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Fig.1 Typical topology and control structure of

photovoltaic grid-connected inverter

H1 & 1A AR, BRI 30 AZ 48 1E dg A bR & R 1Y
ARy

U, _Li I, R I, N
u,| ||,
- ]( Ui(
[ 0 a)Lf} | (1)
wa 0 ]11 Uiq

KU, U 5350 VSCH T Ak d g il o
He AR P2 BEAE TE ) 5895, {0 Ho i Hh ) %8y
P USGAR I 100 30 75 s i A RS ARy
I (2)
de d ¢ U(l(-, de
JGARTT I 300 A% 5 P AD P14 i 45 1) 5 2 A R0 )
FoRN

U, ]i—[ U, _ I,
l =H(, 1‘ d + i +|: wl, 0 :| i (3)
Uq [q—Iq Uiq 0 wl ],,

L [H(U.-U})
lle . } (4)

FELIAL PR B LU R TR AR ER LB PR A P i 4%
%1 PRET BRI -

K.

H(5)=K+= (5)
S
K,

Ho (5) =Kt = (6)
K,

H pll (s)= Kppn + SPH (7)

AP K LK 7359 DA RO A B ) L 81 2R BORIR 0 2R

B K, K, 23 508 B L AP A L i) 28 BRI AR

ﬁ%ﬁ;KppllﬁKipllﬁ%uyg%ﬁ*H%E@ ttﬁﬂ%é&%ﬂﬂ:{/
() o, AR A — A0 g ) 52 LU M S ST AL

R A

_3U,0,+U,1,

2 U(lc ( 8 )

1,
2 ETF Vector Fitting B 1K I W 125 25 2§ 3=
FIW/SHPR T E
2.1 Vector Fitting B Z<RE
2.1.1 HixRr#E
Vector Fitting J& —F ik QA% B — K iz H 4R
Ph— 2R W e A I 3 ek SR i e M e /N — 3 )
S FHTE WA I S R AR AL R ARk
TE Vector Fitting 575, {1 & 48 1% 34 ok 4K
FG) TR I P
F0=3 75

s—

+d+sh (9)

n

s B, AT { A, | A B e
AT SR B A B by SR 2 B R B AL 5 5
SR B RN, LA d bR 0, DL A



120 L/ AR {7 G-

Fa02k

LR 5 T RS REB I
Vector Fitting B iEk EARLIEAT .
D) BRI AR (X, | R AR o (s)

5 £ (s) MRS 255 o (s) A AR S, =X
(10) 7R~ o
R /\ ——+d+sh
F“Vﬁﬂ f_ (10)
ols C,
Z‘s )L

ﬁ¢ﬁﬁ%dwm S E AL
B (10) ZE S A A B2 AT 0 RS £(s) HHfe
5

“ ydesh  (11)
A"

(jésf; +1)f(n=§és_

K f (s) SR AE S C AR s (e, ) od
KAk S8

D)X F— BRI I s, SRR £ (s, ) oK i o
TSR, Horb b R SRRE S ANEC, B k> 2N, SR i
T2 FH /N TR S5, SR AR ME TR T -

Ax=1, (12)

_f(sk) _f(sk)
5=, 5= A,

x=[c] lsz(Sk)

DRI e, | d b (e, )T, AT RLE— 253
2 (1D AF B A 1356 bR S (5) I FER RN «

P(s)= o(s)f(s) (13)
o(s)

¥ o (s)f(s) 5 o (s) HFEBAN 4RI 25 VR Ik

SR, T
o TI6-a
O'(S)f(s):h%,
H(ﬂn

ez Az R o (5) f (5) Bl o () BRI A T
H(13) A LIE Ry,

et H

1 1
A=l —— e —— 1,
51 Sk_)\s\“

ex d b ey,

N+1

R [16s-2)
f(s)=h"! (15)
H(S—Z )
W (15) AT LA o () (R {2, B R £ (s)
FO A T 30 3t SRR 1 ) A5 590 {2, | X (16)
B 7R o
{z_”}=eig(A—bcT) (16)

