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Motivation

• Self-supervised learning approaches for videos
• Future visual representation prediction 
• Tracking objects
• Colorization
• More…?

Vondrick et. al, CVPR 2016 Wang et. al, ICCV 2015 Vondrick et. al, ECCV 2018



Motivation

• Kitten carousel experiment [Held, R. and Hein A. (1963)]

• learn representations that exploit the parallel signals of ego-motion 
and pixels 



Methods

• High level ideas

• Mining ego-motion patterns from video

• Learning the transformation between image (feature) pairs

• Regularizing (incorporating) a recognition task 



Methods – Mining Ego-motion Patterns

• Organize training sample pairs into a discrete set of ego-motion 
patterns 

• Apply k-means to obtain ! clusters, with " ∈ 1, . . , ! denotes 
motion pattern ID

• Input & Label: '(, ') , "()



Methods – Ego-motion Equivariance

•

• !": feature space, #$: equivariance map

• #$ represents the affine transformation in the feature space that 
corresponds to transformation % in the pixel space 

• “the learned feature space will not be limited to preserving 
equivariance for pairs originating from the same ego-motions” -> why?



Methods – Ego-motion Equivariance

•

• !": feature space, #$: equivariance map

• #$ represents the affine transformation in the feature space that 
corresponds to transformation % in the pixel space 

• “the learned feature space will not be limited to preserving 
equivariance for pairs originating from the same ego-motions” -> why?



Methods – Learning Objective

•

• Shall not work, why?
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Methods – Regularizing in a Recognition Task 

• Suppose in addition to ego-annotated pairs !, also given a small set 
of class-labeled static images ℒ

•

•

• # is classifier weights, $ is the softmax probability



Methods – Learning the !"
•



Experiments

• Target tasks
• Recognition
• Next-best view

• Given one view of a object, tell a robot how to move to help recognize the object

• Datasets
• Unsupervised learning

• NORB
• KITTI

• Supervised learning
• NORB
• KITTI
• SUN



Experiments

• Baselines

• CLSNET - trained on only supervised samples

• TEMPORAL - temporal coherence

• DRLIM - TEMOPRAL but with ℓ2 distance



Quantitative Results

Equivariance Error: 
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Contributions

• “Embodied” approach to feature learning that generates features 
equivariant to ego-motion 

• Promising results on multiple datasets and on multiple tasks
• beneficial for many downstream tasks & other future applications



Questions?


