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Object categorization

and classification
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Intarage jids jion Detection Using
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3ackground Subtraction

ealistic situations:
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Ejaskgrn Modeling

THEHIERARCHICAL APPROACH

Color based (Image 153)

Image-153

Gradient Gradient based
Image-153 (image 153)
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round Modeling
IERARCHICAL APPROACH

ts at the regional level.

v

Gradient Color Based
Based Model Model

\ 4 \ 4

4[ Region Level Analysis ]

l Output

\ 4

— Updating of pixel level models based on feedback from
- regional level process.
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vel Subtraction

— Distribution of the gradient feature vector?
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the Gradient Domain

atest value that matched kt
Ing to background at pixel (i,))

1ing independence of color channels,
B - (o))
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the Gradient Domain

¥ I
H, 7 T By
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— gz.hjl.

Ing independence een neighboring

B~ Mipg, (ap 7™

fy = Wlag, (o505
The covariance is given by
B NS 2.2 8= ()
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Direction 8

Parametric A=[h,d,]
Distribution of

Sample i | TN Parametric A=[h,A,]
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vel Subtraction

wise subtraction in the color and

Image- Color based Gradient based
85

( Image 85) ( Image 85)
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ion Level Processing

es on its boundary that are
ckground is a valid region.

n R is accepte
3 (VI G )

i Fi=ar

valid region if

=
| B& | A

re
2% s the set of boundary pixels of a connected region R in
r based results

- 864 is the gradient based subtraction output at pixel (i,j)
- VitJ is the edge map
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avel Processing

egion, presence of‘edge difference”
checked.

~—r

mage Color based Gradient

th small number of edge difference pixel are removed,
pdated.
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Final
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What is a Dynamic Scene?
‘and why should | be interested?)
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Verview

ground
Ity estimation

petitive detection (back ground vs foreground)

RF estimation framework
t minimization using graph cuts
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ysis on x; € R>, the feature space:
/B/X/YJ

our background model

Use Kernel Density Estimation on this 5
dimensional space

@ Probabilistic Low Level Descriptor
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nel Density Estimation
a.lk.a. Parzen Windows)

The au55|an kernel |s a common choice.
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keround model is represented in the
pace with the set y,={y,y,...y,},
e n pixels have been observed thus
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lemporal Persistence

biects tend to maintain constant
| to persist in the same
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~oreground Model

1sity Estimator

FFZ
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darginals of the Foreground
Distribution

Color Bar

0
Blue axis
Blue axis

10 5 \ -

Red axis Green axis

Green axls
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Log Foreground Likelihood

foreground

Log Likelihood Ratio

background
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mproved Discrimination

I Foreground
I Background

W Foreground
I Background
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3 3
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Detection

A

MAP MRF

Thresholding on
Likelihood model
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antitative Analysis
- (Pixel Level)

ented 500 frames of the nominal

wise comparis tween manual
on and proposed detection scheme
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Pixel-wise Analysis

r 01
= Ground Truth
=— Proposed Method
= Mixture of Gaussians Method

0
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1titative Analysis
Object Level

ected Mis- Detection Mis-Detection
detected Rate Rate
0 100.00% 0.00%
99.13% 0.87%
100.00% 0.00%
100.00% 0.00%
99.41% 1.18%
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aANera "onfﬁguratﬁﬂns

el . ot — - S o o

s with overlapping field of view
Q‘ n et al ECCV 2006

-

l ') cameras w1th non-overlapping field of view
et al. ICCV 2003, AAAIE20074
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Knight.ppt
Multiple Fixed & Overlapping Cameras Tracking.ppt
Tracking Across Multiple NonOverlappingCameras.ppt
UGV _ Handling Road IntersectionVACE.ppt
UGV _ Handling Road IntersectionVACE.ppt
UGV _ Handling Road IntersectionVACE.ppt
UGV _ Handling Road IntersectionVACE.ppt
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Single Moving Camera  Tracking.ppt
MMOCameras.ppt
VACEDenver0507_New.ppt

| le Fixed Camera
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Detection System
do Police Department
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WIGH T Video Surveillance System

Background
Subtraction

Appearance Features
Motion Features
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Ambiguity in Consistent
Labeling

Ne 1arl
W person
g FOV of
&2?

