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Recently, many multi-objective genetic algorithms have been developed and
applied to real-world problems. An important issue in resolving this type of
problems is how to handle the high calculation cost. One possible solution
to this problem is the search with a small population size. Although the cal-
culation cost can be reduced with this approach, the diversity of solutions is
often lost. Therefore, solutions that only have a low degree of diversity can be
obtained with insufficient calculation time. Our approach to resolve this issue
is to relocate the converged solutions uniformly in the objective space, when

solutions are converged to certain points. In this relocation, it is necessary
to perform an inverse analysis that presumes the design values from the fixed
objective values, because the relocation is conducted in the objective space.
In this paper, we propose a new mechanism, which applies not only multi ob-
jective genetic algorithms but also Network Inversion, that can preserve the
diversity of solutions. In addition, clustering of the training data set is applied
to improve the accuracy of the inverse analysis. The proposed mechanism was
introduced to NSGA-II, and its effectiveness was examined on mathematical
test functions and diesel engine emission and fuel economy problem. In both
types of problems with high dimentionality, the proposed mechanism provided
solutions with a high degree of diversity even when the search was performed
with a small number of solutions.
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Fig.8 Test data set to examine the effect of clustering.
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Table 5 Parameters to examine the iteration effect of proposed mechanism.
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07 ODOoooooo
Table 7 Condition of design variable.
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Table 8 GA parameters in diesel engine problem.

gooooo 10
goooo 50
ooo 1.0
gooo 02000
gooo 20x 00O
ooooo oo 1/0000

0000000000000000000000000000000 NOxOSootODOOODO
SFCOODOO0OO000O0OD0O00O000O0D000000O0D0O000O0O0ODO HIDECS 3%
oDooooon

0000000 HIDECSOODOOOODOOODO0OD0D00000000000000000
000 GAOOOODODDOOOO0ODODDOO0O00 GADODDDOOOOOODODODOO
000000000000 0000000000000000000000000000
6.3 00000000 DOO0OODOOOOD

00000000000000 10000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000 20000000000000000000000
00 SFCO NOxODOOD 2000000000000000 GAOODDOOOD 80
O00000 GAODODODDOODOOOOO 170 () 00000000000000O0 17
O (Mh)oooo
0170003000000000001000000000000000 (b)00O000
0000000000000 0D000000000000000000200000000
0D0000O0ONOxOOODOO1000020000000000000000000
0000000000000 00D0000000000000000000SFCO0O0
000000 100000000000000000000D00000000000003
0000200000 NOxOOOOODOOOODO EGROODOOOODOOOODOO
OODEGRODOONOxOOODOOOODOOODOOOOOODOOO AODO BOOOOOO
U00D0000000000 GAODOOOOO0O00 170 (a)00000000O0
O0O0DO0OO0O00OO0OEGROODOOOOOO NOxOOOODOOOOOODOOOODOOO
000000000000000 170 (b)U0DD0O00D000D0O00O0000OEGROO
000000 NOxDOOODDOODODOODDOO00D000000000000ononoa

(© 2008 Information Processing Society of Japan



39 NIOODOOOODDOO GAOOOOOoDoOOoOoOoDoOo

N

SFC:173.0(g/k Wh)
NOx:2.36(z/k Wh)

N
3

S
SFC:165.7(g/k ‘i\'h) L8 Boost Pressure:3.48
10 NOx:5.94(g/k Wh) e EGR Rate:0.0658
< 5 Boost Pressure:3.48 = Start_Angle:-3.1
3 EGR Rate:0.00936 8 * Swirl_Ratio:5.17
5° Start_Angle:-3.2 Ea _
g4 Swirl_Ratio:5.67
£ 0 10 15 20 25 30 35 40
2. Crank Angle(degree)
7 T 0 0 15 20 25 30 7 T
Crank Angle(ds
6 | AA i rank Angle(degree) 6 L AA B
5L 4 12 SFC:177.6(z/k Wh) 50 4
x| ] 10 NOx:0.0232(g/k Wh) x
% 4 gs Boost Pressure:3.48 o 4k 1
3| 4 3 EGR Rate:0.281 Z 3t E B
oL . 56 Start_Angle:-3.2 A
34 Swirl_Ratio:5.67 2 b
1 B ol =2 r N d|
O L A B L L 0 L re L L L
100 150 SZI?(OJ 250 300 0 OCr;nkAnog\e(zdeg ge) 354 100 150 B 200 250 300
2
SFC
(a) NSGA-II 2 SFC:306.1(g/k Wh) (b) Proposed

NOx:3.40E-04(g/k Wh)
Boost Pressure:3.48
EGR Rate:0.272
Start_Angle:7.7
Swirl_Ratio:2.11

3

Ingection Rate(%)
oo oo @

°

0 15 20 25 30 3

Crank Angle(degree)
0 17 NSGA-IIOJOOUOOOOO0OOOOOOOODOO

Fig.17 Plot of solutions obtained by NSGA-II and proposed mechanism.
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