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Outline of the Presentation:
Part I:

Observing Humans in Smart Spaces

Part IT:
Human-Centered Intelligent Driver Support Systems

Observing Humans in Smart Spaces: Useful References

Part I: Observing Humans in Smart Spaces:
- Introduction, Research Scope and Challenges

- "Smart” or Intelligent Spaces: Motivation

- Mutli-perspective Vision Systems

- Observing Human Movement

- Observing Articulated Human Body

- Observing and Tracking Body Parts

- Observing Gestures

- Understanding Human Activities and Interactions
- Human-Vehicle Interactions

- Discussions

- Mohan M. Trivedi, Kohsia S. Huang, Ivana Mikic, Dynamic Context Capture and Distributed Video Arrays for Inelligent
Spaces, IEEE Trans. on Systems, Man and Cybernetics, Part A, Jan 2005. (- )

- Mohan M. Trivedi, Tarak L. Gandhi, Kohsia S. Huang, Distributed Interactive Video Arrays for Event Capture and
ggsqg\c(ed S)imafioml Awareness, IEEE Intelligent Systems, Special Issue on AL in Homeland Security, Sept.-Oct.

2. Body, Head and Hands

- Ivana Mikic, Mohan M. Trivedi, Edward Hunter, Pamela Cosman, Human Body Model Acquisition and Tracking using Voxel
Datd, International Journal of Computer Vision, pp. 199-223, Jul. 2003. (-~ )

- Shinko Y. Cheng, Mohan M. Trivedi, Articulated Human Body Pose Inference from Voxel Data Using a Kinematically
Constrained Gaussian Mixture Model, CVPRWorkshop on Evaluation of Articulated Human Motion and Pose
Estimation, June 2007. (. )

3. Facial Landmarks and Affects

- Junwen Wu, Mohan M, Trivedi, Simultaneous Eye Tracking and Blink Detection with Interactive Particle Filters, EURASIP
Journal on Advances in'Signal Processing, vol. 2008, 2008.

- Joel McCall, Mohan M. Trivedi, Facial Action Coding Using Multiple Visual Cues and a Hierarchy of Particle Filters IEEE
Workshop on Vision for' Human Computer Iriteraction in Conjunction with IEEE CVPR 2006. Jun. 2006 (- )

4, Pointing and Gestures

~Kohsia $. Huang, Mohan M. Trivedi, 3D shape Context Based Gesture Analysis Tntegrated with Tracking using Orni Video
Array. TEEE CVPR Workehop on Vision for Human-Computer Interattion (VAFICD, Junz005. (- )

- Erik Murphy-Chutorian and Mohan M. Trivedi, Head Pose Estimation in Computer Vision: A Survey. IEEE Transactions on
Pattern Analysis and Machine Intelligence (PAMT), 2008, ()

5. Activities and Interactions:

eature Representation, Machine Vision an

~ Tarak Gandhi, Mohan M. Trivedi,Peron Tracking and Reidentification: Introducing Paporaic Appearance Map (PAM) for
F d Special Jance Systems, August 2007. ()
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- Sangho Park. Mohan M. Trivedi, Multi-person interaction and activity analysi: o synergistic frack- and body-level analysis

from Multiple Views. Computer Vision and

‘Special Issue on
- Sangho Park and Mohan M. Trived, Understanding Human Interactions with Track and Bady Synergies (TES) Captured
mage Understanding, Fe )
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Challenges in "Observing Humans" Observing Humans and their Activities

+ Watching and understanding people and their
N . activities are essential for developing an "awareness” of
Observing Humans": a place, situation and its context

+ However, this poses a tfremendous challenge for
Challenges computer vision systems.

- One way to make “observing humans" tractable is to
p . Expressive consider an infrastructure, which can offer multiple
Body Covering Body is 2 perspectives and multiple modalities for observations.
Deformable and
. Articulated Body is >
Dynamic Body can carry Intelligent or "Smart" Spaces are such infrastructure.
Objects

M. Trivedi, K. Huang, I. Mikic, Dynamic Context Capture and Distributed Video Arrays for Intelligent
Spaces, IEEE Trans. on Systems, Man and Cybernetics, Part A, Jan 2005.

