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Abstract

There is a wealth of dynamic information hidden in system responses which are subject to the
random excitations. On the basis of the stochastic differential algebraic equations and features of
random excitations, by linearizing the equations, this paper derivates the analytical expressions of
the power system dynamic response under random excitation. So we mathematically prove the
presence of power oscillation characteristics in power ambient data. It reveals the basic mechan-
ism of system oscillation characteristics by using ambient signals. Based on the case of small
fluctuations caused by random changes of loads of IEEE-four generators two areas system, com-
paring the identified parameters with theoretical characteristic parameters and analysis of the
results of probability distributions, we conclude that it is feasible and effective to identify the os-
cillation characteristics by using the ambient data. Our work further reinforces the theoretical ba-
sis of the oscillation characteristics identification on the basis of the ambient signal.
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1. 5|15

BEA HL) RGO AWK, ARIIHRS O A %5 ] A I Sk 7 7 1R 1) R [1] o ARATIIR 35 1) R A 7™ B
S L) RGN L AR IEAT, H15 B RGURSIIR; vl B — B 52 2 N 4 K E3# 2]

H AT, B RGARAIRS 20T T 1k £ EE T DL A . 55— 20 URFIE 0 AT i N R itk () 25 e s,
E B T A AT R RGUIRES T7 FRRRIE (R A0 M FL AR YR M [3] . B TR iE TR 2
TR FERFEE, X T R4k R BRI, ORGSO J AR R 2 2% B AT HE i (1 IR
ARG BiFE L PMU SRR et SN2 B R b i) 2 A, T 200G SRR o 7
EBONTEFIGT[4] [5]e Z2RT7EZ USSR AR vt RIS 5 200 T HARBCR G5 R AE,
BIRZR N ES AR R o, SRR S, AT RAUE R ERER, HERE—, ARESZRSRSE
PRI, ToiE SN RGUIR G R A T VPl o I AEsR,  DABEATL IR R s S B iR A AR 355 7
Wiz 3 7 AR R TRE R 92 50E, SCHR[6] [7] [8] [914 HIAIF] TLS-ESPRIT 2. i M IHBEHL
T ANE AU s - A AE N R G B LA B 5 3R U T S B E B IEIE M B ARG E R
A SCHRAT T B AL B AR 5 23 B 3 S b TR U VE IR AL, T 200 T X BEALEAE R ) R
Gt FARIRGVLER BB FE, AR AR A 6 B ATL e 82 PR A o AT IR N BRI FE AN 434

BENLIEFZ B AR SN R G p S AFAE LG, N T iHE R AT BENLEU T R 4ishAad 2, 7
G oy T AR I B Al 5 NBEALAZ &, L 1 BE LI J7#2E[10] . Federico Milano &5 A\ BEHLI > 75 72 5
NHBARG, HE T T A RBENE T B RS Eh AR FE[11]. ASCLASCHER[LL]HE H 1 L R GeRE
MU RECTFE 3, @ o) REBENU S - REOT R, HES T BENLE T ) 24030
A N AT 20, 7R T HL 0 R0 B SRR 5 BE AL B 2 [ ) N TEBR R, R H IEEE DML X 45k
ARG SEBR L R G s A X T B () IE R MR AT T 36IE

2. BARGE7SN R

IRIEHSIRBIANE],  HL ) RGBS W L] LA 2y A 8 25 0 BT B AT B . BT S0 B 3 B AE HL ) R 48
TN K LB GRS TS RIS G RGURES B BN, BN FRHER LA
WEBNMRAE R . RS (A AD 14 AL BENLIE N E ) RAGIERIBITIRES S, BT 5Hdr. Braelia i H 5
/NIRFENLMER ) 51 RGUIRES AL B TR BENL AR, BEATLIE S A ARFAE F ZER A SR E /N,
AR, SERTAELE, WA 1 AR
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Figure 1. Power system response type

1. BHRGETSMN 53

BN EBEOR B BN, W SARFIE S Peahih fiy J7 20 RSN (A B AR G, B A
NERTEE A5 B R E S T R e A BT ok IR G I /8, B T HRpaRmt 5, 15 04 R EABCR
HIRIBR T, — i & TS i

BENLIE REA RS SR AEAE B AE R, T shRE /D, B T ESwAE S, RSl
FRIT AN P R, AR R . B AL SO R I AR R AR SR D IR, RAIRGFHERS & T 24U
MRS (R BEALE NS S, X T RGBS B A EEMME. BT CRHZEIES, MLRWESR
HeTuh Bt R, AHAFEE T BN B 1) HE ) R SR G RS H S A M R A R 2, TR LA
[ HL ] R GIR G FRAE 0 AT 72 B4R T AR R
3. BENLEEN T BB 0 RSN R AV % 2 iR Ahr

WHEAEOLT, BRGSO W T R AREOT R R [3]:

{)’( =f(xy) @
0=g(xY) @)

KAV RG TR, FR T RGO BN R B AArE RS dRE, KQNRAM
REOTHRE, — B REER TR R B FiRies . RS s S Rk, M g NIESREL
X (XeR™VARGMRALR, WIRBHLINS, 5T RERES, v (yeRY )V NRAMMEER, mitkh
J&, BREFHAE.

