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Abstract: To address the issues of existing power system inertia online evaluation methods, including insufficient
robustness, low prediction accuracy, and computational complexity, this paper proposed a continuous online
evaluation method for equivalent nodal inertia featuring accelerated prediction error minimization (PEM) . For power
system nodes, a collaborative optimization algorithm is proposed to synergistically integrate multivariable output
error state space (MOESP) model identification and PEM principles, thereby enabling simultaneous real-time evalua-
tion of equivalent inertia constants and damping coefficient at power system nodes. Compared with existing online
inertia evaluation techniques, the iterative characteristics of the PEM algorithm compensate for the potential stochas-
tic errors inherent in the MOESP algorithm. This approach preserves the robustness and accuracy of PEM while en-
hancing computational efficiency by using the MOESP algorithm. The complementary integration of these methods
enables stable and high-speed online evaluation of power system inertia, thereby promoting stable and efficient grid

operation. Finally, the effectiveness and accuracy of the proposed method were verified using an improved IEEE 9-
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bus power system. Results show that the proposed method achieves a relative error of less than or equal to 2.12% in

evaluating the node inertia constant and less than or equal to 4.00% in evaluating the dampling coefficient. Compared

with traditional methods such as the state subspace (N4SID) model identification method, the accuracy is improved

by approximately 64.96%.

Keywords: power system nodal inertia; inertia constant; damping coefficient; online evaluation; collaborative

optimization algorithm

TEAEGE I R GE R , B T SR T el oo h i e
TEhE. SR, B XU R SEAERE , LAIE A fE
B Ay = 1 ) A i T A e R IO A 2
i BB T R A AR T AR L T R
IR RGARFAN LARRE, M R G2 A R
i, A ) 25 L IRTGIE gl Ay i R R g S AR AR AL
i, ARG LS. AR AT B A R AR A B
AU P, RGO R A A R TS, JE
IEARAN T R GPRAZA, B o KB R
PR IR, T BN 2 2 i ) R L
KRR B, AR 1 e 1 R G R E R W]
A B BIR , VA i S R AR I R SR /K- R
Ao EE RS L

PG IR, B R PPAS 75 3 0
R B L BURPAE ) T RSB T e LRI
AR T A R B R T S
A ) B AR AR R A SR HL ) R G B R
W A e 2R G I Bt R A B A I
FEPPARIOL RIS AR R G B 5 L
J& TR 5 AL, Tk LB ) R G B W S A
Th T TR BE AR O 4R B A A T
RESAVE , X R G S s R 7 [ U 20 A, ST
i R G A AR B 2 ) A T [ SSRGS S
AR AT LB R T RE I RE S
Fe RIS A8 i 22 [ 52 e B AR SR MR AR, SE BB
KRR REAL TN , (Ek 37 1 4 TR R
BB, B A A 0 0 S TN o R AR A T
PEtE 22 Z BE BAh, T R I
PR3 OGE T TR T AR E R I R, M A&
Gt S Al e LR AR AR R R AT BRI I P O A
. R, X255 B9S2 bR O EAT Ry it — AP e e
ik, £i b, FRT IR P27 1206 40 A5 B P
YA A B E 1 R G AT — S I SR R,

B RGEER BT S RR T, h LA i
gy | ST SN E kD AP E (A5 HL
REIRAMGE TR, BTk —F5E, ¢
WFTEHR AT B 1 R GRS IR B Bs AT R 48
T IELR M. SCER[101R SRR /R S 3550 )

THL ) R G XA AR LR PEAR  {H% i R B
R 2 (R AEWMER N BOE. [FI, ZEPPAb
FErh 2 7B RBOSPERR S R A2, SEHE &R
FORAB PR B B A RS TR AL 45 R A R
PR, SCER[E B A H AR ITHE S5 2480 Wil
PERRGMIR GBS, 20T R GE R H A
Je BB ZI7 ik EARRE AR BRI PR A5 2R
(AL T A5 5 R B, H Ik R I AR 2 VT A 1Y) S s
PE. SCER[12)28 T 10 ) R G0/ MESh g B EUE , JE57
RGEHARASZS AIEERY JE i BRI . SR, SR
FIPIRZS F25 8] (numerical algorithms for subspace state
space system identification, N4SID) 75 [A] B A | 255
BB 5 CPR RGN IEC , AT R T 45 SR i
P, SCHR[13]48 H iz F % 2 22 (output error, OE) -
B RESHGHA THER 578, IF LUK A4 451X
B K AN AT — & A T T
fli RGO, (B T RIRZRK, T 2K
SRR ISP () 780 0 PR A5 P 5T 2 1 DA AR P A G 45
IR 2E , WS PR A 22, ME DL e ZEZPPAN I S PR
K. SCHR[14-16] 000 A1 FH £ /> — 3 Jis B8 ] 42 3K HU R 4
(G 7K, (HAE R X R ) R G i S 4 g
ARREVERT, ks PR AR E v, B R AR A
1S B0 S PP i T A [ AR B ) o H 1 FH

