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Capstan-Driven Quadruped Control
via Reinforcement Learning

Key Problem & Research Objective Results

| 100+ workers die every year in the U.S. alone, Sim 1o Beal:ipeline
| A 4 3 i 7
| inspecting confined spaces and eritical infrastructure. ""““"""‘_"""“

I et o different engine S
Wittty
Tuaar

] - Policy transfers across all three simulators and real
. hardware with no retraining
» Robot accurately tracks velocity commands
£ + Domain randomization bridges the simulation-ta-reality
memis|| B3P
gt I T 1 I - Stable trot gait on physical rabot — first RL-controlled
Wit i3 capstan quadruped

- Lepged robots can go where people shouldn’t
+ But current quadrupeds cost over $75,000
- The root cause is the actuator:
Conventional planetary gear systems use precision
machined parts, costing up to $500 each
B Quitiang
1. Can a functional quadruped robot be bullt for under $2,000
using 30-printed capstan drive actuators at ~$50 each?

2. Can a waking policy trained entirely in smulation transter 1o
this low-cost hardware?

Conclusions

First robot of this type,

What is a Capstan Drive? L 5
to learn to walk in simulation and transfer to real hardware.

A capstan drive uses a cable wrapped around two drums
ta move 3 joint — replacing gears entirely,

This gives zerc backlash (no play between parts), and the
whole mechanism can be 3D-printed

Conventional gear drives cost up to $500 — ours cost ~550, k

Conclusions

+ 97% cost reduction over commercial quadrupeds
= Mo CNC machining used, only 3D printing and
25 off-the-shelfparts
e -f - Policy transfers from simulation to real hardware
‘Why Reinforcement Learning (RL)?
- Each capstan drive is slightly different due to 30-printing
- This makes traditional mathematical control unrefiable
= Reinforcement learning trains against thousands of randemized conditions in simulation
- Thus, the pelicy learns to handle any real unit
« Training took 14 hours on a consumer GPU

il Irrlplica!ions

oot worken in confined
scas, Industria) faclities ana critial Infrasimacture
+ Ak $2.000. aven small crganiations can deploy capable logged
rabats
- Open-surced hardwars enabiss schioals, small companies, and
emergency response tearms to build their own —
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Oil Film Position Control Via Phase-Controlled Water Waves
Induced by a Honeycomb-Structured Oscillator
Yeonho Lee & Eugene Choi, Seoul Science High School, South Korea

Question & Hypothesis

= Qil spills cause severe environmental damage.
I Motivation

= Try fo move oil film into a desired position.

How can we do it?

— Hypothesis: Qil film will reach equilibrium at
antinodes of water waves and become frapped.

Results

e

+ Static equilibrium of the oil film T

Myerage Speed of 04 Fim Centroid v Time (4218071

gt :__'_._‘,.4- a:--}---a ®
Graphics created by Finalist
using Python, 2025.

Graphics created by Finalist
using Python, 2025.

Methodology

= Wave sources in
honeycomb laltice
= Generate water

Graphic created by Finalist using PowerPoint, 2025.

Conclusions
Experiment

[ Equilibrium position J

" waves -~
) » Control phase Match!
differences ' Theory
» Observe oil film [ Wave antinode position ]
motion

Graphic created by Finalist using Mathematica, 2025.
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