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Adaptive impedance matching of medium voltage power line carrier communication based on PSA

XIE Zhiyuan, CAO Tong
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: In medium voltage power line communication, an adaptive impedance matching method for medium voltage
power line carrier communication is proposed to solve the problem that line impedance mismatch caused by the variety
and quantity of complex electrical components will influence the quality of communication. First, a model of a medium
voltage impedance matching system is established, and a n-type adaptive impedance matching circuit is proposed based
on the model. Then, an objective function conforming to the impedance conjugate matching principle is designed
according to the circuit, and the optimal component parameters are found out by PID-based search algorithm (PSA) based
on proportional integral differential (PID) to achieve the optimal objective function. Finally, based on this model, the
advantages and disadvantages of PSA, particle swarm optimization (PSO) and genetic algorithms (GA) are simulated and
analyzed. The results show that the PSA is superior to PSO and GA algorithms in terms of convergence speed and
optimization accuracy, and can effectively realize impedance matching and improve carrier communication quality. This
provides a feasible scheme for further research on medium voltage power line communication.
This work is supported by the General Program of National Natural Science Foundation of China (No. 52177083).
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Fig. 1 Adaptive impedance matching schematic diagram of

10 kV power line carrier communication
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Fig. 2 Adaptive impedance matching network diagram
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Fig. 3 Equivalent circuit model diagram
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Fig. 6 Convergence comparison diagram of the three algorithms

of fixed power line end loads with different carrier frequencies
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Fig. 7 Convergence comparison diagram of the three algorithms

of different power line end loads with fixed carrier frequency

HE 7 AT DAE B 7RIS 2 SRR . AR i
() E 2R S BAE L R , PSA HEMERERBUK AL
T PSO. GA Hik, BREKE 7). Bl 7(c)t R
PSO 1 GA BEIEAEERIRE R 20 PRI H Ar ek ZUEAH
b PSA SE R T 0, (H 2B A CEL I 3G
PSA BVEIIWC SO BB = T S AN F R . m I
PSA FIEAHEL T R AP R A EAF A R R e
JIRA SN L o (RIS 7E H 2R BEATC W BEAE 264 R
3 PRSI AT H ) 2R Sk B PO I
FZEVEZRAE TR

E I AE H tic F toc 18 F) 10 3% 3 FpRELVRIE 4TI [A],
Wk 8 s

H P 8 i LA s 7EAH [FEAIRECT PSA 5k



L, 55

Fe PSA [ o HL g 2R B E £ E N FH VLG

- 5] -

AT AL /N T PSO. GA Bk, Hidikft 100
U B398 AT B [8] 23 79 9 0.0094 s 0.0841 s+
0.0863 s, HFAEIERXRELIG N, PSA FikigfTmf
V) PR SR A A LA P Fob BV T /N, BEAE T PSA 5
EERETE AN, MR IR

0.20

I PSOE 1T 7] —
0.18 I | ol PS AJZ 171 1]
0.16 LIE=2GAIZT I 1]

0.14 +
0.12F
0.10

frF[R]/s

0.08 -
0.06 -
0.04 -
0.02

100 150 200
AU
& 8 3 FEEIEITATE ELEE

Fig. 8 Comparison diagram of running time of three algorithms

EEERELH, PSA BiktHE T PSO. GA &
YETE W 283 5 B & B FHT VT e B A h P g
e, TEUCSACH B RIS B T TR B 1, REBE
LR

4 RE

AN BRI BAR K JE IR T, 43
Br 7 b R R B RIS, SR — MR T R
PRERFEHI o B PHBTULAC RGN, FF o ik
T — R SEEL B L B HUAN R ) S 77 B S A 3L
HOVTHEC Y H AR e %, JFRH PSA BIETERUE B L
U SR B, X BEATL UL C W 45 i e S 80 AT
AL RE,  BETT S H bR R BOA B R AUE . R
FEPRPUVCHCAE A SLAth 1=, %Lk PSAL PSO 1 GA #
ERITERER I, 13t PSA BRI SIS BEFI LA B2
RIEAEWLE R, Tk 7 HEIEE AT RS
AR BEA RV RIBERIARRE, ol
15 FHATVL T2 PRAUE S RO B 236, PRItbse Bl
R SR EIELE TAEN A B AR T
— AT TT I .
&2t
(11 E#, BRyaE Bkil, & v IR e e 2o i &
AMPALTTED]. ISR, 2023, 60(7): 88-93, 99.
WANG Yan, CHEN Zixuan, ZHAO Hongshan, et al.
Optimization method of PLC communication network in
Electrical

