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Fast self-adaptive differential evolution algorithm for power economic
load dispatch
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Abstract: A fast self-adaptive differential evolution algorithm(FSADE) for the complex nonlinear power economic load
dispatch problem is proposed. In the view of vector operation, the mutant operator of basic differential evolution algorithm
is analyzed, then an improved mutant operator is proposed to improve the convergence speed greatly. According to the
individual evolutionary process, a self-learning mechanism is introduced to adapt the mutation constant and crossover
probability constant. As a result, the robustness of the proposed algorithm is improved. To demonstrate the effectiveness
of the proposed algorithm, three classical test cases are conducted and compared with four other intelligent optimization
algorithms. The experiment results show that the proposed FSADE is an very effective algorithm for solving the power
economic dispatch.

Key words: power system; economic dispatch; valve-point effects; self-adaptation; differential evolution

—

=

2otk AR 2 AR R 204 ) L SR A 1% 1) 7

L) R GE 22 % S Ay 73 i (PED) A 4 e HL D R 48
(2D AR E PR RAT H 2 3G, H Ao AR AL
HUHLALRTHL ) R AT AR A0 T, FE% B LA
5 B 2> HC AT A A AR /M. (EL R T L
21 1 R8N R AEAE, HLAL RGP s O — AT
(AR 2k o 2, RN, B2 R LA IL RE I TR 4
R RE M A8 2 P PR BRI, A 73 ) ABUSR AR P T A7 AR 1 2,
RO, ) ARG TE g o) o A AT R 4R AR

NS IUBCY 7 o, IR . YO et
W%, Bk FLA OB ST 9, L SUT T,
DAL B WA K I R, 25 i
R FL b B IR, (ELBE 2 KA 0 2 S,
SR B, T4 O

HEALSETE (BAY S S BN AR REFE 5 125
HELIBE A2 S, e FL bR o8 O 6
NYELETE, T LS, PR RO FIPER S AL, 22
SRR ARG SEAARA UL B 807 5, 36

K H AR} 2258 4 5T H (60835004); [ 58 H AR B2 FE 4T H (61203309, 61104088); WG4 HH T

AT H (12B043); WG4 HAR B IE AT H (10079007); WIF 4 7 A0 454018 6 11 H (2010XK6066).

Ui BEA: 2011-11-07; {&[E HER: 2012-04-27.
EEWH:
1EE =N

RICLL9TT-), 5T, BIEHE, WL, NHB RIS SN T AET 58 TRERI(1957 ), T3, 3%, [,

MR REE L R RE AR EALBE . B REFMGR AL B AR AT



558

* e 28 &

RIS T U AN N . S R AE 2 T A
oy EC P B AT B 1)z ok 4101 22 O AL B
% (DE) /& Rainer #ll Kenneth!'1-F- 1995 4= JL [A] $¢ Hi ()
o FPR R R R, AR IR R b BEAT B AL O
AT\ R RS, DE R ., 52454000,
Sy T ERAR ARSI, 2 2T i AR REN LA S E . —.
WAk, DEAE & — it fie w2 Bk i 0 A0 5002 H 76 52 3
I, A ATt R B, [ I A g vk PED )
R TR T ). STk [12] 45 & sl ke T
— BRI UK IR 5 22 23 JE AL LV (HDEDP) H T
KA % R8I AR ¥ PED [, JF 5 ook ) 3 46
RISEEIEAT T HOB A M. SCHR (13142 1 1 —F B & Y
Z2 03 HEAG S0 CASK AR 25 18 22 PR Rk ade P25 M AR I 5524
N (1) PED [n) L, 43 3 T8 ar A A 45 R i3 2
HH TG N RS B AT A S R R S, 2R b
U7, B AL T S H0EFE, AR KR HAE, X
DE 1E i F e OR FLA

A SCARPEA AR B R P PR, 15 5 N2 1)
JAFIL T AR ) 25, 31— R B A B e
(250 H 3 S G [m] I, R T B e Sk i S
MR B35 IR A 0 AR S B EAT 3 A, SR Ao
(R S SRS . AR SC BT B A TR et S0 g PRI O .
2507 WAL 5 (FSADE). 3d It 6 22 AN 28 5% 471 af 43 i 1)
AT U7 FLOT 9T, I 5 oAl 2 M Re LA VR kAT T
FOAR, SIB6 45 SRR W], A SCT7 & —Fh K it PED Jn]
AT T2
1 H) R G 53 e B A Y
L1 B#REH

