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Layout Design Optimization Method for Robotic Cellular Manufacturing Systems Using Sequence-pair Representation

Kazuhiro IZUI, Yutaka MURAKUMO, Issei SUEMITSU, Shinji NISHIWAKI, Akio NODA and Tatsuya NAGATANI

Robotic cellular manufacturing systems are a new type of manufacturing system in which one or more flexible robots

carry out a large number of assembly operations that would be performed by people in conventional cellular manufacturing

systems. The conceptual design stage, when the assembly system layout details are decided, is especially important during

the development of effective robot cellular manufacturing systems, since fundamental performances of the system under

consideration are determined at this stage. Since development of a decision-support system for the conceptual design of

robot cellular manufacturing systems would streamline decision making, this paper proposes a layout design optimization

method for robot cellular manufacturing systems. First, the design criteria for robot cellular manufacturing system layout

designs are clarified, and objective functions are formulated. Next, layout design candidates are represented using a

sequence-pair scheme to avoid interference between assembly system components, and the use of dummy components is

proposed to represent layout areas where components are sparse. A multiobjective genetic algorithm is then used to obtain

Pareto optimal solutions for the layout optimization problems. Finally, several numerical examples are shown to illustrate

the effectiveness and usefulness of the proposed method.

Key words: robotic cell, assembly layout, design engineering, design optimization, genetic algorithm, sequence-pair

representation
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Table 1 Cellular manufacturing system components

Machine ID Size Number of
(Machine name) (Height, Width) mm| Operations
0 (Robot) (255,255) -
1 (Assembly Table) (270, 188) 10
2 (Parts box 1) (150, 100) 2
3 (Parts box 2) (150, 100) 2
4 (Parts box 3) (150, 100) 2
5 (Parts box 4) (150, 100) 1
6 (Parts box 5) (150, 100) 1
7 (Parts box 6) (150, 100) 1
8 (Parts box 7) (150, 100) 1
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Fig. 11  Comparison of solutions for different dummy component sizes

Table 2 Dummy component sizes

Dymmy ID | Height mm | Width mm
9 60 70
10 70 80
11 80 90
12 100 110
13 120 130
14 60 70
15 70 80
16 80 90
17 100 110
18 60 70
19 70 80
20 80 90
21 100 110
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Fig. 12 Non-dominated solutions when using square and rectangular
dummy components
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Fig. 14 Non-dominated solutions when different numbers of dummy
components are used
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