Zr b, B R ARG Tk AR IR T4k
R DAl 7 A TR SO B , SEL T TR
Gt iR SV, (B RS AT E B 22 | MERR
fRAT A B BAE IR it , AR SCHE S — P AT i i
IR 25 B/ MK 3T R B R i SR LA I i, i
Oy 2R 1 22 48 1 By 1% 22 R 8 25 (8] (mwltivariable
output error state space, MOESP) #4757 HEH A1 i
M5 2= 52 /)ME (prediction error minimization, PEM) J7
Py RIS, AU PEM B3 I AURR R IR
b MOESP 55 1% Al 68 7 A B AL 152 22 1Y Bk B , 38 3k
MOESP F3:45% PEM Sk ik Rt #2. [R] ik RH.
JE FREEN NGRS G , Dy R SR Ao
FHJE R ECZ RIS G )R, ik — 2R M PG 4 SR i i
BPERIPEAG Ik iy S, AR T REE T
R B S BUNE LA



©522 - KHAR AR (A AR5 TR

5oL HSW

1 BARFREELITEEREM

1.1 BARKREWET

TEPREE T W R A E M, R
AR B Briz SR A L A AR I RE ST, W 2R S E
TIAMER I TR 7 2R G e b i DU A B A B
G RGN R AR RE ), R R IEE FLRE 11
KN

T4 1 71 22 48 B PE R SR I F )25 & L
T, REHHE NP E O RS s A4 A2
KL TERUE 5 U FAd et g, 3Rk
W)

1
J @)

i,gen

E

igen = 5
m

Egen = ZEi,genai,gen
i=1

K : Ejpen HRGEHE | BRI L BTl 3)
BE, MW * 83 Jgen NAHXT I BOEE SIELE, ke - m®; 0o
REE AL 5 Egen N RGN AAAEI EIERS Sl RE 5
BT TIRZS HH O gen /R (0 HEE N, 1 R IEETT) 5 m
MR K AL SR

SRy B S e R G e K SO MR R
Hyys FH R G T TELR IR A K LA 3% F A6
IS, ShRE S RGERUE AL Sy ZH, B s, B

Egen
H, = < (2)

n

(1)

PlEpf A [R5 K L AP IR Y BOR 2 Ak
[F) 25 W 5 i i L e R R as A .t AR 2
H 5 5 L I e A R, JCHE F23h 2 i R
P IR R GATAERIME R IR LT
WA AR [P L IR i R R B R . RGTAAR TR K
BT 1, RGN ) pidi i Rg
W ATR I
1.2 SERN0E RS 2
LG ) RGN A oA iy, R4
WA R A RAS , [REAILAH T s A il 1 Sl BE LIPEF- &
GE A AN B R G 2R T PR AR R T g
() 25 HILZHL R A i oy el R AR ] S ol e 3 3
BT E, B
2,y &f,_ PP, —f,
f(; dj; = s, _Di,gcn % (3)
e Digen MIEENLA @ BIRHJE 223 Pim Fl P Sl
AINEALER i BRI G f; A R i

(R REZAI 5 fo R TSI, £, = 50 Hz.
AL fo B S, AR DI 1 R
M= (3) Wl — 2k AR 2 B, B

2Hi,gcn%=P:m_P:c_Di,gcn (f;*_]) <4)

e fARIEHIA @ 0% e BRI A AR £ A 5
P ORLE Sy RAAIRHLAL i LRSS g 2 %
AR £ (.

15 B[R] 2B AL 2 1 — YR R AR BB X R
+0.033 Hz, 7EFL ) RERREBITFM T, RgHE
RPN B, AF P S IR AR 2 23 i — Y A
FEIX. TR, B ) R Ge ) — A BN 2w fih
BT, PGS EAE , RIS & AL AL D) 2
fbit AP, W,

M T AESE PRI, [R) AL A A G D Ak L B
FAREL, P AR (b s A i 7 4 B 1A TR A i 7]
He . TR, B RET)F M ANl it m] LR ok R 2l
JRBREAE LN A At A TR RIS, A3 i 22 10 722
AREE TR AR, SR @ s Fisghr
FEn] #E— 25 U5 A R R R, B

2, o= Ar DA (s
K A REEHUA @ B S BT O 22 bR 4
{EL; AP, AAARHLZ i (A D30 22 AR £ 1.
1.3 TREYRE

Z WL I RGUAGHE  SEOL R AL 43 A o B 25
(OS2I, 22 G0 (0 I 5 50 22 300 L B 10 B s 0 A
L LT e 1 R AT el i 2 O e =
REEAE L P i B S B A S T, RGEARR B K-
AW B, IF EAEBEE ™ A s e A EA.
I, A SCE R 5 T s R, ST s 56
RO e AR AEFCRE A5 17 U AR RE T, TS B
X R GEiKF- B 45 23 A1 ) AT AL SER . AR
1 A0 132 3 FE ok

2@%%:MZQM* (6)
A H R Dy G FRoR AT i AR EORIBE
JEZR B AP, R He BER A A D) B 2 AR 2 (8
)R ETAL R R 0 B wii s €= N I D = & R
L RTTHRE H; D Y 1 B 1 R Bk
Af; 1
Gi(s)zF[*:_ZH[HD, (7
o G (o) WA i AE N AP B AFT Y 1 Biflish s B,
s RhrEHE




