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HYBRID OPTIMIZATION ALGORITHM BASED ON DIFFERENTIAL EVOLUTION
AND RBF RESPONSE SURFACEY

Deng Kaiwen Chen Haix
(School of Aerospace Engineering singhua University Beijing 100084 Ching)

Abstract A new hybrid optimization algorithm HSADE (hybrid self-adaptivédiential evolution) based onftirential
evolution and radial basis function response surface was proposed aiming at aerodynamic optimization problems. Throug
combing the merits of response surface method’s fast local searching abilityféerémtial evolution’s powerful global
searching ability, the overall local and global searfiiciency of HSADE were simultaneously enhanced. Several im-
provements were made on certain logics and strategies embedded in the processes of each sub-algorithm by proposing ¢
utilizing strategies such as selection strategy based on double elimination and self-adaptive parameters. Having applie
HSADE and several other typical optimization algorithms—NSGA-1l, MOPSO and multi-objectiterefitial evolu-

tion to several benchmark functions, the results indicated HSADE was superior to other algorithms in most of the cases
regarding local search ability represented by generation distance and global search ability symbolled by hyper volume
ratio, which validated theffectiveness of above improvements. Applying HSADE along with basic DE and NARSGA

to an airfoil optimization problem and a hypersonic nozzle expansion surface optimization problem, the results showed
HSADE was able to obtain airfoils with extra 0.5 count drag reduction and nozzles with better performance than other
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two algorithms under approximately 1000 function evaluations, which indicated high engineering application potential of

HSADE.

Key words differential evolution, response surfaces, computational fluid dynamics, multiobjective optimization, opti-

mization design
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Table 3 Convergence criteria of competing algorithms upon tested problems

Convergence criteriaG Dyed

HSADE NSGA-II NSGA-II NSGA-1I NSGA-1I MOPSO MOPSO MOPSO DE DE
setting(1) setting(2) setting(3) setting(4)  setting(1) setting(2) setting(3) setting(l) setting(2)
ZDT1.30D 0.07371  0.4127 0.5917 0.8323 1.225 0.929 0.4507 0.2643 10.52 1.252
ZDT1.80D 0.569 12.87 1.31 1.596 1.176 131 0.7265 0.7019 19.18 2.099
ZDT2_.30D 0.02584 0.7028 0.743 1.124 1.681 0.3141 0.6124 0.2095 1.235 1.603
ZDT2.80D 0.1723 1.639 1.68 2.207 2.712 0.8879 0.2422 0.1842 2.295 2.628
ZDT3.30D 0.1176 0.5376 0.6669 0.9421 1.246 0.2496 0.1797 0.1194 0.8519 0.9948
ZDT3.80D 0.8664 1.287 1.485 1.765 1.921 5.829 0.2542 0.1901 1.594 1.947
ZDT4.10D 0.007 307 2.261 2.708 6.361 17.15 3.87 4.391 2.561 2.748 2.066
ZDD6_10D 0.03068 2.826 3.028 3.703 4514 2.523 3.405 2.246 3.726 4.261
DTLZ1 65.94 109.6 109.8 141 184.1 90.83 94.33 98.32 70.18 74.46
DTLZ2 0.02973 0.06447 0.05241 0.1076 0.177 0.01412 0.01556 0.01582 0.068 34 0.1735
DTLZ3 146.6 228.1 265.3 292.6 406.8 275.7 228.6 187.5 152.9 165.3
DTLzZ4 0.01542 0.01725 0.01552 0.04248 0.1379 0.1478 0.3282 0.2575 0.05579 0.1734
DTLZ6 0.000155 3.477 4.239 5.061 5.823 3.385 2.899 251 1.156 1.185
F 4 LMEEENREE RS IEERE R
Table 4 Distribution criteria of competing algorithms upon tested problems
Distribution criteria:HV Ryeq
HSADE NSGA-1I NSGA-1I NSGA-1I NSGA-II MOPSO MOPSO MOPSO DE DE
setting(1) setting(2) setting(3) setting(4) setting(1) setting(2) setting(3) setting(1) setting(2)
ZDT1.30D 0.9881  0.9298 0.9264 0.8995 0.8563 0.8942 0.9314 0.9642 0.8713 0.8464
ZDT1.80D 0.9194  0.8377 0.8359 0.8073 0.8531 0.8289 0.9002 0.9077 0.7792 0.7514
ZDT2.30D 0.9946  0.9112 0.8947 0.8593 0.794 4 0.9307 0.9644 0.9593 0.8425 0.8080
ZDT2.80D 0.9716  0.8017 0.7902 0.7392 0.6871 0.8693 0.9384 0.9446 0.7250 0.6850
ZDT3.30D 0.9717  0.9078 0.906 2 0.8782 0.8411 0.9309 0.9527 0.9659 0.8735 0.8451
ZDT3.80D 0.8718 0.8181 0.8143 0.7840 0.7573 0.9018 0.9434 0.9539 0.7807 0.7513
ZDT4.10D 0.9999  0.9906 0.9901 0.9786 0.9527 0.9839 0.9814 0.9886 0.9915 0.9913
ZDD6.10D 0.9940  0.6683 0.6391 0.5707 0.4841 0.7063 0.6214 0.9853 0.6050 0.5679
DTLZ1 0.9907 0.9765 0.9876 0.9714 0.9514 0.9865 0.9870 0.9894 0.9897 0.9880
DTLZ2 0.9936  0.9866 0.9873 0.9780 0.9647 0.9957 0.9960 0.9961 0.9837 0.9630
DTLZ3 0.9909 0.9823 0.9793 0.9698 0.9591 0.9809 0.9787 0.9886 0.9897 0.9886
DTLZ4 0.9767 0.622 2 0.6210 0.6134 0.5848 0.7801 0.8539 0.9021 0.9193 0.8616
DTLZ6 0.9999 0.8536 0.8169 0.7223 0.6520 0.8603 0.8850 0.9332 0.9744 0.9779
3 4 WTLLE Y, ERAERERENS G $e,