Intelligent Environments Awareness

e s el ituational Awareness involves:
+ Develop and maintain awareness of the space, activity, and events
* Adapt to the dynamic changes in their surroundings Where? = Localization, Tracking

+ Interact in a natural, efficient and flexible manner with the users When? 9 Timing, Synchronization

+ Support "distributed” interactivity What? 3 “Pattern” recognition

* Archive and "Recall” Events ~ Why Intelligent Spaces??

+ Basic Artificial Intelligence Problem/s

* Challenging Engineering Systems Problem/s Why') -> "In‘l’en‘l’" and “com'exf" analysis
« Implications to Cognitive Science and Psychology

Who? = “Human" Identification, Biometrics

* Improved Human-"Machine" Interactions

M. Trivedi, K. Huang, I. Mikic, Dynamic
Context Capture and Distributed Video Arrays .
for Intelligent Spaces, IEEE Trans. on Systems, + Enhanced Human-Human Interactions

% M. Trivedi, K. Huang, I. Mikic, Dynamic Context Capture and Distributed Video Arrays for Intelligent
Man and Cybernetics, Part A, Jan 2005.

Spaces, IEEE Trans. on Systel lan and Cybernetics, Part A, Jan 2005.

+ Life Experience Enhancer: Improved Safety




Intelligent Environments and Humans

Awareness of Humans and their Activities Involves
Detection of Human:

* Presence
* Location
* Movements

* Gait Patterns
+ Posture
+ Gesture

« Identity

* Facial Landmarks: Eyes, Lips,
+ Affects

* Attention and Gaze

- Activity
« Intfentions
« Inferactions

M. Trivedi, K. Huar Mikic, Dynamic Context Capture and Distributed Video Arrays for Intelligent
Spaces, IEEE Tr n Systems, Man and Cyberr

art A, Jan 2005.

IDNVA Laboratory
Multimodal Intelligent &
VI A RY Interfaces and Safe
Distributed Context Automobiles
Audio In_teractlve Aware (2001 --)
Video Video SpAces Mobile:
Interactive Arrays (2001 --) Body Parts,
Anpliances (1999 --) Indoor: Head+Face
pp ) Body Modeling-Tracking | Posture.
Rooms, and Outdoor/Indoor:  Face Detection, Surround,
sYstems Vehicle + Human Recognition Affects,
(1998 - 2004) Tracking, Voxelization Intent
Shadow Analysis, Gesture Analysis
Indoor: Camera Handoff,
Human Event Capture
3-DTracking,
Event Capture,

Virtual Views fa s s)

Audio-Video Interfaces for Intelligent Environments (DiMI Grant 1998)

Audio-Video
Interactive
Appliances
Rooms, &

sYstems
[from DiMI Grant
Proposal, 1998]

Research Goals
Develop novel intelligent systems which can:
« Develop and maintain awareness of their environment

* Acquire and respond to the voice and visual inputs from the users in
a robust manner

* Adapt to the dynamic changes in their surroundings

« Interact in a natural and flexible manner with the users

M. Trivedi, K. Huang, 1. Mikic, Dynan

Spaces, IEEE Trans. on Sys lan and Cyt

Research Evolution

Systems for
Intelligent & uman
Multimodal Safe Interaction
. Visualization and
Interfaces and Automobiles A :
nalysis
Context (2001 --) (2006 )
Aware Mobile:
SpAces Body Parts, Indoor:
(2001 --) Head+Face Multimodal
Posture Multiple-Levels
Indoor: Surround, Attention and Context
Body Modeling-Tracking Affects, Events, Interactions
Face Detection, Intent Intentions and
Recogpiﬁgn Long term observations
Voxelization Semantic summarization

