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Research on integrated optimal scheduling of watershed-type
hydro-wind-photovoltaic based on EGJO

Zhang Jianying Rong Na Tian Junling
(College of Electrical Engineering, Guizhou University, Guiyang 550025, China)

Abstract: In order to develop a new type of power system scheduling model and method under the dual-carbon
background, a multi-energy complementary scheduling model with Watershed-type integration of hydro-wind-
photovoltaic (WHWP) is constructed by considering stepped carbon trading. In order to improve the solution efficiency
and adaptability of such high-dimensional non-convex optimization problems of the WHWP-containing multi-energy
complementary scheduling model. this paper proposes an enhanced golden jackal optimization algorithm (EGJO) based
on Logistic chaotic mapping, quasi-reflective learning strategy, Gaussian random wandering strategy, and Optimal
Individual local search mechanism combined with differential variational perturbation strategy. First, the initialized
population is generated using Logistic chaos mapping, which enhances the spatial diversity of the algorithm. Second,
by introducing quasi-reflective learning strategy and Gaussian random wandering strategy to update the jackal pair
positions in the search, encircle-and-attack phases of the golden jackal algorithm, respectively, the algorithm’s global
optimization capability as well as convergence speed are strengthened. Finally, the optimal Individual local search
mechanism combined with the differential variational perturbation strategy is introduced after merging the updated
positions to improve the solution accuracy. The analysis of the algorithm is carried out in the extended IEEE3 machine
9 node and a simplified power system in a provincial area. The results show that the comprehensive operating costs of
the WHWP-containing multi-energy complementary dispatch model considering stepwise carbon trading are reduced by
8.55% and 10.78%, and the carbon emissions are reduced by 178. 26 t and 17 841. 68 t, respectively; compared with
the mainstream seven optimization algorithms, the cost of the EGJO solution is reduced by at least 11 080 yuan and
14. 01 million yuan, and the standard deviation of the cost is reduced by 1. 598 and 0. 004, respectively; fully verifying
the effectiveness and superiority of the model and method proposed in this paper. 1.598 and 0. 004, respectively; fully
verified the effectiveness and superiority of the model and method proposed in this paper.

Keywords: WHWP; EGJO; Logistic chaotic mapping; quasi-reflective learning strategy; Gaussian random wandering
strategy; differential variational perturbation strategy

0 FE I RO Y BE AL L TR A 2 H RS E B AT R Bk
% M P KR A i i P B ) 0 B4 L % e B A 9L R K
Wi 0UH” FLRR B 48 11 K M O ST T R ISR R e R T S K O 46 2 RE T TR R G L A R R T i

[}

Y B 397 :2024-09-22
* FELTE SN R LRI E ([2023]329) M B R FEHFHEANAT B R (BRST 6 02021]5645) 500 & R L #1m B
([2023]290) % Bl

¢« 66 o



KRR F.

A& T EGJO # 73 K R — AR AR AL IR L

5 23 W

BiERY,

BEXE 2 68 HAN R G ST BT WS T KOEAK KA
HANRGH AR BRI T —Fhat Sk iR g E o2y
(10 B I O T 8 SR ) AR R — b A B K KO E
— AL K K XOLE B 106 & 8 B AR R, OF HLAR T —Rh ik
R RIS R . REHE DI BUK KL £ 88 B A R
GEX G UL T 2 Re BRSO IS AT i PR B L K
R B & HLRE 0 6 ZR 8 R IE M OSSR, TR SR RS
TAGE EANR G VLRGSR /Ny H bR R AL (0 R %
JEBRAE T A LR B BE RIS AT A S R . P R R AE RS
F EOKE T MM $2 K6 TR R G A O Ak R R A T L)
FJr k™. Wang R T K KOG A% & G878 A A B[] )L
BEM EAMS TN . Guo %1 % 45 AT M 1 M 8 TR
FORROCHAN RGE AT AL R B8, BT, % I8 K KOG E
A0 7 DL R B AE By W B 22 B TE T 3K H B b B
FEIK R — M th B 58 3520, B /DB 58 2% JEBR ZoK Kol
— R R G A R O L B R R M R, AR S
P T — P B B B BBk 5 & M & (watershed-type
integration of hydro-wind-photovoltaic, WHWP) 1] £ fit H.
NG R B AR, £ X WHWP S HL R 82 iR i 7 BF 5T
I3 .