2026 45 H

HH/NERSE . — ] N R 22 /MU RGP Z A i - 523 -

2 EAZETRRESHELITMAE

21 RKREZEEE
MBS, () PR 1 Bk kgt
Gi (s) AT LAREAR 1y s BOR S 23 (AR M, )
x(k+1)= Ax(k)+ Bu(k)+ Ke(k)
{y(k) =Cx(k)+ Du(k)+e(k)

K xo) cek) culk) Fl y (k) 43 FREE k SRFRRT
ZNZR GRS 7 MRS AR | By A R LA
x(k+ 1) A% k+1 REEBZRGRES LT 4.8,
C.D Fl K 53 i FRos AR | 0 4 | o R AR R
T R I R e 75 [

ARSI 4 L P AT O 1R 25 dRe /M Y HL T R
481 i 7 VAL i, T R DM R R PR T
(phasor measurement unit, PMU) #4 & (1)) 5 20 &
4 (wide area measurement system, WAMS) . % 5k
I TEL AR ) R GRS T L 85, IFh H
ST MOESP #l PEM RYESHZ:, W1 | MRS
RIS ZS RIS T S HOER, D36 i) 4 5 HH =K (7)
R 1 & R Gi(s) , FRNAHEEUE TS i 1Y
SERUIBE H BCFIBE e R4
22 HIERESWMAIE
221 HERE

R ELIRPRE AT M S EIER, 4565
(7) F1(8) , LA i i Abi#E b4k A D) Th A8k i
APAERN RGN FEE u, DB FARAR bR ALY
ARG ARy, JER A MOESP 1 PEM
M R AR, NIMSEBX R A.B.C.D
K MSEIER. SR, fECPR TN S, h
WAMS S ot i st AR A AT 52 B 2 FH IR R 52, A
MAFFER 2, X F] e BOH R 25 A 0wt 25 FLS0 (. Ry
I, T ST A S A T 0 S AL P
222 FKIEAFE

1 2 (6) W, A7 DI FIAT 2 i 25 34 M s £ A, ik
o BRI AR A TR L AR A 3. b, B g S
E] fo, HINTRWIEWEAE R RFEA T S

Ay 3R B B 00 S % 2 1T 3 G A DA A DG
RS RANWT , ASSOR T R L PR RS AR i 5) )
SFOB R e W 2 H I B 43 BT (detrended  fluctuation
analysis, DFA) J7 X0 b5 Z A0S 09 f 0858 144 7 ik
HP1 DFA - J7 3k AT LA R B e dhs o DR 45
ZEM 7 A R T

XPT 8§ AR A DA AP, FIARRAR

®)

foit Af TR B , 13205 A P8 Z) R

Z,., ={y(k),uk)| k=1,2,--,N} 9)
K N OARAE SR
2.3 EF MOESP-PEM Hth R E %

T MOESP 1 PEM #EE R BRI L AL H 1)
Sl 1 R MU A R V() 18 FR 2R AR
BHCIRASZS AR M, ik 1 TR, Hirb e i %un
B AU A—1Y PEM Bkt R G as iRl M ik
BB N, BAR AT LB AW 4R
AU B HORZAS 23 AR M, (A4 e T 58 2 B T
NREE MR Mo, X 225 R TR AE 2 PR
(RS, [R)R, BA—1Y MOESP 233 SR ] DLHess %
U B BR[| (H 45 AR 22 A Ak FLAA -
B2 XAF TR R R E RV, 28 BT
W, B I PR RN A I A AR A N AT 22 T g
AFITF L RGPl A BT .

R, A SCHE H—FPJEF MOESP-PEM 14 Hp[F]
MeAbs s, o OB e T AU MOESP 434
PEM {R{ILEpRE IR E Mo, FHFEI PEM AL
fEBEJIXF MOESP #4722 HEA T4 1E , M ) 422

P A UR AR DL AR Y BB B A B R 1 AE
WU T PEM S (0 M A M
P, B F H MOESP 5L2F+ T PEM SE7A MR, M
1T RE W Fe i FL s A5 b SE B L 77 2R G B ) 7 4k Bk
TEA.

PAVITE
v, (8)

IR IEM,

‘ PEMSLIL 11
RRARE R

25 AR * ST

E1 FrRthEMRUEENIHTE
Fig.1 Implementation illustration of the proposed col-
laborative optimization algorithm
2.3.1 MOESP Hi*

F-23 [a)FEH 7725 (subspace identification method,
SIM) SR GE LA R GEHFRTT L 2N, A%
T 2Ry, o, MOESP 573 B £ 1) 45
{EIHRME R B, B4 2 T4 K TR
T RO Sy 3 — A Rt g A0 B VPN (1 B, AR ST
MOESP A GRE MBI ISk, DU R
LS4 MOESP 3% iy s i e

(1) #4% Hankel 5%,

$ =L (8) B i RGUIR S =3 (A B Al Hankel
MR, H



524 - KHAR AR (A AR5 TR

5oL HSW

Y =r'X +HU, (10)
A U Y B X, A BIFoR A RS Hankel
FEWE; T A H Ay 3o 2500 CREWLAT Toeplitz KE I,
E SN
C
CA
r,= : (1)
CAk—Z
CAk*l
D 0 0 0
L a2
CA7B CA”B - D
iy A-fitH Hankel 5P 7] 1 =X (9) PIrom i A -
Je4) Z, Ak, B

y@) (2 y3) - y(k) ]

