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(A New Hybrid Evolutionary Programming Technique
Using Sub-populations with Different Evolutionary
Behaviors and Its Application to Camera Calibration)
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Abstract

A new hybrid technique using several sub-populations having completely different evolutionary
behaviors is proposed to increase the possibility to quickly find the global optimum of continuous
optimization problem. It has three sub-populations. Two NPOSA algorithms showing good
performance in the problem having a rugged fitness function are applied to two sub-populations and
a self-adaptive evolutionary algorithm to the other sub-population. Sub-populations evolve in
different manners and the interaction among these sub-populations lead to the global optimum
quickly. The efficiency of this technique is verified through benchmark test functions. Finally, the
algorithm with three sub-populations has been applied to seek for the optimal camera calibration
parameters. After an error function has been defined using measured feature points of a calibration
block, it has been shown that the algorithm searches for the camera parameters that minimize the
error function.
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HAZ ske s} vls Feele] »A sle) Problem 4. Bohachevsky
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x%+x§

Filxy, x2)= —(T“ — cos (20 mx1) cos (20 mxy) +2. (11)

Problem 5. Colville

£5(x) =1000x3 — 202+ (1 — %1)%90(x, — 9% + (1 — 23)? 12)
+0.1(Cry— D+ (o =~ DD + 19,8 — 1)(x,— 1),

Problem 6. Rastrigin

folx) = g[x?—locos(hxi) +10] , »=10. (13)

Problem 7. Griewangk

f7(x)=W100 le?—zl:[‘cos(%)+l , n=30 (14)
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Fig. 4. The plots of minimum cost values averaged
over 10 trials for each test function.
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Table 1. Time per generation of SAEP and
HEP.

Problem Algorithm Time per Generation
No. (msec)
1 SAEP 9.300
HEP 5.267
9 SAEP 4967
HEP 2133
3 SAEP 4667
HEP 3500
4 SAEP 3.467
HEP 1.867
5 SAEP 5900
HEP 3133
6 SAEP 9.267
HEP 5633
7 SAEP 23.600
HEP 15533
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Fig. 7. Inverted laser strip image and feature

points.
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Table 2. Examples of image coordinates of

feature points and their correspon-
ding 3D coordinates.

2. Fhlieh wAele] 34

shAutes, Ak sleluele whge AA EA
Pzt mAgel Mgale] mgkek AAZ Sk}
A Az olgdle] R JE I T BE
oJolct. o] dabellA] BAWL it o34 Azl
o2 Qg 5 glvh 2 29| Fole} F Fo dha

2l
kK
=

(768)

uv) (XY Zw)
P (4866) (-10,60,160)
P, (579,66) (2060,160)
P; (397.117) (1058,163)
Pa (577117) (20,58,163)
Ps (225,165) (055,166)
Ps (404,165) (1056.166)

E 200 AR AelA] Zolxl 2 e SAHP)ES]

A4 3o 3 FHAXE ek Aol 2
F 12748 BAHER A (D& TARITHM=12).
Zt A= 7iler 24 depele] ZHangle) 6, ¥,
got ) olEwr T, T, T, AT f #o)x H
wgel AS q, b, c2 1071¢] HEE 7RRIck 4] (D)



19984 98 EF TREHGE

& AR sk BA FebHES PAwhs o4
sloluej wpgog itk shelele] S3biql 2wl
< o838l BAE Pz =l A 27|g
+ AT F ck ol AAY AfE gl
FAE 4 F 9orz Aol Qe sRHelrh
3.00041HE A3 ¥ Aol A BA seeE
< 3 3ol vebigch
E 3. 7bie ngy A%
Table 3. The result of camera calibration.
Calibration parameters Va]j;lel_gn d
6 (rad) -0.0075
¥ (rad) 0.0044
O (rad) 0.0342
Tx (mm) 4.6031
Ty (mm) 46.99%6
T, (mm) 582022
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