73— 5 T 22 8 AN A BE AR B R A i R AT R T BB
DAL T 5 X 22 B A R B AR Y S AT R A, AR B TR B8 U 1
HoRfracr e et A R SER T A & IR KA T
Z H AR A RS 2R i X RE IR BN R 45 A TR B
NSGA-T LA EAUE TR b #2051 5. 800 /YK
et E) . 2 Bin R FROEHREE R TS RBOA L
ABA R I T 5 AR BRI L, 0 E T el i A
R R ERCR Y, DR T — R 2 B AR ek
HER VRS, FLOR i 200 N BE AR T % G IR R BT 4
o JRIRESE R T — R 3 T Rl A R 1) 2 2T R P AR
1A T B 3 o EL A 50y P A A el R A R B ) R e
A O T A R IR BE D0 A B 125 7 SR Ao A R R A B B A
ML F, 4 504 5 (golden jackal optimization
algorithm , GJO) J& — Ff i B8 e AR AL 50 12 I R A R 50
R R = AN BA R R PERE 78 e SE bR A
ZYRRTCA R LRI B O O R i P B 0 4 R
R B2 BEHBARTEAM . Fitk, v LU T 2 5 % g
HESE G 4 54 42 R A R BE 7 BOR AR B

g5 b AR SCR B R B R 22 5 1 & WHWP 1Y
ZREHANA AR AL, JF4RIN T — A EE T Logistic ¥R i Bt
SR S AR 2 ST SR v U BEATL U S R s LA R e A R R
R G 250 2 540 30 K W& 1Y 4 51 11 4k B Cenhanced
gold jackal optimization algorithm, EGJO), ifi if IEEE3
BL 9 717 A5 28 ML B0 LA R L4 17 Ak S PR R BE e 1 A SC i i
TR R B 0k 3 B T A R

1 Rk R — &L 4L i A A

1.1 B#HREH
R T BT WHWP B b 5 805 9 1) 28 35
BEREIBAT AR /N BER R =X (D FR.,
minF = fo+ fL+ fe+ fe (D
KA F NEERE BT A fo o KA £ R B
RETRALLIBAT A 5 f o FORFENEF A 5 5 FRIR B 85 sk
25 WA

S L

) K H BT R AS
’V(} T
fo= 22> P, +bP,, +c) (2

i=1 t=1

Kl ai b MIHEPLA ¢ MRA RGP, IO HLAH
15 ¢ B BERAT DI J73 N o FoR JORHLAE BEG T F2om I JE
JE 4

2)Hr BE IR AL 4118 4 A

.
fi= 2)(C,P,, +C,P,, +C,P,) (3)

Py (P P SR A R BLAL ¢ B BE 1

BISEBRH J75C,  CL C, 43 3R K XL G 32 2 A 2R 8,
3 FEIEFE KA
fe=2.C,X[P,,—P,)+P,—P,D] D

K Co, HFCFNRA REG P, PR ¢ BB
PR OB AR B

4) B B e 38 5 LA
E¢=E,—E, (5)
vEs,Es <L

oL + A+ kw(Es—L),L < Es < 2L
@+l + A+ 20u(Es —2L) 2L < Eg < 3L
(B34 3kIwL 4+ (1 +3k)v(Es —3L),3L << Es << 4L
4+ 6kl + (1 + 4k v (Es —AL) AL < Eg < 5L
(5+ 10kl + (1 +5k)v(Es —5L) 5L < E
(6)

