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Multi-objective particle awarm optimization algorithm based on dual
distances

CI Yu, RONG Miao', PENG Chen
(School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200444, China)

Abstract: Multi-objective particle swarm optimization (MOPSO) algorithm is laborious to choose well-distributed
optimal solutions while maintaining convergence. In this paper, an improved MOPSO based on dual distance is
proposed to alleviate the above issues. It defines the neighborhood of a particle according to the average distance of the
population, and thus the number of neighbors is the level of the particle. The more there are neighbors, the higher the
level is. The average distance of two particles is equal so that with combining the crowding distance of swarm, the
optimal particle is chosen and the extend archive is updated. In addition, this algorithm combines the mutation behavior
of particles to avoid local space. In the experiment, the proposed algorithm is compared with several state-of-the-art
algorithms, demonstrating that this algorithm achieves good performance in distribution and diversity of swarm.
Finally, the algorithm is applied to the environmental/economic scheduling model in power systems, which can obtain
well-distributed optimal solutions.
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RL71d 22, WA 70k DO H 5% A AR ABL R AR 7, &0
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3.1 EERBAMEREIEIR

AT 7T ACMOPSO 7E ZD T F DTLZIS! |1
PERE. HHT ZDT5 4B BUn) B, AR SCAE &% ) . &
AT PF 220 25 o 25 FE FRRRALE, G ot ek [0 2 55

ALK FH PR AR B DAl B — 2 St A
o3 A VLR B VP I I AR BE 5 (inverted generational
distance, IGDUS)), FLAF il /N R IR 25 & M RE R U —
FEAL VA RL ¥ 2 [B) 22 5 7% B2 (1) 41 22 FF 1% B & (pure
diversity, PDU™), HAE B 7= BV 1K 2 K B
32 XMHEEZERSHIRE

AFERE T ORISR IR e
SR T LT El AR — 4R R T MOPSO U HLi:,
E MOPSO. MOPSOCD!!®), MMOPSO (MOPSO
with multiple search strategies)!'®); 55 — 2H & it 7Y
MOEAs, #TNSGA-II®, rNSGA-II (reference solution-
based NSGA-ID! L % MOEAD (multi-objective
evolutionary algorithm based on decomposition)??”). 6
i P AR B R AR S 32 B PlatEMORY S it = 21 5
HUE R PR, R 1 hn AR B4R

F1 MLLEZEWIESH
B BERE

MOPSO
MOPSOCD w = 0.4, PMUT = 0.5

w = 0.4, mutrate = 0.5

w € [0.1, 0.5], ¢1, ¢c2 € [1.5, 2.0], p. = 0.9,
MMOPSO -, — 1/n, n. = n, = 20, 5 = 0.9

NSGA-II p.=0.9, p, =1/n, ne = nm = 20
INSGA-II p. =0.9, p,, =1/n, ne =N, =20, § =0.1

MOEAD CR=1, F=0.5,n=20, P, =1/n

ACMOPSO HIZ 5N R 3R IR ECH 100, 5 1AL
Hw YN 0.6, HIEHIE R w, 790.99. ¢+ o 77 i
N 1.05 1.5. Mu H J& 225256 € . BT A SRR R
/NEER100.

U 1) R AR K 38 255 PIatEMO F 6 T 4
T, W E W F: ZDT1 ~ ZDT3 ) 30,ZDT4. ZDT6 )
4 10,DTLZ2 ~DTLZ6 Jy 12,DTLZ1 ; 7,DTLZ7 Ny
22. A< 9256 R4 A Matlab r2018b, T 502 b 3735 47
20 %, FFGu v Fa br 0T A (e e 22). 75 2 35 MK P
24 0.05 I I, 5K F Wilcoxon Hk A 36 SR 67 46 45
RAERBMEER 47— =4 HFR 78 ACMOPSO
BERT 8L T T HAMEE

4 RSN
41 Mu%ih

W15 2.3 75 BT ik, 7 ACMOPSO H 5] A Mu K 4
JRORL (14 410338 25 1), 3 T s T B0 () AR RIOR. 1B
YEEMu € {0.01,0.1,0.5,1,2,3,4,5} FISLIZAT 20 1K )
IGD V- W 2 Frs.

