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Microgrid capacity optimization allocation model based on
improved golden jackal algorithm

Jiang Jianguo, Wang Yuhan, Bi Hongbo

( Faculty of Electrical and Information Engineering, Northeast Petroleum University, Daqing 163318, Heilongjiang, China )

Abstract: In addressing the limitations of the traditional golden jackal algorithm, such as slow convergence speed, insufficient population
diversity, and susceptibility to local optima when solving multivariate nonlinear integer programming problems like microgrid capacity
optimization, an improved golden jackal optimization algorithm is proposed. Firstly, Logistic chaotic mapping is introduced to enhance the
uniformity of the initial population distribution and strengthen global search capability. Secondly, a hierarchical opposition-based learning
strategy is employed to dynamically generate opposite solutions, which expands the search space while preventing premature convergence.
Finally, during the position update phase, a simulated annealing mechanism is integrated with a variable-step tangent walking strategy to
achieve adaptive adjustment of the search step size, thereby balancing global exploration and local exploitation capabilities. The proposed
algorithm is applied to a capacity optimization model for an isolated” microgrid, which is based on wind, photovoltaic, and energy storage
systems, with micro gas turbines serving as the supplementary power source. The objective is to minimize the system’ s total annual
investment cost, while comprehensively considering constraints such as the loss of power supply probability, energy waste rate, and the
proportion of renewable energy output. Simulation results demonstrate that the improved algorithm can effectively obtain a more economical
capacity allocation scheme. Moreover, micro gas turbines exhibit superior performance in terms of fuel cost and environmental friendliness
compared to diesel generators. This verifies the effectiveness of the proposed improvement strategies in enhancing the economic efficiency of
the microgrid and the responsiveness of distributed power sources.

Keywords: isolated microgrid; capacity optimization; improved golden jackal algorithm; tangent wandering strategy ; hierarchical backward
learning ; logistic chaotic map

PISE AW FL AN AL RE 6% 9 /> 37 I 25 A P 32 8 ) R 461
o I RERE IR AR A 8 A, B AR R i AN 32 3
H X H AR B T —Fh 2 B A R g o = L B AR
2011 A EL R AR CLZHET T Rk T L VRO AT (1
BBEE DEACTAE AW A S, A BRITE (LR AT RE M BABE AL
AT AT AT S 0], SCHRL 3 ] BT X ARSI ol 1o 3k
1T, AR PRI (particle swarm optimization, PSO)

rfm BHH#A.2025-01-13; R A H#B:2025-03-11

YT ZEuk, A= 5 AE AN A R X S8, R
RESE IEACHE SRS A R 5 SCHR [ 4 ) B ST 0IS fR e 9
AT LIRS A T UL IE B, JF ESIRAR G5 (grey wolf
optimizer, GWO) /{1 ik, (H AR B AT AEME Lo SCHRL S
HERORUR SEC WD S A e ML TRT s A S 9IS ol L TR ) 78
R, AT X HE 28 B A g kb S L AR R SR 6]
PAAFS5 AR S A A O FUAR i A3 FL TS P AN RE R 2l 5 A2

EEBN £ A B (1966—) , 5 W+ B AT AACALAHLERS B,

SIAARI: £48, TRE, Eak. ATRHAH LML NESHLTRERD[T].

B KRS BA, 2026,45(7) :51-57,70. (Jiang Jianguo,

Wang Yuhan, Bi Hongbo. Microgrid capacity optimization allocation model based on improved golden jackal algorithm[ J]. Techniques of Automation and

Applications, 2026,45(7) :51-57,70.)



H2h b 3 R 5 5 H

52 Techniques of Automation and Applications

2026 4F 455 T

RAR AN AR R JEIR BTG e AR, 4254 5 1% (golden
jackal optimization,GJO) F 2022 -4k H | Lt Z2 21 bR
BORAIE , B AR SO BEFSR A RO I T PR kLT
PEELSET SBR[ 7] B GIO FH T ik e Z2 il iy 2 TR i)
R X R N ] TS 2 ) R it T T e,

FEXF G5 BATE R R & A BRI £ e AR 4 i 4%
B A I RIS H 30 A W SO A | 25 ) B N D i e DI 25 1)
SR — RO ) SSRGS R ) A
>R mE G RILR KRR AR DK TE DD L SRR, R
SRR AL SIGHR 32 A e i, T LA S PR rh B 1 AR
SKARIZ IR I LR . 3 Ah TR s T 3 R L
T EARFEHIIR SR AR S 3l & F AL R Tl D b 72
TR B 58 40 1 RN 5 LA SR AT s X 1 25 et I AL T
E A T MR R T R
1 LA Y B S A A