Ko BRI B MM Ee T BHEICR Eq &
7R R GERHE O BC AT 5 L 2% 7R B HE IO IX 8] Rl o0 4K s b 35
TN B G M ks G A R
1.2 #AREH

IDRERVIE S O

f‘E

Ng
EP\./ + Pwuwr., = P, 7

AP, HHEH G Py, ¢ BB P 3K KOG
— R R G I W AR T,

P yuwe.. = P, +Pp.1 + Py, (8
2) WK KOG — Ak i J1 2951
P yiwr.: < Pwnwe.x 9

itrh :Pwuwp.x ﬁ*1¢1&%%@?ﬁm2ﬂﬁﬁﬁznﬂﬁ2ﬂ °

o« 67 o



5 AT & v F o

T # K

KM L
JP omin < Piyw, < Py
Qihomin < Qi < Qz.h.nmx
[V;.mm <V < Ve
KT Py Pion RN KH LA @ T A L F R
Qi homax ~ Qi hmin i’%ﬂ“7k%lﬁ I TRV, Vi 2
AR @ K ER R E R,
IKPEBEAS LR N
Vi.=V.a+U,.,— Q..M
Vie=Vi i+ U, +Qiu. 1 —Qiu) At

(10)

i1 >0
an
AV, RoR e W BOKPERESS s 1., 3R ¢ WBNOK I @ 1Y
FARIEA S . A IR K R AL [A]
W SEARBLLE T3 2y
Poron<<P,, <P

pst»max

P, <P. <P, . a2
KPP i s P oo FIGIR HTEXE/JILHjJJ:—FBE 5P
Pt Wt E#ZIJJXL%EMHJJLTIKEO

3 KHAHLH AR
Pivn <P, <P 13)
0<< 00 << 8iimant an

0<C81, <0
AP P o ¢ FEBEHLAL 0 I EFR:0,,. .
8. FRHUA i 7F ¢ BFBE3E N Q) AU TEHE 25 50, e
O BNHLA ¢ TRt E#Eﬁzmﬂuwﬁw)ﬂm@iﬁ%inﬁi
TR,

4)%?%%%%

‘Vl,
E(II EGk,P;.x < Pl,,max
j=1

fCEP.G,,,,\G,,,j R SR LSRR o A
T3P P o WSS L AR DR LR
5) 3 iH %ﬁi?"]%

ZP“+2PM+2PH

AN, WEL %fﬁau%:_ ?&E,R VR, R, i E R
ANH L4 e G (K XU DG R o S
2 kKEAHIE
2.1 &5 E%
S B R — R T RHAR R R TR A A
WA AR AN B DR DD,
1) 28 [l o7 & ) 4k
X, =1, +rand(u, — 1)
Kol flow, RRRA R FRATRR.
VIR ALFIRE P
« B8 e

(15)

(16)

an

X, X X1
X.0 X X,.
p= " o (18
X0 X, X,
K. X, BaRE ANIEWNE ;] DY,
F oo R URAE A A5 P38 B 104 4 B
f‘(Xl.l;Xl.Z;".;Xl.d>
(X3 Xo0503X0.0)
Foo = S " ’ a9
‘(X“.l;Xn.z;"';Xn.d)
. f & BIRREL
)5 R B B
X)) =Xuls)—EX| Xuls)—r XP(s) | @20
X,(s) = Xmu(s) —E X| Xen(s) —r X P(s) | (2D

K s B YRR REG P G) RR AR E A 7
X (O Xpu () FRMEMESIRALE . X, (DO X, ()R
7N MEMESE AR 5 05 A AH X R B LB Cr RN Levy 830,
HATE R

r=20.05XL(y) 22)
L Cy) 232 ©AT R 8 (o R AT 3
L(y)=10.01X (uXa)/(| R )

(F(1+[3> X sin(n,@/Z))l,ﬁ (23)

F(ﬁmﬁx(z 1)
K uh O, DRNMWBEEYIE; B 2REN 1.5 WEIA
W
E FRAEY 0 R R

E=E XE, 240

E, FORMYIRER M0 E, FoR HAER IR IR .

E, =2xr—1 (25)
X BAF 0~1 MAEEECF.