%2 TREIMuBt, ACMOPSO #IGD FHE (FrfE )

problem ZDT1 ZDT2 ZDT3 ZDT4 ZDT6

Muzoo 4783563 52122¢3 6283063 9.1512¢-1 3.8106e:3
u==u.
(1.60e-4) (8.92e-4) (4.72e-4) (3.75e-1) (9.94e-4)

47900e-3 5.1404e-3 6.2146e-3 8.8003e-1 3.7799e-3
(2.39¢-4) (3.99e-4) (4.08e-4) (2.67e-1) (1.6le-3)
43827e-3 4.5779e-3 5.5241e-3 8.0603¢-1 3.1988e-3
(1.34e-4) (2.55¢-4) (3.68¢-4) (2.8le-1) (5.65¢-4)
4.1424e-3 4.0912¢-3 5.367 le-3 6.1068e-1 2.7674e-3
(1.19e-4) (2.70e-4) (9.77e-5) (7.55¢-2) (2.46e-4)
4.1495¢-3 4.0663e-3 5.2241e-3 6.1004e-1 2.724 8e-3
(5.99¢-5) (9.88e-5) (1.17e-4) (7.02e-2) (3.62e-4)
5.0595¢-3 4.8879¢-3 6.6357¢-3 8.8288¢-1 3.9067¢-3
(1.95¢-4) (2.03e-4) (2.30e-4) (6.19¢-2) (3.95¢-4)
6.1292e-3 6.2024e-3 7.6736e-3 1.2155e+0 5.2603e-3
(.11e-4) (1.84e-4) (1.47e-4) (1.75e-1) (6.92e-4)
7.4050e-3 7.0673e-3 9.0837e-3 1.5635e+0 5.780 6e-3
(2.67e-4) (2.34e-4) (7.48e-4) (5.56e-2) (9.86e-4)

M2 [ BB SR mT DU HE: 2 Mu A 2 3
FI| 5 I, IGD [ 359 15 0 b 14 22 15 328 T 9k /), T ) 28 A
PEREIZWT AL 24 Mu = 5, B35 19 IGD 45 B & K,
PERE I 2 M Mu i B £ 0.01 ~ 11, B %5 Mu 18 K,
1GD [ {FZR M3 K, 15 I JR005 9 P BB OR A s 24 M
= 0.01 I, FIE R IGD H K &, Bt SR G ME R 2. X
Wi B 24 Mu BB /ME B, B0 RE IR 7 2 9B 2 O A 2 48
EEERPERE. BAR S Mu = 0.01F1Mu = 0.1,
ACMOPSO ] IGD B A2 /N AH 72 7 AN . 2. 7] DLHE T
2 Mu /T 0.01 B, ACMOPSO ] IGD A~ £ 1 2 1)
NS 2 Mu R KBRS /NS, B0 35 R B
X I RE B AR AN e R BB 4 (1) 2 .

LI LERF: B Mue {0.01,0.1,0.5,1,2,3,4,
5} i, ACMOPSO ] IGD ¥ {8 2 31 2 ik /> Ji5 488 K 11
A4k 24 Mu = 20f, ACMOPSO K45 B 7E IGD & 31
BT PR, 7E S5 SR 1 5250 o Mu ¥ 2.
42 5#HAMOPSOLLE