Gesture Analysis




User interfact

Semantic event database

Key Features:

v
Apply different types of camera arrays to provide mu/tiple Videoanalysis _ 0 st
signal-level resolutions. Directed attention
level

Ability to derive semantic information at mu/tiple levels of

abstraction. Context analysis
level
.. " P it sl Camera, | Microphone
Ability to be “attentive”to specific events and activities. ot Sl aEiEs =
control level control

Ability to actively shift the focus of attentionat different

" s . T ¢
semantic" resolutions. ' '

ynamic Context Captt
Man and Cybernetics, Part A, Jan

Video Arrays for Intellig:

for Robust Tracking

Event Captu

Head/Face Tracking (Walking)
Head/Face Tracking (Sitting)
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Reference:

K. Huang, and M. Trivedi, "Video Arrays for Real-
Time Tracking of Persons, Head and Face in an
Intelligent Room," Machine Vision and Applications,
Omni-directional Vision, Special Issue, 2003.

Mikic, Dynamic Context Capture and buted Video A for Intellige
Sy: , Man and Cyb tics, Part 005.
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Computer Vision and Homeland Security

Pattern and Event Types

+Vehicles, aircraft, and ships
+Objects

+Persons, groups

+Face, finger prints, hand
geometry, iris scans, gait

Homeland Security Applications ‘Algorithmic/Architectural DIVA Features
with Computer Vision Needs
«Tracking Multi ive, distril

«Physical security ;:;;Uj:;‘ and kinematical *Multilevel abstraction
Infrastructure protection ~Gesture and pose analysis *Multimodal
+Video surveillance ~Activiy,behavior threat +Event-based servoing
+Biometrics classification “Interactive, customizable
. . <Privacy & security filter

[Operational Conditions

Wide areas.
endoorsfoutdoars
eReconfigurable, Adhoc deployment|
Wide variations in illumination and
whiteboard environmental conditions

area d eReallnear real-time operation

presentation

M. Trivedi, T. Gandhi, K. Huang, Distributed Interactive Video Arrays for Event Capture and

Enhanced Situational Awareness, IEEE Intelligent Systems, Special Issue on Al in Homeland Security,
5,

Oct. 200!
M. Trivedi, K. Huang, I. Mi i 7 CYRE
Spaces, IEEE Trans. on Systems, Man and Cybernetics, Part A, Jan 2005. ¥ s e |

MICASA System Framework and Modules

Integrated Tracking and Face Detection

ve Video Arrays for Event Capture and Enhanced Situational Awareness, IEEE Intelligent
2005,

| Omnidirectional and Rectilinear Camera Networks |
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DIVA Face Capture

Driver Head-Pose and View Estimation with a single Omni-video Stream

Source omnidirectional vi

Challenges:
Unwarped perspeciive video . D(‘astic illumination changes, both on brighfness umj color.
on driver seat - High frame rate (30fps) to capture detailed dynamics.

K. Huang, M. Trivedi, T. Gandhi, "Driver's View and Vehicle Surround Estimation using
Omnidirectional Video Stream," Proc. IEEE Intelligent Vehicles Symposium, June 2003.
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Human Body Modeling and Tracking: Research Overview 3D Voxel Reconstru

Motion Handling large Hybrid voxel
tracking mmmp | frame to frame | === | [abeling procedure
displacements (distance & shape)

Body model Template-based
initialization;
Refinement using
Bayesian nets

Automated
acquisition
and initialization

l

acquisition

l

and initialization

Human body
modeling

Twist-based
articulated model

Modeling
framework

—)

System framework Choice of input
and architecture data (yoxels vs. | m—
pixels)

M. Trivedi, E. Hunter, P. Cosman, Hum y lel Acquisition and Tracking using (‘,}U: 1. Mikic, M. Trivedi, E. Hunter, P. Cosman, Human Body Model Acquisition and Tracking using (‘,}U:
national Journal of Computer Vision, Jul. 2003 e Voxel Data, International Journal of Computer Vision, Jul. 2003. s i |




Twist-based Body Model and the Kalman Filter Tracker Body Modeling, Movement, Posture and Gait

1. Mikic, M. Trivedi, E. Hunter, P. Cosman, Human Body Model Acquisition and
Tracking using Voxel Data, International Journal of Computer Vision, Jul. 2003.

