) References Cited

may occur within the monitored area. Further, the invention
can determine one or more actions to be taken in response
to an event, and perform the action(s) automatically without

U.S. PATENT DOCUMENTS

4,630,110 A 12/1986 Cotton et al. X . X R K
4797657 A * 1/1989 Vorzimmer et al 340/541 intervention from a user. As a result, the invention provides
4’81 6’829 A 3/1989 Podolak et al a solution that can autonomously monitor an area, requiring
583643 A 211994 Fujimoto minimal oversight from a user.
5,508,736 A 4/1996 Cooper
5,570,127 A 10/1996 Schmidt 43 Claims, 14 Drawing Sheets
USER
12
LIGHT DATA SYSTEM _ 40A I
EvicE 0 424 ocssson] |[MONTORING SYSTEM 30
SOUND DATA SYSTEM 408 2
_ X
[ATTRIBUTE DATA SYSTEM 40C INTERFACE
T
ATTRIBUTE_42C
SENSING DEVICE
1/0 DEVICE
7 2 STORAGE
= SYSTEM

10 29




US 7,355,508 B2
Page 2

OTHER PUBLICATIONS

Knudsen et al., “Creating a Unified Representation of Visual and
Auditory Space in the Brain,” Annual Review of Neuroscience, vol.
18, pp. 19-43, 1995.

Knudsen et al., “Computational Maps in the Brain,” Annual Review
of Neuroscience, vol. 10, pp. 41-65, 1987.

Knudsen et al., “Mechanisms of Sound Localization in the Barn
Owl,” Journal of Comparative Physiology, vol. 133, pp. 13-21,
1979.

Waibel et al, “Multimodal Interfaces,” Artificial Intelligence
Review, vol. 10, pp. 299-319 (also numbered 145-165), Aug. 1996
(missing pp. 308-309).

Eleftheriadis et al., “Automatic Face Location Detection for Model-
Assisted Rate Control in H.261—Compatible Coding of Video,”
Signal Processing: Image Communications, vol. 7, pp. 435-455,
Nov. 1995.

Rowley et al., “Neural Network-Based Face Detection,” Proceed-
ings of the 1996 Conference on Computer Vision and Pattern
Recognition, pp. 203-208, San Francisco, CA, 1996.

Hunke et al., “Face Locating and Tracking for Human-Computer
Interaction,” Twenty-Eight Asilomar Conference on Signals, Sys-
tems, and Computers, Monterey, CA, Nov. 1995.

Dai et al, “Face-Texture Model Based on SGLD and its Application
in Face Detection in a Color Scene,” Pattern Recognition, vol. 29,
No. 6, pp. 1007-1017, Jun. 1996.

Chen et al., “Face Detection by Fuzzy Pattern Matching,” Proceed-
ings of the Fifth International Conference on Computer Vision, pp.
591-596, 1995.

Colmenarez et al., “Frontal View Face Detection,” Proceedings of
the SPIE, vol. 2501, No. 1, pp. 90-98, 1995.

Lee et al., “A Visual Interaction System Using Real-Time Face
Tracking,” Proceedings of the 28" Asilomar Conference on Signals,
Systems and Computers, vol. 2, pp. 1282-1286, 1995.

Darrell et al., “Active Face Tracking and Pose Estimation in an
Interactive Room,” Proceedings of the 1996 Conference on Com-
puter Vision and Pattern Recognition, pp. 67-72, 1996.
Goodridge et al., “Multimedia Sensor Fusion for Intelligent Camera
Control,” Proceedings of the 1996 IEEE/SICE/RSJ International
Conference on Multisensor Fusion and Integration for Intelligent
Systems, pp. 655-662, Dec. 1996.

Lawrence et al., “Convolutional Neural Networks for Face Recog-
nition,” Proceedings of the 1996 Conference on Computer Vision
and Pattern Recognition, pp. 217-222, 1996.

W. Konen, “Neural Information Processing in Real-World Face
Recognition Applications,” IEEE Expert, vol. 11, No. 4, pp. 7-8,
Aug. 1996.

Moghaddam et al., “Bayesian Face Recognition Using Deformable
Intensity Surfaces,” Proceedings of the 1996 Conference on Com-
puter Vision and Pattern Recognition, pp. 638-645, 1996.
Pentland et al., “View-Based and Modular Eigenspaces for Face
Recognition,” Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, pp. 84-91, Jun. 1994.

