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Optimum control for UPQC-embedded source-network-load-storage system using PSO-ELM

GAO Bo, LIU Chuan, HAN Jian, LI Zewen, WEI Baoquan
(East China Jiaotong University, Nanchang 330000, China)

Abstract: To address the issues of low renewable energy penetration and poor power quality in traditional
source-network-load-storage (SNLS) systems, an optimum control scheme for an SNLS system embedded with a unified
power quality conditioner (UPQC) is presented. The proposed scheme is implemented using the particle swarm
optimization (PSO) based extreme learning machine (ELM) algorithm. In the multi-objective optimization operation
scheme: the first optimization objective is to maximize the power generation of photovoltaic (PV) arrays; the second and
third optimization objectives are to minimize the load voltage deviation and maximize the network side power factor,
respectively; and the fourth optimization objective is to maximize the utilization rate of the converter. Since the
multi-objective optimization problems are difficult to solve in real-time, a hierarchical optimization approach based on the
priority order of optimization objectives is presented to simplify the multi-objective optimization problem into several
single-objective ones. Then, by training all the optimum solution sets obtained as an PSO-ELM surrogate model, the
proposed strategy can be executed quickly and accurately. Finally, the effectiveness of the proposed scheme is verified
through simulations. The case studies show that the proposed strategy can improve the absorption rate of renewable
energy and the utilization rate of converters, and optimize power quality.

This work is supported by National Natural Science Foundation of China (No. 52407101, No. 52467006 and No.
52367015).
Key words: unified power quality conditioner (UPQC); source-network-load-storage (SNLS); photovoltaic (PV); particle
swarm optimization-based extreme learning machine (PSO-ELM)

ESTB: BRAAAFEALTE F8 (52407101, 52467006, 52367015); T o4 g AAFEELRE K8
(20232BAB214061, 2023BAB214065)



B, 4

$EF PSO-ELM (R UPQC (1) “J5- 1 —far —filt 7 Z2 4 foe L4 il SREms - 63 -

0 38

TR IR [a) 8 v] 42 &Y (renewable energy
source, RES)J: M 5 5y Dh % o )y ¥ fur #5110, FCH
W FH R B AAR S H 2 P, B2 . RES
(R B e HE DI 2R M DA & S A 5 oK s BT AR
AR EIZIN, R & i 80215 2R 14
filo N T [RIRT22f# RES THANREUR L AR R 2E5%
I ), 45— Ho g5 B 8 (unified power quality
conditioner, UPQC) #% A N & —Fh S iz HAk B
BT R T =Y 5 B2 i R K % (dynamic
voltage restorer, DVR)V A # 11 [A] 25 b 12 % (static
synchronous compensator, STATCOM! At , R4
UPQC Frfi PR 2 2 HA B A =, (HE AT LA
0 o BN FF IR L C DM, Ho ey RES 4245
LA R RER . 5 0-UPQC! AL, 164
UPQC X &— M HEMHEAR, WHREATEMK. B 1
RS R RME RS B PR REXT EE AT

LR )
Bt
(Es

EilkiAlEpal
' ]

pRIE

(=]

/

it Rl ARES
i Rk R
1 FRIAMER BRI EE 4

Fig. 1 Comparison for different compensation devices
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Fig. 7 Simulation waveforms of proposed scheme in case 1
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