Person 1

O

.Arson 2

Camera 2

Camera 1
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Camera3
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RACKING ACROSS

uIU“ m E FIXED NON-

ERLAPPING CAMERA

| ar Javed, Khurram Shafique and
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gacking Across Multiple Cameras

of objects as they move across
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otivation

requires tracking over disjoint

Resolution

n due to scene structure

alibrated cameras Is not available in most
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ntroduction

ations of object might
In space and time.

earance of objects change across cameras
Ifference In illumination

Ifference in camera parameters (focal length,
, response function

_Difference in pose of object
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ay Ousapeiifegls

]l and practical constraints, some
ikely to be taken than others, e.g.,
rridors.

observed motion
-camera relationship.

rn provides clues about

transformation between the color distributions
views of an object lies in a low dimensional
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es for Multi-Camera Tracking

nd entry from one camera to

e Interval betwee

agnitude of motion of object.

)bservations

Direction of motion

ocation of exit and entry

« Appearance.
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POV ETIC Framework

f [ cameras C;, C,,... (.

..p,, that generate a sequence of
ras in successive time instances.

of observations that were

servation O, ,is composed of two independent
sets, which are appearance O, ,(A) and space-time
time,velocity) features O, ,(5T) .
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MIstic Frameworlk

arg max SUE | O)

el

~ R."UKP {;E'T | T as G.i",-’-'}

—* Assuming independence

B, , (), O, (A) | &{2YP(0, ,(ST), 0,,(ST) | §2) P

HLEPRETY

Uéing Bayes Law and Assuming Independence
between appearance and spatio-temporal observations
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NELIC Framework

ing term will give us the
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g obability Density
HOTICLION S

2spondences.

olution is to us
yrrespondences. Note the
ches can be discarded du

appearance matching for
week or ambiguous
g the training phase.

le spatio-temporal and appearance pdfs from the
d data.
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ppatioslemporal Pdf

nera Travel Time
Indows for density estimation

ple S, consisting of ‘n’ data points x;,x,,..X,, the
Imate Is given as

I L

o) =—| H| 2 3 K(H 2 (x- %)
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OngyAppearance Pdf

In appearance (color) of an
one camera to other.

Same person in two different
- cameras
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H {Di,ﬂ.) 74 [Di,-!' }

Dist(H(Oa),H(Ob))=.537

Red Channel
Histogram Similarity

Bhatiacharraviistance = o =0.357

Hio,,)

T

Dist(H(Oa),H(Ob)=.278

Red Channel
Histogram Similarity

Different persons in '
cameras C; & C.
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me person in

Different persons in
cameras C; & C;

“ University of t ] Ei ||| I
Central Florida

Dist(H(f*(Oa)),H(Ob))=.212
1*-Reconstruction Error =.0003

Dist(H(f*(Oa)),H(Ob))=.301
*-Reconstruction Error =.0011

Copyright Mubarak_Shah, UCF

Dist(H(Oa),H(Ob))=.537

Dist(H(Oa),H(Ob)=.278

Histogram Similarity
after Transformation

Histogram Similarity
after Transformation



ffectiveness of Subspace
Learning

Blue Channel
Histogram Similarity

Blue Channel
Histogram Similarity

Different persons in
cameras C; & C;
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ffectiveness of Subspace

Learning

i
G%nt personsir
cameras C. & C.
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Camera 1

< >

A Clip from the test sequence
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Re S U ItS (Tracking Accuracy)
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Sequence 2 Sequence 3
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Ll ItS (Comparison with direct Color Matching)

1.00
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(=

0.85 OTracking Results
(color]
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u.ia (BTF subspace)
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is visible in all three cameras
Object 2 is visible in Camera 1 and Camera 3
Object 3 is visible only in Camera 2
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Camera 2
Camera 1l
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Robust Motion

Point
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1
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Correspondence : -
¢ ) Concurrent
H Visualization
‘. SEQUENCE1  / 8
*
N4
. Trajectory
""""""""""" | . Correspondence
SEQUENCE N :—>\
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sumptions

Scene Planarity
de of aerial vehicle
do not affect solution

Qf Fields of View

°ts are simultaneously visible in two cameras at
(for all pairs of cameras).

' _'temporal Ove
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and Tracking

rested in solving the problem of
eras in this work
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Data Modeling

ajectories, x; and x,. Each
d as a random variables with
ssian noise,

. , == '3

phy H,, exists be ween the two trajectories
model the scene as a plane.

pair of tracks x, and x, related exactly by H,,
ium Likelihood Estimate of H

i 1 o
= B DS argm (5,6, 25
. ;
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Correspondence

<
R, .= @ <& ?
. — —

ely this is using the estimate of the statistical mean
of the reprojection error at each point.