PED ] {8l & 753 & RGBT L RS It &
i R MHLA D &, AT R G0 R A R /. o H AR
PREN

M
min Fr = ZFj(Pj). (1)
j=1

Hr: Mo RGN KBHLSEL, Fr o RS0 K B
M, F; o038 5 & R BHUFERR M, PSS j & R AL
WA DT,

X TR HURE R ), — R 6N I KR
HOEAL R R A

Fj(Pj) = aj +b;Pj + ¢; P},

Hrraj, by F e; AR BHUFESRHE 2 R 2L

H T VRAE AL SR SR T JE I 2 Ak 2 I %,
TENLALRE TR T 1t 2 13— ANk sh 2 R 9 7= A2 1R
RN BE G, 2066 1) R R0, 25 Al SRt R i 52 3]
HERTS- A1 B W R AN YN IR S e R W

2)

Fj(P;) = aj +b;P; + ¢; P} + |d; sin[e; (P; — P/™™)]],

3)
Mo d; Al ey JoRERASVE R AL
12 #REH
R AHLZAT AR N
Ft < Py < PP, )

Feop P PRI g 3 § 6 R L BLAR R A T A
ENER.

IR TS
M
> Pi=Pp+PpL 5)
j=1

Herh: Pp N ARG, Py A RGUS 5. B
KRR B RGBSR, HH ) R E i E A
I T LA 45, AR SCAE TS 20 1 R 458, Hoi
L HOAT R4k

M
> Pj—Pp=0.
j=1

2 PRI E IS 2 S A SR
21 BEXRESHNEE

ZEP LI I NP A n 4E S HUR 5 X = (2,
aly, oo @t ) (i = 1,2, NP) BB — AURPREAE A R
A BEAT AL, o NP Oy FE R, n Ay () 85011 ok
FAR AL, ¢ AREL. VIR AL 2 50 8] B L
A2, IENAT S A S ] AR B R — AR, X A
— EARANRBEAT AR T RIAT SCERAE DL AR A, 4R
Ja it H AR AR RARIG ARG T B A, DA FRIE Y,
E AR AR N AR

T8 — H B AR XL, 6T AR 7 % =V
(v, vly, -+ 0k) R e

V= X0+ F(Xp5 — Xps). )

Horp FOOR T RS 3, PRl A2 S o B, 1) 22 53
I (P46 T30 DL BE 9 2% ) 455, AR i Storn Al Pricel!!,
F R HBUEYE R [0, 2], 758 Ba A0 H I R, F R EUE
— A0, 10; 71, r2, #3248 H A F A AR 5], B
BUBCE T RORESE {0 = 1,2,--- NP}, [, X2 5]
5957 HARAMER S0 AH R, B UM A g 2>
T 4.

AR S 2 AT A SCERAE, LA AR RIS AR VL K

(6)

T AR R, i T AR MME U = (uly,
u12§2’ e 7u§n)’ i
ut — { vj;, rand j < CRor j = rand n; )
ij x};, rand j > CR and j # rand n;.

Hrp: § =1,2,--- ,n, rand j 4 [0, 1] 2 0] ¥ 5] 43 A
PIBEHLELG CR O AS SO 2, SLHUEYE A (0, 1];



5 4 1) FraF ATk gEN E 5 E RGN RAKRZF AT 559
randi € (1,2,--- ,n) R —BHGEFEMZRRS], DR R AR S 80A & N kg, w1 TR,

WE U 2045l VE ok, 5 0 0] e A
A= A T3 BN BEAS IR AEAT AR Ak, AT R BN
.

A S 5 R IS AR R MMA UL S XY
AT SE 4. B UL S MY JEAR X AR S sl S0 I, #ik
YEFAG B0, HHER XEAE AR kR e s
TN

Xt = { UL, F(U) < F(XD); )
X!, otherwise.

