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SUMMARY OF THE MAIN IDEA

» Reinforcement Iearplng appro.ach for Step 2: observation policy
real world humanoid locomoftion
« Use of a causal fransformer 1o predict

actions based only on proprioceptive robot obs. > ‘Transformer > action

SENSOIS
« Hypothesis: Behavior adaptation based on

. . : imitation learning + reinforcement learning
observation-action history
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« Aufonomous navigation in complex and

dynamic terrains using a simple and
general learning-based controller
» Encourage future work




KEY ASPECTS

Biped humanoid robot
AJIlITy RODOTICS
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CJrrmg
franstormer

Gait type T Sensors
Normal walking £y Input: History of observations
-AsT walking A | and AcTions
Omnidirecriional walking / JointT encoaers
Adapting on the terrain/slope | & { MU




THE ARTICLE - RESULTS

» Stable walking across many
conditions

« Emergent behavior
» Gait changes
» Foof recovery
* Arm-swing
» Robustness to external disturbance




THE ARTICLE - CONTROLLER

A Model training B Sim-to-real transfer

Step 1: state policy

« Causal fransformer
« Training
1. Isaac Gym simulator
« Teacher policy
« Student policy

robot params.

env. params. > MILP - action

robot obs.

[saac Gym sim.

Step 2: observation policy

Agility Simulator
Real roboft

50Hz neural network policy
« Command to 1kHz PD confroller
«  Promising results for the future qausa{TrariSfO”rier

observation action

robot obs. > | Transformer > action

imitation learning + reinforcement learning
Agility sim. Real robot

C Model architecture
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WHO IS CITING THE ARTICLE ?

Isaac Gym simulator for successful sim-to-real transfer

2024: citations in 7 different
articles

Simple example of learning-based approach

Unsuitable for Low energy efficiency Engineering of the
advanced applications and weak loading confroller
. vehicle ingress capacity

» Only trained on the  Unable to achieve Complex reward
locomotion fask large-scale engineering process

Reward function with applications Time-consuming
the same parameters (manufacturing and Nontrivial
services) Dependence on
Compared to engineer’s
wheeled robots experience/intuition
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ANALYSIS OF

« Adapt its behavior dynamically based on
context
« Gait changes
 Rapid adaptation to sudden obstacles
» Unlike gradient based methods,
requiring fine-tuning on task-specific
data samples, tfransformers can learn
in context (ability to handle diverse
INputs)
« Good results, outperforms other controllers
In Many situations
» Reliable outdoor walking without falls
» Robust to external disturbance
» Different terrains
» Varying payloads
» High speed locomotion
*  Arm-swing motfion for energy reduction

AND

Unsuitable for advanced applications :
vehicle ingress

Low energy efficiency and weak loading
capacity

Engineering of the controller

Needs to be completed by other sensors
like cameras to avoid bumps and foof-
trapping
Not perfectly symmetrical policy

» Different frajectories for 2 motors

» Better at lateral movements to the left
Policy not perfect af fracking the
commanded velocity
Robot could fall under excessive external
disturbances



POSSIBLE EXAM QUESTIONS

What is the main advanfage of using reinforcement learning ¢ Examples...

The generation of emergent behaviors / dynamic adaptability to the context
(gait changes, foot recovery, arm-swing)

What is the main reason for the emergence of the arm-swing movement in RL

controller ¢

Energy minimization as part of the reward function during the design of the
confroller
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