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Human Knowledge

Scalable human-machine knowledge transfer via the Internet

²Ƙŀǘ ƳŀƪŜǎ ǘƻŘŀȅΩǎ !L ǎƻ ǇƻǿŜǊŦǳƭΚ



Transferring human knowledge to robots ƛǎ ǇŀƛƴŦǳƭƭȅ ǎƭƻǿΧ
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Transferring human knowledge to robot via teleoperation
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Cheng et al., 2023 Fu and Zhao et al., 2024

Tesla Physical Intelligence



Transferring sensorimotor knowledge via teleoperation

6Ajay Mandlekar

Mandlekar and Xu et al.Σ w{{Ωнл

We transfer our sensorimotor knowledge by 
ǇŜǊŎŜƛǾƛƴƎ ŀƴŘ ŀŎǘƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǊƻōƻǘΩǎ ōƻŘȅ

Robot Policy Models

Robot 
Sensing

Robot 
Actions

Demonstration 

Dataset



The knowledge transfer bottleneck
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Human Knowledge
Robot Policies

Teleoperation

üRequires robot in the loop
üUnorganic, intentional effort

MIME Dataset (2018), RoboTurk Dataset (2019), Open X-Embodiment Dataset (2024), DROID Dataset (2024)

Teleoperation ḙ Playing claw machine games, 
except:
ÅLǘΩǎ ƴƻǘ Ŧǳƴ
Å¸ƻǳ ŘƻƴΩǘ ǿƛƴ ŀƴȅǘƘƛƴƎ
ÅYou have to put the toy back (reset)
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Human Knowledge

The Internet is an unintended repository of AI training data.
It captures human knowledge without conscious effort from its users, 

with frictionless user experiences on ubiquitous devices

ARPANET, 1977Cerf and Kahn, TCP/IP Protocol

Lessons from the Internet
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Human Knowledge
Robot Policies

Breaking the Bottleneck

How can we collect robot learning data 
without conscious human effort?



Breaking the Bottleneck
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Human Knowledge
Robot Policies

ü Collected from humans, not robots
ü Contain embodied sensorimotor experiences
ü Captured without conscious effort

Align

LearnCapture

with Embodied Human Data



Robot Learning from Embodied Human Data
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MimicPlay:

Learning from ñUnembodiedò Human Data

EgoMimic: 

Embodied Human Data as Robot Data 

MimicTouch:

Learning from Multimodal Embodied Experiences

Beyond Scaling Up: 

Robot Learning from a Human Perspective



Robot Learning from Embodied Human Data

12

MimicPlay:

What makes learning from human data so challenging?

EgoMimic: 

Embodied Human Data as Robot Data 

MimicTouch:

Learning from Multimodal Embodied Experiences

Beyond Scaling Up: 

Robot Learning from a Human Perspective



What can robot learn from human videos?
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Human VideoData Robot Teleop Data 

+ Fast to collect
-  Large embodiment gap

- Slow to collect
+ Minimal embodiment gap

Key Insight: Learn άǿƘŀǘ ǘƻ Řƻέ from human videos, and 
άƘƻǿ ǘƻ Řƻέ from robot teleoperation data.

Wang etal. M̄imicPlay: Long-Horizon Imitation Learning by Watching Human Play°, CoRL®23 (Best Paper Finalist)

Chen Wang



High-level planner

Subgoal Pred.

Subgoal policy

MimicPlay

Planning: Predicting future 
3D hand trajectories

Current image

(human)

Subgoal 

planner
Goal image

(robot)

Subgoal

decoder

Wang etal. M̄imicPlay: Long-Horizon Imitation Learning by Watching Human Play°, CoRL®23 (Best Paper Finalist)
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MimicPlay: Decoupled learning of άǿƘŀǘέ and άƘƻǿέ

Learn what to do next (planning) 
from human video data.

Latent 

subgoal

Minimize KL between human and 
robot latent plans



Subgoal 

policy

Goal image

Wang etal. M̄imicPlay: Long-Horizon Imitation Learning by Watching Human Play°, CoRL®23 (Best Paper Finalist)
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High-level planner

Subgoal Pred.

Subgoal policy

MimicPlay

Current image 

(robot)

Subgoal 

planner
Goal image

(robot)

Learn how to reach the next subgoal 
from teleoperated robot data.

Execution: Real-time planning + 

closed-loop policy rollout 

MimicPlay: Decoupled learning of άǿƘŀǘέ and άƘƻǿέ

Latent 

subgoal
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tƻƭƛŎȅ άtǊƻƳǇǘƛƴƎέ ǿƛǘƘ IǳƳŀƴ ±ƛŘŜƻ
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Follow new task sequence,
ƛΦŜΦΣ άŘƻ ǿƘŀǘ L Ƨǳǎǘ ŘƛŘέΦ
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Have we solved the problem?

Human Data

ά²Ƙŀǘ ǘƻ Řƻέ

Robot Data

άIƻǿ ǘƻ Řƻέ

Learning task goal -> subgoal guidance from human data 

The hierarchical policy will always be as good / bad as the 
low-level policy, which is trained only on robot data

We are still bottlenecked by robot teleoperation data!



/ŀƴ ǿŜ Ǝƻ ōŜȅƻƴŘ ƭŜŀǊƴƛƴƎ ǘƘŜ άǿƘŀǘέ ŦǊƻƳ ƘǳƳŀƴ ŘŀǘŀΚ 

Common response: bƻΣ IǳƳŀƴ Řŀǘŀ ƛǎ ƴƻǘ άembodied ŜƴƻǳƎƘΗέ

Human data should be treated differently than robot data because:

ÅSensing: Third-ǇŜǊǎƻƴ ǾƛŘŜƻǎ ґ ŜƳōƻŘƛŜŘ ŜȄǇŜǊƛŜƴŎŜ.