¥ehrh, HSADE & T 7F 80 4 ZDT3 v fip 45T
MOPSO H: &8t T HiAth 572,

MR LEE AT LU, 51N RBF Wi B I
T3 AT AT RO 4 e S K )R A S L RE T, TR IS
HSADE iR & 4t ik FoOR B T Bom i) 2 F 1k R
FEhE), HERH AL AR 2 e i) DE A1 5

4 [z FBEIE

27 B SRR AR P

Sy itk — L K AiE HSADE 15 82 bR/ h A4k a) i oh
IR BL, AT RV A HSADE, NARSGARY (—Ff
FHEF NSGA-II Fl Kriging i I [ 1R A 59%) Atk 4g

LAY

PN

B I ) ST B 2k
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Table 5 Variables, targets and constraints of the airfoil optimization problem

Upper surface Lower surface Optimization .
) ) Range Constraints
control points control points target
Uz [0.08,0.18] L1 [-0.18,-0.08]
U, [0.08,0.20] Lo [-0.16,-0.04] Ca1 Cg1 < 0.009
Us [0.08,0.22] Ls [-022-0.12]  (minimize) Cyo < 0.0094
Ua [0.12,0.27] La [-0.30,-0.18] Ca2 Cm1 > -0.10
Us [0.08,0.22] Ls [-0.14,0.00]  (minimize) R> 0.10
Us [0.05,0.16] Ls [-0.11,0.05]
Uz [0.10,0.19] L7 [-0.02 0.10]
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Fig.5 Shapes of initial airfoil and optimal airfoils obtained by optimizers
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Table 6 Performance and optimization measurement of the optimal airfoils obtained by optimizers

. HSADE NARSGA DE
Individual
Ca1 A% Ca2 A/% Ca1 A/% Ca2 A/% Ca1 A/% Ca2 A/%
min Cq1 6.546<10°3 —5.99% 6.71&103 -4.74% 6.57k10°3 -5.63% 6.76 k103 —4.04% 6.59410°3 -530% 6.82%103 —3.19%

min Cgy 6.5971073 -5.26% 6.68%103 -5.15%
middle 6.56%10°3 -5.66% 6.70%10°3 —4.92%

6.67%103 —-4.16% 6.74%10°3 —4.35%
6.59%10°3 -

6.71%103 —3.56% 6.73%10°3 -4.44%

5.33% 6.7510°3 -4.28% 6.64&10°3 -4.64% 6.77%10°3 —-3.93%
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Table 7 Variable ranges of the nozzle design

Term Cy Cy C3 Cy Cs a/(°)
lower 0.00 0.12 035 0.66 0.90 0
upper 0.12 0.35 0.66 0.90 1.00 4.0
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Table 8 Performance of representative optimal shapes obtained by HSADE, NARSGA and DE
L HSADE NARSGA DE
Individual
T/N M/(N-m) T/N M/(N-m) T/N M/(N-m)
maxM 14479.2 -93396 14225.7 -94761 14155.2 -93475
maxT 18679.1 -206667 18613.7 -194125 18662.4 -196868
middle 17907.9 -14 1453 17865.5 -140765 17620.9 -126607
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