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Motivation

● To learn a deep learning embedding for an image
○ Map an image to 32 dimensional vector

● Which is invariant to:
○ View

○ Agent

○ Scale

○ Background

○ Orientation



Multi-view capture



Time-Contrastive Networks (TCN)



Time-Contrastive Networks (TCN)



Single-View TCN



TCN Structure
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Approach (pouring, real)



Attribute Classifiers for Pouring
● Is hand in contact with the container? (yes or no)

● Is the Container within pouring distance of the recipient? (yes or no)

● What is the tilt angle of the pouring container? (values 90 45 0 and -45 

degrees)

● Is the liquid flowing? (yes or no)

● Does the recipient contain liquid? (yes or no)



Quantitative analysis: Individual Attributes



Quantitative Analysis: Video Alignment



Nearest Neighbor Imitation

Observation                   multi-view TCN     



Nearest Neighbor Imitation



Robot Joint Angles Regression



Self-supervision signals



Robot Joint Angles - L2 Error



Robot Joint Angles - L2 Error



Robot Joint Angles - L2 Error



Pose imitation (real robot)



Label-free pouring imitation



Label-free pose imitation



t-SNE colored by attribute combinations 

before 
training

after training
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t-SNE embedding colored by agent for model 
”TC+Self” 



t-SNE colored by view

before training after training



t-SNE colored by agent

before training after training



Testing for orientation and scale invariance



Self-supervised imitation examples



Learning Robotic Behaviors with Reinforcement 
Learning
● Squared Euclidean distance and a Huber-style loss: 
● V=(v1,...vT)→ embeddings of frames in video 

demonstration
● W = (w1, ...wT) → embeddings of camera images of Robot



Quantitative analysis: Pouring

● Beads weight in target recipient



Conclusion

With Time-Contrastive Networks, we showed we can:

● Learn a self-supervised understanding of the world

● Use it to learn real-world tasks, entirely from 3rd person videos of humans 
(addressing correspondence problem, no labels, no reward function design, 
providing sample-efficiency for RL, quickly learning tasks, no kinesthetic 
demonstrations)



Thank you!

Q & A
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