= If outliers exists, robust estimators, such as the median of
~ the reprojection error can be used
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Borrespondence Across 2 Cameras

ajectory

.~
=%
SN\
S

N

Camera 1l
Camera 2

- = Optimal correspondence in a ML sense can
be found using bipartite matching

’ g University of f | 1
§/ Central Florida Copyright Mubarak Shah, UCF



irajectory Correspondence Across
lultiple Cameras

¥
L

L University of \i Ed | | I
e =

' Central Florida Copyright Mubarak Shah, UCF



Global Correspondence

ameras, we need to find the
such that,

Trajectory i in camera p

- Correspondence hypotheses b/w xf and x?

C Global correspondence hypotheses

C Space of global correspondence solutions
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€] spondence Across Cameras

1an two cameras complexity
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€] spondence Across Cameras

ences, the optimal solution can be
aximum bipartite matching

lem as a directed graph.

lirection comes from arbitrarily
enumerating the cameras.
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dracks Corresponded

= Track 1 - Sequence 1 = Track 2 - Sequence 1
— Track 1 - Sequence 2 — Track 2 - Sequence 2
Registered Track Registered Track
— —
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Still Picture...

=—— Track 2 - Sequence 1
—— Track 2 - Sequence 2
= = Registered Track 2 - Sequence 1

=—— Track 1 - Sequence 1
—— Track 1 - Sequence 2

= = Registered Track 1 - Sequence 1
|
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Hypotheses

= Two hypotheses are tested

Controlled Sequence 1

- [ == Hypothesis 1
. = Hypothesis 2

°
©
o
=
© 40
=
S
o

n
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Frame Number
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ontrolled Sequence 2
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f & . - o o
| : o o ' —— Camera 1
| ” : . . N - | == Camera 2

) —— Camera 3
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soncurrent Visualization

compact representation of a
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soncurrent Visualization

nate the color transference function
late polynomial

k> 7 2 [
= - — -
A= 4 - - ) P~ 3 —

) gg% -_- f — L
I Ga=Fy— 2P 7 S5
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= [he transfer functions values are estimated
by multiple regression
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UAV Sequence 2

1|r g University of ! ]!

%ﬁvi Central Florida Copyright Mubarak Shah, UCF




Variation of hvpotheses

Real Sequence 1

—— Hypothesis: 32 1
= Hypothesis: 31 2
=—— Hypothesis: 2 3 1
| = Hypothesis: 21 3
=—— Hypothesis: 12 3
= Hypothesis: 13 2

o
Q
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S

=
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Frame Number

Collinear Motion
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Mosaic - Sequence 2
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Sequence 3

—— Object 1
Object 2
Object 3
Object 4
Object 5
Object b
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t-coordinate
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Kin@matic Polynomial Models

= Model: Th

ne
polynomial

frajectories of each object define a
[t

[ general,

- Quadratic
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the Maximum Likelihood estimates of
(P f, (H ) and C = {c} for data X =

Problem 1: Define the likelihood function

Problem 2: Provide a maximization algorithm
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Parameter Noise - Linear Parameter Noise - Quadratic

o
2

o
2

Noise =1
Noise = 6
Noise = 11
Noise =21 | .
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True match probability

True match probability
o
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o
N

o
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Experiment-2
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Representation of Actions

Dynamic Instants:

Maximum in spatiotemporal curvature
represents an important change of motion
characteristic.

Intervals
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Actions 3 Best matches Evaluation & comments
1 2943 38 Correct
y) Pick up Correct
3 18 236 Correct
4 114 16 One wrong
5 Unique action
6 18323 Correct
1 48338 correct
8 48337 One wrong
9 Pick up Correct
10 Put down Correct
11 Pick up Correct
12 Put down Correct
13 Unique action
14 43161 Correct
15 Unique action
16 14 291 Correct
17 Pick up Incorrect, object hidden
18 6323 Correct
19 Pick up Correct
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Temporal Alignment of Videos

: Trajectories of the right foot:
Input videos:
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Alper Yilmaz

and M. Shah "Actions Sketch: A Novel Action Representation,”
N Cormputer Vision and Pattern Recognition (CVPR), 2005.
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it develops a shape.
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Actions As Objects

Musical Star Turning Torso
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Flow diagram

Contour Extraction

A 4

Action Volume Generation

» Graph theoretic volume generation

« volume smoothing

« Differential geometry
 Epi-polar geometry
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lon descriptors

d motion characteristics
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lean (H) Curvatures

two algebraic invariants of
pping S.
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where f(s,t) is a point on the volume, n is normal at f
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saddle valley
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Surface patches & their relation to
the object motion

saddle ridge
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Action Descriptors Relation to
Dbject Motion
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viatching Volumes: Establishing
Correspondence

Ipartite 3 P
action graphs i

efine weights by
Space-time proximity
Shape similarity

@ Find Maximum
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Action Volumes

5) walk

8) hand down i 10) fall

13) aerobic 1 14) sit down 15) walk
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Action Volumes

17) surrender 20) dance

&

21) aerobic 2 25) aerobic 4

26) stroke 27) stand up 28) running 29) stand up 30) falling
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@ Point-based model contains sufficient description for the
recognition of human actions, [1].