Y, = y(:2) y(:3) y(:4) y(k:+1) (13)
y(?) y(p.+1) y(p.+2) y(p'+k)_
u(l)  u(2) u@ - uk)

U, = u(:2) y(:3) y(:4) u(k:+1) (14)
u(‘p) u(p.+1) u(p‘+2) u(p.+k)_

A : k O Hankel 2E[ER951%; p A Hankel FEFERGT T
B, T IRGEE KA N, Hankel H0 R AR 8 75 5
B p+k <N, LMRIEA OB A iR RS
(2) QR 43t
Xtk Afi Hankel ZE[53E1T QR 43, SKf# Y,
MIATAS AIEH S Uy 197723 R IR SR b3 1] b 1 IE A

e
Uk _ T _ R11 0 QIT
{Yj_RQ {Rﬂ &JQJ 1>

K Ry Ry 1 Ry AT = MIESERE R (FFE; Qf
Moy JIEMIESSHE Q@ #YTFF HAHEIEAL.

(3) wF AR

e = (10) 0 (15) vl 15

X0, =R, (16)
X} Rop 4147 S4B 50 i
S o0
R, = usv' = [Ul Uz]|: 01 S2:|L/12T:| = UlslVlT
(17)

K. S H Ry WEEHEA IR UV R Ry
FIRRAIE ] T A A AT S ) i 80 . 8 M Uy Uy DA
ViV S L U LA VTR ULS Y R AE

RGP IR TG e HLEGE AT U SV BN, 2%
ATIAUASSEMAHE G B, i 7] AFE— 2 R Lk E|
R iy H .
RGN En FTRE S S 13 A EEL,
] 38 o AR A5 B EN] (akaike information criterion,
AIC) KeffiE. AIC BRI AT RE/ N R G NEL,
GG ERRGENEI. T R ERS
TOUT, i AIC 2 FLE & AL 10 B
ez 2 (16) #1 (17) AIAR T SCREMHERE I
r.=us" (18)
(4) RGESHCKRE.
RYGHRE A, CHEA N
C=I.(1:p1:n)
+ (19)
{A:[Fk(lzp(k—l),lzn)] I' (p+1:kp,1:n)
. (- )R Moore-Penrose 4[4 1 Ph 1 iz 44 ;
I (1:p, 1:n) HHFE TR p ATFRT 0 502 BLHH
SRR 5 HARE P Iz 53 [ HL.
HilE B, D 7R e/ N e iR i A AR

U/H,=U,R,R; (20)

232 PEM ;‘%ié'\‘

ik MOESP BiES M RS A.B.C 1 D
TR AR A ZS B My, (AR F 920 R
e | IF ELAE VS P T e 2 B
R S R Z. L, ASCT A PEM 2R, il
ot A T BRI TE 9IRS 2 AR M, 72
BEIE 4 JR B PRAR 5 25 TR 0 08 1 2 3 5
.

BT 1 FISRAR 0 4 RIS HH S
BT A S, B

x(k+1)=A(0)x(k)+ B(@)u(k)+ K(0)e(k)

{y<k) = C(0)x(k)+ DO)u(k) +e(k) ey
A ZHmE 0 MR KRHE; 40) . BGO) |
C(0) .D(0) .K(0) W SRR BRAHE | F21
R A TR e IR P, A 6, (s =
1,2, ) RRFT —FeRE R M(0,) .

$ 2 ARSI M (0,) T 4L
W PR 5 (k0,) . A5 L 5 R U p (0 1
b, TR M(0,) MIFIE2E & (k, 0,) FIHI:
9 75225 Vi (0,) . BRI TE L5 2 s

{e(k,as) = y(k)- 5k |0,)

V,(0,)= %kﬁ:”gz (k.0 + 20, -6,[;

e 0) 9 MOESP Rk wIin S id; 1 4

(22)



2026 45 H

HH/NERSE . — ] N R 22 /MU RGP Z A i - 525 -

IEME R, TR B A A
ST 3 KHIriRE vy (o) 1ER MR R g %
RS2 TR e M. S R T o A
éN = argmgin v, (6) (23)
WAL | SR fige et A v Jir FH 3R BE R Ay A - K 3
AR M0, 1 HEH AN
0,.,=0,-n[V¥,©0)] V() (24)
K FRAK, FERIA (0, 17, FFUGEFCTE T 2

Vy@.,) <V (0)+cVV,(0,) (0,,-6,) (25
Kb e WHEH
7 (25) AR EEFD Hessian 64 300051
_ 23 (k|0

VV,(0,)= N;( = js(k,05)+
24(0,-6,) (26)

. _ 23(0pk|0)) k|6,
V¥V, (0,) = N;( 0 ) 0 +2AE

(27)
KX E AR e, SRR R R T DL A A R
JrFEAREL, B

k) _ ox(k) oC D
T =C =0 +aa x(k)+ag u(k) (28)
REFE AR
dx(k+1) _  ax(k) 04 B
20 1 og T Pt (29