medium voltage distribution network[J].

(2]

[3]

(4]

(5]

(6]

[7]

(8]

[9]

Measurement & Instrumentation, 2023, 60(7): 88-93, 99.
RS, WEAS, R, S5 KRR R 2O E AL
FRImER[I]. HE T, 2023, 56(3): 128-136.
GAO Hongjian, XIE Hongwei, LU Xu, et al. Digital
front end technology for long-distance power line
communication[J]. Electric Power, 2023, 56(3): 128-136.
K, ARG, AR R AT S P A
PERERIART BEMALT]. L) R GRS I, 2022, 50(7):
145-152.

ZHANG Wenyuan, LI Tianhao. Relative impacts of channel
characteristics and noise characteristics on the performance
of a power line communication system[J]. Power System
Protection and Control, 2022, 50(7): 145-152.

TREFFS, AR T EOAUE AR RO F D A R
Gt 5EI]. R E T, 2023, 56(3): 118-127, 136.
ZHANG Peiling, ZHAO Keke. Design and implementation
of low voltage power communication system based on
single frequency communication[J]. Electric Power, 2023,
56(3): 118-127, 136.

WBE, FFRBH, FhJEIN, &5, T R 2k 55 Bl H
JIERBPGEAF 2 S B SR AL[T]. B EOR,
2021, 45(8): 3257-3267.

YANG Ting, HE Ziyang, SUN Zhaoshuai, et al. Research
on cross-layer resource allocation algorithm for concurrent
multi-service in  broadband power line carrier
communication[J]. Power System Technology, 2021,
45(8): 3257-3267.

SIBANDA M P, JANSE VAN RENSBURG P A,
FERREIRA H C. Impedance matching with low-cost,
passive components for narrowband PLC[C] // Proceedings
of the IEEE International Symposium on Power Line
Communications and Its Applications, April 3-6, 2011,
Udine, Italy: 335-340.

Wk, xIfE, FOAR, & ZMZEH K EEE
SR EAE]. ARG E B, 2012, 36(5): 57-60.
XIE Zhiyuan, LIU Qian, GUO Yihe, et al. Carrier signal
transmission law of three-phase overhead power line[J].
Automation of Electric Power Systems, 2012, 36(5): 57-60.
W, RN, XNEE, & M EIE R 2l A R
R RE R B[], BRPG LT, 2017, 45(2): 43-48.
HUANG Wei, PENG Xiangang, DENG Xiaokang, et al.
Design of intelligent electric meter with self-adaption
multi-communication module[J]. Shaanxi Electric Power,
2017, 45(2): 43-48.

WANG Bingting, CAO Ziping, SONG Fei. Design and
evaluation of a T-shaped adaptive impedance matching
system for vehicular power line communication[J]. IEEE
Access, 2020, 8: 73843-73854.



-52- B 2GR 54

(101 ®I5CHs. b H s 2 BB AE 1 3 2 B 47 U S SRV T
FED]. dbxt: b IRz, 2019.

HU Wenjing. Research on adaptive impedance matching
algorithm for power line carrier communication[D]. Beijing:
North China Electric Power University, 2019.

[11] WANG Yang, TANG Junmiao, SI Jiandong, et al. Power
quality enhancement in islanded microgrids via
closed-loop adaptive virtual impedance control[J].
Protection and Control of Modern Power Systems, 2023,
8(1): 163-179.

