A Unified Framework for Multi-Target
Tracking and Collective Activity
Recognition

wongun Choil and Silvio Savarese

; “
university of Michigan, Ann Arbor




© BEST PICTURE
~ SLUMDOG MILLIOMAIRE




our Goal




g - Multiple target tracking




e T ST -

BEST PICTURE | e

| walking
;|=.-;'-"' ’ Facing-back

walking B -
Facing-front
e =

walking
Facing-front

Multiple target tracking
Recognize activities at
different level of

granularity
— Atomic activity & pose



o W

T e re—

BEST PICTURE |
SLUMDOG MILLIONAIRE

St —
LK M SunsHINE
113 .

Creaning
' J—

Multiple target tracking

Recognize activities at
different Tevel of
granularity

— Atomic activity & pose

— Pairwise interaction



Multiple target tracking

Recognize activities at
different Tevel of
granularity

— Atomic activity & pose

— Pairwise interaction

— Collective Activity



Multiple target tracking
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— Collective Activity

Solve all problems jointly!!
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« Bottom-up activity understanding.
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contributions

« Bottom-up activity understanding.
« Contextual information propagates top-down.
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contributions

« Bottom-up activity understanding.
« Contextual information propagates top-down.
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Joint Model

Inference/Training method
Experimental evaluation

conclusion
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e Joint Model
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Hierarchical Activity Model

Input: video with tracklets




Hierarchical Activity Model




Hierarchical Activity Model

-
¥Y(C,1,A,0,f) =

L YCO)+¥PD)+PA) - c'f, feSs

~N

Y(A,0)+WY(Af)+¥(C,I+¥(C,0)+

J




Atomic-0Observation Potential
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Interaction-Atomic Potential
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Interaction-Atomic Potential
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Collective-Interaction Potential
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Collective-Observation Potential
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Activity Transition Potential
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Trajectory Estimation
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Tracklet Association Problem
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Tracklet Association Problem
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Tracklet Association Model
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Tracklet Association Model
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Tracklet Association Model
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Tracklet Association Model
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« Inference/Training method
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« Model weights are learned 1n a Max-
Margin framework using Structural
SVM.
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« Experimental evaluation
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« Collective Activity Dataset choi et al, 2009
— 44 videos with multiple people

Target identities

Interaction

* Approaching

* Leaving

* Passing-by

* Facing-each-other
« etc..

Queuing

Atomic Activity
« facing-right
« facing-left

. Wa1king

Talki ng * standing
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* New Dataset

— 32 videos with multiple people
— Gathering, Talking, Dismissal, walking together

, Chasing, Queuing
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* Standing-in-a-row
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« facing-right
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Classification Results

overall Collective Activity
Classification Accuracy

79,9%

+6.6% 1

Crowd Context ours
Choi et al, 2009

Collective Activity

Dataset, 2009 New Dataset
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Target Association

# of error 1556

Improvement 0%
over tracklet

Result of Dataset VSws09
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Target Association
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# of error 1556 1109

Improvement 0% 28.73%
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Result of Dataset VSws09
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Target Association

\[o) with
Tracklet Interaction Interaction

# of error 1556 1109 894

Improvement 0% 28.73% 42.54%
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Result of Dataset VSws09
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Target Association

\[o) with with GT
Tracklet Interaction Interaction Activities

# of error 1556 1109 894 736

Improvement 0% 28.73% 42.54% 52.76%
over tracklet

Result of Dataset VSws09
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Example Classification Result

Gathering

Interaction labels
AP: approaching

FE: facing-each-other
SR: standing-in-a-row




Example Classification Result

Atomic Activities
Action:
w - walking
S - standing

Pose (8 directions)
L - left

LF- left/front

F — front

RF- right/front
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Example Classification Result

Pair-Interactions
« AP: approaching
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Example Classification Result
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Example Classification Result

Tracklet Association
Color/nNumber: ID
Solid boxes: tracklets
Dashed boxes:

match hypothesis
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« Propose novel model for joint activity
recognition and target association.
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« Propose novel model for joint activity
recognition and target association.

« High Tlevel contextual information help
improve target association accuracy

significantly.
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« Propose novel model for joint activity
recognition and target association.

« High Tlevel contextual information help
improve target association accuracy
significantly.

e Best classification results on collective
activity up to date.
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