R ORIAE TR 23 (AR B A ] FE , mle i
RS e S SUIRIE R R i L5 ROR . AR bR
MaEADEN

) [5(t) - y(0)]

Z_:y(t)2

sy R p BT

A Fi < Fo, WIFRBHER PR RS 28 [ AR A 0 1k
HER 20 R G R ShASm NPERE , o Fy R G
FIH
24 BMESEIRN

2ot DA WAL BN A R P , T LA B —
MR AR ZS AR M, %R T LA e 3
RARG SNSRI TERE. MR, REHEE RN A B,
CFl D AR R BE, A G ¥ M
bR B 3 PR AR, DA S5 2019 s S i ORI
Je R FEEL.

G(z)=C'(zZI-A)"'B +D’ 31

Airp z TR BHUEL.

F =|1-1 x100% (30)

ARG B ORI e S L, BT 23 BORAE R I N A
ATESE , AT DL B A 18 e L G (2) et i 2if%
R G (s) , Ak

n n—1 0
mOS +mls +~--+mn_1s+mns

G =
(S) losn +11S"*1 +"'+ln—ls+ln50 (32)
S g,y my B, L L399 G Gs) OFREL

BURT, fB38 BREL G (s) B 25 19 s A AT
FORBH e B B, AR TR &, ME DL
SEEAEGE S, I, Ali@sd Arnolid . Lanczos . Pade
FR P G2) 1 A (7) BARBTE L, M S
TSRO BRSSOk e B RS
WA AR HLAS B LA Pade BAE LLSE IR Y
fbppBY,

gE BRTIR, IR 2 iRy SRR S
ARG 7 2 i s i P, 2 e<ix 107
i, 4ksE A0 S H A i HE T AT 20 A0,
I, SRR B S TR IR AR, ASCe BURSTAE 1 x
107 H 71 RGEShAS B (400 A BE 3 o 7 1A 51 85% ~
95% Jr AT it A T AR RO A SCHCH P R, KA
FEHIHR RE R E N Fo=90% . TEASRIRN REFEL R

MRt g 5t 2%
i B R A2 A
!
RART KL T A A i,
P fEE R

Hlibr 41k
2
il 5 4 L e AR
5T IR A2 B
oy iy A 1 — ,
Hankel {1 BRI A =F,2
! K :
JE
QRAMiE, KA B HCIR 25 2 [l 48
IS TRy 8 A 336 R B
! )
A SO, R 2 0 2 i
T SCRE A B LA AL % R AL
¥
it £t
E R 1L 33 R EL BN
!
i e Ja s B TR A PN 5 At
2 A AIM, FIBHJE F 5
)
I 14 2R Gt 1
A, B, CHID

2 £&F MOESP-PEM HENT mEHRESHEL
WA ERRE
Fig.2 Flow chart of online evaluation method based on
MOESP-PEM algorithm for equivalent nodal in-
ertia parameters




© 526 - KHAR AR (A AR5 TR

5oL HSW

Hh YA B X 1 A8 S PR AU BEARR T R (L
A AIC ESME EHTERE FINT, Lok +%
A BE I (Fi=90% ) B R GER AL n, FFHIL
B RGHA TS HHR.

3 EHlsSH

31 MERZRIREE

Ry 6 MR AR SC I i B4 AT S T 5 25 e /M )
RGN SR LV T Ik T A T RN ER I, ARy
1E Digsilent/Powerfactory -5 FHEEL T /4 1EEE
9 SR RGEH T ES . B RGESMNE 3

FR.
2
0 Q
~ & & o .
g = s | ames S
Y 18/230 kV ——— i ————— 13.8/230kv |128.0MV - A
3 (9 ——— - g 3
wht % $
192.0MV -+ A . E% i% .
ﬂé’kﬁ A W ﬂéﬁﬁ
i © >
i HERA -
A |5 2| #m#B GG
125+j50 MW | “FE£k4 N [90+j30 M §

&
1.65/230 kV

e

wE WURK R L
2475MV - A A
1 60 MV -+ A

3 BRI IEEE 9 BB N RGEN

Fig.3 Structure of an improved IEEE 9-bus power system

%48 1IEEE 9 B RGith 3 BFLEBILAH.3
BASRAR  3 AT L 6 SRR 9 SRR AL, &
G TAEM R R SOHz( T M) , 4RI K S5 9k
230kV. RGP E BRI A B LA HUE 2 Sen
WEH L Hoor FIHLIE R EX Do W35 1 FR. RGN
WUERE S, NWRG P IA RIEPLH A 2, B
Sn = Sgnt + Senz + Senz = 567.5MV + A, &R G HNEH
B LI B, RETEABAHREA
PMU , LU SR 515 547 2h- 33 sh 45 2 Al
U

*1 BHEBIEAHTIESY

Tab.l Main parameters of synchronous generators

WLl | Edbk WEAE Has | Du
ilaes %' Su/ (MV + A)
G B 1 247.5 3.9251 | 17445
G R 2 192.0 1.6916 | 1.0150
Gs R4 3 128.0 13533 | 02256