AR NS, [ U S X RIIE N ARSI, U}
WAL RN — AR, IX AR T AN DY S )
PR IX AL 3)).

22 TRBEEBUGE

1 =X (7) AT 40, &K DE #9748 5 45 4 o FH R B A
e EE R & X 2 B ALIE £ 1) 3 A [ AS 44 b i
WLEBE 1), XA R T HEE T2 RER, (EARTH
ISR 2 g m. T IR SO e, AR SR
EHE I A — R SO A e H . AR TR R
I, 8 3 AN BENLIE R T AR R R m MR =
P38 N FE AR R /INHE P, v 3 S R AR e AR ) /441 ol
Xty LA XL, T 22 A A d D XE,.
MR SISO R 1 AR B, AR R R AR T AR DL XY AR
SRR (L XY, h 1), RN 2540 e R AR 1) X2,
RIBA (XL, — XL,) b 285y Rk, 1K P seadt 1) 4% S 4 A
JrRE N AR

Vi = X0+ F(XT, — X1)- (10)

i X (10) v %0, ok AR S R AE AN 2 — o
MBI R, 2K B X, AR08 20 R
(X!, — XL,) J7 AR, SRR TR ok . H
R, A MR BEREAT AR S 1) 3 AN R A A Y
FRRE b B ATLIZE B 10, DRI I Pl s 1 A2 BE AL P 1R A
M, AR R L2 R R MR
23 SRBIEMNERK

DE (1748 7 £ F FIAZ XOWE A 5 CR 0 S (1)
DAV B AT 25 T2 (1) 52 A H, T 36 4955 3 1) 97 ¢
ZHOGH 5 A G, AN R LA 18] 80 WY 25 AN [F]
M HIZ 5. R4 DE SEM AN AL [ —A F
M CR, H F I CR{EHEA AL B o 2R FF AL,
N T AT S H R E BT T A i), B8 s A A
Pk, SCER [12-151 42 B 7 AN R0 B O B 5 m, Al 4%
IS HAEA R AR 7S N AR AL, (HIX 2
18 N WS B A R e 5, AR KHE B 1.
A SCAR B A0 A ik 2 AN IR 3R OIR S, 48 H Rl

¥ FHCRZ 5, & — A E XX —
AN F! R CRE. WAL, Ff 7245 5 3 [0.1,0.9] Y
BEHLAE Rk, 1T CR] 7E45 58 3G (0, 0.91 N BEHLA: k.

X! F' | CR;
X, F, | CR,
| X, | F., [CRry, |

1 MEGREBIER

FEHEA TR T, W AT AT AMAIE 2L o AR (1 5 48)
ANBEAE AN TEAR IR IR AN A, T 0 B A 1) 24 i
PERISHON G &M N BRI R L, fEfE 8 o
R MR —ANAERA R T — DB A TR FAE,
TUIEA Ay T2 A A T 22 7 42 1) 2 0 G 3 P i £ P
N TR AR, BRI, Y mi R v 2R e BE AR R 4 A
A K R 22 TS A IR ) 2 B0 A > Ao b i
WS AR, ANEE M IS B E
I [] 2 AR e 5 0 AR R S 0 2], XA
BEATEAL ) — MR A

P UL B AR, A S I B A ST RE I S 4L
[ 38 VG 1 SR

F =F+(1-Ci/Cy) * (Fy — F), (11)

CR, = CR,; + (1 — C;/Cy) x (CR; — CR;).  (12)
o B R0 CR; 43 00 A A X210 22 i 78 e RIAS S
HUH, FYRICRY 435 k>4 i Pl v 455 82 ool o 8 i
2 [ . (R AR S RS SCHHUE (e S IS i 2
0., C; AR X, 18 Bk Sodk kg, Cy o i K R
THECEE B B RTCRE U 43 5310 Dk 3 8 9 3 5 1 AR
SRS SCHBL X, (1 — C/Cy) BRI S K, Bt
SO PCES B /D B AN AT 2% ST DA UK (1) 3 6 3 ) 458
IS8 S 2, i Bk S RO 2 A R
515 S BRI Ry A 3, DAL 27 2] 20 Kbk (1) B
SEIECEHE G B C U N W s S B L 5
R, A AR R o ARB e P AR T A AR AN 1A
(I 25, Lh— 5 (02 2] K AN i) > i e B v i
HIEME RS HEER, B A% M6