[1] G. Johanasson. Visual perception of biological motion and a model for its analysis.
Perception and Psychophysics, 14(2): 201 — 211, 1993.
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\nthropometry

'e*try\, n. Measurement of the
imensions of human beings,
t ages, or in different races,

ility in human proportion is not arbitrary.
Recognition must address this variation.
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osture can be described by a matrix
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ANthropometric Constraint
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x, and y, describe the imaged posture of
undamental Matrix can be uniquely
e two actors are in the same

tors performing the action instead of

- LIThis is valid for a single time instance.
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or an action element u,, the
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ental Results

a diverse set of experiments
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Action Detection

Analyzing Periodicity
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Action Detection:

Frame 001
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Action Detection:
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Frame 001‘
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‘Odd One Out’

All Actors vs Actort All Actors vs Actor2

All Actors vs Actor3 All Actors vs Actor4

University of

Copyright Mubarak Shah, UCF

Central Florida




Action Synchronization

i

University of

./ Central Florida ECF L barak Shah, UCF



ACtion

r

o |

University of

_,f Central Florida

ollowing the Leader

Copyright Mubarak Shah, UCF



SPAGES IME PROJECTION FOR
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CAMERAS
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S’pac-_ Projection Model

e world coordinate X:ET X Y Zz
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omogeneous camera space-time coordinate
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pipolar Geometry

e in one camera corresponding to a
amera is defined e
n i

= |

C— = -
P 1 - 3 = -
ey - =

is computed from given

»” »” ”»

’ g University of ! _
S/} Central Elorida Copyright Mubarak Shah, UCF



Epipolar Surface

7 ;{:f ff sfs}"é ‘»‘?Eﬁ» N
e a;s‘f’f i
e 2
;g;f: N
| ié%ﬁj? SR
RN

University of ! I :
Central Flonida Copyright Mubarak Shah, UCF



Specializations _
Pushbroom and Perspective
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Experimental Results based on
Motion Capture Data

= Types of
Transformations
= Viewpoint
= Anthropometric
= Time
= All three together
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Robustness to View Point
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Human Actions Under Viewpoint,

Anthropometric and Camera Motion

lransformations (getting up)
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Iransformations

"Ballet" action

down" "Standing Up" "Balle

N

300 40
Camera 1

University of ||I m I | | "I

" Central Florida con e e, UCF e



University of

Ballet Action

-—0 Noise level
—=0.6 Noise level
“=1.2 Noise level
-+1.8 Noise level
1—+2.4 Noise level
I--3.0 Noise level
-—-3.6 Noise level

175 210 245 280 315

Number of Frames

Sitting Down Action

-~0 Noise level

.|=0.6 Noise levell.
1=1.2 Noise level
_|=1.8 Noise level|.

—2.4 Noise level

_|=3.0 Noise level

70 84 98
Number of Frames

Central Florida

—--3.6 Noiserlevel

-~0 Noise level

_|=0.6 Noise level|

90

—-1.2 Noise level
—+1.8 Noise level
--2.4 Noise level
--3.0 Noise level
--3.6 Noise level

Number of Frames

112 126 140 112 168

Copyrights Mubarak Shah, UCF

Walking Action

-—0 Noise level
—=0.6 Noise level

Im=1.2 Noise level|

-+1.8 Noise level
2.4 Noise level
--3.0 Noise level

|==3.6 Noise level

224 280 33 392 44 504
Number of Frames

560




ometric Transformations

ATTLINTOLC

=

. Unmversity of
o\ T

" Central Florida Copyrights Mubarak Shah, UCF




105

University of

Ballet Action

=0 Noise level

1=-0.6 Noise level
1=-1.2 Noise level
1-+1.8 Noise level
1-+2.4 Noise level

—-3.0 Noise level

1=-3.6 Noise level

Sitting Down Action

|-=~0 Noise level

3 Standing Up Action

140 175 210 245 280 315 350 45
Number of Frames

|=0.6 Noise level|

1=-1.2 Noise level
{=1.8 Noise level
i==2.4 Noise level
1=3.0 Noise level

i --3.6 Noise_level

Central Florida

112 168

Copyrights Mubarak Shah, UCF

60 75 90

-—0 Noise level

-—0.6 Noise level
—-1.2 Noise level
-+-1.8 Noise level
—-2.4 Noise level

‘|--3.0 Noise level|’