Ham et al., “Fuzzy-Based Recognition of Human Front Faces Using
the Trapezoidal Membership Function,” Proceedings of the 1995
IEEE International Conference on Fuzzy Systems, vol. 4, pp.
1799-1806, 1995.

M. Kuperstein, “Face Recognition: the Oldest Way to Verify ID is
Now the Newest,” Defense and Security Electronics, vol. 28, No. 3,
pp. 30-31, Mar. 1996.

Chellappa et al., “Human and Machine Recognition of Faces: A
Survey” & Prolog, Proceedings of the IEEE, vol. 83, No. 5, pp.
704-740, May 1995.

Yacoob et al., “Recognizing Human Facial Expressions from Long
Image Sequences Using Optical Flow,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 18, No. 6, pp.
636-642, Jun. 1996.

Essa et al., “Facial Expression Recognition using a Dynamic Model
and Motion Energy,” Proceedings of the Fifth International Con-
ference on Computer Vision, pp. 360-367, 1995.

Duchnowski et al., “Toward Movement-Invariant Automatic Lip-
Reading and Speech Recognition,” Proceedings of the International

Conference on Acoustics, Speech, and Signal Processing, vol. 1, pp.
109-112 (pp. 1-4 in copy provided), 1995.

Mak et al., “Lip-Motion Analysis for Speech Segmentation in
Noise,” Speech Communication, vol. 14, No. 3, pp. 279-296, Jun.
1994.

A. Pentland, “Smart Rooms,” Scientific American, pp. 68-76, Apr.
1996.

Wren et al., “Pfinder: Real-Time Tracking of the Human Body,”
IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. 19, No. 7, pp. 780-785 (pp. 1-7 in copy proveded), Jul. 1997.
Maes et al., “The ALIVE System: Wireless, Full-Body Interaction
with Autonomous Agents,” Proceedings of Computer Animation
’95, pp. 1-17, 1995 (best available copy).

Rander et al., “Recovery of Dynamic Scene Structure from Multiple
Image Sequences,” Proceedings of the 1996 Int’l Conference on
Multisensor Fusion and Integration for Intelligent Systems, pp.
305-312, Dec. 1996.

Rao et al., “A Fully Decentralized Multi-Sensor System for Track-
ing and Surveillance,” International Journal of Robotics Research,
vol. 12, No. 1, pp. 20-44, Feb. 1993.

Murray et al., “Motion Tracking with an Active Camera,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 16,
No. 5, pp. 449-459, May 1994.

Watanabe et al., “Real-Time Gesture Recognition Using Maskable
Template Model,” Proceedings of the 1996 International Confer-
ence on Multimedia Computing and Systems, pp. 341-348, 1996.
Jo et al., “Vision-Based Human Interface System with World-Fixed
and Human-Centered Frames Using Multiple View Invariance,”
IEICE Transactions Information and Systems, vol. E79-D, No. 6,
pp. 799-808, Jun. 1996.

Wilson et al., “Learning Visual Behavior for Gesture Analysis,”
Proceedings of the 1995 IEEE International Conference on Com-
puter Vision, pp. 229-234, 1995.

Wuu et al., “On Time Delay Estimation Involving Received Sig-
nals,” IEEE Transactions on Acoustics, Speech, and Signal Pro-
cessing, vol. ASSP-32, No. 4, pp. 828-835, Aug. 1984.

Knapp et al., “The Generalized Correlation Method for Estimation
of Time Delay,” IEEE Transactions on Acoustics, Speech, and
Signal Processing, vol. ASSP-24, No. 4, pp. 320-327, Aug. 1976.
Chan et al., “The Least Squares Estimation of Time Delay and Its
Use in Signal Detection,” IEEE Transactions on Acoustics, Speech,
and Signal Processing, vol. ASSP-26, No. 3, pp. 217-222, Jun. 1978.
Brandstein et al., “A Practical Time-Delay Estimator for Localizing
Speech Sources with a Microphone Array,” Computer Speech and
Language, vol. 9, pp. 153-169, 1995.

K.D. Martin, “Estimating Azimuth and Elevation from Interaural
Differences,” On-line downloadable publication, MIT Media Lab,
E15-401, Cambridge, MA, pp. 1-4, 1995.