S A R A I, HOT £ T R A (X, |5 b
TR R LIS L e AL o (s) B e, AT
[ 5 eig(+ ) 7% R UM MRS AIE A 138 5

H 2 (15) T, R0 bl A 7 SR A F () 1o 7 o
W2 DL, TT LUK o (s) B9 251 SR 395 10 0 B
SRR (12) 38 2 Uk A B S 1Y
AL,
2.1.2 AndEAR G AR IR

S T A, SR 17 14 TR T b A
L AR B BT 2, e b L o
I b 435 1 AR U 23 PR R R B S T
A e R, — AR I T e R AL A L X
TR L0 A L S E e B B2 17100,
B FITF IR R

93— 510, Vector Fitting Bk EA R0 E s

P, B0 bl o7 e RO, i RE T i 22 Uk AR
PRENHEF USSR . o (s) o B0 [ 5 B R K 1

AR RN SHL AT o () TE R AL A 1 Ay R ) 2
R AR B A W A e T SRR A R
S 2 TR A6 DA MR S TR A BE T, AT R AR
TR RA A R HUAY E
22 SEPHARTE

AR SCEHER ORI 100725 2 2 Tl 2 280k
K K K g Koo K FK o FER AR P A BR 57 A 5]
Awﬁ*EW%15%WT

AR AR I M AR SR L RSB S R
gty . BARSEFEHUE D% B0 BiiE s
D EE T ELUBEZR LA AT S I 25 S 8055

AR 2 BRI HE T ORI W0 AR 2R TE dg AR &R
T BN R B R AR (Y 5 — AT 5 — )
TCR Y, (s) S AT ZFICR Y, (s) 50 A
PR A B KR IBIE G, () TG, (s), 23 =
A7) A (18) Frm . ZFrLAEBGX 2 ek, 2
HEATE B B AR RS, HAS T4
FrAREER SRS H G, (s) TG, (s) I R BURFAE K
a, =1 a, =1, KRR RL & A ESR &GRS

B, HIG TR
b, s"+b, s 4-+b,s'+b,
Guls)= T an
a,s"ra, st +ad]s1 ta,

b, s"+b, "'+ tb s'+b,
G, (5)=—"m e S (1)
a,s'ta, s e T ta,s ta,
B8 338 o T B AT AR I R 3 AR 2% A2
Tt AR . R AR SCIAD R AT
DRI o, 1 d 5t/ NS H s AU U Park
AR A9 3 = A F R B E S, R AR IF M
AR ZRAC L 5 I = AH A AN AE dg bR R B RS d




%58

F AT 45T Vector Fitting FIGHR I 53045 5 45 S 808 BRI 1 ®

ity B U, E— A0 AP A B R 35 (FFT) 43-# L 153
BN o, 19 d /NS AL, THEAS B sh i %
Ko Y, FAFFHT
Y, =AL/AU; (19)
2) N w, 1 ¢ B/NES LR AU #5UR Park
AR AR ARSI HL RSN E 5 R AR IT M
A8 A G 5 I = AE A N AE dg AR AR AR T Y g
Bl U L S — 2D FET 4307, A5 B0R N o, 19 ¢ /)
PN AL, TH AR BRI 0, 4R Y, 45
T .
Y, =AL/AU; (20)
AR IS — W, BT dg FOVEE & A
JEXT TR TETE AL SRR, 75 240 BT A d 4l
il g /N Bl i R SR A S AN R T R 5 O — T T
AU AU AL AL PRAC R TR G dg AR R T
WA @, /MG T o0 IS B AU, AU 2
1 I Park 28 4 i = AR AS /NS L, B K i =
AHHL i 28 03k Park A8 4 i — 500 & AL A AL, #R IV >
SR FHBEAR = AR 52 Ui H I Fr9 R £ 1T 3 BHORH B A B rr) AR
i1 o RN &5 RA G DL R A BRI AT B4 A
R 4. K ] Vector Fitting B3 5R B Y, 55K
TS S H,(s)o HARETN K HBURTE Y,
LR R s (s=jo ) VE R B LS A S0, BEE W)U
N B B, A3 B0 A 45 A B4y SRR IE X
m= O FIR, e, =1,a) —a) b, —b, K
WP /N T S0 ) SR, AR 3T R i e/ eI
R, 20 o) —a) by — b, BYHEER, S