E =c¢ X U= (/S0 (26)

S FREARE G e, BT 1.5 FEBUE.
fh B QOB (200 5 (21) FE ¥ E R R

B B 54 AR X B4 B

X, () + X, ()

XG+1D = B 27
3) A [l 9f ot i B

X, () =Xus) —EX| rnXXuls)—P() | (28
X,() = XmmG) —EX| ri X Xem(s)—P() | (29

558 % 5 B A, 8
ST S {E TERT SAR X A0
2.2 ek ERE

1) Logistic 7 i Bt 5f

ASCAE GJO 8 2 25 A1 9] 4R 1k B BE R I Logistic 1Rl
B S5, ) D B S5 o 5010 Y e 04X I L 2R R R 0 4
T 30E 00 e FL i RE 2 A1 2 B B 43 W 5 300 0 B A R

FRXCHEX (285 29



RIEE F. AT EGIO 09 i Bk R — AR AL A & 55 23 1

{1 S0y 10 LT ]

XGAD =2 X X)X (1—X(5)) (30) | e |

AP X IR R AL : ’d]ﬁ‘alrthJo?ﬁ }

o L 5] I I

2) e SIS 2 51 SR ! Logisticl B ¥ L FTE }

W J 8t % 2] R W% (quasi-reflexive-based learning | v B !

Strategies QRBL) & 3 T % [ % 3] % Wt (opposition-based o . !

learning, OBL) Fl # & 1] 2% > ( quasi-opposition-based E R (24) . (25). (26) EHiL; 1}

learning. QOBL) i — RS F . 76 18 22 55 1y B B 90 o 5 5 | R, CoRH |
SRR 1 %4 T AT 2000 K 98 % 4 T 9 i 10 B 4 | Y g

e ~ =y 2 —_ =1 !

il AR S &S EEE I R RN EE . = F XA E 1 : e NS |

” ‘ \ |

FIR < i T ENE THEEOLE

I, XX, X X, U, | v v i

| AR | | REERARESIEEATN RERENMALIERSE |

| | | | | . SORXH AL WSRAGE |

| l l |

1 OBL.QOBL.QRBL &t H [l | ¥ i

Fig. 1 Comparison of OBL, QOBL and QRBL : iR 27 Q?Eﬁ%ﬁﬁfﬁﬁ }

o ‘ : R R R S EAER 1

(1) OBL « 45 b5 i 26 AR U BT AT Ak 19 52 16 gk, oF L i ! B TEHS B (1 B :

*%%{tﬁi’ﬁﬁﬁﬁ/\%%ﬁ%{to I:::::::::::::i:::i::::::::::::::_]

|

Xo(s) =1, +u, — X () (3D ! O |

2)QOBL: BL S i Y IDEERL ' Ny ]

( ><;o A;%? O,‘ Ejfgmﬁ@kﬁ@/&&rﬂﬁ@ ) P i Ty |

TR L 2 1 i ; |

Ly +u, I ot }

Xao(s) :rand(T,XU(s)) (32) = s

(3) QRBL: AR 5 QOBL 14 i S 161 fift A% L ifi S 55 fit » 1]
A IS A oI e L8 L B b JR) 3 S P A R B AR
Ly +u,

2

3) o5 ST B ML I S SR

70512 LA 0 00 B B 8 s 30 BB ML a3 S SR m B Ay
BRI F L RETT I log(s) /s il 20 4 LLF- i 5303k 1) 44
KA MIT K BE

X (s + 1) = Gaussian (X (s) s0) (34)
_log(s)

Xar(s) = rand(

, X () (33)

(X () — X)) (35)

o
N

Ko BRPK X)), BRE s T

O FARAAR R IRAY RG22 5078 R 3 K mk

b — LR A R A R R A A . LAY AT B AN R
LG AL I EERE TR RS KR E A AR, TR R
PP Bk R R A . 13 B R AR N 2200 R
Pt 3h SR ws i e o — A B AL 1T DL — 2 4R i B )R
TR B e B RE 1 LA KSR AR A B

X'(s) = X(s)+w, Xrand (1,d) (36)

XG+D =X ) +FexX(X,—X. 37
Kfw, WEHBRYE.d X WEE F BESTS
Peah 75 X0 X o R AL BRI At g
2.3 KRR

ARSI EGIO WK g IE 2 FiR .