R.E. Irie, “Robust Sound Localization: An Application of an Audi-
tory Perception System for a Humanoid Robot,” Department of
Electrical Engineering and Computer Science, Massachusetts Insti-
tute of Technology, pp. 1-72, Jun. 1995.

Huang et al., “A Biomimetic System For Localization and Separa-
tion of Multiple Sound Sources,” IEEE Transactions on Instrumen-
tation and Measurement, vol. 44, No. 3, pp. 733-738, Jun. 1995.
Bub et al., “Knowing Who to Listen to in Speech Recognition:
Visually Guided Beamforming,” 1995 IEEE International Confer-
ence on Acoustics, Speech, and Signal Processing, May 9-12, 1995,
Detroit, MI, vol. 1, pp. 848-851, 1995.

Takahashi et al., “Audio-Visual Sensor Fusion System for Intelli-
gent Sound Sensing,” Proceedings of the 1994 IEEE International
Conference on Multisensor Fusion and Integration for Intelligent
Systems, Las Vegas, NV, pp. 493-500, Oct. 2-5, 1994.

Lou et al,, “Data Fusion and Sensor Integration: State-of-the-Art
1990s,” Data Fusion in Robotics and Machine Intelligence, M. A.
Abidi and R. C. Gonzalez, eds., Academic Press, Inc., pp. 7-135,
1992.

Lee et al., “Multi-Spectral Tissue Classification of MR Images
Using Sensor Fusion Approaches,” SPIE Medical Imaging IV:
Image Processing, vol. 1233, pp. 149-157, 1990.

R. H. Lee, “Multi-Sensor Image Segmentation Algorithms,” SPIE
Sensor Fusion III, vol. 1306, pp. 11-17, 1990.



US 7,355,508 B2
Page 3

A. Elfes, “Multi-Source Spatial Data Fusion Using Bayesian Rea-
soning,” Data Fusion in Robotics and Machine Intelligence, M. A.
Abidi and R. C. Gonzalez, eds., Academic Press, Inc., pp. 137-163,
1992.

Hughes et al., “Ultrasonic Robot Localization Using Dempster-
Shafer Theory,” SPIE Neural and Stochastic methods in Image and
Signal Processing, vol. 1766, pp. 2-11, 1992.

G. Duane, “Pixel-Level Sensor Fusion for Improved Object Rec-
ognition,” SPIE Sensor Fusion, vol. 931, pp. 180-185, 1988.

M. Beckerman, “A Bayes-Maximum Entropy Method for Multi-
Sensor Data Fusion,” Proceedings of the 1992 IEEE International
Conference on Robotics and Automation, vol. 2, pp. 1668-1674,
1992.

Richardson et al., “Fusion of Multisensor Data,” Multisensor Inte-
gration and Fusion for Intelligent Machines and Systems, Ablex
Publishing Corporation, Norwood, NJ, pp. 183-216, 1995.
Wallner et al., “Real-Time Map Refinement by Use of Sonar and
Active Stereo-Vision,” Robotics and Autonomous Systems, vol. 16,
pp. 47-56, 1995.

1. J. Cox, “Blanche—An Experiment in Guidance and Navigation of
an Autonomous Robot Vehicle,” IEEE Transactions on Robotics and
Automation, vol. 7, No. 2, pp. 193-204, Apr. 1991.

Abdulghafour et al., “Data Fusion Through Non-Deterministic
Approaches—A Compariosn,” SPIE Sensor Fusion VI, vol. 2059,
pp. 37-53, 1993.

T. J. Broida, “Feature Correspondence in Multiple Sensor Data
Fusion,” SPIE Sensor Fusion III: 3-D Perception and Recognition,
vol. 1383, pp. 635-651, 1990.

L. A. Zadeh, “Fuzzy Sets,” Information and Control, No. 8, pp.
338-353, Jun. 1965.

E. Charniak, “The Bayesian Basis of Common Sense Medical
Diagnosis,” Proceedings of the National Conference on Artificial
Intelligence, Washington, DC, pp. 70-73, 1983.

R. A. Brooks, “A Robust Layered Control System for a Mobile
Robot,” IEEE Journal of Robotics and Automation, vol. RA-2, No.
1, pp. 14-23, Mar. 1986.

R. A. Brooks, “Intelligence without Representation,” Artificial
Intelligence, vol. 47, pp. 139-159, 1991.

R. C. Arkin, “Integrating Behavioral, Perceptual, and World Knowl-
edge in Reactive Navigation,” Robotics and Autonomous Systems,
vol. 6, pp. 105-122, 1990.