F3gh T ARSCEE MR MOPSO 45 2 1 IGD
IBEAARE 22, R 4 45 H T & HIEAS 21 PD (13
B bR A 22, B A0 ) 25 SR PR AR s . o b R 7E
ZDT6 75 3 PF 401 6(a) ~ K 6(c) Fiar, K 6(g) M
ACMOPSO 75 2111 fUl PF.
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%= 3 ACMOPSO 53JtL B AR IGD 1HAE
problem MOPSO MOPSOCD MMOPSO NSGA-II rNSGA-II MOEAD ACDMOPSO
ZDT1 9.925 1e-01 1.181 3e-02 4.8772¢-03 1.215 6e-02 3.003 4e-01 1.542 0e-01 4.149 5¢-03
(221e-01)—  (3.42e-02)—  (2.12¢-04)=  (1.54e-03)—  (1.30e-02)—  (5.58¢-02)— (5.98¢-05)
7DT2 1.766 0e+00 4.405 8e-03 3.111 6e-02 3.577 5e-02 3.3508e-01 5.257 1e-01 4.066 3e-03
(4.01e-01)—  (4.27e-04)=  (1.15e-01)—  (5.77e-02)—  (1.76e-02)—  (7.86e-02)— (9.88e-05)
JDT3 9.8282¢-01 2.4743e-02 5.4312¢-03 1.400 8e-02 4.005 2e-01 1.447 2e-01 5.2241e-03
(2.56e-01)—  (3.86e-02)—  (1.18e-04)=  (1.00e-02)—  (4.88¢-02)—  (4.55¢-02)— (1.16e-04)
ZDT4 1.733 1e+01 1.443 7e+01 2.224 6e+00 2.4332e-01 3.3759e-01 4.8198e-01 6.100 4e-01
(4.43¢+00)—  (6.68¢+00)—  (1.95¢+00)—  (1.53e-01)+  (1.03e-01)+  (1.59¢-01) + (7.02¢-02)
- 2.137 7e-01 4.309 3e-03 4281 6e-03 5.843 9¢-02 2.679 2e-01 8.2812¢-02 2.724 8¢-03
(3.32e-01)—  (1.33e-03)—  (2.02e-04)—  (2.86e-02)—  (3.35¢-02)—  (3.29e-02)— (3.62¢-04)
DTLZI 1.257 4e+01 1.786 3e+01 2.209 0e+00 1.1957¢-01 3.318 7e-01 2.5133e-01 2.2879¢+00
(4.93¢+00)—  (4.36e+00)—  (2.20e+00)=  (1.25e-01) +  (4.07¢e-01)+  (3.66e-01) + (6.25¢-01)
DTLZ2 1.037 2e-01 9.934 8e-02 7.267 3e-02 6.978 7e-02 5.072 4e-01 5.513 9e-02 5.253 9¢-02
(1.82¢-02)—  (8.02e-03)—  (3.28¢-03)=  (3.15¢-03)—  (1.32e-02)—  (3.72¢-04) = (2.39¢-03)
DTLZ3 1.813 8e+02 1.086 4e+02 7.606 5e+01 7.839 9¢+00 8.067 7e+00 1.733 6e+01 1.036 9e+02
(3.59e+01)—  (3.86et+01)=  (3.52e+01)+  (4.05e+00) +  (4.59¢+00)+  (1.88e+01)+ (1.01e+01)
DTLZ4 3.3147¢-01 2.9519¢-01 7.3303 ¢-02 1.633 6e-01 4.597 7e-01 6.060 3e-01 7.316 2e-02
(6.86e-02)—  (4.16e-02)—  (1.74e-03)=  (1.99¢-01)—  (1.31e-01)—  (3.47¢-01)— (3.63e-03)
DTLZS 1.432 4e-02 2.193 8e-02 6.608 2¢-03 6.103 3¢-03 3.974 0e-01 3.2472¢-02 4.2793¢-03
(3.46e-03)—  (5.90e-03)—  (3.82¢-04)—  (3.30e-04)—  (1.61e-02)—  (3.87¢-04)— (1.95¢-04)
DTLZ6 3.193 6e+00 4.530 8¢-02 6.8707¢-03 6.047 7e-03 2.3074e-01 3.177 6e-02 4.357 4e-03
(8.92e-01)—  (1.25e-01)—  (6.58¢-04)—  (3.95e-04)—  (4.14¢-02)—  (1.69¢-03)— (2.32¢-04)
DTLZ7 4.368 6¢+00 8.867 9¢-02 2.8184e-01 9.852 4e-02 1.289 6e+00 1.500 6e-01 7.154 9¢-02