IS

SR
rody ’ . rd ’
bde +bdmfls ‘+.“+bdlsl+b‘ln

H,(s)= (21)

d

d, _ d
ays'tay s e ta) s +a

[F] B, % H Vector Fitting 53325 5K Y, 39550 £ 4
LA RN H, (s), R 45 1 1A B AR IAE
A2 prw, Kb a, =1,a; —a, b, —b) ¥
Oy R B A /IN T SR 4 5 K, AR SR B e/ TR
Wi R, 20 a) —a, b, —b, RIREAR, HATHIH

psTHb) s ket b ST+ D)
H, (5)=—te" e s (22)

q
a/ sq”+a' S(I”’I+“‘+(l, Sf1|+a/
q, q 49

RS SB[ M N, HOTE 08 G, (s)
5 H,(s).G,(s) 5 H,(s) 2% N F B 228, 73 1) 40
H(23) M (24)

M=( a(z(,_af,tua ) ad”,l_a:z”,,a bd”_b(’l(,’ ) bdm_b(’lm I"(23)

— ! ! ! !’ T
N_[aqn_aqa’ A, Ty b‘Ia_b’ln’ T qu_qu] (24)

9n-1 ay

BE— iz /N A LR AR R A8 S AL

HAMkan T .

A, TS R MR B TT R B R A
R B BRI C AT TR, DT e /s e i P
ST FH o AR SO ok ARG i R SRR, fiiE MR N T
A 9 11 1 TC R UBRFTE Rl — B 2, 15 2 M AN,
ORI R JHARZe Mo/ N — 3 S B0 47 1] &5k MLV A
/NSRRI 25 25

FOO At/ N ZAOR AR Z 017, 7 208 AT S
SO L s AT AR AR TAE U BARA A58 i i M
N 2 405 R o P il 5 280, X T MR N A Y
SR A /N T IOR R e HARR SRS B R A4S
X T MANN A W SEL, Tk E R HERE R
I R R PR R

3 SHPHRLH

B o P 1 T 7 SHL 0 RSP B 42 i) %) D' PR I T 3 A
i, A3 FESCAR I W38 AR 2B TTE 50 % A D) K i
100 % A Do 4t (TETh o) = 4 H 348 0) 1% 2
Pl 0T, 2R AR ST 1 7 2 0 L4 il 24 S 80 7
PR W EE R AR, Y A D 2 R T O
AR, LB P RRAS TAE UK 2 R AR AR I 28 24k
REFAAE

AT 1, ARG RS EOM AR I 254
HASEUT JEDE R L=1.4 mH, JEJ B PH R, =
21.7 mQ, W U, =780 V, HMEZS C, =10 mF,
HL DO FEL R R 380V, IR 37 i HE DR P=50 kW .

FR 4 AL B 2, 0 F B A 46 il 2R B 6 AR 9T
D) 335 A5 25 1 dg BRI T AR T o AR T D0 B SR
B. J0¥ Y, R Y, JCEE AL R bR ifE A By A
ERX G, () MG, (s) (A= (17) MK 18) s ), i 4
B 5% C FR BRI R B G, (5) B G, (5) 4530 28K, 7%
WG, () THLE K, K, K K 3 4D EHIZEL G, (5)
AL K KK K 3K 4 S 80 iR 2 (17)
X (18) A B S8 0, 7 AR £ Ab 1 g (E R %
Gy (0, ) R, REE G, (6, £) T -
GM(ei’f):

lim g (1600486, 270 || 616,27 ) (
Gw(ai’f): 25)

1 . :
lim g (L6048, 27/ )=L6(0, 27 ))

| - ORI s 2 FOR UL 0, 55 i
BHILEAL, A0, K58 A RSB BN
{8 B8 G, (5) i1 G, (5) DA 2 et 7B
A 2 P 2 TT AT 1 K Ko K
K WEF I AR 52 78 SRR A, R85 BB, 30057
B BROK, K, BRI BERL, B e




@ L/ AR {7 G-

Fa02k

G, (0, 1)/(°) Gy, f)

(a) G, () KBHARME

(b) G,(s) #BHRIME
B2 G/(s)FG(s)NESHREE

Fig.2 Parameter sensitivities of G,(s) and G,(s)