Pin et al., “Using Custom-Designed VLSI Fuzzy Inferencing Chips
for the Autonomous Navigation of a Mobile Robot,” Proceedings of
the 1992 IEEE/RSJ International Conference on Intelligent Robots
and Systems, Raleigh, North Carolina, pp. 790-795, Jul. 7-10, 1992.
Goodridge et al., “Fuzzy Behavior Fusion for Reactive Control of
an Autonomous Mobile Robot: MARGE,” Proceedings of the 1994
IEEE International Conference on Robotics and Automation, vol. 2,
pp. 1622-1627, May 1994.

Goodridge et al., “Multi-Layered Fuzzy Behavior Fusion for Real-
Time Control of Systems with Many Sensors,” Proceedings of the
1994 IEEE International Conference on Multisensor Fusion and
Integration for Intelligent Systems, Las Vegas, NV, pp. 272-279,
Oct. 2-5, 1994.

Nourbakhsh et al., “The Winning Robots from the 1993 Robot
Competition,” Al Magazine, vol. 14, No. 4, pp. 51-62, Winter 1993.
G. J. Klir, “Developments in Uncertainty-Based Information,”
Advances in Computers, vol. 36, Academic Press, Inc., pp. 255-332,
1993 (missing p. 265).

P. Cheeseman, “In Defense of Probability,” Proceedings of the
International Conference on Artificial Intelligence, pp. 1002-1009,
1985.

A. P. Dempster, “Upper and Lower Probabilities Induced by a
Multi-Valued Mapping,” The Annals of Mathematical Statisitics,
vol. 38, No. 2, 325-339, 1967.

Gordon et al., “The Dempster-Shafer Theory of Evidence,” Read-
ings in Uncertain Reasoning, Morgan Kaufmann Publishing Co.,
Menlo Park, CA, pp. 529-539, 1990.

R. Stein, “The Dempster-Shafer Theory of Evidential Reasoning,”
Al Exper, vol. 8, No. 8, pp. 26-31, Aug. 1993.

Hutchinson et al., “Multisensor Strategies Using Dempster-Shafer
Belief Accumulation,” Data Fusion in Robotics and Machine Intel-
ligence, M. A. Abidi and R. C. Gonzalez, eds., pp. 165-209, 1992.

Gibson et al., “An Autonomous Fuzzy Logic Architecture for
Multisensor Data Fusion,” Proceedings of the 1994 IEEE Interna-
tional Conference on Multisensor Fusion and Integration for Intel-
ligent Systems, Las Vegas, NV, pp. 143-150, Oct. 2-5, 1994.
Sugeno et al., “Fuzzy Algorithmic Control of a Model Car by Oral
Instructions,” Fuzzy Sets and Systems, No. 32, pp. 207-219, Sep.
1989 (missing p. 219).

Yost et al., “Properties of Sound Localization by Humans,”
Neurobiology of Hearing: The Central Auditory System, R. A.
Altschuler, et al., editors, Raven Press, Ltd., New York, pp. 389-410,
1991.

P. M. Zurek, “The Precedence Effect and Its Possible Role in the
Avoidance of Interaural Ambiguities,” Journal of the Acoustical
Society of America, vol. 67, No. 3, pp. 952-964, Mar. 1980.

C. E. Carr, “Delay Line Models of Sound Localization in the Barn
Owl,” American Zoologist, vol. 33, pp. 79-85, 1993.

Weinstein et al., “Fundamental Limitations in Passive Time-Delay
Estimation—Part II: Wide-Band Systems,” IEEE Transactions on
Acoustics, Speech, and Signal Processing, vol. ASSP-32, No. 5, pp.
1064-1078, Oct. 1984.

Huang et al., “Motion and Pose Determination Using Algebraic
Methods,” Time-Varying Image Processing and Moving Object
Recognition, 2—edited by V. Cappellini, Elsevier Science Publish-
ers B.V,, pp. 243-249, 1990.

Nichols et al., “Reliable Motion Detection of Small Targets in Video
with Low Signal-to-Clutter Ratios,” Proceedings of the SPIE:
Signal and Data Processing of Small Targets, vol. 2561, pp. 168-
177, 1995.

Yang et al., “A Real-Time Face Tracker,” Proceedings of the Third
IEEE Workshop on Applications of Computer Vision, WACV *96,
Sarasota, Florida, pp. 142-147, 1996.

