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Abstract: [ Objective ] This study investigates the multi-
objective optimization of proportional integral (PI) controller
parameters for the unified power quality conditioner (UPQC)
using the non-dominated sorting genetic algorithm II ( NSGA-
II). UPQC is a crucial power quality enhancement device
capable of effectively mitigating voltage fluctuations,
harmonics, and imbalances in the grid. Its performance is
highly dependent on the optimal configuration of controller
parameters. Traditional optimization methods fail to satisfy the
system’ s multi-objective performance requirements and are
susceptible to local optima. To overcome these challenges,
this paper introduces a multi-objective optimization approach
based on NSGA-II, aiming to identify a controller parameter
configuration ~ that  concurrently  optimizes  harmonic
suppression, voltage stability, and dynamic response speed.
[Methods] The study utilizes NSGA-II for multi-objective
optimization. This algorithm achieves global optimization of
the multi-objective function through fast non-dominated sorting

and crowding degree calculation. NSGA-II possesses strong

global ~ search  capabilities and  rapid  convergence
characteristics, enabling it to swiftly and accurately identify
the optimal solution for UPQC controller parameter
optimization. In the optimization process, harmonic

suppression, voltage stability, and dynamic response speed

are prioritized as the main optimization objectives. By
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Hainan Electric Power Grid Technology Project ( 070400KC
23090013)

precisely adjusting the PI controller parameters, the optimal
control strategy is derived. [Results] The effectiveness and
accuracy of the proposed strategy are verified through grid
voltage compensation simulation and DC/AC side voltage
simulation. In the grid voltage compensation simulation, the
proposed strategy is compared with the nonlinear proportional
integral-model predictive control ( PI-MPC) strategy. The
proposed strategy compensates the voltage waveform to be
closer to a sine wave, with a smoother and more uniform
waveform, and lower harmonic content compared to the
nonlinear PI-MPC strategy. In the DC/AC side voltage
simulation, the proposed strategy achieves shorter adjustment
time, lower overshoot, and quicker recovery time when the
system is disturbed, exhibiting stronger robustness than other
strategies. [ Conclusion ] The PI controller parameter
optimization strategy based on NSGA-II can effectively
enhance the performance of UPQC under complex operating
conditions, improving the system’s power quality and
response efficiency. Compared to traditional methods, this
optimization strategy not only improves power quality but also
demonstrates better stability and faster adjustment capabilities
in dynamic response processes.
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sorting genetic algorithm II;

controller; non-dominated
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Fig. 3 UPQC reference signal generation control block diagram two
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3.1 PIEFIZSEZSEKE

H T NSGA-II (9 UPQC £ H¥5 PI #4128 %
AN G2 o — A7 T 0 BICE i -
AR S8 AL BRI FE A BAE MG TE ) PL 4%
W25 K, K,y K, B K, B ECHE(E, QnfEl 8 B
R B SR i — 2 B0 SR A Y
AR 2SS R Ak Ak H AR R R £, AR AR H
bR R AL £, o

8 SEMUMMBERBALER
Fig. 8 Pareto boundary results of parameter optimization
HilEl 8 AT, HAR KL £, 0 d/ME N 85.63,
HbReR%EL £, B/ IME N 15.38, BIHig R4Ei0 7
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SRR R AT AL T A S o A B A Y
SN UL PR R S B A b, 4
BT R, SR DL AR I R 1
BT, ANES Ty B R BRI Ry O AR s IR L

P 9 Jy Hnt R P14 HI g5 48 45 K, A1 K,
BEIE AU B AR R & B A 4R
WHCH 8~22 B M35 K, 1 K, FlE AR B0 28
A B R Bl , e 23 i Fe e R 2.63 F110.806

9 Eifit PliEHIsEmE R BT E
Fig. 9 The gain of DC PI controller change with
iteration number
K10 g se i ik PT #1414 45 K, F1 K,
IR A2 L R, Nl & kAR
WHCh 8 ~22 B Bi2E K, R K, Bl AR 28
e AR SN, T IR AE M 26.06 A1 5.41

B 10 357 PLIEHISE RIS ROR BT E
Fig. 10 The gain of AC PI controller change with
iteration number

3.2 ENBEIMEAE

=M RE BRSO T = AH L R R EOE
B 11 iR, 0.1 s~0.2 s TEAH 10% 1Y 5 %
TN 5% Y9 7 YUl B J 8 Y i85 0.2 s ~
0.3 s HL & B Th, 87 TH HL e O 6 O L R Y 25%
0.3 5~0.4 s HLHETI, 8 F HL 1 O i 50 1L ) Y
25% . AU BL, AR RO =AM LR