Kl 2 EGJO Wi fe K
Fig. 2 EGJO flow chart

LB DR EGIO M S8 i K ML 7
K H & H g ek XUHL LA S ) AR LR H O Dy DR AR
VLER G I8 AT WA e /Iy Dy 3 107 2 o 50K i 5

AR 20 T S ME A A AR ek 3 N BE B H AR ek 8 9T
HEF 5

ABEDTEH Er. FIME KT 1AM YHE RN
B, AR T S 5 2 ST SR e TR S R Ao D e SR AR {5 S
2y B AL BT B A6 W B B, WU S AR AR 97 e 30 BE L U0 5E oK
s B3 A7 B e 5 AR

L BR ORIER (27) & I T H AR X AL 1 B g 5 AR
5, B AR B4 R 45 6 22 378 56 ) 3R W T8 47
TEZA AR A 7 B R 5 AR A

P BR 5) AR S TR 5 B A 1 T 5 AR A {E AL 4 R AR
PR AT A, 75 3R [ 20 8% 2)
2.4 EHEEENRK

I EGIO Sk PR fE, A SO EGJO 5 GJO B
4k 55 3% (zebra optimization algorithm, ZOA) | ki T #f
Bk (particle swarm optimization algorithm,PSO) | 2243 it
fb & B ¥ (differential
algorithm, DE) .| # 5 %% 5§ J% (teaching and learning
optimization algorithms, TLBO). /K Ji 2 7% (gray wolf
optimization algorithm, GWO) , B # #y & ik # & & %

evolutionary optimization

« 69



AT #OAR

KB BCH 200, 4 5500 3738 47 30 W, HoAf 5536 19 4
XS MR K CEC2022, B8 4 5 10, iR,
PRBCEIN R 1 BTN,

W F

N =

(greedy strategy,adaptive crossover operator and adaptive

t-distribution variation based moth search algorithm,

GCTMSA) 3t 7 R LT b M, FhEERLRL[E 2l 30, &%

£ 1 CEC2022 izt & %

Table 1 CEC2022 test function
el %5 BRI 4 B BRI A
BRI bR R 1 Shifted and full Rotated Zakharov Function 300
2 Shifted and full Rotated Rosenbrock’s Function 400
U 3 Shifted and full Rotated Expanded Schaffer’s {6 Function 600
4 Shifted and full Rotated Non-Continuous Rastrigin's Function 800
5 Shifted and full Rotated Levy Function 900
6 Hybrid Function 1 (N= 3) 1 800
IR A 7 Hybrid Function 2 (N=6) 2 000
8 Hybrid Function 3 (N= 5) 2 200
9 Composition Function 1 (N= 5) 2 300
. 10 Composition Function 2 (N= 4) 2 400
HE WA . .
11 Composition Function 3 (N= 5) 2 600
12 Composition Function 4 (N=6) 2700
R [ —100,100]"
KRBT IB AT 30 RS E e sioth Ze in i 3 iR < AT F12 3t 9 A5 iz i 328 bR B b 38 BRAS o5/ Y S A0 i EL WL B30
VLB, 7E EG]O S 3L7E F1.F2.F4.F5.F6 .F8 . F10.F11, Bk,
; 600 ¢
20000 g . A ——EGIO— =GIO 500 ——EGIO— -GJO
15000} - Z0A — - PSO . - ZOA — - PSO i - ZOA — - PSO
. 't DE ---TLBO DE - --TLBO @ DE ---TLBO
§ GWO— - —GCTMSA GWO—-—GCTMSA §850 \1‘.\- A GWO—-—GCTMSA
= - =) TTTTRREN, V..
- B e ——— ?__._:.-_
P o - : . 800——
100 150 200 100 150 200 50 100 150 200
EARKBL ERUKH EARRE
(a) F1Y 8 2% (b) P2 it 2% (c) FAIT S 2%
(a) F1 convergence curve Lo10° (b) F2 convergence curve (c) F4 convergence curve
Ox 1 |
2 000 h 2
e — EGIO— =GIO : [ - EG%O 2300 : ——EGIO— -GIO
) - ZOA — - PSO 1 S 1 - - ZOA—- PSO
L DE ---TLBO = di _ b0 fau DE ---TLBO
GWO—-—GCTMSA g 00y DE #5550 GWO-— -~ GCTMSA
(o =
i H ~ -~ TLBO = R S — A
______ ) ' GWO = e T e e,
- s L= o GCTMsa S —
100 150 200 0 50 100 150 200 2200 50100 150 200
(d) FS el 22 (e) Fo Y& £ (f) P8I h 22
(d) F5 convergence curve (e) F6 convergence curve (f) F8 convergence curve
J— S 5000r 3 000
- = Egjxo—- gsjg y ——EGIO— =GJO ? ——EGIO— =GJO
DE - -=TLBO 1 4 000 - ZOA — - PSO ) 050l \ -- écéA—-;i%O
) DE ---TLBO : -
GWO GCTMSA g : } e GOTMSA g -\__\_ i ~GWO GCTMSA
S > S - A
=3000p AN Dogoof tl T = e o
- - = r T T T E N, N —-—1 P,
R L L
00 150 200 200 50 10 150200 220 50100 150 200
AR EL RIS ARIKEL
(g) F10 W8 2% (h) F11 i 2% (i) F1205c it 2%
(g) F10 convergence curve (h) F11 convergence curve (1) F12 convergence curve
B3 RRES Tl st £
Fig.3 Average convergence curves of different algorithms