Yoo et al., “A Method for Real-Time Face Region Tracking Based
on Color Histogram,” Proceedings of the SPIE Acquisition, Track-
ing, and Pointing X, Orlando, Florida, vol. 2739, pp. 361-365, Apr.
1996.

Swain et al., “Color Indexing,” International Journal of Computer
Vision, vol. 7, No. 1, pp. 11-32, 1991.

Pattipati et al., “Passive Multisensor Data Association Using a New
Relaxation  Algorithm,”  Multitarget-Multisensor ~ Tracking:
Advanced Applications, Artech House, Norwood, MA, pp. 219-246,
1990.

O. E. Drummond, “Multiple Sensor Tracking with Multiple Frame,
Probabilistic Data Association,” Proceedings of the SPIE: Signal
and Data Processing of Small Targets, vol. 2561, pp. 322-336, 1995.

S. Deb et al., “Assignment Algorithms for the Passive Sensor Data
Association Problem,” Proceedings of the SPIE: Signal and Data
Processing of Small Targets, vol. 1096, pp. 231-243, 1989.
Romine et al., “Fusion of Radar and Imaging Sensor Data for Target
Tracking,” Proceedings of the SPIE: Signal and Data Processing of
Small Targets, vol. 2235, pp. 558-569, 1994.

Rao et al., “A Fully Decentralized Multi-Sensor System for Track-
ing and Surveillance,” International Journal of Robotics Research,
vol. 12, No. 1, pp. 20-44, 1993.

Abbott, et al., “Promising Directions in Active Vision,” Interna-
tional Journal of Computer Vision, vol. 11, No. 2, pp. 109-126,
1993.

A. J. Sellen, “Speech Patterns in Video-Mediated Conversations,”
Proceedings of the ACM Conference on Human Factors in Com-
puting Systems; Striking a Balance; CHI *92, Monterey, California,
pp. 49-59, May 3-7, 1992.

Canavesio et al., “Strategies for Automated Camera Switching
Versus Behavioural Patterns in Videoconferencing,” Proceedings of
the IEEE Global Telecommunications Conference, Atlanta, GA, pp.
313-318, Nov. 1984.

D. Sink, “Machine Vision Setting New Standards in Remote Sur-
veillance,” Defense & Security Electronics, vol. 28, No. 3, pp.
26-27, Mar. 1996.

* cited by examiner



US 7,355,508 B2

62

01

Sheet 1 of 14

Apr. 8, 2008

U.S. Patent

INALSAS 37 \
4OVI0LS
d4DIAGA O/
ADIATA DNISNAS
w 7% ALNGRLLY
6 WALSAS ININLSNIAV r
—_— vlmn 207
Tt NALSAS DOV AL . 0% WALSAS V.IVA ALNGrILLY]
— O/l
9¢ WHILSAS NOILLOV _ ADIAAA
€  WALSAS SISATYNV «—> mmv ONISNAS omj
l
X3 WALSAS 1DArd0 o7 IWALSAS VIVA ANNOS
nmm INALSAS ONISSAD0Yd OSSN0 RN
0f WNALSAS ONIOLINOW V25 ONISNAS 1HOIT
¢ KIOWAN T YILNINOD _
H WHLSAS V.IVA LHOIT
43 .
N I DIAd




U.S. Patent Apr. 8, 2008 Sheet 2 of 14 US 7,355,508 B2

FIG. 2 DATA

—> SYSTEM
40A

RAW
DATA

PROCESSING
—> SYSTEM
32

FEATURE
DATA

OBJECT
> SYSTEM — >
33

ADJUSTMENT |  ADJUSTMENT q OBJECT
SYSTEM DATA
39
A A
ANALYSIS

— > SYSTEM
34

!
EVENT

ACTION

> SYSTEM
36

ACTION
A 4
USER INTERFACE

< DATA > SYSTEM

12 USER EVENT 38




US 7,355,508 B2

Sheet 3 of 14

Apr. 8, 2008

U.S. Patent

13
IWALSAS
LOdrdo

8¢
WHLSAS
OV IIAINI
A
dce ace
'SAS NOISNd 'SAS NOISNd
TINLVAL VIVA MVY
or4s VZe
< NALSAS <€ INALSAS €
vivd vivd
qunivas| L TEMVEL | ggysneqy [NOLLVOLIIAOW

