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Assembly part motion planning : process of determining collision-free path 

of a part to move and join individual components into final assembled product

Introduction



Challenges

1. Large search space (6 DoF 3D poses), narrow passage problem

2. Assembly must be conducted under physical constraints

assembly feasible?



Baseline : ASAP

Offers : robotic assembly planning pipeline

1. Part motion planning :                  6 Discrete-action sampling

2. Physical stability check :              Physics-based simulation + quasi-static pose

3. Assembly sequence planning :   Disassembly tree search

6 actions
quasi-static pose

disassembly tree



Baseline : ASAP

1. Part motion planning

● Samples discretized actions (forces) in 6 directions

● Apply the actions in physics-based simulation, check disassembly success

6 actions



Baseline : ASAP

2. Physical stability check

● Quasi-static pose estimation + physics-based simulation

Quasi-static poses



Baseline : ASAP

3. Assembly sequence planning

● Disassembly tree search

Disassembly tree



Limitation 1 | Running Time

Physics-based simulation has high computation costs

Main functions: check_assemblable (motion planning), get_stable_plan (stability check)

Part motion planning (in orange) 

is the most time-consuming task

thought : can’t we do better than 

BFS with 6 discrete actions? 



Limitation 2 | Planning Accuracy

Disassembly tree fully expanded, but no solutions found

Observed frequent failures on assemblies with round objects

Possible factor: limited simulation accuracy, needs more inspection

full assembly

separate parts

full-assembly

separate parts

arbitrary shape collapses during

physical simulation (not stable)



Limitation 1 | Possible Approach

Utilize Spatial reasoning capable FM to guess initial disassembly force direction 

Reduce the number of physics-based action queries to speed up the motion planning



Action Prediction Using FMs | System Overview

Spatial Reasoning Foundation Model

[ Input ]
Picture of an assembly

[ Input ]
text prompt

[ Output]
predicted action vector

physics-based simulator

In 3D space, 
give me  action vector to

pull blue part out of beige part

[x, y, z] = [ 0.7, 0, -0.7 ]

Try [1, 0, 0], [0, 0, -1]

Prioritize actions 
closer to prediction



Action Prediction Using FMs | Example



Action Prediction Using FMs | Example



SpatialRGPT: Grounded Spatial Reasoning in VLMs

● VLM trained with explicit spatial information

● 3D scene graphs built using depth estimation, camera calibration, ...



SpatialRGPT: Grounded Spatial Reasoning in VLMs

● Claims superior performance on spatial reasoning

● Candidate model for our disassembly motion estimation



Summary

● Baseline: assembly motion & sequence planning with physics-based simulation

● Naive action sampling for simulation is expensive

● Idea: use learning-based methods (e.g. foundation models) to leverage spatial 

understanding on disassembly motion planning

● Desired result: accelerated planning through efficient action sampling



Schedule & Roles

O : main

V : support
Geumyoung Jung Jaemin Kim

Have

Done

Analyze previous work O O

Test Reference code O O

To Do VLM background research &

prompt engineering
O V

Integrating VLM into pipeline V O

Testing & collecting results O O

Prepare final presentation O O



Thank you
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