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Topic:  Hierarchical RL for Animal-like 
Locomotion on Complex Terrain

Main Idea: Learn motion priors from animal 
data on flat ground, then add residual
corrections to handle rough terrain.

Contribution: Simplifies reward engineering 
while achieving natural gaits and robust 
navigation across diverse environments.
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Example Videos
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Robot’s type: 
• Quadruped (ANYmal-D platform)
• Dog-sized (approx. height and  weight similar to a dog) with 12 actuated DoFs (3 per legs)

Control Methods: 
• Position-based control with residual correction
• Low level: motion imitation policy (frozen after pre-trained)
• High level: task policy with latent commands + joint residuals

Design Methods: 
• Reinforcement learning (PPO) with motion retargeting from animal mocap data
• Two-stage training: flat terrain → complex terrain 
• Teacher-student distillation for sim-to-real

Gait types:  
• Walking, Pacing, Cantering (from animal motion data)

Sensors: 
• IMU, joint encoders (proprioceptive) and LiDAR, elevation scans (exteroceptive)
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Stage 1: Motion Processing 
• Retarget animal motion capture to robot kinematics 
• Source: walking, pacing, cantering on flat ground only at various speed



Four-Stage Training Framework 6

A
R

T
IC

L
E

 |
 M

O
T

IO
N

 P
R

IO
R

S
 R

E
IM

A
G

IN
E

D

Y
a
n
n
 T

h
o
m

é

Stage 2: Pre-Training (Flat terrain)
• Train FLD encoder: compress motions into latent commands
• Train low-level policy: follow latent commands 
• Reward: imitation & regularization
• Policy FROZEN after this stage 

Reference motions Low-level policy
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Stage 3: Task Training (Rough terrain)
• Learn goal navigation & obstacle avoidance while preserving natural gait
• High-level policy outputs:

○ 16D latent commands (which motion to perform)
○ 12D joint residuals (terrain corrections)
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Stage 4: Policy Distillation
• Teacher: privileged information (perfect sensing)
• Student: realistic noisy sensors + belief encoder
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Low-Level Policy Performance
• Excellent tracking of reference joint trajectories
• Smooth gait transitions & maintains periodic structure M
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Low-Level Policy Performance
• Excellent tracking of reference joint trajectories
• Smooth gait transitions & maintains periodic structure

High-Level Policy Performance
• Success rates: 75-95% across terrain types
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Low-Level Policy Performance
• Excellent tracking of reference joint trajectories
• Smooth gait transitions & maintains periodic structure

High-Level Policy Performance
• Success rates: 75-95% across terrain types

Residual Adaptation
• Modify low-level actions for terrain adaptation
• Residual variance grows with terrain difficulty
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Low-Level Policy Performance
• Excellent tracking of reference joint trajectories
• Smooth gait transitions & maintains periodic structure

High-Level Policy Performance
• Success rates: 75-95% across terrain types

Residual Adaptation
• Modify low-level actions for terrain adaptation
• Residual variance grows with terrain difficulty

Residual Penalty
• Trade-off between adaptation and style preservation (best performance with balanced weight)
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Low-Level Policy Performance
• Excellent tracking of reference joint trajectories
• Smooth gait transitions & maintains periodic structure

High-Level Policy Performance
• Success rates: 75-95% across terrain types

Residual Adaptation
• Modify low-level actions for terrain adaptation
• Residual variance grows with terrain difficulty

Residual Penalty
• Trade-off between adaptation and style preservation (best performance with balanced weight)

Real World Deployement
• Robot autonomously climbs stairs and avoids obstacles
• Maintains animal-like gait under perception noise
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Publication status
• ArXiv preprint (August 2025), presented at CoRL 2025 in Korea
• 1 citation: Survey by Li, Hutter & Krause (2025) on learning from demonstrations

Discussions surrounding the article  
• Adresses a fundamental limitation of feature-based imitation method: adaptability
• Part of emerging trend toward «structured motion representations» bridging feature-

based and GAN-based approaches
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Pros and Cons 15

A
R

T
IC

L
E

 |
 M

O
T

IO
N

 P
R

IO
R

S
 R

E
IM

A
G

IN
E

D

Pros 
• Simplified reward engineering
• Natural animal-like gaits and smooth locomotion
• Unified locomotion & navigation for rough terrains

Cons 
• Mode collapse, relying on a single low-level gait
• Limited terrain coverage (no gaps, stepping stones or overhanging obstacles)
• Limited to demonstrated motion style
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Core Achievement:  Hierarchical RL 
framework enabling natural, animal-like 
locomotion on complex terrains using motion 
data collected only on flat ground.

Future Directions: Extend to more complex 
motor skills (jumping, manipulation) and scale 
to even more challenging environments (gaps, 
overhangs)
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Appendix – RL Training Details 18
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Fourier Latent Dynamic (FLD) Model Training
• Autoencoder-like architecture to model the latent dynamics, defined as:

• State space: base’s linear and angular velocities, gravity and joint positions
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Low-Level Policy
• Observation space: base linear & angular velocities, gravity, joint positions, latent encodings
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High-Level Policy
• Observation space: low-level observations, leg contact, friction, external disturbances, 

elevation scans, LiDAR
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Training Environment
• Boxes, staires, rugged slopes and high obstacles
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