IR T S EOW RS B S AR 22— 28, 54, STk
(2138 H 25 T S0 R U 2R AN R B 3 25 00
W FTA SHEC S, o] LIE—HFR . mE2EH, &
S0 I AR 4R R A 2R A oRT DA —
A

FRAE D8R 3, 1 JeE 28 T v 1 &b 7 A 1~200 Hz
B d il /NG B HL R T AR [E] B oA 1 He, P =
A AZ M E dg A8 22T 1) d Bl HL I, SR FE AT RN
10 kHz, RAERFE] A 1 s, i@ 1d FFT 2047, 458 v, /98
S 2 1 25 TR ARE b, 7R 28 i 1A VA ¢ il /N Bl
HLPR 0 A g L 3 A5 2 Y, I S b i 2K

2RV TR Y, 5 Y, idiih 2 5 58S 44
MR % HL 25 SR UnBit s D D1 s . AT LU ), B
WG S g8 B A R — Bk ek T
PSS T AR (1) IR

MR 4E 2L B¢ 4, fdi F Vector Fitting BiEXT Y, MY,
AT S N B TR AT A% 3 R B, R RE AR
=iy Gd(s)\Gq(s)E"J*ﬁﬂmw\',ﬁ%\%ctor Fitting
BRI AT S BN 4, 2 80d W ¥ N0, I EZ
T 20 TR 38 ek AR RS B Y 4L 15 R AL
B HARFE A, T Vector Fitting 595 1) 45 ¥4 45
Tk, UGS H, (s) H, () ¥R+ R =B bk R
U i g A7 By R IR R S, Hoar 7 s* 19 R B X
HAh T R E AR H /N, 7T DL 200

2R T N LA AL R H, (s) H, (s) -hZZ 5
SR T HLSE SR AN FF S F IR FL TS, B ol
IRZE MR E R R —3 N & S5 S9Nz
ZRMEAE . Fh AT L A B0 A LA 1L o ok B HL A
T FRE B, BB A% 7 25 5 A 231 ] ORS00 5 T
ZuTHES

AR BE S, 2B SRR G, (5).6,(s) Ml
LA FABRER H, (s) H, (s) XTI 5025 (5 A F
J5 /N (BB H, (s) FIH, (s) R F b s B &
), AR 2 R T 00N SOk - 306 A8 25 0 48 il 25 S 80
HERE R NE VR 2 sl iR 2E | e

AR A ST B 45 1 4% 2 8O R s RE RS TE AN [ 1)
R0 O T BORTEA b ORI I 30 25 25 1) 4R
FEM ae S8 05— Oy L N B PLIE R # S 4K,
HK, PR 22 AH b HL R PRI AR PR K, S5 13
) RO A R — 2
R 50%hEHHMNSEPHRAER
Table 1 Parameter identification results under

50% power output condition

B ELAH HrRiE W2/ %
K, 2.49 2.07 16.87
K, 1689.11 1595.46 5.54
K, 0.62 0.618 0.32
K 130.88 128.61 1.73
K 2.84 2.83 0.35
K, 143.89 142.30 1.10

Fz2 100% WEGHEMNSEHIFIRER
Table 2 Parameter identification results under

100% power output condition

ZHU ELH BRI RE / %
K, 2.49 238 442
K, 1689.11 1802.58 6.72

K, 0.62 0.617 0.48
Ko 130.88 127.77 238
K, 2.84 2.81 1.06
K. 143.90 140.28 252

FE2 R0 0T B 4a il 4 2 800 B S AR
(B3 IR AT S PR AL b R 4 T R
B R AT R £, NP S F I F2 firs o |l AT L FER
] Dy ey A D0 BFRUR 2 i 3 i 25 S EO RE RS A
BTG ] PN DR AR A i 11 R A AR o

