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Model and Data Driven Nonlinear Modeling and Impedance Identification Method for GCI
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Abstract: The integration of new energy units on a large scale has introduced numerous adverse effects on the
stability of system operation. Analysis of mechanisms and identification of impedance characteristics in grid-
connected inverter (GCD for new energy units are key to effectively addressing these issues. Therefore, a model
and data-driven nonlinear modeling and impedance identification approach for GCI was presented. Firstly,
considering the influence of phase-locked loop dynamics, a small signal modeling was performed on the GCI of
new energy units, and a nonlinear functional relationship between the input and output variables of GCI impedance
identification was established. Secondly, a simulation model of the new energy units grid connected system by
Matlab/Simulink was built, and the dataset required for eXtreme gradient boosting (XGBoost) training under
various operating conditions was obtained. Then, simulation data was adopted to train XGBoost, and particle
swarm optimization (PSO) was employed to optimize the hyperparameters of XGBoost. Finally, the impedance
characteristics of GCI were scanned using RT-LAB hardware-in-the-loop testing technique combined with small
disturbance method to obtain the actual impedance values required for model validation. The effectiveness and
superiority comparison experiments show that the PSO-XGBoost model has higher GCI impedance identification
accuracy compared to other models.
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Fig.9 Iteration curve of PSO algorithm
M9 H AT LU, 23k O BGA B 45 A0 72
AN T R AT Bt AR

B 2T A B B AR A X A SR R DL 4
KB T 4 Ry de A, i R 07 B R XGBoost
B SE IR U T PSO FIA S B E Y
A B 5 PSO B 3L X XGBoost # S 5k 7 5
P, o] DA ARAS B A i B AR
32 AXEWIE

J9 T B UE PSO-XGBoost 1 1 (A5 &% e , 1) 1
B PE AR BRI L AR S8 5 RT-LAB A6 HE XU X
LI R GRS BT 6 L B 10 45 1 Ti%0°F
& 07N B B RS 5T/ N RS R GCL dg
BT , LA AR IBOCRE 7Y A 45800 36 F BT 5 1) 52 B BHL Bt
18 o FIFHIN 01 PSO-XGBoost 155 48 4t 33
PR T-O0F GCI dg BHAT, 15t 330 T T
SEMME S BRI Z B IR 2 00, TR g R an &
11 i, Bifi e 1 B BT 1 Y Bode [, HH T T4
B 22 AR SC R T — 21 TR A B R B A
ST IR % T A T R 100% , To 1)
R KAEMETCT g, SEME 5 BB X L
WE 12 Fros, B AR 1R 25 4 0.301 dB, A ff iR
#42.559°,

10 MRS VG

Fig.10 Hardware-in-the-loop simulation platform

F11 3380 40T B RPTHRR R 2

Fig.11 Impedance identification error under

33 operating conditions

P 1AL AR 33 AP T 00 T, A A SC

J 47 A4 1) GCLBHATLH 5 8 i /NP 3 S P

D275 3 B BE BT R A — 3, FLR{E R 22 Al it

0.35 dB, fH M iR 22 AN 2k 3°, {H 31X 28 T3¢ %) i Y
25



wAEF 2025F £55K H114

A F,F A TR A S IR B 6 GCTHE &M AR & T3P %05 %

PR 25 (8 25 52 0k sh 30 B B, D DA 145 b T
X ) Bode [ £ 3 Sl AT BIr AN TR], &2 24 T
{90 X8 7 P TR 22 [T 4K LK, RIS AE 7R 0K
) 1R 2 10 B, (30 S 43 2 35 45 /0N, DTG B 4E T
JIT B T 1 R0 o T R A R e T
Matlab/Simulink {5 B R5 21 1Y) 22 Fh T80 T AR Y
Y25 I 5 B RE A RO 2 T 5 0, OF HLBT 8 07 74 g
% R GCIAE Z Fhia 5 T00F A BH BT AR AR AL
BOMRETRIZE R . B 12 v LEDWE H %4l
T AR RN SO AR i 2L DL AT, R
B VBN A AR B B v v A o B ) B
o BT — 7 PR R 25, (ERE R R 25 B0/ 0N, Ui
B T 38 3 PSO-XGBoost X} GCI dg BT HEAT HEIR,
A LA 3] 5 S BE B AR e e (L, AT 4603

TR A R
20
—
1oF = PHE
S
32
lFEE.

_20 A | P e
1 10 100 1000
W%/ Hz
180
— Sl
90+ \/ - PHRE
& OfF
=
90+
~180 P P | RE———
1 10 100 1000
i %/Hz

P12 R A 2 BN
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Tab.2 Comparison of error in identification results of multiple models
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