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ML, ] P BENLESE /;
k=1;
do { IZEX
X =+ F (X =X /1A% 5
if (X< Ll [x]™ > Up) /AT AbHE
x;!c\\z‘x:/,
J=(F) Y%en;
kt++;
} while (k <n && u (0,1) < CR);
SRAFTPAT R O™ Ay
if ("R T Wbvises
:I=xllC\\ ;
else

P [
Z'=x';

1

s

P(y={,i=1,2, -, N}
)

}

1 ZAWTENN A DE/rand/1/exp B4 KX 5
Fig.1 Pseudo code of DE/rand/1/exp with

Feasibility rules
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Tab.1 Parameter setting of algorithm

EZGETIE 2 ¢ 8 SHUH
N AR 20
MaxFES B R¥EAG % 5 000(EDP1),20 000( EDP2)
F K€ 0.95
CR 28 UM 3 0.98
o RV 0. 000 1
e ARSH 1 0. 8N
T, e ARS4 2 0.4T,
cp e ARSH 3 4

3.3 XBER
3.3.1 4 &5 £k

¥ FR 5 DE 45 G 3 %k X (10) 4b 31 T 5
FHARPR AT Z 1% ¢ AWES DE 45457

KR (10) Ab 3 3y 2858 5 29 AR Ry 7 8 25 4%
FR 5 DE 45 4 I % F oie i 5 35 4 # of) R 5F
YRRNIT %R 3% ¢ XYL 5 DE 456 91 R H
WL T 1 Ak 3R ) ST Al 2 SRR R T R 4.

4 FJ5 % /8 EDP1 Al EDP2 Lt 57 iz 47
30 IMGEIT &5 SR 2 firom. W& 2 ol 0L, %
EDP1 fl EDP2, % 3 M HF £ 4 & R W
MFHE LML 2.4 T EDPL, 7% 2 (H4
W BT AR L, W FZNE e A58~
AW TRIMTF4IRADEFEEER, X2
[H A 2R FH i 1F 7 125 kb B 3y 3RO 45 24 R R A vk
M RCRAR R, 7 58 3 T 8 4 B AR 4k B AR 45 1
fife Xt F EDP2, J5 58 1 1 e LA b 22 (200 T
HRER2ATR2EEEBER TR MR
4 R T HE 3,0 W e AL R AT

%2 47 E% EDPL f1 EDP2 L4t &S

Tab.2 Statistical results for four tests on EDP1 and EDP2 ES
EDP1 EDP2

I B 2 {H R T e 22 RACME 3 {5 REMHE T #E 22
FEL 1544413 15 465. 46 15 499. 12 17.402 2 32 955.35 33 107. 18 33239.68 75.594 12
FTFFE2 15444.10 15 459. 46 15 493. 81 10. 654 0 32 972.38 33 079.71 33251.82 75.081 19
FHE3  15443.57 15 443.57 15 443.57 3. 82E-07 32 698.79 32 705. 12 32 751.61 14.841 84
FE4  15443.57 15 443.57 15 443.57 2.79E-07 32 698.38 32 700. 12 32 702. 80 1. 144 96

4 77 ZEAE P ) A W S0 FR AN ] 2 A 33400 .

K3 s FEM R, Jr % 1T H Ar R AU 33300 e

gl , 3 R FE AT AT PE ML T, 7548 1 1R #k 33200

BRI AT, RARAL 2 od S R M7 58 2 fE & K
A FE T, T LSE Ak s ek B, DR R 4 B 77
2 A TAR/N Y bR s EUE L BRI & B0,
FI b R BB B R 5 2 & PRE D O 1, Wi Sl 22
TES AT BT A5 B T — BOmF ] (HiR & B R T %
it BN T R AR A A0 3 PR g A D R A 45 X 24
AN, AT BRI AT AT AL R & 29 55

15540
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® L
= 15 480
z
£ 15460
15440 +
15 420

0 50 100 150 200 250
ARUE

B2 4#AEEEDP1I FBERIEHMKHE
Fig.2 Convergence plots of four tests on EDP1
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Fig.3 Convergence plots of four tests on EDP2
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758 4 FAR MBS R 1 42 )R B (G A

XFF EDP2, 755 1 MU %8 2 Wy £ B 5 EDPI
H AR AELIA Dy i ) 4 B vy, O SR 1 T 5 2
57798 3 FJT 58 4 MZERR I3 3 MJT % 4
L AR AR, e 9k AE i Bk T AR KA. 7
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TR 4R A bR R BRI AT X
AN -
3.3.2 H5X#AFEHIEK

SCHR A AR 22 5 X% ) AT TR A,
TR K B ¥ (simulated annealing, SA) N Vi
B ( genetic algorithm, GA ) el N VAR ol 1 < NR TS
(particle swarm optimization, PSO ) T R T AR
¥ R 4t (artificial immune system, AIS) Ol X e
2 KR 3 pR RO R R A AR, OF R 2 TR A
i BaEAT T k.

