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Motivation

Humans have whole-body dexterity.
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Use Feet to Kick  Crouch and Reach Use Elbow to Push
Prior teleoperation systems fail to achieve such coordinated
whole-body behaviors.

We ask: can we achieve human whole-body dexterity
for humanoid robots?

Key idea: let robots imitate whole-body humans.

Our System: TWIST

> Stage 1: curating a large-scale humanoid motion dataset.
» Stage 2: training a tracking controller in physics simulation.
> Stage 3: teleoperating real-world humanoid robots with MoCap data.

Stage 1: Curating Humanoid Motion Dataset

Large-Scale Internet Human Data
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Small-Scale MoCap Data
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Stage 3: Real-World Humanoid Teleoperation

MoCap Streaming (120Hz)
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Stage 2: Training Controller in Simulation
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> Extreme reachability: TWIST achieves human-like whole-body
reachability, fully leveraging whole-body robot joints.
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TWIST: Teleoperated Whole-Body Imitation System

TWIST enables versatile, coordinated, whole-body skills.
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Legged Manipulation
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{ Whole-Body Manipulation
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System Analysis

» Problem of pure RL: feet sliding/no smooth behavior.
» Problem of pure BC: not generalize to OOD motions.

> Simple fix: L(7,) = Lrp(7,) + ADxp(m, || 75)

RL+BC has less feet-sliding, while pure RL has

RL+BC

RL
For unsessen motions from MoCap, RL+BC can track well,
RL+BC
while DAgger sometimes loses stable balance'
DAgger °

» Problem of only Internet data: noisy and unstable
real-world MoCap motions.
» Simple fix: collect a small-scale in-house data.
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» We study tracking errors across different body parts.
» The feet exhibit the largest errors, highlighting the
difficulty in accurately tracking lower-body movements.

40 Position Tracking Errors of Different Body Parts (mm). Lower is Better
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