(8.39¢-01)—  (8.35¢-03)=  (2.93e-01)—  (1.09¢-02)—  (2.18¢-01)—  (6.59¢-03)— (3.67¢-03)
+/—/= 0/12/0 1/6/5 3/9/0 3/9/0 3/8/1
4 ACMOPSO SxfLb B AR PD 44k
problem MOPSO MOPSOCD MMOPSO NSGA-II rNSGA-II MOeAD ACMOPSO
ZDT1 1.842 3e+03 1.838 0e+03 1.843 4¢+03 1.668 3e+03 5.797 2e+01 6.5362e+02 1.824 3e+03
(3.37e+02) + (3.60e+02) = (3.03e+02) + (2.55e+02) = (3.10e+01)— (1.54e+02)— (1.27¢+02)
JDT2 2.995 5e¢+02 1.497 4¢+03 1.632 0e+03 1.412 0e+03 5.500 6e+01 4.739 2e+01 1.718 2e+03
(5.31e+02)—  (3.40e+02) +  (4.66et02)=  (3.53e¢t02)—  (3.73et0)—  (5.31et01)—  (1.08e+02)
7DT3 1.468 5¢+03 1.741 2e+03 1.642 6e+03 1.698 0e+03 1.296 4e+02 7.691 7e+02 1.778 5¢+03
(3.21e+02)—  (2.64et+02)=  (2.86e+02)—  (3.39¢+02)=  (6.46et01)—  (2.30e+02)—  (8.67e+01)
ZDT4 3.370 1e+02 1.304 1e+03 1.133 6e+03 8.551 4e+02 1.031 3e+02 8.3254e+02 1.622 3e+03
(6.73e+02)—  (1.02e+03)—  (5.56e+02)—  (2.72e+02)—  (7.57et01)—  (2.44e+02)—  (1.56e+02)
ZDTé 1.406 8e+03 1.632 7e+03 1.371 1e+03 1.209 9¢+03 2.1809¢+02 8.063 9¢+02 1.622 8e+03
(5.50e+02)—  (3.18e+02)=  (1.79¢+02)—  (2.08¢+02)—  (3.19¢+01)—  (1.85¢+02)—  (6.67¢+01)
DTLZL 1.821 2¢+06 1.705 5e+06 3.959 2e+05 9.025 9¢+04 1.363 8e+05 1.332 7e+05 1.741 9¢+06
(6.60e+05) +  (7.27e+05)=  (4.04e+05)—  (3.15¢+04)—  (1.05¢+05)—  (9.69e+04)—  (1.45¢+05)
DTLZ2 2.161 5e+05 1.980 1e+05 1.843 3e+05 1.959 2e+05 8.186 1e+03 1.433 7e+05 2.148 4e+05
(1.38e+04)=  (1.63e+04)—  (1.69¢+04)—  (1.88e+04)=  (2.48¢+03)—  (5.11e+03)— (1.16e+04)
DTLZ3 9.061 2e+06 4.857 3e+06 9.363 2e+06 5.623 8e+05 3.946 3e+05 2.914 3e+06 1.007 8e+07
(5.89¢+06)—  (3.40e+06)—  (5.05¢+06)=  (6.21et05)—  (4.21et05)—  (3.28¢+06)—  (4.34e+06)
DTLZ4 5.580 6e+03 7.6163e+03 1.848 5¢+05 1.4753e+05 3.2152e+04 2.904 8e+04 1.342 2e+05
(6.64e+03)—  (9.30e+03)—  (1.82e+04)+  (7.77e+04)+  (1.77e+04)—  (5.98e+04)— (1.42e+04)
DTLZS 6.9362e+04 9.457 9e+04 7.304 3e+04 7.007 9e+04 3.963 6e+03 4.462 6e+04 8.379 9e+04
(8.24e+03)—  (1.93e+04)+  (1.05e+04)—  (1.04e+04)—  (1.37e+03)—  (2.89e¢+03)—  (2.83e+03)
DTLZ6 6.736 7e+04 8.093 1e+04 7.002 5e+04 7.372 6e+04 2.6253e+04 4.607 3e+04 9.662 3e+04
(3.03e+04)—  (1.48e+04)=  (8.66e+03)—  (6.11e+03)—  (6.11e+03)—  (7.03¢+03)—  (4.58e+03)
g 1.456 8e+05 2.069 9¢+05 1.460 4e+05 1.899 8e+05 6.016 5¢+03 1.052 7e+05 2.084 7e+05
(8.49¢+04)—  (1.43et04)=  (5.49¢+04)—  (1.94e+04)=  (1.54e+03)—  (1.14e+04)—  (1.78e+04)
+/—/= 2/9/1 2/8/2 1/7/4 0/12/0 0/12/0
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