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Abstract

Disassembly path planning is an im-
portant sector of robot manipulation
and manufacturing of End-of-life prod-
uct. This thesis focuses on developing suit-
able tools for 2D disassembly planning us-
ing a matrix heuristic method, sampling-
based planners, such as Rapidly-exploring
Random Tree algorithm and guided path
search along the precomputed disassem-
bly paths represented by the Reeb graph.
Moreover, the goal is to provide a state-of-
the-art of disassembly planning and dis-
assembly path planning problems and de-
sign suitable benchmarks to properly eval-
uate the proposed disassembly planners.

Keywords: Disassembly, 2D assembly,
Path planning, Rapidly-exploring
Random Trees, Guided search, Matrix
heuristic
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Abstrakt

Planovani cest v Uloze rozkladani objekti
je dilezitym prvkem pfi planovani pohybu
a manipulaci robotll a zpracovavani a
recyklaci End-of-life produkt(. Tato prace
se zaméfuje na navrh vhodnych planova-
cich algoritmd pro 2D prostiedi za pou-
Ziti heuristickych metod, algoritmd zaloze-
nych na vzorkovani, jako napfiklad algorit-
mus Rychle rostoucich ndhodnych stromd
a také na hledani cest podél predpoci-
tanych trajektorii, reprezentované Reeb
grafem. DalSim cilem je detailné popsat
problém rozkladani objektd a navrhnout
vhodné hlavolamy, na kterych bude mozné
otestovat implementované algoritmy.

Kli¢ova slova: Rozkladani objektl, 2D
Hlavolamy, Planovani cest, Rychle
rostouci nahodné stromy, Rizené
prohledavani, Maticova heuristika
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Chapter 1

Introduction

The problem of disassembly planning is well known and highly important in industrial product
manufacturing of End-of-life products [1, 2, 3], robot manipulation in robot simulation
software, such asProcess Simulate and structural bioinformatics [4, 5]. The general concept
is to take a given object apart, so to extract all parts from an assembly to a disassembled
object a disassembly. An assembly with a corresponding disassembly can be seen in Fig. 1.1.
Nevertheless, in this thesis, only 2D assemblies are used, such as one in Fig. 1.2.

The problem can be divided into di erent sub-problems. The main two discussed in this
thesis are Disassembly Sequence Planning and Disassembly Path Planning. The rst selects a
part most likely to be disassembled, and the second plans a disassembly path for the proposed
part.

Figure 1.1: Example of complex 3D assembly (right) and disassembly (left), borrowed from [2]

Disassembly planning is applicable for a wide variety of assemblies di ering in the number
of parts, mobility of components or individual geometry. It follows that disassembly planning
is a very complex problem. Generally, it is an NP-Hard problem B], so for a fast performance,
an e ective method, often using reliable heuristic, is required. The solution methods are
classi ed according to the completeness, representation of workspace, and way of searching
the con guration space.

Many disassembly methods originally come from the motion planning problem, and usually,
after some adjustments and improvements, the core idea is applicable to the problem of
disassembly planning. The most suitable fast planners appropriate for various assemblies,
even though not using any heuristic, are the sampling-based planners. The Rapidly-exploring
Random Tree algorithm (RRT) [ 7] is considered as the breakthrough method whose core idea
is used in plenty of contemporary path planners, such as Dynamic Region-biased Rapidly-
exploring Random Tree algorithm (DRRRT) [ 8] or Manhattan-like Rapidly-exploring Random

1



	Introduction
	Goals of the thesis

	Related work for disassembly planning and disassembly path planning
	Disassembly planning
	Notation and used terms
	Disassembly Path Planning
	Methods for disassembly path planning

	Sampling-based path planning algorithms
	Collision detection
	The nearest-neighbour search
	Rapidly-exploring Random Tree algorithm
	Dynamic Region-biased Rapidly-exploring Random Tree algorithm

	Conclusion

	Disassembly methods
	ML-RRT algorithm
	C-space representation in ML-RRT algorithm
	ML-RRT algorithm overview
	Sub-manifold nearest-neighbour search

	Matrix-based algorithm
	Matrix heuristic
	Matrix-based algorithm overview

	DRRRT planner
	DRRRT planner overview

	Conclusion

	Experiments and testing
	Used libraries
	Implementation details
	Proposed assembly problems
	Disassembly experiments evaluation
	Easy assembly
	Rectangular assembly
	Tight assembly
	Triangle assembly
	Hexa 7 assembly
	Well assembly
	Screw assembly
	Bolt assembly
	20 parts assembly
	Jingjang assembly
	Elevator assembly
	Parallel assembly
	Lock assembly
	Bugtrap assembly
	Rotation assembly
	Hexa 10 assembly
	Chessboard assembly

	Comparison of the experiments

	Conclusion
	Bibliography
	Disassembly plan of the Elevator assembly