22 [ SR N AR B RE VR I X, A5 X IEEE

9 BZRRGIATHGE. HATEETREIRALA ZECR IR
Do T8 s o) 4 s T AR O O A R L X R
TP Tl W, FL AR LB i K )3 SRR SR, Je ik
7 P 1110 o DO O o 1 g e o A L B B
T, PRUHASUR: X A% 4t [F) 20 L4 S e P 1 a7 SR
B, IR REME R AL R L S 8. Tk, AT
PEEL 60 MW HIBTREVEALAIRE ATELL 6 1555, 1B
JEHLEH 10 & 6 MW XU) & HUMLAE R A%, A
T B TR P58 H A 7 YA AE AL 5 B RR VR AL ) A B /e )
RGNS HOTAL J5 1 HAT I8 A

YT K LA AR B SR A P g i )
REJ7, HIEPIA Y T RGP 3 A — A A Y TR
U, BT i W] 2B ATLZE A B S R . B
I, ADRSR A SN R G50 S, hERT 3 &
T GE IR B 25 R, 045 [R]85 K H ML A A o
BRURFFAAL . AR SCHE A0 R e LA O vk Bt
st E %4 30s.

TEVL S E Ty T, bR ) RGfERa st T
W FEIRFEAETE T NG D sh et , U BAE i far B
AT R B R AR RS s IR, T AT
W T A 3 s He— Sl A e s v AR BEAL £

RS R R AP il A — YR PR ARAE X + 0.033 Hz JE Rl
DAL, T R AR 0L B B P R 2k . MR T
RSB B ST 5K, PR S A U A
G ARG LR T, WA SR AR
B THF AT k.
3.2 MOESP-PEM &%I6iF

1 F 1] 25 & H BL A BT 5 A i T, LA
Gy MBI BRI B e R B R TEA i R S 1], XoF
AT 7 B SR AL FR A8 B IR 56 0E .

T, i PMU WEFERBRFEEALA Gy %
B 1 AR W2 AP FIBR M2 Af EdE. Il
WA 60s, /i 30s 155 M TREIEIPHA, 5
30s {5 5 HFARAIAS UGHE. & 4(a) . (b) Fi/RHA 0 ~
60s BEZk 1 [AT DLl m 22 | A0 38 I 22 Bifi sf (1) Fry 2%
k. BG5S AT AL TR, X Aot 1R B K PN A R AT
2R A 25 FAT Th Ty i 22 B8 0 I Bk D45 A R E(E
S0Hz 1 567.5MV - A, FeAf oy 5, i Ltk
o ATt — B UEBRTRAME SR 22 , UL FRS (AT Jw
25 A DR R R] AR AL EEE AN 4 (o) | (d) FTR.

RIG B 0~30s AL TIANEES (4G %4
WA SR BERE A, RSO R R &
BV, MR 1 S R R RS A (AR M



2026 4% 5 A HH/NERSE . — ] N R 22 /MU RGP Z A i - 527 -

0.020
0.015 |
< 0.010 |
jasi
E» 0.005 |
0
-0.005 |
-0.010 - - - - -
0 10 20 30 40 50 60
tls
(a) AfIJEUREE
0.5
OF
=
=
[N
<
-0.5F
~1.0 L L . L L
0 10 20 30 40 50 60
tls
(b) AP JFIREUR
3
[
22
b
0 10 20 30 40 50 60
tls
(c) AF TAL RIS %0
E
,,Q
S
ey
<
-1.5 . . . .
0 10 20 30 40 50 60
t/s
(d) AP TiAb3 5 B
4 EFWRERZESIAE G NENNERRE IRE
fRERERT E R

Fig.4 Active power and frequency deviation variations of
synchronous generator G, in the renewable energy
integrated system
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Tab.2 Evaluation results of inertia constants and damp-

ing coefficients for each synchronous generator in
the new power system with renewable energy units
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Tab.3 Comparison of evaluation results
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Fig.6 Data tracking of inertia constant H and damping coefficient D for synchronous generator G,

4 & it

FE 2540 ) R Ge A, IR B AR LA O i
FHE—ERRRME. T, AR T —F3ETF
MOESP-PEM I FRIEALIE L, i R A 3 R ge ik
FROEEIT TOUT B S A TYPR-BR(E B, 15
Y DINAE 0

(1) 3£F MOESP il PEM F B[] 343% Al i i 13
MR 2 /MU, BERE X FHEAS R 1R 22 0 31 35 3
HIVER, IF HLi8 258 T i RGP AR ITA 25 1
RE .