SPRUEARST G4 ) o L B A A5 1A, I IR A e, T
XU & B HL(wind generator, WT) JGAR & H (photovoltaic
power generation, PV) | E Lt (batteries, Bat) FIHRIBR S,

% ML (micro gas turbines, MT) ., %% i A& HL MLl ( diesel
generators, DG) 4L, ISZISBMZEHANTE 1 s

\I/
aTES
P =oco b i |

H

vy
”ﬁ“ i
2

e : BUR 0L
e [ EPp-oc-vc e sl AL
B 1 ISR W& E

Fig. 1 Isolated microgrid structure diagram
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Fig.2 Energy flow strategy



A Zh b 8 R 5 H

2026 4F 45 & T M

Techniques of Automation and Applications 53

T =S & LR TARRZS 20 (8) e .
AP, = Ny Py (1) + Np Py (1) + NP (1) +
Nha'le(t) - P (1) (8)
K, Ny Ny NN, 585 KB GRS SR AL
TEREMI B EL; Pyo(t) JPoy (1) Py (1) 53 3IIABL DBtk A%
BESCI TR, P (1) MWLM FfT, & AP, < 0, S8iH & H
MUITIE TAE 45 AP, > 0 Seih B WL A TAE,

2 PRarfw IR R ER AR

2.1 B

PISE AR R B DL E A 2 55 B 400 2% A s 48 1Y
B TR A AT T oK B HL RS H AR BEIRIR 2R KOG
T35 ORI RE A FROIR S 55 218 T, (45 R o 4R 34 A B
i, R~ o H AR Ak s 5, =l (9) Frst™

F=C ™ C(‘hange +C, +Cpy + Cpollualr‘ =5Cm (9)
K, €, HAEHVIREGE; €, WERREEE
T C, WL R C, HESERZE L C
RAEBIG A B SR 5 s BRI R AL

RGAERWIR B TN (10) L (11) Fios,

Crua = 2, N.U.CRF (10)
i=1
1+7r)"
CRF = ¢ Yr) (11)
(1+r) -1

A, i=0.1.2.345%8 WT,PV DG Bat MT X Jif 1Y
S8 N, MRS GEG U, & BB  CRE R I
PR, r HERATHIR, Y ONECR R AE AR,

AP A EE RN (12) ((13) iR,

5
Conge = O, N.RSFF (12)
i=1

SFF = (13)
(1+r) " -1
P, R, 5 i PSR A SRS B T SFF T 1
Y, AT AR R
SRR s T dE S N (14) Bs
C.= S NK (14)

A, K, BRARS LRI T A,
BRI = (15) s,
Chot = Che + €, (15)
A, Cp (€, 51900 523 A& AL TR R S AE HL Y
BRRLD 5 5 Y b BB FH AN (16) FR ™,

r 3
C e = f . Z VEP (1)de +
J=

fTi VEP,(1)dr (16)

b, VO BT e s j RS PR HEIOG BEAAS , & Dl 5
A LA j RS B UAHEC R KL &) D MT B2 j Ffis
QR R 2 K, T oS R L, R S PLY I8
Frial o3 A L IR A 75 e S HE TR BORITS B 36 B AL

AR 1 PR,
®1 SRSEHHRBAAER AR

Tab. 1 Pollutant gas emission factors and treatment costs! ™!
B REEA, DG ISRYIHEREY  MT 5 RR R
FM (g6 - kg™) (g-kWh™) (g-kWh™)
CO, 0.007 6 232.04 513.24
S0, 0.770 0 0.46 0
NO, 1.530 0 4.33 0

2.2 AREH

TESEAT IS AW R P 109 25 O A0 E P, 00 22822 S T
BT 2R A R T 2 A SR A

1) SiAn 2CHL IR 75 2 o T BRI ST R 7 fp 75 oK
SR AT TR R G o, = (17) FiR ™

O0<N, <N,,. (17)

2) I RGMIER BT, DATEH R YR 2401,
= (18) R,

P (t) +P,(t) +P, (1)=Py(t) +P, (1) +

P (t) +P(t) +P, (1) (18)

HKfr, P(0) WG P (1) IR BRI AR GUE;
P, (1) HERKIF SHEAERAE; P, (1) & B SE R

XTI BT 5, 3 75 20 2 =X (19) BT 1 i i
R RERIR A,

P.(t)=0, P (1) >0

PL.(1) >0, P (1)=0

3) AT IRIUESE BE R 48 1Y 1E #3817, fiff e 75 220 2 =X
(20) AR A FERC IR LY K (21) B i L RAS 2

(19)