[12] JA R, B3k, EF, 55 RN &0 B )

B e B R IRBE SR L I]. R RG R S,
2023, 51(14): 85-94.
ZHOU Lingfeng, YANG Shanshui, WANG Li, et al.
Intermittent DC arc impedance model with segmented
noise under resistive loads[J]. Power System Protection
and Control, 2023, 51(14): 85-94.

(131 B, £3C, JER, & v LR BEHT S 5d 5 )

AN BC F R B RV IROT VR [D]. D RS IRYT S 4,
2023, 51(7): 24-31.
LIU Qiong, WANG Wen, FAN Bishuang, et al. Voltage-type
arc suppression method for an unbalanced distribution
network considering the influence of line impedance and
load[J]. Power System Protection and Control, 2023,
51(7): 24-31.

[14] FEUABE. o L ) 2008 M5 KRB BOR B FE (D). Jbat:
BT, 2014
GUO Yihe. Research on key technologies of medium
voltage power line communication[D]. Beijing: North
China Electric Power University, 2014.

[15] EVEwE, 1R6EMG, 258, 5. (0L M 4Biis s £4

MG INER L] RARHESHER R, 2023, 38(4):
222-229.
WANG Xianhui, XU Kunpeng, LI Zheng, et al. Research
of neutral line coupling method in low voltage power line
carrier communication[J]. Journal of Electric Power Science
and Technology, 2023, 38(4): 222-229.

[16] BREKE. o HBe M 8 m (5 - 2 i Bl & S o S
L BHAULECHT FE[D]. dbat: #dbH J1k2, 2020,
CHEN lJiayu. The coupling principle and impedance
matching research of the clamp inductive coupler on
medium  voltage  distribution  network  carrier

communication[D]. Beijing: North China Electric Power

University, 2020.

[17] MAZZA N M. Automatic impedance matching system
for RF sputtering[J]. IBM Journal of Research &
Development, 2010, 14(2): 192-193.

(18] Zhn75. SHHURL fi At % HE M AT UL RE[D]. &K
I WIE K, 2011
Y1 Rufang. RF antenna adaptive impedance matchingbased
on genetic algorithms method[D]. Changsha: Hunan
University, 2011.

[19] e, FK¥. —Fl i BB S B & B ST A 7
E[J]. BA RGP EEEH, 2009, 37(8): 79-82.

FAN Han, ZHANG Hao. A solution of adaption impedance
matching for power line communication system[J]. Power
System Protection and Control, 2009, 37(8): 79-82.

[20] Wocag, L, 251, % BT PSO IMMICH He i &kaiiim
T B IEMILEC]. HHE ], 2014, 47(1): 133-137.
XIAO Yuangiang, CAO Min, LI Chuan, et al. Adaptive
impedance matching of the PLC based on PSO[J].
Electric Power, 2014, 47(1): 133-137.

[21] REESL, WA, 5KEE, 55 2T QPSO FikmH )

WA HE R P BTUL R[] THENL AR S RN A,
2015, 51(1): 228-233.
SONG Jianli, TAN Yanghong, ZHANG Haixia, et al.
Adaptive impedance matching for power line
communication based on quantum particle swarm
optimization[J]. Computer Engineering and Applications,
2015, 51(1): 228-233.

[22] ASHRAF T S H, NARIMAN Z N, JAMALI A. Multi-
objective parametric design of PI/PID controllers via
multi-level game-theoretic optimization for systems with
time delay[J]. Transactions of the Institute of Measurement
and Control, 2022, 44(13): 2532-2544.

[23] GAO Y. PID-based search algorithm: a novel metaheuristic
algorithm based on PID algorithm[J]. Expert Systems
with Applications, 2023, 232: 120886.

Wis HEA: 2024-04-12;
fEEE

HEZ (1964—), F, 4, ik, ARIQAHLRE.
W, 5% BT 5422 ; E-mail: zhiyuanxie@ncepu.edu.cn

g @199, F, LML, RS OHELHL
1#43. E-mail: 1106342168@qq.com

&EIBHA: 2024-06-11

(%4 K B