P S BR I HhOR 2 g 1 EA T /M5 5 BEAT
I, XMERSSAETEME S T, M TG T 5
1R 22 & i 2 #1& CCF (Complex-Curve Fitting)
B AR SCRT Y Vector Fitting 5592 Ho48 R Bt
WEFE THLRE ST T S A b U B X () A, A SOkt
100 % A Dy Pyt TOLF Y, B 0500 S 90 B
PNAZEMEAF MR LE 1000 FY MR 75 (55, >R JH 2 R
G35 S S ) FRAE 5 AT R 138 BRI
(40L& 1% 328 pR B Bk e ak U W =% G X0 (G1)
(G2)), 132 ML 4521 Sk 22 A B % G K Gl
Fin. HEW I, Vector Fitting By AAX) CCF %, 1E
FRALE FUEOE & A MRS B LT A 15 21 0 1%
128 PRRIUAS RS R 1 22 T/ | R T VR b
J2 e 22 52 1) i 11 AR

FIHT 2 P U055 A 31 (14 4% 356 pR RS A T 458 T
SRR HHRG RN 3 os . ATLLAE T
Vector Fitting [ ZHHFN 5 % HL 3L T CCF S50
WERA E m A HFR



%58

F AT 45T Vector Fitting FIGHR I 53045 5 45 S 808 BRI 1 ®

®3 BETFHREETF2MHNEHEZNEHNRSH
PHAZRXIEE
Table 3 Comparison of parameter identification
results of controller based on two fitting

methods under noise disturbance condition

. Vector Fitting H-7% CCF
% HAL —— - — =
PRSI T wmEsa B B/ %
K, 2.49 2.20 11.65 1.95 21.69
K, 1689.11 1419.30 15.97 2313.00 36.94
K. 2.84 2.77 2.46 1.57 4472
K, 14389 14458  0.48 499.99  247.48
4 g
B XA SO B S AR O VA I8 R R T LR
e,

D) ARG/ ME T RAAC SR R 0 A 4%
43 1 BEBTI , IACH FEL B TAEEAS RS, B IE # s 4T T
DU 45 PR A BRI ORAP S AR LR AR I AR
M) P, S ) A T, U AN 52 ) L 6 ) i 11 3 44 b
FRPE RIS RO AR, DR X B RCR 1 52 e wl LA

2DTESPR ARG, BEE B A M S TR DB I i A
SR L PRE S ARPRE v] BEAFAE— 58 B D 2, 1IX 2=
SR DGR I 30078 i 1) s 1S AN R b, 1 — 20 R
FEHI o S BOIRAE R MERR . B2 i A S5
22 B B L AR 1 S R BERORT L 22
DRI PR S A 2 R i 2 R ) rL R A R SR
BUHERE L . — SO0 T, BRER L R RIS I IR IR
ISR 2598 FIE £10 % LA, 3BT 3R WY, 7% 0 2
T PR P, B2k R 50 R 5 U D 0 Pl JR Y 2 S i 26 0 47
il e 2 KA IR A5 SR 5 A R R A7) A AT 4 52
A o

5 it

BEXT 5 2205 T4 i 201 AR I i AR 2%, 42
H—FPIETF Vector Fitting 942 i 5% 2 BUM s #E R
2L AT AR SESEUE IR, I it SRR
BIBGUE T rE ik A R . M LR 4518

1) Vector Fitting 53k % S 44 B i 0k 41
RAEIA , BA RIFHPUE S THae s, Sl G 1%
346 bR EICFR I8 B A% 7E S0 ] PR B R AE 00 3 1)
Yk ;

2) T 5 TR I 0 A 25 ) 32 It ity 11 D
AT REPE | BEAE B S WS [R) A T 4 BRI G
YRAFAE , DA SIEIRA [R) 4 50 45 1 20 50 45 il 4 S 00
FEAHE

3) IR 48 S HOIR U R 338 T AN
7 TP T AT R ) BT RGNS IR
Jeenp HZE AL FetE: i RSN A

P 3% I A M 27 (http : / www.epae.cn) .
S ik

[ 1] RREAR . R GEH R 7 3k 19 B 5 32 9 A i A o 2
(3], 4l e ST, 1988(4) : 18-28.

YUAN Zhendong. Some complementary relations between time
domain method and frequency domain method for system
identification [ J]. Control Theory and Applications, 1988 (4) .
18-28.

TRAMTE, ZE, AR, 45 . BT PLEE 4R 0 S BOIR K SL B0 0
ELT]. HL T A B k4, 2010,30(11) :40-43.