() DAEMBE AR b, BE R S e R

BURAAAEMELL AR B 1)l , ™ B 1T ARS L. A
SCHr R A SE A RO T IX—XERT, B[R] 25
LR RS B e R BB ST, SEBL T H IR AR R
WO AR T T R PP AR A MER Y, v
1 R GEBA TAR S ARG 00 A 5 B SR fe it 1
A IR,

(3) FERLX FlA KB BT REMHLAL BT B L ) &R
GEI , ASSORTHE Y 00 05 V8 e B RS A0 1. %07
VR RENS LU = RS AT SO Al R G0 R i AR i S
B B HAEAN R L Ty R G R )28 N e )
L AR PERESR B, L ) RGUIBUE PG Gt
AT — Pt FH AR HERBOR %A

(4) Pri i e L AL T ik al S BEXT B ) R 4



2026 % 5 J1 /IS . T I B S M RS R AR T 529 -
R TT UR A3 A B HER L% S A AR 2 . limited PMU measurements[J]. IEEE Transactions on
B2k Power Systems, 2019, 34(2): 1362-1372“ ‘

(81 XJr#, HHEE, £ N, & ETEETHENR
(11 5 40, skfEd, &R, & Wik Hbs R R S K BE G Ik ). B RE AL, 2020,
GERHH A AUET R (7). EPEI HUFL T RE2A, 2022, 44(20) : 46-53.
42(19) : 6931-6945. Liu Fanglei, Xu Guoyi, Wang Fan, et al. Assessment
Ma Zhao, Zhang Hengxu, Zhao Haoran, et al. New method of system partition inertia based on differential
mission and challenge of power distribution and con- calculation method[J]. Automation of Electric Power
sumption system under dual-carbon target[J]. Procee- Systems, 2020, 44(20): 46-53 (in Chinese) .
dings of the CSEE, 2022, 42(19): 6931-6945 (in Chi- (9] Xm#, HFHERB, MNEKZE, & HEAMLHMSE
nese). HIHL ) R G ﬁﬁéﬂ‘ﬂ‘ﬁ%'@[ﬂ. R A Sk,
(21w Ak, EBLF, BT, 5 ARBHET R ARG 2021, 45(23): 60-67.
SRR AT T F b A R TR A ) SR 250 (T]. P I Liu Fanglei, Xu Guoyi, Liu Jiahao, et al. Inertia dis-
A, 2023, 47(2): 446-462. tribution characteristics of power system considering
Ye Lin, Wang Kaifeng, Lai Yening, et al. Review of structure and parameters of power grid[J]. Automation
frequency characteristics analysis and battery energy of Electric Power Systems, 2021, 45(23): 60-67 (in
storage frequency regulation control strategies in power Chinese) .
system under low inertia level[J]. Power System Tech- [10] & ok, J& O, XKz, % ZEERSm
nology, 2023, 47(2): 446-462 (in Chinese) . B 43 X L ) RS R AR R IEAG 5 (T Eaﬂ%'vk
(31 P, XV, Flf, % & meBigraeitn g 2023, 47(3): 930-940.
N RGN EFRREWREGR ], SHHRIEHAR, 2024, Cao Bin, Yuan Shuai, Liu Jiahao, et al. Power system
50(3): 1165-1181. online inertia estimation considering real-time clustering
Li Guoqing, Liu Xianchao, Xin Yechun, et al. Re- of frequency dynamic response[J]. Power System Tech-
search on frequency stability of power system with high nology, 2023, 47(3): 930-940 (in Chinese).
penetration renewable energy [J]. High Voltage Enginee- [11] Panda R K, Mohapatra A, Srivastava S C. Online esti-
ring, 2024, 50(3): 1165-1181 (in Chinese) . mation of system inertia in a power network utilizing

[4] xEele, 7 &, RER, & FEGRSA MR synchrophasor measurements[J]. IEEE Transactions on

PER RIS R E AL D], W ARG H sk, 2024, Power Systems, 2020, 35(4): 3122-3132.

48(8) : 122-130. [12] Zeng F H, Zhang J B, Chen G, et al. Online estima-
Liu Ruixu, Wang Zhen, Wu Jialiang, et al. Configura- tion of power system inertia constant under normal oper-
tion optimization of virtual inertia considering spatial dis- ating conditions[J]. TEEE Access, 2020, 8: 101426-
tribution characteristics of frequency[J]. Automation of 101436.

Electric Power Systems, 2024, 48(8) : 122-130(in [13] ﬁiﬁ‘% B, K, & TR AEAME
Chinese) . OB SRS T (O], h AL AR

(51 B 5, W& &, XEmikE, 5. B REMEEST 2020, 40(14): 4430-4438.

1505 50 e e A (0. Hp [ L TR AR, Li Shichun, Xia Zhixiong, Cheng Xuchang, et al.
2023, 43(3): 855-867. Continuous estimation method of power system inertia
Min Yong, Chen Lei, Liu Ruikuo, et al. Analysis on based on ambient disturbance[J]. Proceedings of the
characteristics of inertia and inertial response in power CSEE, 2020, 40(14) : 4430-4438 (in Chinese) .
system frequency dynamics[J]. Proceedings of the [14] FBERE, JRalf, Mmook, 55 T/ Tk
CSEE, 2023, 43(3): 855-867 (in Chinese). B HE PO 20 e LS B ik (1], o RS A 8
[6] TInoueT, Taniguchi H, IkeguchiY, et al. Estimation of 1k, 2019, 43(1): 215-221.
power system inertia constant and capacity of spinning- Luo Qingin, Su Jianhui, Lin Zhiguang, et al. Parame-
reserve support generators using measured frequency ter identification method for virtual synchronous genera-
transients[J]. IEEE Transactions on Power Systems, tors based on recursive least squares algorithml[J].
1997, 12(1): 136-143. Automation of Electric Power Systems, 2019, 43(1):
[7] Shams N, Wall P, Terzija V, et al. Active power im- 215-221 (in Chinese) .
balance detection, size and location estimation using [15] 1E, HRfR4E. JET 2B 0 LR A5k H AL



+ 530 -

RHAR 2R (A AR5 TR

5oL HSW

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BRPE M e R . ARG A, 2017,
41(10) : 37-43, 81.