kAR £, AT EGJO 873K R — KL 408 B

5 23 W

LI R F AT DU 3 09 R O & BE 1. F2 ~FS
Z 0 pR BN IS L N 2 R IR AE T IR G R F6~F8 &5
R FO~F12 Bl 7 FkZe A vEhE .

L PRSI AR R T EGIO Bk U st L 25 )
TR AE S B

3 HEISH

a1
ASCLASCHE ) TEEES HL 9 5 S MR 2 6] 1, 4679505 1
P A— AT — b & RS A 4 DB oK B
W LA KEHLA L AER E B HLA, KRN &
266 MW, 5o v ik 3¢ 5 B A< BL 40 JG/t, Bk HE 0 B % 4
0.8 t/MW, %t X R B 500 56/ MW, KL G H
Je SR

3.1

0 2 4 6 8 10 12 14 16 18 20 22 24
i [8)/h
(a) THHL1

(a) Scenario 1

ML F/Mw

b ol B

0 2 4 6 8 10 12 14 16 18 20 22 24
i} [El/h
(c) 15543

(c) Scenario 3

SR RIE AR SCRT R R AR 5 EGTO Bk A R A
SCEEET 3 MR IFRM. BHR 1. HE WHWP # AR
SR L8 /s 7 0 W N | b= 781 ) NI | s X (T W3
HIEA R G L) BB R 3 5 A s 15 5% 3. % J& WHWP £z
ARG Bk 58 5 AR

D RGAR AR 25 R

(DEABATHATT I -t & 4 7] R R 3 535 2
WBEEGHAR £ 2 B1EF 2 THEGBITRA RS .5
TR 1.3 ML &G A 4w T 9.86 HJT.7. 14 AT,
Al 0L i WHWP B 2855 850 28 300 X L1 o 1.3 AT LU
W IR B IR 58 5 AL Sk 38 B SR G B AT A = . i T
Ik i 5 5 A0 s it 2 e I k395 7 38 0 IS 2 0 5 8 2 F
FEWAE Ty W 6 5 THR O 1) 1 407 0, 7 A8 3 B 0 o s /b 1Y)
[i] B 2 5 i

1200

1000

_ -y
igg Ed d giﬁihif
oo EAEARELRR RN

200 NN \|

B

HLALH S MW

0 2 4 6 8 10 12 14 16 18 20 22 24
I &) /h
(b) 52
(b) Scenario 2

N\
Ern

Wz v
KBS
B conn
==F L Vil

—— SR

M4 kP n N

Fig.4 Output of each generating unit

K2 BUHRTHERSHLX

Table 2 Comparison of resultant parameters in each scenario

byt GEWA/ WAk 5 A/ A/
Ji gt i Ji G Ji ot
1 73.64 13 477. 83 7.93 27.85
2 83.50 13 550. 04 8.43 32. 89
3 76.36 13 371.78 8.34 26.70