ZHANG Yangfei, YUAN Yue, HAO Sipeng, et al. Parameter
identification of digital PI controller and experiment validation
[J]. Electric Power Automation Equipment,2010,30(11):40-43.
KRAR , BE/MR . BT Wiener 1570 (1 S AR - 190 305 25 25 45080 iR
TrklI]. mERPLT A0, 2013,33(36) : 18-26.

ZHENG Wei, XIONG Xiaofu. A model identification method
for photovoltaic grid-connected inverters based on the Wiener
model[ J]. Proceedings of the CSEE,2013,33(36):18-26.
[4] Dk, B RN, JETRARGEEMNDC/ DCH I
THHSEIERT]. PERBLT A, 2005,25(10) :50-54.
MA Hao, MAO Xingyun, XU Dehong. Parameter identification
of DC/ DC power electronic circuits based on hybrid system
model[J]. Proceedings of the CSEE,2005,25(10):50-54.
ST T RN A ORI SR A By
HT]. A, 2015,39(3):594-600.

JIN Yuqing,JU Ping, PAN Xueping, et al. A stepwise method
to identify controller parameters of photovoltaic inverter[]].
Power System Technology,2015,39(3):594-600.

[6] LIU Z,WU H,JIN W,et al. Two-step method for identifying

photovoltaic grid-connected inverter controller parameters based

—
NS}
[—

[3

[a—

[5

[a—

on the adaptive differential evolution algorithm[J]. IET Gene-
ration, Transmission & Distribution,2017,11(17):4282-4290.
[7 ] FLAEF, 520, Do B e , 55 . T 1) e e 0 25 B g O AR O 1
WA SRR AR SRR ], B R R 5, 2017, 45
(11):65-72.
KONG Xiangping, YUAN Yubo, RUAN Siye, et al. Controller
parameter identification of the grid connected PV inverter for
fault transient modeling[J]. Power System Protection and Con-
trol,2017,45(11) :65-72.
VRS AR T, . FE TR TR AL EIE 1 B %
HUPOTEEL) ). AR, 2015,39(5) :1213-1218.
SUN Lixia, LIN Xue,JIN Yuqing,et al. Modeling of grid-con-

nected photovoltaic generation unit based on particle swarm

—
oo
[—

optimization algorithm [J]. Power System Technology, 2015, 39

(5):1213-1218.

TG, IR AR L GF L TR s U S RELE Y 4

BOEHERLT]. I HRAL TR 2R, 2019, 39(20) : 6034-6043

6184.

YU Hongru, SU Jianhui, XU Huadian, et al. Equivalent and

identification of virtual inertia and damping of grid-connected

inverter[J]. Proceedings of the CSEE,2019,39(20):6034-6043,

6184.

(107 PR, M52 RSP B, 2 . SR I 1950728 i 4 1l S8R dg
iR ()], RS AE1E,2014,38(4) :38-43.
SHEN Xinwei, ZHENG Jinghong, ZHU Shouzhen, et al. A dg

axis decoupling parameter identification strategy for grid-con-

—
N}
[a—

nected inverter controller of photovoltaic generation system
[J]. Automation of Electric Power Systems,2014,38(4):38-43.
[11] W50 B AR Af 45 BUBE XU R L8053 28 H R 0L
LT ] PR HUHLT A, 2013,33(13) : 116-126.
PAN Xueping, JU Ping, XU Qian, et al. A two-step method

for estimating DFIG parameters in a wind turbine and the



® ® 0 & % L B $aE

measurement selection[]]. Proceedings of the CSEE,2013,33 timation of parameters in rotor side controller of DFIG-based
(13):116-126. wind turbine by frequency[J]. Automation of Electric Power

[12] skafe Ere, BRR®E 4. WA & AL =M EOIR ST Systems,2015,39(20):19-25,108.

ZHOEIRT ], ) A3l kisess,2012,32(6) :86-89. [17] GUSTAVSEN B,SEMLYEN A. Rational approximation of fre-
ZHANG Jianhua, XIN Fulong, CHEN Xingying, et al. Parame- quency domain responses by vector fitting[]]. IEEE Tran-
ter identification of DFIG with three-phase short circuit[J]. sactions on Power Delivery,1999,14(3):1052-1061.

