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Figure 1 Back-to-back voltage source converter structure
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Figure 9 Power balance of each scheme
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Figure 11 Comparison of voltage curve of each scenario
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Figure 12 Comparison of voltage deviations of each scheme

Fhy FEL s 22 X6 LE A AL A L T LR AR G i
5 A5 58 — KA HL TS i 22 A A [R] R E ARG L T
b 2243 1 /> 9. 76, 8.41,10.49,1.28,9.30 p. u. ,
I REAR 44.37% ,38. 21% ,47. 69% ,5. 84% ,42.28% ,
Ferh PAT5 58 3 WA A s i 25 A9 LE 0 B K, 7 6 4 dw
NGR4T S SOP 3 E | AT & S8 Jf
R A R RS TR 1,2,5
R S BRIV DY AR TR N
HT79 5 IR W 22 W 5 T 07 %8 3, RNy LR L2y

AR IE 2 B A IR Oy v T ESS Bl R A2 il
T AR A B S R EBOR R R 25 T O 3,

At DL B o AT R B, AR SO R O RAELE S
BCAS AL T A 5 58, BE A A A4 R IR I 45 B 4 42 T
Jic i 38 £ B 22 55 5 TR B E-SOP REfE AT 3k le 35 71
SR R A 2, B T R RS A
4.3 HEWIESH

Sk itE— 25 B IE T B 0 TR A B vk SR AR S
$& E-SOP FLIl 1] B8 1) A 20 MR R, 3 8 R[]
SR i A TR) 5 T E AT X L AT, A5 SR 6
FiR

6 KBEMILE

Table 6 Comparison of solution strategies

ES SR AT HseRE/ 76 KGR /s
VE B! WOA 1 536.91 39 605
E W MIWOA 1 374.59 43 568
HE3 CPLEX N AL
J%E 4 MIWOA-SOCP 1375.71 24 967




74 MK 2 Al (0

) 2026 4E

T AR AR R K, WOA Al RE 2 7= A Ja i i A
45, H CPLEX ARE A FE WS, MIWOA 3K fif 45
SIRAFEEAR 8 RA TR KRS TR
BF ) $ v T SR A AR R T TR A A A
R

5 g

(1) A 30 2% 38 KOG J) ik O¢ e 1, ok
Frank-Copula PRBC AT B 3 s g . R B oK
M) o7 Xof B 0) T 5 3 W M Y S e, N7 T % IR DR Y
E-SOP XUZ MR K AY | & T —Fh 2k T MIWOA F
SOCP HIR A U Ak 530 1 XoF [ 0 A7 SR i, 78 40 K 45
TORES IS, $ & 7O X T R ELR
B B B S IR ] ST A PR R SR

(2)E-SOP (145 HL AL 1 5B 8 @ 24 42 FH IC F I i
SV PR R G A T BE O R BT 4 A G H )
R E M . ASCLL IEEE33 5 &5 & 48 %t Fr £2 9% B i7F
AT AE , 3 W T 44 SR s 75 38 A 1) 265 451 6 | 2 T TC # 9
IBAT G LA K B T T R AL

(3)E-SOP # %] i) 11 1ifs 5 % 2 A i o2 IR 3%, 7
2 pE T R g B R b ST LA F IR A E R R
(ARG G g B0 i Bl A ) A R S0 AR R[] i A B
A TR BT A A AR R 1% B i R SR A O R R
i 2 — LW Y R

SR

(1] #mEMHE, hRE, TR, & Ot REW Wi

JIRYTE W 2 e ] RO L R AR AR [T, R E T,
2022, 55(3);: 105-114.
YANG G Y, SUN R F, DING R, et al. Mulii time scale
reactive power and voltage optimization of distribution net-
work considering photovoltaic multi state regulation capa-
bility [ ] ]. 2022, 55(3):
105-114.