IR S BT N SR S e N A S AT A A
o), 5 )56 DE AH ECTHR S 2% B B IR /S, 5] 2 4500
WIAEAL 45V W7 58 18, AT (142 1 2 B RR A% 5% 1)
B FARAMAAR 57 L A8 SRR B 1. Tl A % ok
s, TRk i) G 200 2% 5 3 1 7R S R AS S
HfE, SVLRERR IS Ok AR A B Ak B 438 1l
SHUE, NI T SR 1 SRk



560 =

S %28 %

3 PED [a# i) FSADE K f# 75 ¥
3.1 ATILRENS

F I (1) A (8), Lol A8 5 M AT X 2B B K
B ANAEAE A i 2 55 LR (6). H 7 iR 2 XK
FHAE T e Rl e S UC AR AE SR BRI A SR AT M — 1
AR L, AR 1 AR R R A R ORI e, (HIX
PR by 38U YRR AN AL IS 1T 2R (4) 1
T FRTC R, KRG 7 A2 B AR (0 22 R A
WSk 5, S BOCTE S B 2 R S Uik, Xk, ASCRH
PR T ANTTAT g i e % A2 RO RN 5 4R AR R ]
a8 (85 sRAAOHT HET, BEA R UEAF AW AT L.

WAHAT 0 P, = [Pi1, P2, -+, Pin) i 2 5
AR o

M
D; =Y Py - Pp.
j=1

X M HEAR B Py, 125K (14) F(15) Sk 5 B pmex
FIFBR Pmin 2 2 (j = 1,2,--- , M, L FRZELAIE
#o, 1

13)

Pi:PimaX7}3’i:[ﬁilaﬁi27"' 7ﬁiM]7 (14)
Bi:Pi*Pz'min: [Pi1: Pig, -+, Pyl 15)
SR, MR & e AR B T RA B FE VR ORI, 4 D, 3B es %

YR i, SRIFA YRR TR A AP,
D, >0, H

Py

AP, J

Di?j:172a"'7M7 (16)

M
> Py
=1
W4T A R HE AT B AT A R
Pl =P — AP, =
[Pi1 — APy, Py — AP, - -+

M D; <O, A
Pij
M

> Py
j=1
YU RTA T A AT B ) mT AT AR Ay
P/ =P, + AP, =

s Pive — APjp]. (17)

AP;;

|Di|’j:1727"'7M5 (18)

[Pi1 + APy, Pip + AP, -+
BiEniE
Step 1: FILAALFIEERUAL NP, H-4% v 47 A FE AL
TIBEAT P B — AN 22 50 AR e R AR R FD,
2 X MEFR CRY; 76 S 30 M BN AR AL B — SNk
R NI T, &t =1
Step 2: T FLAEAN AR IR WY BEAE, 5K H 4 A A
rh A Y AR S s A X,
Step 3: HIWr & i L & L4 R WIR H, &

s Ping + AP;py]. (19)

3.2

AT 25,

Step 4: JIBr & — A X, (138 B FEAH I SE o AU
A AT, M AR 451 250 F, I CR;
Fe 20 (1) Rl (12) HEAT LIS N3, 19 28T 1361 240

Step 5: XJ & — MK X! AT LA K Step 6 ~ Step 9,
AR ¢ 4+ 1AM

Step 6: TEFTEE P BEALIERE 3 ANA A4, 422X
(11) FEAT AR 4 A, A A A V2.

Step 7: %3 (8) MEAT A X HAE, AL A% AMA UL

Step 8: XFIREAMA U BEAT AT LI HE.

Step 9: #%3X (9) AT BEHRAE, 2Bt + LAR/ME
X

Step 10: ¢ = ¢ + 1, I [1] Step 2.

