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Introduction: Motivation of using RL in object tracking

• Current trackers work based on the correlation of search and template regions

• In the case that object is absent (occlusion) or deformed (appearance 
change), the target is lost!

• Temporal information usage in tracker development is trivial!
• Computation complexity of computing correlation for every step is high!

Suggestion: Using RL to learn the motion policy based on the target



Introduction

• Reinforcement learning to play episodic tasks



Introduction: Tracking as an episodic task

• Tracking dynamic as an episodic task:
• Initial point: Initialize in the anchor frames with binary mask of the target
• Repetitive task: Predict the object bbox starting from the second frame
• Data charge: If we reach the end of video sequence, the state, prev bbox, and everything 

is charged with new video sequence.
• Ending point: The tracking episode is ended whenever some principles are violated!

Episode violation rule

Whenever the predicted bbox is out of the current frame, the tracking episode must end! 



Single Object Tracking Agent with Comprehensive Action Set

• What? 
Predict rbbox of target using RL agents

• Why?
- Current trackers are basically using object recognition with slightly using temporal information
- It learns motion policy conditioned on the frame and target. It may help trackers in case 

of occlusion and object deformation happens in videos

• How?
Using Soft-Actor Critic algorithm with defining object tracking as an episodic task



Single Object Tracking Agent with Comprehensive Action Set
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Single Object Tracking Agent with Comprehensive Action Set

• Initial results using SAC algorithm with our proposed environment:



Single Object Tracking Agent with Comprehensive Action Set

• Reason?
• SAC is sampling action values from standard Gaussian distribution N(0,I)

• Problem?
Are our motion parameters, i.e. actions, iid?

Data analysis? No, they are NOT iid!

Solution:
1- Compute the parameters using uniqueness of G_t
2- Assume MultiVariate Gaussian Distribution on data population
3- Learn this prior (MGD) from video frames



Single Object Tracking Agent with Comprehensive Action Set



β-MuliVariational AutoEncoder



β-MuliVariational AutoEncoder: Bottleneck



β-MuliVariational AutoEncoder: Rep. trick
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β-MuliVariational AutoEncoder: Rep. trick



β-MuliVariational UNet



Results
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Results: BMVUNet



Results



Results: Validation phase

• Total loss 

• KL loss

• Construction loss



Conclusion

• We proposed an asymmetric idea to model a single object’s motion across video frames.

• We formulated βMVAE to learn this distribution plus the segmentation mask of the moving
object.

• We demonstrated that our proposed method properly learns the KL divergence of the
estimated posterior and the prior.

• The decoder of βMVAE estimates the binary mask of the object in the input frame.

• The latent variables in our setting correspond to a set of tracking parameters derived from
our scenario of motion modelling in the video frames.

• The variables are dependent on each other and describe the single object’s motion. Their
relation is formulated as a multi-variate Gaussian distribution by a mean vector and a
covariance matrix.
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