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Motivation

Advantages
• Compliance 

• Adaptability 

Challenges
• Lack of suitable simulators.

• Low-level, high-dimensional control 

• Difficulty in scaled data generation

There is a lack of benchmark and expert data to support research on
soft-arm vision-language manipulation.

• Safe interaction 

• High flexibility



Benchmark Overview

ManiSoft is designed as an integrated benchmark for soft-arm manipulation.
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ManiSoft Simulator

ManiSoft simulator is designed for soft arm vision-language manipulation, 
which needs stable interaction with the environment.

𝚫𝜽 ⇒ 𝑴
𝚫𝒙 ⇒ 𝑭

EEF
Soft Body

𝒇𝒊

𝝉𝒆

𝝉𝒊 • Elastic force constraint for soft body and end-
effector coupling.

• Torque based control method.

𝐅 = −𝑘!Δ𝐱, 𝐌 = −𝑘"Δ𝜽

Soft Arm Modeling

• Rendering pipeline for visual 
observations

• Deformable soft-body 
dynamics

Elastica
• Contact-rich environmental 

interaction

Dependencies



Scene Generation

ManiSoft generates tabletop scenes with two settings: clean and randomized.

• Template-based language instruction generation

• Asset library 

• 3D objects

• pre-annotated interaction poses

• Descriptions

Clean Randomized

TemplateDescription

- kettle (clean)
- round orange kettle
- kettle with black handle
- ……

Asset Library

- bottle (clean)
- yellow bottle
- bottle with green label
- ……

Target Object Obstacle Texture

Template Library

Place the <object>
into the plastic box

Tidy up the 
         tableware.

…

Instruction: Please place the yellow plastic bottle to 
the      left side of the medium-sized book.

• Randomized and collision-free object placement

• Template library



Expert Trajectory Generation

Human Defined Rules
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Task: COLL

High Level Plan

Low Level Action

Executor

• High-dimensional, high-order, and 

non-intuitive control 

• Inaccurate body-state perception 

• Difficult to directly generate 

trajectories through pose planning and 

inverse kinematics

Challenges

We adopt a hierarchical mechanism for accurate and stable trajectory generation.

• Avoids long-horizon torque-sequence planning

• Produces stable demonstrations across diverse scenes

Advantages



Expert Trajectory Generation

We train an executor to convert high-level waypoints into low-level torques.
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Data Statistic

6,300 scene–trajectory pairs

40 language instructions per scene

109 manipulable objects across 17 object categories 

154 obstacles across 35 obstacle categories

Wide Spatial CoverageRich and Diverse ObjectsLength Distribution for Difference Tasks



Main Results
We evaluate three representative policy models: Diffusion Policy, RDT, and OpenVLA-OFT.

We further show the policy performance on each object category in the ARR task.



Results and Analyse

Instruction: Set the shoe into the plastic container, ensuring it 
stays stable.

Proprioceptive State Ambiguity

Instruction: Put the blue pencup with rounded edges immediately 
to the left of the rectangular book.

Unable to Leverage Compliance

Stop-Moving Behavior
OpenVLA-OFT DP

Common failure cases of rigid-arm policies on ManiSoft
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