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Learning Outcome for next five Lectures
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Modeling and Evaluating Grasping and Manipulation

Learning-based Grasping and Manipulation

Use Manipulation to Perceive better
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Learning-Based Grasping vs Manipulation
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Main Technical Approaches to Learning 
Manipulation
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Reinforcement Learning Imitation Learning



Reinforcement Learning for Manipulation
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Learning Dexterous In-hand Manipulation 
OpenAI, IJRR, 2020.
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What stuck: Domain Randomization
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The impact on Locomotion

ÅSuccessful Sim2Real RL in quadruped and more recently humanoid locomotion

Å[ŜŀǊƴƛƴƎ ǘƻ ǿŀƭƪ ƛƴ ƳƛƴǳǘŜǎ ǳǎƛƴƎ aŀǎǎƛǾŜƭȅ tŀǊŀƭƭŜƭ 5ŜŜǇ w[Φ wǳŘƛƴ Ŝǘ ŀƭΦ /ƻw[Ωнм
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Main Technical Approaches to Learning 
Manipulation

2/12/2025 AA 274B | Lecture 10 9

Reinforcement Learning Imitation Learning



Imitation learning

ÅTurning the learning problem into a supervised problem

ÅEstimate a policy from training examples (ί, ὥ), (ί, ὥ) (ί, ὥ)
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From CS237: Reinforcement Learning



Two flavors of imitation learning
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Single task policy Multi-task (Generalist) policy
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Single-task policies 

2/12/2025 AA 274B | Lecture10 12

Diffusion Policies Action Chunking with Transformers 



Diffusion policy 
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Diffusion Policy: Visuomotor Policy Learning via Action Diffusion. Chi et al. w{{Ωно



Idea behind Diffusion from Computer Vision
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Diffusion Policy

1. Diffuse through actions, condition on observations
2. Chunk observations and actions for smoother control
3. Pro: SOTA success rates, continuous action space, multimodality
4. Con: Inference takes a lot of time b/c of denoising process

Diffusion Policy: Visuomotor Policy Learning via Action Diffusion. Chi et al. w{{Ωно



Action Chunking Transformer (ACT)
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Learning Fine-Grained Bimanual Manipulation with Low-/ƻǎǘ IŀǊŘǿŀǊŜΦ ½Ƙŀƻ Ŝǘ ŀƭΦ w{{Ωно



Two flavors of imitation learning
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Single task policy Multi-task (Generalist) policy
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Multi-task (generalist policies)
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OpenVLART-1/2/X

Octo

Pi0



How much data do these policies need?
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https:// imgs.xkcd.com/comics/machine_learning.png



RT-1 (Google)

6 Trillion tokens

Gemma (google)

130K episodes (700 tasks)

15 Trillion tokens

Llama (meta)

NLP Robotics

70K Episodes

DROID (Cross-institutional)



15 Trillion Episodes15 Trillion Tokens

NLP

Increase size by 15, 000,000x

Robotics





Data through Teleoperation in the Wild

DROID: A Large-Scale In-the-Wild Robot Manipulation 

Dataset. Khazatsky, Pertsch et al. ­24



Dataset of Unprecedented Diversity



How do you learn with this data?

Small Data per Testscenario

50% 50%

Training Batch Diffusion Policy Co-Training



15 Trillion Episodes15 Trillion Tokens

NLP

Increase size 15,000,000x

Robotics

Impossible on real 
hardwarex

DROID: A Large-Scale In-the-Wild Robot Manipulation 

Dataset. Khazatsky, Pertsch et al. ­24



How much data can we really collect like this?

DROID: A Large-Scale In-the-Wild Robot Manipulation 

Dataset. Khazatsky, Pertsch et al. ­24



15 Trillion Episodes15 Trillion Tokens

NLP Robotics

Open-X Embodiment: Robotic Learning Datasets and RT-X 

Models. ICRA. 2024. Best Paper Award.

Increase size 15,000,000x

Impossible on real 
hardware



15 Trillion Episodes15 Trillion Tokens

NLP Robotics

Ego4D

Epic Kitchens

Increase size 15,000,000x

Impossible on real 
hardware



15 Trillion Episodes15 Trillion Tokens

NLP Robotics

Universal Manipulation Interface: In-The-Wild Teaching 

without In-The-Wild Robots. Chi, Chu et al. arXiv. 2024.

Increase size 15,000,000x

Impossible on real 
hardware



15 Trillion Episodes15 Trillion Tokens

NLP Robotics

Warp [NVIDIA ô22] 

DiffTaichi [Hu et al. ô20] 

PlasticineLab [Huang et al. ô21] 

DiffPD [Du et al. ô22] 

Increase size 15,000,000x

Impossible on real 
hardware



Beyond data scaling, what else do we need?

ÅPlanning by sequencing short skills

ÅMore than just RGB data -Ҕ ŘŜǇǘƘΣ ǘŀŎǘƛƭŜΣ Χ

ÅBetter and more efficient algorithms 

ÅOnline adaptation and exploration
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RoboFuME: Making Robot Fine-tuning Easy by Improving 

Autonomy
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Interactive Perception

Interactive Perception - Leveraging Action in Perception and Perception in Action.
Bohg, Hausman, Sanakaran, Brock, Kragic, Schaaland SukhatmeΦ ¢wh ΩмтΦ

Sensory Data Actions Time

Control



Exploiting Multi-Modality

J. J. Gibson (1966) - The Senses 
considered as a Perceptual System.
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Concurrency of Motion and Sensing

Held and Hein (1963). 
Movement-Produced 
Stimulation in the 
Development of Visually-
Guided Behaviour