-—3:6 Noist_a level

105 120
Number of Frames

Walking Action
|=~0 Noise level

{~=0.6 Noise level
|=1.2 Noise level

i[=+-1.8 Noise level

224 280
Number of Frames

{|~=2.4 Noise level

—3.0 Noise level

: -—3.6 Noise_level




ransformations

University of

tral Flori Copyrights Mubarak Shah, UCF



r.—

105

mporal Transformations

140

Sitting Down Action

University of

Central Florida

Ballet Action

175 210 245

Number of Frames

-0 Noise level
—=—0.6 Noise level

“|=-1.2 Noise level|

—+1.8 Noise level

.|=~2.4 Noise levell

——3.0 Noise level
——3.6 Noise level

—+—0Noise level

—=—0.6Noise level
—+1.2Noise level
—+1.8Noise level
—+2.4Noise level
——3.0Noise level
——3.6Noise level

45

Copyrights Mubarak Shah, UCF

Standing Up Action

60 75 90
Number of Frames

Walking Action

168 224 280
Number of

-0 Noise level
——0.6 Noise level

~1=+=1.2 Noise level|

—+1.8 Noise level
—+2.4 Noise level

~|==3.0 Noise level|

——3.6 Noise level

105 120

-—{Q0 Noise level

. |=0.6 Noise level|.

—+—1.2 Noise level
—+—1.8 Noise level

“|=+=2.4 Noise level|

——3.0 Noise level
—+—3.6 Noise level




Viewpoint, Anthropometric and
lemporal Transformatlons

Iiset

ks

’ g Unversity of
S/" Central Florida Copyrights Mubarak Shah, UCF



70 84 9
Number of Frames

University of

Ballet Action

{==0 Noise level

—0.6 Noise level

|=1.2 Noise level
{=-1.8 Noise level
{—+=2.4 Noise level
1=3.0 Noise level
71=-3.6 Noise level|’

140 175 210 245 280 315

56

Number of Frames

Sitting Down Action

Central Florida

-0 Noise level
—=—0.6 Noise level

;=12 Noise level

—+1.8 Noise level
—+—2.4 Noise level
—3.0 Noise level

{=—3.6 Noise level

e

168

Walking Action

iewpoint, Anthropometric and
demporal Transformations

Standing Up Action

-0 Noise level

——0.6 Noise level
|=+=1.2 Noise level
—+1.8 Noise level
—+—2.4 Noise level
—+3.0 Noise level
|=—3.6 Noise level

105 120 135

-—0 Noise level
—=0.6 Noise level

“i=1.2 Noise level

Copyrights Mubarak Shah, UCF

-+1.8 Noise level

2.4 Noise level
|-=-3.0 Noise level

=-3.6 Noise level

224 280 336 392
Number of Frames




i

University of

_,*’ Central Florida

Copyrights Mubarak Shah, UCF

4



e
s V\‘\o (FEge
éﬂ b D06 UEN

itral Florida



Central Florida




Joint Trajectories

Convert into

Algorithmic Overview

Time Series: X,Y
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time series

For each time series perform Phase Space Embedding
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0 Hands, Two Feet, Head, Belly.
- * Normalized with respect to the belly point.
~« Results in 5 trajectories per action.
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Action Representation

= Each dimension of the trajectory is considered as a
univariate time series
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All the variables of the dynamical
ach other.

Every point Z; of the series Therefore, Z;_ . can be A
results from the intricate considered as a second
combination of influences of all substitute variable which carries

the true state variables. the influence of all the systems
variables during time interval 7 .
(8,.,8,...,8.

/ \ /
= i - L e Using this reasoning, introduce a series
I+dx? “i4S1? : TN I of substitute variables and obtain the

g Univesivor B whole m-dimensional space.
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ted Phase Space

,34@,36,3?,....,3:,

.

Each row is a point
in a m-dimensional
phase space.
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m-dimensional reconstructed phase space
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One-Out Cross validation using K-
means classifier.

1
L  University of ! |

Copyright Mubarak Shah, UCF

/' Central Florida



=xperiments Motion Capture Data

“ University of IS I :
Central Florida Copyrights Mubar



Experiments Motion Capture Data
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