(2 W HET B B e 58 5 A 7 - S5 5 1.2 ML 1
B3 A BIREAL T 106. 05 t.178. 26 t MBRHERC M, TH5E 1
5 3 xR LUE H o 25 B B Ik 22 5 T DL AT R0 2 B HE ik
L EIRRENE, BE 2 5 3 WHE R M, WHWP &4
PR HE 12 B e 58 B AR S F 43 A 2R A HL

(3) T A8 BUAS J7 1T - 3 FiI 52 T 19 39 RS0 B AR 40 31 ok
27.85 J7J6.32. 89 JTI0.26. 70 Ji oG, IF &t 1.2 MK FEE

AR RSB 3 0 1. 04 4% 1. 23 F% . U B A SC T B A A TR
BT N] LU SR i KOG AN

I P b 3 R B R M X E A AT R R B B ik S
Sy RAE R THACE TR g B, H—ERE LR
T ROEH ARG, e WHWP A g A FHEd )
RO AW HEMAEE, Hit, 5 BN mRESHHT
WHWP (92 685 0 I8 BT, 4 B T4 iF /8 7 &R 50 MRk
Vi T, IFH EGJO 78 3 Fhig it T ¥ BUE vl 15, £ W
A SCPT R A 3 M

2 N [vi) B SRRt 225 SR % EE A A

AICEB EGIO 5 7 M ARk B4 1 il 5 3 it
TR . BN P bR BOR R4 N3k 3 fim.

(D JE f 5 Hr

3 3 SRAFE5 RV AL EGIO 8 R B0 18 45 3 0 Jx
o HARR B0 B /A B K B E B2 R, v

o« 7] o



5 AT & v F o

T # K

RI BEERBERI

Table 3 Comparison of the solution results of each algorithm
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GJO  21.602 6 114.223 3 57.471 7 25.71519 63.62
ZOA  17.558 9 97.058 5 53.9109 20.142 07 68.58
PSO  24.754 1 57.3848 45.584 9 5.266 57 10.40
DE 14.270 0 36.742 7 27.1154 6.338 64  39.37
TLBO 85519 16.476 4 9.9280 1.911 18 39.25
GWO 7.346 4 20.434 5 8.2275 2.31802 41.62
GCTMSA 10.0655 32.881 6 11.4409 4.102 18  59.98
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Fig.5 Distribution of values for 30 times of integrated
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Table 4 Parameters of terraced hydropower stations
Ry IE®KAM/m  JEKAL/m EHFE/ MW
SNP 885 865 185.5
MMY 745 691 1 040
GZ 585 580 558
DJ 490 483 880
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Table 5 Comparison of resultant parameters in each scenario

LR AR/ BRAFICR/ BRECH IR FREMAR/

Y5t _ . .
JT M T JIT
1 15752.35 464 776.77 402. 69 392. 28
2 17 661.65 480 100. 65 429. 56 430. 41
3 15 757.14 462 258.97 412.31 388.72
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Table 6 Comparison of solution results of each algorithm
- R/AME/ RKME/ FHE/ - AL
(X10")  (X10°)  (X10%) 1A/ s
EGJO 1.5305 1.7228 1.6124 0.06245 64.11
GJO 4.4492 7.7720 5.996 0 0.806 23 140. 85
ZOA 3.4518 5.9614 4.5659 0.654 37 144.85
PSO 2.2045 3.7627 2.7173 0.33000 59.99
DE 2.0045 2.3189 2.176 2 0.066 33  74.18
TLBO 1.7452 2.0518 1.8321 0.076 81  69.07
GWO 1.6706 2.0171 1.7202 0.078 74 117.98
GCTMSA 2.1059 4.4619 3.0323 0.560 98 258.57
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