BMEIEWN G TS RN 3 3k 4 iR R
R T & RETE Z B AT T AU A - ME
T 22 BRIV ¥ 22 . K S0 B0 30 ) s v 22 R 00, X T R
BOTAE KB, PSO 1 GA #4420 000 7K ; CPSO( cha-
otic particle swarm optimization ) 2 ¥E SCHk[ 7 ]
ARG R R AR B9 S, [ REHE T Y R BT A Y 8K
AR T 14 400; %F F SOH_PSO ( self-organizing hier-
archical particle swarm optimization) '™*' | 7£ EDP2 |-
(AR B0 2K B T 400 AT 500, B H: bR 450 AR ik
AT 125, ek BOTAl YOEd 23 51 50 000 A
62 500, 8 /5 58 3 M5 %€ 4 78 EDP2 |- ) 35 Ko
HOEAG YR 20 000. 38 53 33k LE B T, J7 %8 3 AT
2 4 7€ EDP1 Fl EDP2 | i it K R BOPEAS B (43
51 5 000 £l 20 000) J2 Ho A A

®3 ZEEDP1 EEHZENFKITER
Tab.3 Statistical results of some algorithms on EDP1

E
Ak ROUE CFMME ERE bREE
SA 15 461.10 15 488.98 15545.50 28.37
GA 15 459.00 15 469.00 15 524.00

PSO 15 450.00 15 454.00 15 492.00
CPSO 15 446.00 15 449.00 15 490.00
SOH_PSO 15 446.02 15 497.35 15 609. 64 —
AlS 15 448.00 15 459.70 15 472.00 6.25
% 3Bk 15443.57 15 443.57 15 443.57 3.82E-07
JrEE 480 15 443,57 15 443.57 15 443.57 2. 79E-07

*4 EEDP2 FEHZEMGFITER
Tab.4 Statistical results of some algorithms on EDP2
ESH
(RS RACME 3 {H REME ARHER

SA 32 786.40 32 869.51 33028.95 112.32
GA 33 113.00 33 337.00 33 228.00 —
PSO 32 858.00 33 331.00 33 105.00 —
CPSO 32 834.00 33 021.00 33 318.00 —
SOH_PSO 32 751.00 32 878.00 32 945.00 —
AIS 32 854.00 32 873.25 32892.00 10.8l1
FE3HED 32698.79 32705.12 32 751.61 14.84
FEE 4 5E Y 32698.38 32700.12 32702.80 1.14

MFE 3 AU, X F EDPL, 22 3 fIlT 4 4 1
SR B AR T T LB 0k L Rt A T A
KA F A AEAE TR 5T eR 00 7 15 25 5 1 Wit
TR, SR W 4 T AT 1, 725 2 WSS 30 Jmy 3 e

M 4 B W, % EDP2, 5 5 4 R A 6 b
o E S E U Y 5 T T 2 3 B4 B AL T A
e H UG AT UL, X T 4 R R R Y [R) A, R FH T e AL
T b 3 24 R ROCR T 2R 0 T v AL HL )
R RIG ,FR H & 29000k B BE R 15 48 47 1 4%
B RERE & AL MRORTEAE.
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FAATPERLIN 5 e 2 SRk S E A0 B 3 v 7 il
A 20 A 5 % A8 DATE B SCHR P, BOARAT AR
Z W) E L BRI R SK fifg EDP[R] R, {H R0 73 24
HOAE BT A AL LB S SRR B A T
EDP [0 B AN 38 45 5% Al A7 PR R A & 24 33k
AN JE R T —FiokE EDP A ) 2y - i 24 3
B AN SE AR 7 5 S 45 R 3R], R %
J7 i, IV R R ] e A 1 25 03 BEAL Sk W RE
SRAFAEH A 34 T
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Study of Constraint Handling Methods in Economic Load Dispatch Problem

WU Qing', ZHANG Chunjiang’, GAO Liang’

(1.School of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2.School of Electrical and Electronic Engi-
neering, Nanyang Technological University, Singapore 639798, Singapore; 3.School of Mechanical Scinece & Engineering, Hua-

zhong University of Science and Technology, Wuhan 430074, China)

Abstract; Economic load dispatch was an important problem in power system. Some constraints existed in this
problem. In the literature, penalty function methods were usually used. However, it was difficult to set proper
penalty coefficients. Feasibility rules and & constraint method were two popular constraint handling techniques.
However, they were not efficient for economic load dispatch problem. A constraint handling method that could
transforms the load balance constraint to two boundary constraints was proposed in this paper. Taking advantage
of the load balance constraint, variable was solued by using approximation method and the root of quadratic
equation. Therefore, two boundary inequality constraints were added for the variable. Feasibility rules and & con-
straint method were used to handle the constraints. Two classic instances were tested in the numerical experiment
part. The results showed the proposed algorithm could obtains better solutions than other coared algorithms in the
literature.

Key words: economic load dispatch problem; constraint handling method ; differential evolution