Kalman filter state:
23 parameters Kalman filter

23 measurement equations:

points:

(;,p’ Ry, t, ): RD(RII(RIE""(R\MZHO'+tIH H---)*t\: '*tu )Hn
wrt world wrt torso
coordinate coordinate

system system

exponential map
associated with
the rotation i

1. Mikic, M. Trivedi, E. Hunter, P. Cosman, Human Body Model Acquisition and Tracking using
Voxel Data, International Journal of Computer Vision, Jul. 2003.

Body and Movements Pose Estimation from Voxel Images

Articulated Body Model

g . . . .
B + Assumption: Voxel image of subject is
tri-variate Gaussian mixture
B distributed
+ Each Gaussian represents body Hand Voxel Voxel association
segment Reconstruction mixing probabilities (c)
g + Arrangement (Pose) of segments
] dESCF' ed by mean and covariance a priori known nconstrained
2} matrix parameters Segment dimensions, likelihood maximization
[l L v Joint locations (Mo Rod
! log p(x10) = [] of'p(x|0)"!
- o
. . Hio Rok
B ] ] + Estimation Procedure
H (EM Algorithm)
+ E-step: Used to estimate mixing
20 probabilities Hand pose
E * M-step: Unconstrained Likelihood
el maximization
* Project EM Iterates onto feasible [EAeIMMEYE VIR TENY-EVS
E ipuce with constraint equations: Inference from Voxel Data Using a Kinematically
(6)=0 Constrained Gaussian Mixture Model, CVPR Workshop on
. RepeaT until convergence Evaluation of Articulated Human Motion and Pose

Estimation, June 2007.

Cosman, Human Body Model Acq
of Computer Vision, Jul 3.




Kinematic Constraints by DOF tion Using Kinematic Gaussian Mix. Model

Wi — Rojaij = pj — Rojaji
+ Two-rotation DOF joint (2 DOF)

0=< ;;r,,-%—. R

X 5i
oia

+ Revolute Joint Constraints (1 DOF)
Hru‘?a;‘ = ;fr{;‘r}_fn’

+ Form equation and use Newton-
Raphson procedure to solve for pose &
parameters @) =0 1DOF

Points joined by dotted lines are forced
together by satisfying these
equations.

S. Y. Cheng, M. Trivedi, Articulated Human Body
Pose Inference from Voxel Data Using a
Kinematically Constrained Gaussian Mixture Model,
CVPR Workshop on Evaluation of Articulated
Human Motion and Pose Estimation, June 2007

iscale = Need Multi-resolution Models Human Body and Hand Modeling and Tracking

Human Body

Unn




NOVA: Human Body Voxelization

* Voxel-panorama mapping on omni cameras

Mirror Focus
XY, 2)

MIMTOr Horizontal

Level of
Mirror

Panorama
g=arctan2(y Y, x—X) Screen

Xp = (0127)-W u

(% Y. 2)

(xy.2)

K. Huang, M. Trivedi
Omni Video Array, CVPR Workshop on

pe Context Based Gesture Anal

Integrated with Tracking using
on for Human-Computer Interaction, Jun2005.
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Spatial-Temporal Body Gesture Recognition

Observation

. -. n. Cylindrical

Kick (Kik.) Stretch (Str.) Walk (Wik.) Histogram

Features

Gesture 2

DHMM
Gesture G

DHMM: (. Ay Byar)

Vector
Quantizer

Likelinood
Bow (Bow) Pick (Pik.)

=
<

Point (Pnt.)

