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Application of multi-strategy artificial bee colony algorithm on optimal operation of
cascade hydropower stations
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Abstract: To accurately and quickly solve the optimal operation problem of cascade hydro-power stations is a challenge in the
field of water conservancy. A new multi-strategy artificial bee colony algorithm was proposed in this study. In order to better
balance the global search and local search capabilities of the algorithms, two representative solution search strategies were used
in this new algorithm,and they were combined to form a new search strategy while retaining the original two solution search
strategies. Therefore, the new algorithm contained three candidate solution search strategies in the process of searching new so-
lutions , which was convenient to strengthen the adaptability to various optimization problems. The adaptability and feasibility of
the new algorithm were tested in the classic benchmark function and applied to the optimal operation of cascade hydro-power
stations. Experimental results showed that the new algorithm had the advantages of stronger adaptability and faster convergence

speed.

Key words: cascade hydro-power stations;optimal dispatch;artificial bee colony algorithm;rate of convergence; multi-strategy

s HE:2018-10-08  {&E HHF:2018-12-19 [ 4% H AR A 1] : 2019-01-22

P 2% H At Ak - http: //kns. cnki. net/kems/detail /13, 1334, TV, 20190118. 2139. 006. html

ESTR: EHERARE 4 (61261039;51669014) ; TLVGA HE T bR % B35 H (KJLD13096)

EE BT AL (1994, B LA S A, EEMCF R IEIIFE . E-mail : 1332729941@qq. com

BISMEE PIME1959—) . I3 VTP JUIT N 38045 » 5 %2 2 8 R TR BB 506 SN FF 9T Rough 48 SR 5 VA8 70 AN S5 I Bl 5738 7 R 45 0y
S . E-mail : sun_hui2006@163. com

« 196 « KA TAAR



GIRCE PR B NS 3 A b &R v D Rl ol

FEGOK Al AL T BE L & — > R e 2 2R
LA R, A DR e R P A% S A ST YA 2 I S
o PG A 2 ] R 174 A5 TR0 R OR FHSE 4 1SR A it
A s DA 3] B A 5 2 A TR AR T B AR T 2 A
FRAFTT o PRl B 0 SR i i ) R ME s T TE . A%
G5 )5 AR RE R A R DG A VR B TR ) 20y
TR o AR B8 7 AL 4G - 26 1 BRI (linear pro-
gramming, LP)™ JEZ 4 #%)] (nonlinear program-
ming, NLP)") | % 25 1 %] (dynamic programming,
DP) HIR & 48 1k (large-scale system, LS ; BER]
RE 45 « A T W ¥ (artificial bee colony, ABC)
okl Wy Bt ® 3 (ant colony  optimization,
ACO)™ |38 {5 3% (genetic algorithm, GA)™) ki
FREE E (particle swarm optimization, PSO)M 4
1R 58 J7 1 RE A 5UA R B 2 7K v 3l 9] B2 [ T, (EL X
FROK HL S LA I BE 0], AN 5 vk B 2% HAFAE
“HERCR” Ty BN R ISR B A . AR AR S T
TR ARSI A S OIRT A SR A RS RS

2005 4, + H- H27 3 karaboga N fiff 1tk 2728 Bt
PRALIR) L, $2 4 T ABC Bk, KB A IRSGHEE TR . 2
Bl BRI IR B A& AT AL
BRI A AR Y S R E L
BReT T ABC B335 X 2 FE A BUEk (Tn) @4 B2 1Y 15
AR ABC Bk tEfe) B EmM— 1B ER S, K
AR FT ABC S35 3R ik e 24 1) B G K AT A T 2
[/, G R BOR B LS ABC AR
FELEBI AL N2 R4S R 5 Jm) 48 2 2 R - 1 44
25. EEXIZIAIE, A2 S A YR T 2 oy
. BEWWA Zhu ' % A H K GABC, Gao '
g \FE 1 1 MABC, Kiran“'® 28 A 312 1 1) ABCVSS,
o, Zhu % N B ABC 5735 JR 18 22 AE 77 55 1 dik
SRR A Bf#AE R R 5 Gao 48 N ETX)
ABC 54 R R 5 5 w048 = 68 ) - 1k 22 1Y ok
S IEA B AR SE LR H 1Y Kiran 58 A8
T S RS AT S R R DLIE N 2 R
AR AL IR

H AT 055 32 B 38 47 st~ ABC S35 1 42 )
RS RFRI R GE ). AT A OGS L B A TR BE
RICAS SCHE R T — B 1 2 08w N T Rk
(multi-strategy artificial bee colony, MsABC) &2,

1 FREATHEESEX

HAR R I B AT AL D5 300 TR B4 AT
[l . ABC S PR B T IX R AT A4 LUK R AT
ABC SEREA HOR i L Pt ). 7EARifE ABC

Sk b, B AT A A Dk e A e R
T, (EAF BN (A A B AR AEFI R
T EH R AR e 2 7L T A 5 ) 71 e AP e 1 25 o 56 ) 1 U
S PR B ) S AR R B — 2 . X T ABC
SRR S PR AR ) R (X0, 8 506 R A6 Ak 1) A
PRI AT A 2 U T 2 5 o X I A T A8 1) o 21
YER R kA ABC B3E7E 91 G AL B B i 1 =X
(1) 774 SN D16 % IR (AT A7 ff) Xo = {0
it €{1,2,... SN}, D NYERERL,
x, =L, 4y, XU, ~L) (D
Kbt WEWR S MEER S e {1, 2,...,
D} UL 53530 )8 4e B2 ) R ye [0.11,
TEFUL R A R rh B 22 9, IS Wi
FTRE A B DA » e A e O e 3 A 2 i AN 45 T DR 1Y
VERT G v e 1 B A s VR UK . e P e 1) 3P0 5K
W& Ay
Vi, =, e X (2, —x, ) (2)
X ke (1.2, SN} H k+# i50€[—1.1],
AN[E] TR B, L5 e B 22 1) s X S e i A
FE& S DA -0 i 3 B, He v S SR AR TH Ay =X
(2) XL R RESE N