Electric Power Automation Equipment,2012,32(6):86-89. [18] GUSTAVSEN B. Improving the pole relocating properties of

[13] PhEEaR W20 WA 2 45 . AU 4 ol I 2% S (LA AR 45 ) vector fitting[J]. IEEE Transactions on Power Delivery,2006,

W ZHER1T]. B A s ki 4 ,2020,40(10) : 85-91. 21(3):1587-1592.
SUN Chaogiang, PAN Xueping, PAN Shengyun, et al. Equiva- [19] DESCHRIJVER D,MROZOWSKI M,DHAENE T,et al. Macro
lent model structural analysis and parameter identification of modeling of multiport systems using a fast implementation of
wind farm collector network[J]. Electric Power Automation the vector fitting method[J]. IEEE Microwave and Wireless
Equipment, 2020,40(10) : 85-91. Components Letters,2008,18(6) :383-385.

[14] BUME, BTA0 , EARAT, 45 FE T AR R v A VSG Thdiifg [20] WEN B,BOROYEVICH D,BURGOS R,et al. Analysis of DQ
1 RBCHIR TR ] P E AL TR 2E R, 2021,41(12) : 4239- small-signal impedance of grid-tied inverters[J]. IEEE Transac-
4250. tions on Power Electronics,2016,31(1):675-687.

YAN Xiangwu, JIA Jiaoxin, WANG Yuke, et al. A VSG po- [21] ¥9°F. dh RGE@ELHIE S kM) duat Bl m
wer frequency transfer function identification method based 2010:23-26.

on characteristic test in frequency domain[J]. Proceedings of
the CSEE,2021,41(12):4239-4250. 1EE®N:

[15] GONG H, YANG D, WANG X. Parametric identification of
DQ impedance model for three-phase voltage-source converters
[C]//ZO]S IEEE International Power Electronics and Appli-
cation Conference and Exposition (PEAC). Shenzhen, China:
IEEE,2018:1-6.

[16] W23 BT IR SRR, 45 . il e SRR IS XU B 2 7
il As SRR 1], W1 RS A 8k, 2015,39(20) : 19-
25,108.

PAN Xueping,JU Ping, WEN Rongchao, et al. Decoupling es-

I #1997 —), % , MEMA AL, £
T 5 7 v A AT IR G AR AT 5 45 )
(E-mail: wangzhe_9723@163.com) ;

B % (1985—), B, @l #ix Wil
1EAEH BT 7 @) A AT AR R F BT AR
(E-mail:lvjing@sijtu.edu.cn)

(88 23

Frequency-domain identification method for controller parameters of

photovoltaic grid-connected inverter based on Vector Fitting
WANG Zhe',LU Jing' ,WU Linlin>, WANG Xiao’,ZONG Haoxiang',CAI Xu'
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University,Shanghai 200240, China;

2. State Grid Jibei Electric Power Co.,Ltd. Research Institute,Beijing 100045, China)
Abstract: Photovoltaic grid-connected inverters usually contain multi-bandwidth control links, including inner
and outer loops as well as phase locked loop,and the controller parameters are often unknowable, that is,
there is a “gray box” problem. In order to accurately identify the control parameters of various control
links with different bandwidths, a frequency-domain identification method for the controller parameters of
photovoltaic grid-connected inverters based on port admittance characteristics is proposed. Firstly,the theore-
tical dg admittance model of a typical photovoltaic grid-connected inverter is established and its theoretical
admittance standard formula is obtained. Then, the measured AC port admittance data of the photovoliaic
grid-connected inverter is obtained through frequency sweeping,and the Vector Fitting algorithm is used to
perform vector fitting on the measured admittance data to obtain the fitted admittance standard formula.
Finally,the least square principle is used to minimize the sum of squares of the difference between the coef-
ficients of the corresponding terms in the theoretical admittance standard formula and the fitted admittance
standard formula, thus the estimated values of controller parameters of photovoltaic grid-connected inverter
are identified. The parameter identification case shows that the proposed method is able to accurately identify
all controller parameters with different bandwidths.
Key words: photovoltaic grid-connected inverter; parameter identification; admittance characteristics; Vector

Fitting algorithm ;multi-bandwidth control
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