DeformX: A Versatile Co-Simulation Framework for Deformable Linear Objects
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Physical realism

Twist & bending

deformx.qgithub.io

deformx.github.io/DeformY/

Visual realism

Introduction & motivation

Realistic wire simulation can scale perception data
and robot learning while reducing real-world trials.

WireSeg-36k provides RGB, depth and instance masks.
SAM3 LoRA trains only on synthetic scenes with varied wire
configurations and appearance. Evaluation uses 300 held-out,

Knot experiments .
manually annotated real images.

reproduce coupled
deformation and
shape transitions.

Why is it difficult? Vision simulators

Slender objects couple stretch, —Beézier curves/ cylinders

shear, bending and twist with
contact and self-interaction.

Data center Real

F

Flying wires
No physically grounded rod dynamics

RL simulators
Rigid links / soft bodies

Simplified rod mechanics; tuning

What is missing?
Mesh contact

Existing tools rarely combine

accurate rod mechanics,
realistic CAD appearance
and robot-learning support.

DeformX
Cosserat rods + Isaac Sim

Rod physics + CAD + robot learning

Sliding and
self-contact on
free-form geometry.

One framework for physically consistent motion,

realistic rendering and robot interaction. Physical inputs

Material values
come from physical
specifications.

Framework & method

Bidirectional co-simulation

Simulation reproduces real behavior without manual tuning. Real mMAP@75: SAM3 0.157 SAM3 + LoRA 0.173
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[saac Sim advances robots and rigid bodies. The rod
engine substeps deformation and contact, returning
reaction impulses and updated rod states.

Rod model & CAD skinning

Mean of 10 real trials per goal. Lower is better.

Dynamic striking: hitting an apple
Initial Approach Contact
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Stretch, shear, bend and twist
A follow physical material
Rt parameters.

(a) Continuous Cosserat Rod
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Rod positions and local frames
deform an imported CAD mesh
for realistic rendering.
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(b) Discrete Cosserat Rod
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(c) Rigged Mesh

Two real executions of a dynamic striking task. Each row shows a complete approach, swing, contact and finish sequence.