DHMM | Likelihoods
Gesture 1
Estimated
DHMM

Gesture

Wave-hand Sit-down (Sit)  Stand-up (Std.)
(Wav.) AN 8ﬂ@~ N@

For: kick, stretch, walk, bow, pick, | | For: stand-up and sit-down
point, and wave-hand

[TrL: State
[Transition
Length

- Temporal likelihood accumulation

L=mayb,a;b, -a,by, 1<i jkmn<N

Moods, Affects, and Emotions

Feature Tracking

Bayesian_Es‘rimaﬂo_n and
Affect Classification

Eyebrow Distance

Mouth Curvature
%




Research Objectives

-a ‘rwo sTage mul'rl -view appr‘oach

+  Adistributed vision system that synergistically integrates
track- and body- level processing

- for understanding human activity.
+ Efficient handling of occlusion problem
Data-driven bottom-up process + context-driven top-down

process
- for continuous understanding of human activity

Mulh -view Multi-level Adaptive Switching

M. Trivedi, Understanding Human Interz
omputer Vision and Image Understanding

ack and Body Synergies (TBS) Captured from

L B .
L]
Multi-view homography binding

View-A

View-B

I

L= n

i
Best-view selection using homography =

System Architecture for Track-Body Synergy

Adaptive continuous
recognition with
feedback control

Track-Body Synergy
process

Multi-view switching
process

Experimental Analysis

Single-view tracking of people interactions

- Outdoor surveillance

Multi-view recognition of single-person activity
- Indoor detailed view

- Walk left, walk right, drop down, pick up
Multi-view two-person interaction + object

- Indirect handover of object

- Direct handover of object

Park and M. Trivedi, Understanding Human Interactions with Track and Body Synergies (TBS) Captured from

Multiple VViews. Computer Vision and Image Understanding, Feb 2008..




Interaction Analysis: kicking

fames

Normalized distance

Normalized distance

Confusion Matrix for View-1

Walli-Left  Drop-Object Pick-Olbject  WalkTtight

Semantic Representation of two person interactions

‘Passing” Interaction

1.5 —Walk: “Walk
. doveLefl ovelp Stay oveDown ove
M ] [Movel S MoveDo MoveR
D6 Walk> .’:'.l‘ir(
1
“Kicking™ Interaction
150 <Walk> tinte
[ Moveleft | [ MoveRight |
-1 <Kick> tine
| MoveRight I 1 Moveleft ]

Hierarchical Composition of Activity

lerarchy or activity vocabulary associated wi

Enter Enter Enter
Leave Leave Leave
Walk left Walk left Walk left
Walk right Walk right Walk right
Stretch Stretch Stretch
Kick Kick Kick

Bend down Bend down Bend down
Bend up Bend up Bend up

Drop object
Pick object

Drop object
Pick object

Person 1 — object — person 2

Person 1 «— object < person 2

Person 1 drops object and person

2 picks the object. -
h iy




"DIVA"--Event Driven Servoing
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Tracker?

Two-person: Direct handover of objects

Viewl

incident detecte
incident detected
(injuries
flat tire car
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Automatic Event Detection __DIVA at Super Bow! 2003

M. Trivedi, T. Gandhi, K. Huang, Distributed Interactive
Video Arrays for Event Capture and Enhanced Situational
Awareness, IEEE Intelligent Systems, Special Issue on Al
in Homeland Security, Oct. 2005,

&

Riverbed-Qe adiom

Gaslamp Distrit

Sy
‘Sea Port Command Center:
Perimeter Sentry

SFriars Road: Live
Traffic Flow Nofification

M. Trivedi, T. Gandhi, K. Huang, Distributed Interactive Video Arra
Event C nd El Situational Awareness, IEEE Intelliger
3 in Homeland S

Where we may be going?

* Keep climbing up the Semantic Ladder: Multiple Level and Scales

* Multi modal and Multi Sensory Analysis and Integration
Frameworks

Experimental and Systems Oriented Science: Need Metrics and
Evaluations

Privacy| Filters

Thanks!

For more information and all publications:

cvrr.ucsd.edu/LISA
and
cvrr.ucsd.edu