SEPREATIERE T, SR Eh . BrReVEAE Dt BN 2 48 R G ORBENIES) . LASA AT BEAL I B
o], FLRf AL R 2 E i O R B T A AL A A RS RS AR &, HBENL BT R T
DA IR A[11]:

{)‘( =f(xy) (3)

0=g(x,y,u) 4)
A, u AT RENLE ) A & .
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185 8 7 i il AL 59 AR A (Ornstein-Uhlenbeck, OU) 53 i, ST F fuf ALY 3 (1) R GEsh A B«
u=-Cu+d6& (5)

A C Aty AR BRI FAZRTT R, toor N SR BENLIE SN AR IR OCHT 8] 6 N RGEMEFEBRIE ;&
ARSI e S BE AL 43 A 7]

3(3)~ (4). G)ILFM L 1 BN L) T 1 o ) R GEREAL )X 5 75 (Stochastic Differential Algebraic
Equation, SDAE) .

BENLIL SRR, B RGBITIRERKRERN, BI%E KBNS TPl SRS, AT LLE 2
WRGURSHKIE I T RGURES L BB LX) F -

_ _ AX
M:pmwx—%wJLJ 6)

X 9o gy g NER@) T 5488 x, y, u X RIFRFE AT EERRE .

M XE)M(G), FHEAG)N, HERERE Yy #:

AX _ fx_fyg;lgx _fyg;lgu AX 0
LUH ' he LJ”LJ‘E ™

Rt f, 4 BRE) R BT %oy HOHERT A
¥4 2=[Ax MT,A{?_S%%_Jﬁmﬁ,B:V},Wﬁmﬂﬁ%%:
2=Az+6B¢ (8)

K@ RIEA TGRS T, ) R G AI LR IEAARTS 2 AR
A |A-21|=0, AIHEH RS n MRGBE BRHEE 4 =0, + jo, (i=12,---,n), WRGEIREAE
T AT R IA XN

2(t)= Y vu/2(0)e" sin(wt+ ) + 5BE ©

K@), FATRENIIEN T RGeS IR 73 s AR 7 5 30 2 AA) e 38 17 100 67 A7 BB AT L8 20 i (A 0T
BUN, MZ RGP PGERL. PSS RSB SR MIEN, RGURSLEIRG »ERETER /DN, W
WP BAEME T, ERNESRINE IR BE. SRS RGREHLI N ) SMER RN AL E 2
M A o 2(9) ANES A FEIE B 1 L ) R G RE AL B 5 LR R RS B, 1@ K (9) A i A
HMERI, AT T PG A BEALIE S S bR E BN IREN T 2R Gl i 87 5 Mk 7 28 0 5 1) 0 7S A
T, HPEEAEEMNRRIESRHE.

FFH BEALIE N AR IR G B A HRAE, B T AR R G AR B SR R, AR T = R
P AT S LY Y IS ATIRES B A, RIS TE 1 e A, N IRIE F N 22 A F2 e s AT SR LR 4
4. EWERSHH

AR 2 Frosi 1EEE DML X OB HEAT THE AN 08, BdE 2 WOCHR[3].  E R /N Higs
JE 73 W B (SSAT, Small Signal Analysis Stability) #& HUR: Az 17 77 N RGEVLHERG B, LitERH 1

ARG, WAARHIRG I, S5 R 1R,
=AU B IR G AR W 3 B
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Figure 2. The one-line diagram of four generators two area
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Table 1. The characteristic results of four generators two area
F L AN 2 R AGHHEED TSR
(5 A2 [Hz FHJE /% s
1 0.6322 1.68 Gl & G2vs.G3 & G4
2 1.1856 11.85 Glvs. G2
3 1.1947 11.18 G3vs. G3
G1 - —— = (2 G3 ————— (G4

270

it #isk2

Figure 3. Modal graph of four generators two area
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Figure 4. The response and probability distribution of active power of generator 1
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Figure 5. The response and probability distribution of active power of inter area connected line
5. X[EEX B AINThERINHMN & R0
Table 2. The statistical results of active power of four generators and connected line
2. REHANERKEEBINRITER
B ik Sl IEl FEGlHE
Gl 0.0044 7.1493 7.2611
G2 0.0051 6.8882 7.0000
G3 0.0068 6.9857 7.0000
G4 0.0073 6.8989 7.0000
ji5Q2:22 0.0124 4.1929 4.1610

DA 65 K FEUATL FEL 7 S0 FEE 1 AT P 52 5000 Sy Bty , 1) P BT 25 (DR SR [12] [1313R L R G R AS
JE R S O HE B, 0 T SRR SR BUR G e S BB TG o JEEUNK O 1 min (5 LB AR it S
N, 510 s 3 — I EE HEHE, 60 min WITHR G4 R N5 3 . XTEEE 2 Jedk 3, =Ml
IR M2 S PR JE L ) Se it 318 5 2Rt 47 07 sUHL IR G S8k, HoOG 2800, RBENLIE R
Hd 28 AL FLRSZ (5 S R 8 S L R G 1) B SN FRLR S R I (1] 6~141 8)

Table 3. The identification results of four generators two area
3. 41 2 RIBRGIHRER

. % IHz BELJE Ee/o%
X S IR
SSAT YE ANl SSAT BTN aRli
1 0.6322 0.5808 0.0214 1.68 1.94 0.91
2 1.1856 1.1752 0.0852 11.85 11.37 2.85
3 1.1947 1.2175 0.0555 11.18 11.55 3.57
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Figure 6. The probability distributions of identification results of interarea mode
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Figure 7. The probability distributions of identification results of local mode
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Figure 8. The probability distributions of identification results of local mode
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Figure 9. Mode shape identification results of four generators two area
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