11 ERREMINEN=IEBEEREE
Fig. 11 Three-phase voltage waveforms of power grid

with power quality disturbance

H T 07 L HL B A O R A L B, A S
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12 RERERINERM A HEEREE
Fig.12 A-Phase voltage waveform of power grid with

power quality disturbance
R OR 3 48 0 A M A R 38 A A
UPQC JS FI HE Ml 7F B Fo A5 1% 25, fdf = AH Ha ) H,
JEAERR R 2 . A AH A2 H e 3 B2 1 4 [
13 i,

B 13 AMEiMREREREREE
Fig. 13 A phase compensation voltage expected

waveform diagram

IR UEAS SCTT ¥R B A ROME A SR g 5 H
BITBIFFE 35 R A R B AR e A Le 491 AR -5 2 Tt 44
# ( PI- Model Predictive Control, PI-MPC ) 5% "
BT T, ARG PI-MPC g 52 Froph2 g
JRBIE A 14 Przs, WIEL 14 7] & ke
FEPIE AT T IR 5Z M2, 15405 8 i B DL
P—2e g, HPTB B
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14 JEZk 1% PI-MPC 3% %) SR g SERRAME R RS T B
Fig. 14 Actual compensation voltage waveform of

nonlinear PI-MPC control strategy

B 15 ZASCi R M PR AME BB R IR B
Fig. 15 Actual compensation voltage waveform of

the control strategy in this paper

3.3 EmMXRMBERE

NSGA-IT Ak i) fie A 3 i R 1 1) B B i)
PEPIE A 16 Fis, B 2205 h i 2 (EH 1Y
100% (B 700 V) , %t FRBLE R G, A~ 221 N 3%
(BPET 679 V~T722 V) TESREAFHTIL PR
BIRZEN 16V MAEHADL L A8 i 40 sh 224 oy
5V, {BFESCHR[ 17] BT/ PSO Bk, PI 3 45
TEFTA HRE BTSN 1T O M AR IR 25 iR TASSC
NSGA-II,

B 16 NSGA-II AL J5 Y B it i FE JE i 2K i) 1z 38 7% B
Fig. 16 DC terminal voltage step response waveform
optimized by NSGA-II

NSGA-II A5 1 o A4 52 U i L S 4 9 R )
P EAAE 17 Fros, B 224 0 i 20 1Y
100% (R 339 V) X FRELE RS, 22 225 0 3%
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FHIE 16 1 17 7] 1, NSGA-I1 5 PSO & 541
Fe, RGN AR AR 2E N I ) A (R o )y

B 17 NSGA-II fL4L 5 B 38 it s P B R Ml oz 37 7% Bl
Fig. 17 AC terminal voltage step response waveform
optimized by NSGA-II
T SO , LI B 2k i R R S AL B i L
Farg, 45N NSGA-II 8k ATk UPQC &

gepatil

k2 B AR SO K A v, R A PI-
MPC'™*' JEZE M PI-MPC'™®' [ PSO"") DL K AR 35K
W 2R BB L YL N L, s A A ek R 8] ] X0 4
W3R 2 PR, S5RFW A LT HA 3 Fb42 i 5
W%, A% SR W& 14 3 3 I [ Bt L i o AT, 76 &R
GE e HE LB IR S I T S, BA i A R
F2 AREHESIREE T BN EEBIEEME T E

Tab.2 Comparison of DC side voltage overshoot and

regulation time under different control strategies

il e AR/ % PHATIE) /s
PI-MPC 22.14 0.056
k£t PI-MPC 16.63 0.043
PSO 16.51 0.044
RS 15.7 0.031
4 g

ASCHEH T —F LT NSGA-T 1Y UPQC £ H
br PLAZE G 8S S E AL S g, L& Bl | i AR
S RSN A 7 2 B A O B A, L T R AR S
B2 R LI &, V-LMS/F %340 T HiAl
D5 38 T PR O R R AN Al R AN
S LA Sk 0 R 2R S ) A R 43 o 3 ok
SIAPGHEE S HE e AR BF B3 A A ik 1
RGN TT B ME LI I 2 B ARPERETR K e S B A
JRIERE ALY Jmy BRA: . 4 LA R KW HE T NSGA-
I PEAbiy PL 45l 48 2 807 % B & 271 T UPQC
ITERERIL, FEE 2 TOUT i AU BER 2L
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