7€ WHLSAS DNISSHDO0Ud

vivd
MVY

INJAH

LNHAH

9¢
INALSAS
NOILLDV

¢ DId

Vov

WHLSAS
vivd




US 7,355,508 B2

Sheet 4 of 14

Apr. 8, 2008

U.S. Patent

ve
INHLSAS
SISATVNYV

-~

9¢
INHLSAS
NOLLOV

A
INHAH

vivd
L1Ddd0O

433
INHLSAS

NOILINDODTY

<

L]

gt <093
INHLSAS WWALSAS
DNINOVIL NOLLVOIJILNAAI
53 IHLSAS 104140

7 DId

V1ivd
HINLVdA

(43
IHLSAS
DNISSHO0dUd




US 7,355,508 B2

Sheet 5 of 14

Apr. 8, 2008

U.S. Patent

9¢
INALSAS
NOILOV

<

ave

INHAH

INHLSAS <
INADITTAINI

H

\443
INHLSAS <«

43

A TOHSAYHL

INHLSAS SISATVNV

¢ DId

vivd
LOHIHO

33
WHLSAS
L2440




US 7,355,508 B2

Sheet 6 of 14

Apr. 8, 2008

U.S. Patent

N
d9¢
6€ € AOVIOLS
INALSAS INALSAS INHAH
Hzm_zwmaa moﬁmeé @
NOILDV aog
WALSAS &
NOINIdO v
d9¢ Vot
INALSAS < INALSAS <
TAdXA NOILLVN.LIS LNdAHd ONINIA
J9¢
INALSAS |«
NOISIOAA
9¢  WAILSAS NOILOV

9 DId

INHAA




US 7,355,508 B2

Sheet 7 of 14

Apr. 8, 2008

U.S. Patent

VOov

WALSAS
vivd

A|
ANVININOD

¥asn
INAAT
vivd
ad1snrav agsn
INAAL
qASD 5
INALSAS
< NOILDV
NOLLDV
4
“—Tva INALSAS
£ WALSAS SOVAMAINI | qqysuraqy L ONISSEO0Ud

L DOld




US 7,355,508 B2

Sheet 8 of 14

Apr. 8, 2008

U.S. Patent

<

g6¢

(S)INTNLSNIAY

INELSAS [€
MOovdadadd

H

h: €00

V6¢
INHLSAS
JOLIdd

D6¢
INHLSAS
JAOW

6¢

INHLSAS INJWILSNIAV

Q -

DId

NOILOV

9¢
INALSAS
NOILOV




U.S. Patent Apr. 8, 2008 Sheet 9 of 14 US 7,355,508 B2

FIG. 9

Y
OBTAIN RAW MINE PREVIOUS RECEIVE USER
DATA FOR EVENTS EVENT
MONITORED AREA
Dl M1 Ul
Y
GENERATE
ADJUSTED DATA P
D2
\ 4
GENERATE DETERMINE
FEATURE DATA v EVENT(S) . [SITUATION BASED
7y > ON EVENT(S)
D3 El
Y
RECOGNIZE DETERMINE
OBJECT(S) S ACTION BASED
ON SITUATION
D4 E2
Y Y
TRACK PERFORM
OBJECT(S) . ACTION
D5 E3
Y
ANALYZE
OBJECT(S)
D6




U.S. Patent Apr. 8, 2008 Sheet 10 of 14 US 7,355,508 B2

30 78 79

1

FIG. 10

\
<

0
0 P 0 )

62

6

74
; 66 \
N
60



U.S. Patent Apr. 8, 2008 Sheet 11 of 14 US 7,355,508 B2

0
A

AN
AL JL ]
e

: <
=7 g
— e ——
— il
O 1
= K
[ i s
ST N ©
§/ T~



US 7,355,508 B2

Sheet 12 of 14

Apr. 8, 2008

U.S. Patent

d¢l DId

Py
d081
€dTrl /
TVTKI H
4 tadl N
vosi— " 731
1gcyl

IVThI N b\

aosi 0Ll

Vil DId



U.S. Patent Apr. 8, 2008 Sheet 13 of 14 US 7,355,508 B2

/. '/ -
/' K .-
/ -
4 ya e _
_ o0 T
g / : / / .
X . / -




U.S. Patent Apr. 8, 2008 Sheet 14 of 14 US 7,355,508 B2

FIG. 14





