4 HHHH

b B UF A SC FSADE $5903 R it i 4 Ay L A af
TR 22 29 SR A2 % PED ALAK 1) R A 28501, X6 3 ANAS
[ B A (1) 4 8 PED Il @ 0EAT T 05 FLAF AT, 55 HoAth
4 0 A BB A0 BV R AT X L S G, T Ak R K Bk
(EP)H ek 5t A% 5 6 AGA)YS. B W 5 ki 7 B AL
5L (SPSOYT! LA K XU i 45 2 43 3F Ak 592
(HDEDP)!3), Sz v Jir 7 55451 35 2% 6 2 4 7 114D 1R
PRGN, 22 P 451, FSADE S35 (1) 52 50 2 8 2 1 fT
7, SO SV ) 2 B B W6 N SCER. FSADE %7K 5
RUEAT — RIS 40 B 3G 3.

%1 FSADE &AL 54

o FOEEBINP BT BREHRF ZAXEEHCR
1 30 50 [0.1, 0.9] (0,0.9]
2 50 300 [0.1, 0.9] (0,0.9]
3 100 600 [0.1, 0.9] (0,0.9]

F50 152 3 0L 6 BEEE R S, S fifar Pp = 850 MW,
HA 2 2 13HLR S, &gt Pp = 1800 MW; 5441 3
JEA0NLARG, B Pp = 10500 MW. & 541 ) J5 4
B4l 2 WoCHR (4. 4 T vl IR BEHLYE 52, & — 541
LI 5 BB SRS 50 k. K2~ RAGH T
LR SR EERE S AT R, H Fuains Fiax M Finean
439 2 50 R AL IS AT P SR AT K B b ek EOE 1) 55/
1B BRI 35 1H.

H 32 ~ 3R 400, B0 1 0 4k BRI, SPSO.
HDEDP UL & FSADE #4848 % R 5 AL, Bk 1514 H
b R B /ME A [R], H HDEDP 45 Y 3 R % 31 e A,

*2 BEOHNHHEERLER
%  FSADE HDEDP!? spso’l  1GA® EP!*!
Fumax 824159  8234.07 824158 8361.86 8315.14
Fmean 823583  8234.07 823695 824501 8259.34
Fmin 823407  8234.07 823407 8241.58 8234.07

in




4

FraF ATk gEN E 5 E RGN RAKRZF AT 561

3 EH2IHEHERILR

7%  FSADE HDEDP!?
Fax 1814533 18239
Finean 18063.67 18131
Fmin 1797281 17979

spsol”! IGA®! EpP#

18443.66 18789.89 18658.33
1817745 18413.73 18358.56
17972.88 18277.41 18232.37

F4 BODBTELERER
%%k  FSADE HDEDP!
123102
122702
122177

SPSO!! IGAP®! EP4

Frax 121512.58
Frcan 121390.08
Frin  121265.46

128 844.66 129519.40 140537.81
124070.40 129519.40 136077.66
122108.98 129516.40 131460.05

Il EP F1 IGA 5 /) #B 4k A B e A s BLAR SPSO i 3K
31 H Ax R £ i KA IS A T FSADE, {H FSADE (1)
BT SPSO, ¥t FSADE 5% E SPSO Hfa i, &
et sk, XF 45745 2, SPSO 1 HDEDP 5 FSADE filf
K AT H b e B0 B /ML A AHALORS B2, {2 FSADE Jit
SR AT R - 35 AF A 5 KA 35 ) S 000 Al 4 o B0
EP Fl IGA 35 o544 2R B AR, SKARKS BEAR. B A 4
HRy1G I, Tn) ) 52 AR R s, 491 W 5541 3, SPSO,
EP FIIGA [ 3K ARG B2 R 72, W T i 4k 52 = Ak i)
15 BN J 6 5 A0 i BL AR HDEDP 8 A7 %8¢ i 11 5k
il 5 B, {1 FSADE ¥ v 550K FEE g (1) 23 A 175 10 5 W
WAL T HDEDP, 3£ B A SC L JE i Y KL 248
i AR MR AL ) A T
TIAN, AT U AR SO ) Ok AR S AR A
H 2% > e 7 1 2 550 B Y SR IR 8k, LA 2 0k
Dol B, 55 He A 7 43 Al SRV RN SR [13] H 42
1) B I& I 2 43 3F A6 535 (SADE) HEAT LU, SR AR 22
O3 REAL S 10 A8 S H B B RNAS XOBE R B CR I
0.5, SADE ]2 £ ¥ & W, SCHK [13], FSADE (1) 24k
EFH. 3 RS R RSN 5 B AR AL 0l Ay
50 F1300. A Tk G Bt AL A1 o 1) s e, R — R
FSTIZAT 100 IR, VI mA IS B BE ih 4 an 18] 2 s,
1.89
1.87 I\