Liose e

N S
fit(X,):Jl—l—f(Xi) S (X)) =0

(3)
11+fabs(f(X,-)) , f(X;)H)<<0
prob;= S{it(xi) 4)

A CXO X I B A 3 LA s fie (X0 R o 2 9
(AT IV 5 fabs( » ) R KHE PR AL,

TEBRAUEL Limir A o5 58 B R — FLR HEORT . AH
I 14 A e DU A0 2 2 D0 O Al o DR DI e A e
B A CFE AL A 8 B TRz I OF A (D 975

2 ZRMATERER

2.1 #HAH LK%
Zhu S NTESCHRL16 J b i (O By B AR R
REJIACES M s R Rl R T S R AR =L (5)
Vi, =2, e X Gy —a ) T, X
(Zgens —T5)) (5)
A i k. gbest €[ 1, SN MK, H i k+# gbest;
gbest F Y IR ¢, MR —1, 1JH93 %]
O34T s ¢ FIRLO L. 5 IRy 4 5] 4345
HKOTER D WHERE ESIAT ¢ X (g, —
x, DTSR E I 7 10015 8. 6., 5 ¢, Al W)
B ) 5 1 PGS TR S I PR S DL (I A &)

KA TAFR o 197 »



178 F2M wAHHE S AFFE 2019 F 4 A

FHHEENA A5 B s A R PIITR J7 W5 R 6., 5
@i BV s PRI AR By P A SR 7 it S K
R RACE. R O —E BG  H L5 %R
W1 . gbest BY5I A RO EETHIFE 2 MG 10 R0 R

AET7 » BB B AV A 45 2SR M Y 4 S 3R 5 SRy
RAEST A E R T HES %,

)R SCHRC19 Jrh 4 L, X5 R PIIUD K 5
FEAESRHE T IG5 Cui ) AR A
P& TR g

@ e Xy g ) srand (0, 1D <P
Voi _{xw + ¢, X (X, — ;) srand (0, 1) =P
K PRI S50 A B P I

PLERTE L A6 BN PRk, %k 5
FEIR TR A AR RS T O T H I PR
WCSIGHE B IR o A SR T " RS R B i S s
WCSKARIE R AR SO ASCERL 19 JRSCRL 21 T R
e (7)) At S T Y R R ()
Vi =g TG X (X —Ti ;) (0

v =xg, e X (e~ &
KD gbest Jg SR E W k € {1,2,++, SN}

Hk?ﬁgbesto ﬁ(8>q:‘:7197"2 6 {1’ 27"',5]\]}_@_

rEr, i,

2
V= @ X (2, —x,,) M=0;
‘ lxgl)e.\'t.j +90i,] X(Igw.\-x.j _'Tk.,j)’le;
r,.l,jﬁqufj><(1,41,]-—I,2,j),]\/1:2
M SRS 73 2 280 MR (R IR R0 L 1 A
HREME 2 M=18f, XY gbest=*k s M=2 K},
n7#r,7Zi; M=0 Hj?@i.j\%/.jj‘jﬁ/l\*ﬁﬁz’ﬂjﬁi’
PR =1 1050504 . ¢, g
KO, EXE T HMRAEG R, A&
O TP w5 & : O (7 28 73 5l A Bk
Ry B R AN R R e MRS 7ERN (9
-] ABC Sk R R e R R, OX
(7 U H A H B2 PR IE 00 Hi 8 i i S0 2
[vi) o 2 €D A0 35 =M R AP 2R SR L 390 1 A R
SR ) 22 R, DL ik e 5 22 6 R0 A Ak 1)
MsABC L WA 1.

i T
JIM : . +90i.j><(fghmj 711(.;')_'_

€D

= I e—— [ AP T AR = JH ) -—|
_ rop—— v B AR s
'R g b M Mumsessw s [ '
el { L
iy R =R R R T [ - B
A <ot S 11V 1 T 1 il S v
L ()

B 1 MsABC &R
Fig. 1 Flow chart of MsABC algorithm
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Tab. 1 Information of eight classic test functions

B PRE R Fo/ME
fi Sphere [—100,100]P 0
f2 Schwefel 2. 22 [—10,10]P 0
f3 Schwefel 2. 21 [—100,100]P 0
fi Quartic [—1.28,1.28]P 0
/5 Rosenbrock [—5,10]P 0
fo  Rastrigin [—5.12,5.12]P 0
fi Schwefel 2. 26 [—500,500]P —418. 9829D
fs Ackley [—50,50]P 0
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Tab. 2 Results of MsABC and other algorithms with D=30
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Tab. 3 Hydraulic parameters of a cascade hydropower station

K FOKAE/m EEFRA/m o RHUAR/MW PRIL L )/ MW BRAYF A/ (m® - s EISERIES
A 145 175 2250 J7 499 73 29 000 8.5
B 62 66. 5 32177 104 77 23 600 8.5
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Tab. 4 Total generated power from different algorithms

Bk AJKut ki BokdisikE  SREE
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Fig. 2 Relationship between fitness and number of evaluation
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