77Eba|
I P,(e) | < 20
RO (20)
soc,, < soc(t) < soc, (21)

K, n MFTERCEK ;s0c,, soc,,, ol Fern it g2 B far
RS B R R,

4) MRk R Kk R L ST K
HLFMi R F 35N R 2 £ 77 119 FH P 5 SR s hof o 2 e
IR, ¢ B 2 sk in =X (22) Fs

P (1) =P (1) = [Py(t) + Py (t) +P (1) +

P(t) = P,(1)] (22)
AAEERE R (23)
k. =flPhﬁ<t>dt (23)
A B A0 (24)
E = EOEL(O (24)
(A e 4 A i R =X ( 25)
fI.Psp = Elnss/E]. (25)

S FL P Ry PR IE B I 3B AT, T B R R R 2 R
=t (26) Fin,

Sivse < fivse (26)
o, e, RN AT LRI ) B R i L R

5) RERIR AL MRS AR R0 Hp Y 67 fef AN ES R



H2h b 3 R 5 5 H

54 Techniques of Automation and Applications

2026 4F 4545 3% 47 W

WITCE A ARG IR L B RE B IR K7™ AR D AR 9%
AR I ¢ Pk 220 A9 Dy IR B an = (27) B
P (1) = Py (1) + Py (1) =P, (1) =P (1) (27)
TR B IR R G AF B0 Y LE (R RERIR 98,

= (28) Fi7R
fown = 2P0/ 2 P(D) (28)
e B O R3¢, A (29) B
fE\\R s.]l‘l]’:“V(/XR (29)

o, fron TR RGEATEZ R RER TR %

6) KOG 7253, b T H8 0 RO VR R
Xt RO T BEAT 25, a2 (30) L (31) B,

S = 2 (Naa P () + Ny Py (1)) (30)

Juew Z Jcwmin (31)
Y, fron 2RO T BN T

FET LA a3 A AT 0 A7 Gl r, 0 4 A1 2 A 170 725
SRR R EUR— B B 2 AR 2 on AR Lt g
fela) 8, BRI SR R ek 3F 1 4 51 4 Ak 5 15 ((improved
golden jackal optimization, IGJO) #E1T3K f#

3 mHmAHEE KRR

3.1 BUuMEHRULERE

1) K Logistic R TEBLE H T W1t AL R RE, LI &
A R RRe ), = (32) st

Ny = (1 =) (32)

AV

AT/ N
KRB R UELT
Logistic MU HI IR LA

v

| ommmemw |
\

AI#I

e

!

i D BT A 5 AR
TR AR

!

| orEmiemm |

i e ARAHY

A I o7 JE

Kb, v, N B UGEAAIRSE, x, ¢ 10,0.25,0.5,
0.75,1.00} , u e [0,4],

2) SRHIGMZE BRI 2 2] SRS G A 0y 246k | 6
1 AR 2 T DL SR 3K ] 2 2T 11 5 BRI
AL T LA 38 0 b R 3 ) 2 2 SR, R R )
R RSN (33) Fos, &2 0 s R =k (34)
s SR IE i BR R (35) SRR I

p., =[0.1,0.2,0.3,0.4,0.5] (33)
frw =[1.1,1.3,1.5,1.7,1.9] (34)
v;llue’ = (max(";ﬂue) - Val..e> -fmm (35)

K, p,,, BT R MBI A RE SR B 5 f A S ) (R
FEFE v, o ATBUEAE RS s max (v ) S v, BOBE L5
Ve B 53 S 1027 2] HEW SR IR AR SRR

3) FERREAT AL S TR I 5 IR DK E VT E SR
AR R B 45 7 HA R 148 R s 1) DLy R R
il JF B45 7 HB KA DU i R, an=l(36) ir
7 TEAL B W B 2 3 H/ NG /N R e HG R A 4
R, =X (37) Fros . RIEBLIE KB B b ek £ g
BRI AR

Y(t+1)=Y(t+1) +5, X tan « (36)

Y(t+1)=Y(t+1) +s, Xtan B (37)
K, s, A REYTBONBI K 5 s, BRI B
FHENE K o B FITHIE I ZRIEH, Y 2 BHLE, P
1GJO Bk AL an &l 3 firw