[2] EX, BHK, Tz, 5. FEBEXE M 3306
HL I H DG \SOP 5 ESS MW M BEh ALK [1]. W)
RGP S5 EH, 2022, 50(24) : 71-82.

WANG J, WANG W Q, WANG H Y, et al. Two-stage

China Electricity Power,

coordinated planning of DG, SOP and ESS in an active

distribution network considering violation risk[ J]. Power

System Protection and Control, 2022, 50(24) : 71-82.
[3] ZRmes, BEGL, WHas. %5 B M a7 20 Pk 5T R

e L G RE S R LRI [ 0], ML) A sl ki 4%, 2021, 41

(8): 8-16,40.

ZHU X R, LUG W, XIE W Y, et al. Robust planning

[7]

[9]

[10]

[11]

[12]

of energy storage in distribution network considering
source-network-load flexible resources[ J]. Electric Pow-
er Automation Equipment, 2021, 41(8) . 8-16,40.

CAO W, WU J, JENKINS N, et al. Operating principle
of Soft Open Points for electrical distribution network op-
Applied Energy, 2016, 164, 245-257.

JI H, WANG C, LI P, et al. Quantified flexibility evalu-

eration[ J .

ation of Soft Open Points to improve distributed generator
penetration in active distribution networks based on differ-
ence-of-convex programming[ J]. Applied Energy, 2018,
218 338-348.

XN, WP, BT, S5 TR AR A% RE AT G 1Y
SR BRI ()], B Atk s,
2024, 44(7) . 238-245.

LIU Y, XIE P P, HUANG B K, et al. Robust planning
of multi-feeder-sharing energy storage based on E-SOP
[J]. Electric Power Automation Equipment, 2024, 44
(7). 238-245.

CAO L,WU J Z,THOMAS L,et al. Optimal operation of
Soft Open Points in medium voltage electrical distribution
networks with distributed generation[ J]. Applied Ener-
gy, 2016, 184. 427-437.

LI P, JI H, SONG G, et al. A combined central and lo-
cal voltage control strategy of Soft Open Points in active
distribution networks[ J]. Energy Procedia, 2019, 158
2524-2529.

EHSANBAKHSH M,SEPASIAN M S. Bi-objective robust
planning model for optimal allocation of Soft Open Points
in active distribution network: a flexibility improvement
approach[ J]. Electric Power Systems Research, 2023,
224.:109780.

HE Y,WU H B,BI R, et al. Coordinated planning of dis-
tributed generation and Soft Open Points in active distri-
bution network based on complete information dynamic
game[ J]. International Journal of Electrical Power and
Energy Systems, 2022, 138.107953.

EHSANBAKHSH M, SEPASIAN M S. Simultaneous si-
ting and sizing of Soft Open Points and the allocation of
tie switches in active distribution network considering net-
work reconfiguration [ J|. IET Generation, Transmission
& Distribution, 2022, 17(1): 263-280.

HUANG Z, XU Y, CHEN L, et al. Coordinated planning
method considering flexible resources of active distribution
network and Soft Open Point integrated with energy stor-

age system[ J]. IET Generation, Transmission & Distri-



552 #

FETHE, 5 - 75 R R R L ) T FRL O RE i B BT G WUZ I AL T 75

[13]

[14]

[15]

[16]

[19]

bution, 2023, 17(23) . 5273-5285.

fafy, B AR, REK, 5. TR A R RE
PER TR REHOT C Sk RE R S A RN [J]. W
Z5 A3h1k, 2023, 47(18) : 142-150.

HE Y, YANG X D, WU H B, et al. Coordinated planning
of Soft Open Point and energy storage system for flexibility
enhancement of new distribution system[ J]. Automation of
Electrical Power System, 2023, 47(18); 142-150.

PRAKR DL, 28 es, MIShims, &5, 25 N0 I R I 1 it
it U T BE B ) 5% 2 i #) ik RE AN AE BT 5% B[] A1 32l
[J]. HLHE, 2024,45(9) :49-62.

