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• Goal:
o Achieve precise, robust, and generalized 

dynamic locomotion across diverse and 

challenging terrains for humanoid and 

quadruped robots

• Proposed Method:
o End-to-End Deep Reinforcement Learning 

Controller

o Attention-Based Map Encoding

o Two-Stage Curriculum Training Pipeline

• Key Properties:
o Joint-level torque control

o Adaptive multi-gait locomotion 

depending on terrain type and 

commanded velocity 

o Use of 2.5D robot-centric height maps

Summary:



Aspect LLM Legged Robot

Goal Focus on the most relevant words to 

understand context

Focus on the most relevant terrain for stable 

movement

Input Sequence of word embeddings (meaning + 

position)

Proprioception + local terrain features

Process 

(MHA)

Attends to relationships between words 

across the sentence

Attends to relationships between body state 

and terrain

Output Context-aware word representation State-dependent map encoding (safe 

foothold selection)

Multi Head Attention (MHA) - idea:





Ablation study – network structure



Curriculum Based  - Two Stage training policy

● Curriculum learning - “Learning To Walk in Minutes” [1]

● Privileged perception

● Learns specific skills

[1] N. Rudin et. al. (PMLR, 2022) 

https://leggedrobotics.github.io/legged_gym/

https://leggedrobotics.github.io/legged_gym/


Generalization



Stage 2 – fine tuning

● Domain randomization to improve sim-to-real transfer
○ Mass

○ Friction coefficients

○ Artificial pushes

● Privileged critic



Ablation study – training



Result:



Result (cont.):



Result (cont.):



Citation Analysis:
The paper was recently published in Science Robotics on 27 Aug 2025 it has 10 citations

RSL-RL: A Learning Library for Robotics Research

Cites Attention-Based Map

Encoding as an example of

advanced network architectures

adopted in later works built on RSL-

RL.

Architecture Is All You Need: Diversity-Enabled

Sweet Spots for Robust Humanoid Locomotion

Inspired by its vision–state fusion for

robust foothold selection, they

adopted a compact, local encoder

that keeps perception separate from

fast stabilizing feedback, enabling

real-time performance.



Pros: Cons:

Training is fast

Works on multiple robot types

Precise foot placement

Robust to real-world issues

Interpretable attention maps

Whole-body agility

Training is slow

Needs 2.5D height maps 

Focus only on locomotion

GR-1 only performed indoors with 

motion capture



Thank you for your attention !!!

Any questions?
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