1.85F W
1.83}

fitness /10*

1.811
1.79

0 50 100 150 200 250 300
iterations

2 REEZEKBEG 2 B FERANER B dh 2k

FH & 2 7T 411, FSADE H 1R FH S5c i 1 in i A2 S
S, LRSI R I P L 100 YR SIS R I, ol
B SR RN R VLI A SR A R B8 D5 TR,
TR B 27 TP 2 1 2 B3 AT 15 38 A 1 5T,
S B SRR R, LSRR B T Bk

] . M 2 3B TT L Y, SADE B AMAAT X B [ 7
24, BRI A E N AL A g R 5 =, A
IS HOE SNSRI, I THEAZE oy A
Il o I 4L

RT3k 20 B AR SR ) S O N SR 11
H 2% 217, &3 R 4 53 5il45 T FSADE K il 5451
2 N AR i K0 P RN AE SCH B CR IR H 3 Y AR 4 1 DL
M3 FE 4 0T LU, BEHLAT AR A IR 2 6 2 B b
HEAC IR BEAT AN T 1) b A b A 3 R4 ) 2 80 ) 9
T, F5e 24 K 22 HUA R 1 92 11 2 A WA S el o A o I
Hr Ik S BT 6 TR 2, AR S i H P AN X
£ CR 43 EHL 0.146 F10.174 J2& LR AIE ).

v 0.9 —— — v 0.9
= i * **** = *
go07p L. TN S 0.7 1
3 B * * 5 . *
g 0.5 A . *x . *q-'é 0.5 . * ****
g 03F . Dlogosgp re
< * * * * ¥ x4 K
o 0.1 o X * o 0.1 #* N )

0 25 50 0 25 50

individual index individual index
(a) t=0 (b) t=50
o 0.5 - o 0.19
5 = 018
S 04f, 50
5osl" . . 5 o7
=i * . N £ 0.16
< - o e « < s % * * o okx *
b=} 0.2 bt TS ey 8 0. 15 By 25 St s £
(=9 . o .
0.1 0.14
0 25 50 0 25 50
individual index individual index
(c) t=100 (d) =300

B3 FSADEKBREHI2MEREL FBEMTTE

09 * -
2 . ' 2 07} .
SoTFT L, s
et * *
% 0.5 ' * # LR % 0-5 * %
g * % ** . E 03k ** U ¥
s 0.3 *: P s VOF N * PR
= . ¥ % o a *g******* x ok ¥
o 0.1 * * Lk 0.1 N
0 25 50 0 25 50
individual index individual index
(a) t=0 (b) t=50
o 0.40 o 0.185 "
5 * =
S 0.35 . |
5 030}, 5 0-180 .
15 5]
5025 * % 50175 Bk Kk ke g d K - ****
E 020 ****:“** *i**%**ﬁ* *********:*i :e **%ﬁﬁ*** BT
0.15 M £0.170 :
0 25 50 0 25 50
individual index individual index
(¢) t=100 (d) t=300
4 FSADEKBEHEGI2 XX EH CR W BIEMN T2
5 4 &

ASCR T — Bl TR AR AR rE . 24K
KR W I RGEA T g 23 P4 ) L AR NI 19 3
Z2 oy B SEIE. Sk LUK RIS SO0 FE A, 0 AR S AR
BEAT T ik, A5 A SR SR A RS RE T I T3 T,
RO T SR RSl 2. A I, AR 4 AR k4
LR, I A5 U 2 2 B0 AT B A b 2,
g T AR R S B0 E X B OB, S T



562

* e 28 &

TR ERETE. 10 25 L AR, AR AN wT AT il i S
A5 LA OB RE AN - A7 8 (10 T A Bl R, 0 AN AT AT figp
A7 AT PR B, AR ORAE TR I AT E. X 3 AN
FASE iy e Y S AT T LTS, OF 5 LAt 4 R g
YA T IR HEAT T HAR, S 4 R R W], A STk —
Toft SR AP R HASE v, g 28 e 48 0 Sy 0 . ) AL 28K T
. B TRSAR AT SO R A LB SN R 5
PRIV, Wz ) ARG Al DA i) AL

2% ik (References)

(1]

(2]

(3]

(4]

(]

(6]

(7]

David C W, Gerald B S. Genetic algorithm solution of
economic dispatch with valve point loading[J]. IEEE Trans

on Power Systems, 1993, 8(3): 1325-1332.

