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An Automatic Multi-objective Adjustment System for Optical Axes

with Genetic Algorithms Utilizing a New Optical Sensor

NOBUHARU MURATA,* HIROKAZU NOSATO,"t TATSUMI FURUYAf
and MASAHIRO MURAKAWA

It is difficult for conventional systems to automatically adjust the optical axes of laser sys-
tems. The major problems are (1) that adjustment requires the high-precision positioning
and angle settings with pum resolutions; (2) that adjustment must simultaneously satisfy mul-
tiple goals (both positioning and the angles of the optical axes) that have a trade-off relation;
and (3) conventional detection systems, involving mirrors and sensors, are complicated and
costly. In order to overcome these problems, we propose a multi-objective automatic adjust-
ment method for optical axes that employs genetic algorithms and incorporates a new optical
sensor. Experiments demonstrate that it is possible to realize simultaneous alignment for the
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positioning and the angles of the optical axes in three hours.

1. 0 O00anO

goboooobooooooooobooooooooo
gooobooooooooboboooooboobooooo
goooboooooooobooboooonoooo
gooobooooooooooobooooooooo
goooboooooboooboooooboboobooDo
goooboooooooooooobooboooooo
goooboooodobooooooobooooooa
goooboooooooobooooooobooooon
goooooobo pymO0O0ooooooooboooon

t00o000o00D0oo0obDoooooooo
Department of Information Science, Faculty of Science,
Graduate School of Toho University
1000000000000 000000000
ASRC, National Institute of Advanced Industrial Sci-
ence and Technology (AIST)

152

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000
00000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000O00
00000000D10000000000000
00000000000000D0200000000
000000000000000000GAM? 00



Vol. 47 No. SIG 14(TOM 15)

000000000000000000000000
00000000000D000000 300000
000

(1) 0000000000000
000000000000000000000000
0000000000000000000000
(2) 0OOOOO
000000D000000000000000000
000000000000000000000000
00000D000D0000000D000000

(3) DOOoOoooO
GAODDODODOODOO0OO0OO0ODOODOO0DO0O000
000000000000000000000000
0000000000000000

00000000000000000000000
00000000000000

00000000 200000000000000
0000D00000000D000000000030
0000D00000000000000000400
000000000000000000000000
000000000500000000000000
000000000000000000000000
000000000000060000000070
00000000000000000000000

2. 00OobOOoOooOooO0obooog

goooooooooooooobooooooooo
gboooboboooboooooboooooan
oo

21 0O0OO0OO0OO0COODOOO
goooooooooooobooo 2000000
gobioooooobooboooboooobooooo
goboboooooooooooooobooooo20
gooooooooooooooboooonoooo
goooboooooooooooboooooobooo
gooooooooOo0o0o0O0O0ooooooUogo
goooboobooooooooooboobooooooo
goooboooooooboooobocoooooooon
goooobooooooooooboooooobooooon
gooboooboooooooooooooooooo
gooobooooooooooboooooooooo
goooobooocooooooobocoooooooo
goooboooooooooooocoooooooon
gboooooooooboooooboooboooboann
goooooooooooooobobooooooo
gooobobooooooooobooooooooo

gooooooooooog 153

Laser

(a) DOF for positioning of optical axes. (b)DOF for angle of optical axes.
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Fig.1 Degree of freedom (D.O.F) for optical axes.
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Fig.2 An automatic adjustment system
for optical axes with four D.O.F.
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Fig.3 A conventional automatic adjustment system

for optical axes.
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Fig.4 A conventional detection system for parallelism of

optical axes.
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Fig.5 A developed detection sensor
for positioning and angles of optical axes.
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Fig.6 Detection for the angle of optical axes by the
developed sensor.
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Fig.7 Flowchart for alignment based on MOGAs.
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Fig.8 Coding to a chromosome.
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Fig.9 The developed automatic adjustment system
for optical axes.
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Fig.10 The mirror holder system.
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Fig.11 The best individual for objective function fj.
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Fig.12 The best individual for objective function fs.
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Table 1 Results for the final generation on each single
objective adjustment.
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Fig.13 Initial and final population.
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Fig. 14 Magnification of Fig. 13.
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Fig. 15 Flowchart for selection of the preferred solution.
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Fig.16 Flowchart for single-objective adjustment.
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Fig. 17 Flowchart for proposed multi-objective

adjustment.
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