WAL stepl
Pl 240

i dE 2 K =step0
HWRAY

—_

il 1T A SR A
SR 0L

B3 IGJO EiximiEE
Fig.3  Flowchart of I1GJO algorithm



A Zh b 8 R 5 H

2026 4F 45 & T M

Techniques of Automation and Applications 55

3.2 EEMeELEE

FH BB AR sR R I pR 0 1GJO B PERE , OF
5 GJO.GWO #1 PSO fEEbA:, 45 5 an &l 4 fios . Bt
PREL F1 . Sphere PR %L . F5: Rosenbrock BR%Y; 22 143 R
i F9 . Rastrigin BR%L . F10: Ackley PR%L,

KSR S5 06 R T 45 Bk IR SSGE L /T 4 (a) ~
4(c) 7R, IGJO H GJO .GWO F1 PSO WSk B s pe | HAE

10()
—— [GJO
—— GWO
—A— PSO
- GJO
]Ofl()() -
m
B
=
1)
=
10721)(1 -
0 200 400 600 800 1 000
AR EL
(a) F1 082
15 "1

—a— 1GJO
—— GWO

—— PSOGwoO
3 - GJO

w

FO 35 i J& {8
FO 35 FE
[\ )
b

/ 10 20 30 40

k = = =

BESAN/E:
- de e e e e o o m b m - m b ow - - |
200 400 600 800 1000
SESANV ¢

(c) F9 Wkt 4k

/D EARRECN R BN B A . ILA,1GJ0 K fif F1 . F5 1
FO &5 AL T30t 3 AR . eI A KiE Rl
ey F10 )R RS 1GJO kAR B & (B -
fit 5 GWO #1224, HAE T GJO 1 PSO, £ EJIFik, Logistic
TR LRI IR AL 02 I ] 27 2T SR AN AR A5 1 DD A 3R
W& A5 A KA EAREETH T 1GJ0 MPERE .,

10-10

b
=
;z‘
100
%)
=
107 I I 1 1
0 200 400 600 800 1 000
AL
(b) F5 W8l
=
=
=
bt
=
<9
10715
lo—lﬁ -
107I7 -
10-18 1 1 1 1 |
0 200 400 600 800 1 000
SRR

(d) F10 s

4 IGJO.GJO.GWO.PSO Lb & &R
Fig. 4 Comparison results of 1GJO, GJO, GWO, PSO

3.3 EFIGJO RERLEERE

BT KAl DGR A S e F B B R L Y
PRAECHLIY & 5 E e B R AR I R P s A8 & B y =
(NyrsNoy s Nog s Ny s Ny ) o TET R B LA IR 2 AR EE 2T
FIAAE T H 1GIO Bk AR A, 75 21 4 1 A3 9% 2% FH i
BT R, Bk FREL BN,

1) g A\ A A7 0 2 i AU | ' R i BE | YL R RN 97 ey 119

2) B PP RSB B R AR S 1GJO AL HLAR K
IR SEL,

3) MRS R G ik, A R G R, R4 48 1 5

B, BRI A2 B 5 2 Sl A S as R B ) R

4) AR H bR pR O SRR RE 008 N R IF B A
R IR TR AR 0 A AR A A A

5) AR N BE AR, 1) FHABE 40018 ke B30k SR it e AR a2 AR
IZ8 I8

6) FI AR 25K TE DI 5 W BB A B B ] 3 45
MR AT IE

7) RG2S ) A 2] S A BUAS R A A Y B AR
FRE ) B2 1) R R

8) Ak A i R IEACUEL, Hn Hh B O AR B SR AR
1B IR A5 4) 2,



H2h b 3 R 5 5 H

56

Techniques of Automation and Applications

2026 4F 4545 3% 47 W

90 ry

4 KB e

1.1 RESHREHIKM i 3s427
i FE A7 B 7E 26°1270"N, 80° 103" W 14 ff 3G Hb X — 2 _%ﬂtfﬂjsf-wﬁﬁ

A A 24 b R — 4 ST Y it S 0 £ 2 s AL 40.67 778

FERALAD B, 4 40 A sU i G B o 2 2 R, L £ o

MT i #hSE B IR, 42 1R A GO IGJO, GWO  PSO 3K it E

ViR bR I Al 1] B, A RE S TR O S0, Bk 2 AR S0 «

W R AR B S S L P S R, A Ty T v roT vy

[R50 R AR ML 25 A28 3 %, L S T s

F i, 1GJO BE I SGE BE AL F GJO .GWO Fil PSO, {# 15
ER RS WM T 2. 7% 8. 8% Fl 14. 4%, #EIH.,
1GJO T A e I 5 SR v o7 A 258 e Ak i B 1 98 B 11

R

20 30
BEARREL
5 Efllih s

Convergence curve of scheme

Fig. 5

®2 SHNBE EESTAA
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Tab.3 Capacity planning results
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