
Trajectories  
propagate 
connectedness  
across frames, 
from separation to 
entanglement. 

Problem

Brox et. al. [1]

our method
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our method
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sal(tri)=maxt=1..T sal(pi
t)

Saliency 
propagation

Pixel saliency: the local contrast of 
the motion of a pixel in comparison to 
its surroundings 
Trajectory saliency: the maximum of 
the saliency values of the trajectory 
points. Trajectory saliency in contrast 
to pixel saliency offers time 
consistent saliency results: an agent 
is found salient even if he moves only 
for a subset of frames. We compute 
figure-ground by threshholding
trajectories saliencies.

Center-surround
filtering

Informative cues for correctly segmenting a video are not uniformly 
distributed among video frames. 

Results

Segmenting with Motion and Topology

• Static image cues are often faint and unreliable.
Our contributions:
1. Object connectedness in large temporal context as 

complementary to motion for video segmentation. We attach 
connectedness constraints  on pixel trajectories and gain large 
temporal support for their effective application.

2. Trajectory saliency for time consistent figure-ground segmentation 
that determines per frame object connectedness.

group do not group

faint 
boundary

Object connectedness

Connectedness in time

Optical flow is not constant across object surfaces. 

Smooth variation along deforming objects, motion 
discontinuities at joints. Model based clustering  
makes assumptions about data distributions (e.g. 
k-means assumes unimodal clusters)

Figure-ground from Trajectory Saliency

Object Deformation

informative frame

Continuity pathst

Disconnection! 2 
separate agents

No disconnection: 1  body 
or 2 interacting agents?

Conn. components of 
the foreground maps 
indicate per frame 
connectedness. 

High saliency
Low  saliency

Saliency maps based 
on trajectory saliency
(propagating per frame 
saliency in time)

Exploiting Motion and Topology for Segmenting and tracking under Entanglement
Katerina Fragkiadaki and Jianbo Shi

Embedding with motion (A) Embedding with motion (A) 
and topology (R)

Articulated bodies 
with similar motion Graph construction 

Attractions Aij
Repulsions Rij

Transitivity of motion is 
reflected on line formation in 
the embedding. 

Disconnected trajectories 
are embedded further.

Non parametric clustering based on normalized cut exploits transitivity from continuity of optical flow. 
Object connectedness compensates for motion discontinuities.

Two step clustering:  1.Clustering of long trajectories provides the skeleton of the video scene.
2. Assignment of short trajectories to ‘long’ clusters based on embedding affinity.

Articulated bodies Graph construction Embedding with motion (A) Embedding with motion (A) 
and topology (R)

Short trajectories are susceptible 
to accidental motion similarity.

Repulsion only between 
long trajectories.

Trajectories  on articulated 
bodies vary in length due to 
self occlusions, extreme 
deformations and collisions. 

Trajectory asymmetry

Died at collision

Longer trajectories live 
longer to see the 
informative splits 
between objects and 
propagate them in time. 

Occlusions

We want to segment interacting articulated bodies in videos.
• Motion is insufficient under object deformation / articulation.

Survived collision

t

Our resulting trajectory 
tracklets correctly segment 
overlapping, interacting 
objects during partial 
occlusions. 

Partial occlusions cause problems to detectors 
that often fire in between the overlapping objects. 
Bounding boxes cover both bodies and the 
features extracted leaking across agents can 
easily cause drifting in detection based tracking.
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