CHEN Y H, LIX L, LIU J S, et al. Energy storage sys-
tem and Soft Open Point coordinated planning considering
distribution network flexibility supply-demand matching
and network transmission[ J]. Electrical Power Construc-
tion, 2024,45(9) .49-62.

El, RO, N, % B RS AR IEIETR
P A R TG F A BRSO 56 soP MR ik (0], P E
AL TR, 2017, 37(7) : 1889-1897.

WANG C S, SONG G Y, LI P, et al. Optimal configura-
tion of Soft Open Point for active distribution network con-
sidering the characteristics of distributed generation[ J].
Proceedings of the CSEE, 2017, 37(7) : 1889-1897.
T, 2R, mEE. O BERY =3 SOP X E AL
M EE AL R [J]. K FHBES 4R, 2022, 43(3):
101-110.

YU W S, LIM, YOU R, et al. Power flow optimization
study on active distribution network based on three-termi-
nal SOP with energy storage system[ J]. Acta Energiae
Solaris Sinica, 2022, 43(3) . 101-110.

KR, M, AKHh, & R A AR = w8 AE
TF 26 5 5 SR A wey 17 /4 32 3 I H I A 2 T ) B R AR A
[J]. ARG AP S0, 2024, 52(3): 104-118.
MI Y, SHEN J, LU C K, et al. Active and reactive pow-
er coordination optimization of an active distribution net-
work considering a three-terminal Soft Open Point with
energy storage and demand response[ J]. Power System
Protection and Control, 2024, 52(3) . 104-118.

HAN S, QIAO Y, YAN J, et al. Mid-to-long term wind
and photovoltaic power generation prediction based on
copula function and long short term memory network[ J].
Applied Energy, 2019, 239; 181-191.

U, T, KA, SE. B B OG0 R A XU
Habm kg R[] B RMEEA, 2018, 42(7):

[20]

[21]

[23]

[24]

[26]

2120-2127.

LI H, GAO H'Y, ZHANG Y, et al. Expansion planning
of large scale hybrid wind-photovoltaic transmission net-
work considering correlation[ J]. Power System Technolo-
gy,2018, 42(7) . 2120-2127.

M, K. BT S A BB A - SR A g
AEMABREL]. 58k, 2025,62(12) :115-
124.

LIN W, LIU T Y. Optimal allocation of super capacitor-
hydrogen hybrid energy storage capacity based on scenario
generation| J |. Electrical Measurement & Instrumenta-
tion, 2025,62(12) :115-124.

IV EE . YR T i B R Y 32 30 IC A 9 0 AT Ak 4
BriD]. FBMFBM A, 2021.

SUN H F. Operation optimization analysis of active distri-
bution network based on " source-network-load-storage" co-
ordination[ D]. Zhengzhou: Zhengzhou University, 2021.
SHAFIK M B, CHEN H K, RASHED G I, et al. Ade-
quate topology for efficient energy resources utilization of
active distribution networks equipped with Soft Open
Points[ J]. TEEE Access, 2019, 7. 99003-99016.
LIPING Z, YUE Z, WEI R, et al. An energy-efficient
authentication scheme based on chebyshev chaotic map for
smart grid environments [ J ]. IEEE Internet of Things
Journal, 2021, 8(23); 17120-17130.

WOUAR, W, SO O R N (]
FFEHL TR 50, 2019, 55(21) : 220-226,270.
HUANG Y C, ZHANG L B. Improved whale optimization
algorithm and its application[ J]. Computer Engineering
and Applications, 2019, 55(21) ; 220-226,270.
WML, Ror 6, e, — Bl 2 5K mk B il f Ak
HERRERESHHOR)]. BRAL =M, 2024,
19(1) . 176-189.

PANY Y, WU L F, YANG X Z. Parameter identifica-
tion of chaotic system based on a multi-strategy improved
whale optimization algorithm[ J]. CAAI Transactions on
Intellgent Systems, 2024, 19(1) . 176-189.