ÅActions: Human data ŘƻƴΩǘ ƘŀǾŜ ŀŎǘƛƻƴ ƭŀōŜƭǎ.

ÅAppearance & Kinematics: Humans and robots look different and 
have different kinematic structures.

Can we make human data embodied,
ǎƻ Ǌƻōƻǘ Ŏŀƴ ƭŜŀǊƴ ōƻǘƘ ǘƘŜ άǿƘŀǘέ ŀƴŘ ǘƘŜ άƘƻǿέΚ 



/ŀƴ ǿŜ ƳŀƪŜ ƘǳƳŀƴ Řŀǘŀ άŜƳōƻŘƛŜŘέΚ

Yes, but we need a full-stack solution

Human 
Knowledge Robot Policies

Align

LearnCapture
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Capturing Embodied Experience from an Egocentric View
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Kareer et al. ĒgoMimic: Scaling Imitation Learning via Egocentric Video°, egomimic.github.io



Capture Egocentric Data with Smart Glasses

23SLAM / Tracking Cameras

RGB Camera

Project Aria 
Glasses

Project Aria Glasses: 
ÅErgonomic and light (75g)
Å5 Cameras (RGB, scene)
ÅSLAM + 3D hand tracking



Scaling Imitation Learning with Embodied Human Data

EgoMimic

üTreating human data and robot data as equals by 
bridging sensing, action, and kinematic gaps.

üJoint policy learning that scales with human data.

Human Data Robot Data

Kareer et al. ĒgoMimic: Scaling Imitation Learning via Egocentric Video°, egomimic.github.io



6DoFArms
(ViperX)

Aligning Embodiment & Viewpoint
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Embodiment:
ÅAnthropomorphism matters!
ÅLightweight & lean
ÅSimilar sizes in egocentric view

Viewpoint: 
ÅRobot wearing Aria
ÅEliminates inter-device differences
ÅSimilar hand-eye configuration

Aria Glasses

Cost: ~$13,000 (excluding Aria)
BOM available at egomimic.github.io

egomimic.github.io


Stabilizing Egocentric Action Reference Frames

Fixed Camera (Aria) ->
Future gripper poses 
(actions) are relative to a 
fixed camera frame

Moving Head (Aria) -> 
Future hand poses are 
relative to a moving 
reference frame! 

Need to stabilize the reference frame to 
use human hand tracks as actions!Solution: SLAM!

Kareer et al. ĒgoMimic: Scaling Imitation Learning via Egocentric Video°, egomimic.github.io
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Stabilizing Egocentric Reference Frames

Device Tracks ὝHand Poses ὴ  

Ὕ

ὴὴ

Ὕ

ὴ Ὕ

Hand Tracks with Stable Reference Frame

Future hand poses 

▬◄ȡ◄╗
╕◄   in the current 

camera frame Ὂ

Goal: Transfer future hand positions (actions) into the 
current camera frame using device tracks



Joint Human-Robot Policy Learning
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MimicPlay ArchitectureΥ IƛŜǊŀǊŎƘƛŎŀƭ ǇƻƭƛŎȅ ǘƻ ƭŜŀǊƴ άǿƘŀǘέ ŀƴŘ άƘƻǿέ

Low-level goal conditional policy is bottlenecked by robot data. 

Robot OnlyHuman + Robot

Key Insight: With embodied human data, we can use a 
simple, unified architecture that scales with human data.

Kareer et al. ĒgoMimic: Scaling Imitation Learning via Egocentric Video°, egomimic.github.io



Joint Human-Robot Policy Learning
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Human

Robot

Shared

Legend: Transformer

Human Aria 
RGB

Robot Aria 
RGB

Appearance Masking

CNN CNN

Robot Wrist 
RGB

CNN CNN

Pose Predictions Joint Actions

Enforce shared human-
robot representations

Hand 
Tracks

Robot 
Proprio

Unify Coord & Normalize



Joint Human-Robot Policy Learning
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Human

Robot

Shared

Legend: Transformer

Human Aria 
RGB

Robot Aria 
RGB

Appearance Masking

CNN CNN

Robot Wrist 
RGB

CNN CNN

Pose Predictions Joint Actions

Enforce shared human-
robot representations

Hand 
Tracks

Robot 
Proprio

Unify Coord & Normalize



Joint Human-Robot Policy Learning
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Human

Robot

Shared

Legend: Transformer

Human Aria 
RGB

Robot Aria 
RGB

Appearance Masking

CNN CNN

Robot Wrist 
RGB

CNN CNN

Pose Predictions Joint Actions

Enforce shared human-
robot representations

Hand 
Tracks

Robot 
Proprio

Unify Coord & Normalize

Shallow Linear Layers
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Does it work?

ÅWhat tasks can EgoMimic solve?
ÅHow well does it scale with human data?
ÅDoes it generalize beyond training scenarios?



Autonomous (EgoMimic)
4x speed



Autonomous (EgoMimic)
2x speed



Autonomous (EgoMimic)
2x speed
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Autonomous (EgoMimic)
4x speed



Autonomous (EgoMimic)
2x speed

Robot Movement

Real-time Replanning

Color Robustness



Does EgoMimic Scale with Human Data?

50% hand 100% hand0% hand

Failure SuccessFailure



Does EgoMimic Scale with Human Data?



Does EgoMimic Scale with Human Data?

+ 1 hr Hand

Performance jump 
from human data!

We can demonstrate really 
fast with our hands!



Scene Generalization

Robot data in original scene Hand data in new scene



Motivation | Hardware | Algorithm | Results

Autonomous (EgoMimic)
2x speed

Unseen from Robot Data