Lin W, Cheng F, Tsay M. Nonconvex economic dispatch by
integrated artificial intelligence[J]. IEEE Trans on Power
Systems, 2001, 16(2): 307-311.

Ralin A J, Alun H C, Brian J C. A homogenous
linear programming algorithm for the security constrained
economic dispatch problem[J]. IEEE Trans on Power
Systems, 2000, 15(3): 930-936.

Sinha N, Chakrabarti R, Chattopadhyay P K. Evolutionary
programming techniques for economic load dispatch[J].
IEEE Trans on Evolutionary Computer, 2003, 7(1): 83-94.
Berntly, e R, B, 5. BT OGRS g
RGLTT AT 0] B HL TR SR, 2003, 23(3):
59-64.

(Hou Y H, Xiong X Y, Wu Y W, et al. Economic
dispatch of power systems based on generalized ant colony
optimization method[J]. Proc of CSEE, 2003, 23(3): 59-
64.)

Park J B, Lee K S, Shin J R, et al. A particle swarm
optimization for economic dispatch with nonsmooth cost
function[J]. IEEE Trans on Power Systems, 2005, 20(1):
34-42.

IR SE, R, BT AR TSR ) R g
PRI ICT]. HLR B, 2006, 30(18): 8-14.

(Zhang X W, Li Y J. Self-adjusted particle swarm
optimization algorithm based economic load dispatch of
power system[J]. Power System Technology, 2006, 30(18):
8-14.)

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Chiang C L. Improved genetic algorithm for power
economic dispatch of units with valve-point effects and
multiple fuels[J]. IEEE Trans on Power Systems, 2005,
20(4): 1690-1699.

S0, BB, “RIGEARL. L) RS2 B g 20 B KN T
BRI SILL]. AR, 2006, 30(23): 41-45.
(Meng W C, Qiu J J, Bian X M. Artificial immune
algorithm integrated with chaotic optimization for
economic dispatch of power system[J]. Power System
Technology, 2006, 30(23): 41-45.)

FEFEL, whTT, AR FE T R RO R LA T 7
¥ 28 5 S 3 PELT]. R BT R 27441, 2005, 25(24):
90-96.

(Wang S X, Han F, Zhu H J. Economic load dispatch based
on improved mutative scale chaotic optimization[J]. Proc
of the CSEE, 2005, 25(24): 90-96.)

Rainer S, Price K. Differential evolution — A simple and
efficient heuristic for global optimization over continuous
spaces[J]. J of Global Optimization, 1997, 11(4): 341-359.
Fug, FAT A, DR T TR U2 75 HEAL IR L)
RGLTE U 2y MEI]. 32 Y3, 2009, 24(8): 1156-
1160.

(Wang L, Huang F Z, Li L P. Economic distribution of
power systems based on hybrid differential evolution with
double populations[J]. Control and Decision, 2009, 24(8):
1156-1160.)

Balamurugan R, Subramanian S. Self-adaptive differential
evolution based power economic dispatch of generators
with valve-point effects and multiple fuel options[J]. Int J
of Computer Science and Engineering, 2007, 1(1): 10-17.
Wu L H, Wang Y N, Zhou S W. Self-adapting
control parameters modified differential evolution for
trajectory planning manipulator[J]. J of Control Theory and
Applications, 2007, 5(4): 365-374.

Wu L H, Wang Y N, Yuan X F, et al. Multiobjective
optimization of HEV fuel economy and emissions using
the self-adaptive differential evolution algorithm[J]. IEEE
Trans on Vehicular Technology, 2011, 60(6): 2458-2470.