SKCKE, AT, SRR, AR RE TR Gk AR R
SESTHLR KU Z2 28 B[], M R 2z 2 4l (T2
FR), 2024, 45(2) . 89-96.

ZHANG W Y, MA K K, GUO Z H, et al. Multi-step
prediction of wind speed based on gray wolf algorithm and
extreme learning machine[ J]. Journal of Zhengzhou Uni-

versity ( Engineering Edition) , 2024, 45(2) . 89-96.



76 N K F F W (T %R 2026 4

Optimized Configuration of Two Layers of Smart Energy Storage Soft Switches for

Distribution Networks Considering Demand Response

CHENG Zixia', TANG Xing', CHAI Xuzheng®, GUO Zichan', YAO Wenbo'

(1. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. State Grid Xuchang Power
Supply Company, Xuchang 461000, China)

Abstract; Aiming at the problems of increasing network losses and voltage overruns faced by power systems contai-
ning a high proportion of new energy, a two-layer planning strategy of soft open point integrated with energy storage
system (E-SOP) for distribution networks considering demand response was proposed. Firstly, the typical scenarios
of wind power output were generated based on Frank-Copula function considering the relevant characteristics of wind
power output. Secondly, a two-layer planning model of E-SOP was established. The upper layer took the objective
of the lowest annual comprehensive operating cost of the distribution network for the siting and capacity setting of E-
SOP, The lower layer took the demand response participation into consideration. The operation optimization was
carried out with the objective of the minimum operating cost of each scenario, and the multi-strategy improved whale
optimization algorithm (MIWOA ) and Second-order Conic Programming ( SOCP) were used to solve the model. Fi-
nally, the IEEE33-node systems were used for example analysis, and the simulation results showed that the annual
integrated costs of the systems were reduced by 7.94% , respectively, which verified that the proposed scheme
could effectively improve the stability and economy of distribution network operation.

Keywords: Soft Open Point integrated with energy storage system; Frank-Copula function; two-layer planning;

whale optimization algorithms; second-order cone planning

(L5 58 TT)
A Constrained Multi-objective Evolutionary Algorithm Based on Competition and

Cooperation Multi-tasking

ZHANG Meng', LIANG Jing®, QIAO Kangjia®, YUE Caitong’, WANG Xilu’

(1. School of Energy and Intelligent Engineering, Henan College of Animal Husbandry and Economics, Zhengzhou 450046, China;
2. School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China;3. School of Computer Science

and Electronic Engineering, University of Surrey, Surrey GU2 7XH, U. K.)

Abstract. Constrained multi-objective evolutionary algorithm based on multi-tasking competition and cooperation
has problems in resource allocation and collaborative optimization, resulting in low effectiveness populations wasting
computational resources, and underutilized high-quality solution information. Therefore, in this study, a constrain-
ed multi-objective evolutionary algorithm based on competitive and cooperation multitasking was proposed, which
included two main strategies. Firstly, a competition-based resource allocation strategy was proposed to achieve a-
daptive allocation of computing resources based on the historical performance of each task population. Secondly, a
collaborative optimization strategy based on parent aggregation and offspring diffusion was designed to generate high-
quality offspring through cross-task cooperation and spread them to various task populations, achieving efficient uti-
lization of effective information. The proposed algorithm was compared with five other advanced algorithms
(CMOEA_MS, ¢cDPEA, EMCMO, MTCMO, and CMOEMT) on 38 test functions, and the results showed that the
proposed algorithm achieved optimal results on 25 and 26 functions with IGD and HV indicators, respectively, and
was superior to the compared algorithms on at least 23 and 24 functions, respectively. The proposed algorithm had a
feasibility rate of 100% on all functions and can effectively solve constrained multi-objective optimization problems.

Keywords: constrained multi-objective optimization; evolutionary algorithm; multi-tasking; resource allocation;

collaborative optimization