Zeng Zheng, Shao Weihua. Estimation of inertia and
damping for virtual synchronous generator based on lin-
earized model[J]. Automation of Electric Power Sys-
tems, 2017, 41(10): 37-43, 81 (in Chinese).
A, Riatk, RET, & KB IGEROR I
PREFETTITE D] BIMEAR, 2021, 45(12) : 4683-
4692.

Li Shichun, Xu Songlin, Li Huizi, et al. Rapid estima-
tion of equivalent virtual inertia of wind farm[J]. Power
System Technology, 2021, 45(12) : 4683-4692 (in
Chinese) .

Du P, Matevosyan J. Forecast system inertia condition
and its impact to integrate more renewables[J]. IEEE
Transactions on Smart Grid, 2018, 9(2): 1531-1533.
Paidi E, Marzooghi H, Yu J, et al. Development and
validation of artificial neural network-based tools for
forecasting of power system inertia with wind farms
penetration[J]. IEEE Systems Journal, 2020, 14(4) :
4978-4989.

KR, Xml, RO5E, S5 R RGBT
FAERGEBED]. P EE TR R, 2021,
41(20) : 6842-6855.

Zhang Wugqi, Wen Yunfeng, Chi Fangde, et al. Re-
search framework and prospect on power system inertia
estimation[J]. Proceedings of the CSEE, 2021,
41(20) : 6842-6855 (in Chinese) .

TRKSE, Tk, SREREE. BTG SR )
F 40 S5 WM )R BOE AL vk (0], AR
2023, 47(2): 435-448.

Fang Qiushi, Yu lJilai, Guo Yufeng. Evaluation of
equivalent inertia time coefficient for power system
based on frequency trajectory[J]. Power System Tech-
nology, 2023, 47(2): 435-448 (in Chinese) .

£, WA, SRR mEETREEEEA T L)
FRGAURAR G B S 4558 (1], B EAR, 2020,
44(8) : 2998-3007

Wang Bo, Yang Deyou, Cai Guowei. Review of re-
search on power system inertia related issues in the con-
text of high penetration of renewable power genera-
tion[J]. Power System Technology, 2020, 44(8) :
2998-3007 (in Chinese) .

B, DR, BERA S L], RSB, 1995,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

14(4): 1-5.
Zhao Kaihua, Luo Weiyin. The nature of inertia[J].
Gollege Physics, 1995, 14(4): 1-5(in Chinese).
MIEIE, SCRUE, Wik, Bt aml. M, FA
FBebPAli g (00, s L TR 24, 2021, 41(9)
3065-3078.
Lin Xiaohuang, Wen Yunfeng, Yang Weifeng. Inertia
security region: Concept, characteristics, and assess-
ment method[J]. Proceedings of the CSEE, 2021,
41(9) : 3065-3078 (in Chinese) .
B2, KB E. B RGBS s Rk K oy
EL] R EBPLT AR, 2020, 40(1) @ 50-58.
Zeng Fanhong, Zhang Junbo. Temporal and spatial
characteristics of power system inertia and its analysis
method[J]. Proceedings of the CSEE, 2020, 40(1):
50-58 (in Chinese) .
o v, OB, BHEMR. BT RERESh Tk
i 5 A i < B AR (D). WD B, 2008, 57(8) -
5333-5342.
Yang Ping, Hou Wei, Feng Guolin. Determining the
threshold of extreme events with detrended fluctuation
analysis[J]. Acta Physica Sinica, 2008, 57(8): 5333-
5342 (in Chinese) .
Verhaegen M. Subspace model identification part 3:
Analysis of the ordinary output-error state-space model
identification algorithm[J]. International Journal of Con-
trol, 1993, 58(3): 555-586.
Smith J R, Fatehi F, Woods C S, et al. Transfer func-
tion identification in power system applications[J]. IEEE
Transactions on Power Systems, 1993, 8(3): 1282-
1290.
Arnoldi W E. The principle of minimized iterations in the
solution of the matrix eigenvalue problem[J]. Quarterly
of Applied Mathematics, 1951, 9(1): 17-29.
Remis R F, van den Berg P M. A modified Lanczos
algorithm for the computation of transient electromag-
netic wavefields[J]. IEEE Transactions on Microwave
Theory and Techniques, 1997, 45(12): 2139-2149.
Zheng C D, Zhang H G, Tian H. Generalized homoge-
neous multivariate matrix Padé-type approximants and
Padé approximants[J]. IEEE Transactions on Automatic
Control, 2007, 52(11): 2160-2165.
Ljung L. System Identification: Theory for the User
[M]. 2nd ed. New Jersey: Prentice Hall PTR, 1999.
(FAEZ 4. 7 4)



