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Sub-and super-synchronous oscillation mode identification based on amplitude and
frequency characteristics of synchronous phasor data

WANG Yang, WANG Chaoqun, CHAO Miaomiao, XIAO Xianyong, WANG Haifeng
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: In recent years, sub-/super-synchronous oscillation frequently occurred because of the rapid development of
inverter-based resources and high-voltage direct current transmission. Online monitoring and identifying
sub-/super-synchronous oscillation are thus of great importance for the safe and stable operation of power systems. For
this reason, a method of sub-/super-synchronous oscillation mode identification based on the amplitude-frequency
characteristics of synchronous phasor data is proposed. First, the influence mechanism of that oscillation on the data of a
phasor measurement unit (PMU) is analyzed. The results show that the positive and negative spectrum of PMU data is
linearly correlated with the mode of the oscillation. Then, the coherent spectrum of multi-point PMU data is used to
distinguish between oscillation and noise. This effectively reduces the misjudgment caused by noise. Further spectral
analysis is conducted on PMU data under sub-/super-synchronous oscillation. Four amplitude-frequency characteristic
values are established, and the feature set of oscillation data is used as input to train and optimize the eXtreme Gradient
Boosting (XGBoost) model. This model establishes the mapping relationship between amplitude-frequency features and
oscillation patterns. The proposed method uses the inherent amplitude-frequency characteristics of PMU data in
oscillation environments, along with the powerful generalization and computational efficiency of the XGBoost algorithm.
As a result, it achieves rapid and accurate identification of sub-/super-synchronous oscillation patterns in noisy
environments. Both simulations and field tests demonstrate the effectiveness and usefulness of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 51907133).
Key words: wide area measurement system; synchronous phasor data; sub-/super-synchronous oscillation; oscillation

feature extraction; XGBoost

0 3= 8 DR i ok AN, 5 RUER R R BbLE)
EHRFEIZIRGAF, TSR 52 PRy

AT AR R V5 R L AL A HEL R R R N FE A A5 Ik fiE, Rz RESER 100 & KRB (Sub-synchronous
oscillation, Sub-SO) 73 &, & 7] BE A & [F] 2k %
EEWME: BEAAAFEALAA F8 (51907133) (super-synchronous oscillation, Sup-SO)7> &1, 4




-2- W) R GRS B s

o, BRI HL 5 55 B AE B 5| R I OGE [R] 2
PG F A, FE—A 20 Hz BRI IRG 4 &A1
—A 80 Hz MRS R &0, XM RS2
SCRRFPRERR AR G, 322 PR AR TR AR HE | AN R
Sld. AT SBUA ARG IR S e E ) e
HHRRUGE R RGEA R A HE S, RIRG 8 Tk
R R B RER G S GB FRER

H A C A 1R 2 2238 0 0k R AR G AR R T
J& TR, AB KR 7w 5 Tl s A SR it ()
AT . B, SCER[17)32H T — M3t T bl e &
K3 R U [R) A0 I G AT IR R ) B0, L
A SEAR WM FE R O N 7 o 2 IR 7
SCHR[ 1813 I b A A L 4 9 i R B 1) [ A2 I8 T 4
SEILUGE R D R G B IR . SCER[19148 HH 1 — 7l
B iRl ¥ e BN & S i WA R SRR DR}
50 ANJEVAE T K F S U B AR i (discrete fourier
transform, DFT) 3K i .8 % A%, b1 s 1T D8 4%
PHRIRG 8. RE ERINERAER AT, (H
FESEBRN A, SRS B B A A7 i, 45 |
R ITEEME LLLE 2R G830 A SEIAE 4 i I 5 9347

HHT, 1 RGHRG I s 3 Bl i He R 4R
5 A5 2245 (supervisory control and data acquisition,
SCADA)FN) ™ Il & R Fi(wide are measuring system,
WAMS)KSEHL. Hrf, WAMS KHE [F 0 AH &=l &
4% & (phase measurement unit, PMU) 3Rk HUH &= ,
AAESIRES ERE, CERERE S 1A E
vy BETREVR I S OGRS BN H . PR, AL
% R FH (7] 20 A B A S G [R) AP 4 5 2 ) £
HEN, BAREN TRERMHEME. %07 W R
OIS 7 Lo, ansCER[20]48H T —Fh B T4
B 2 Hi e A8 i (discrete Fourier transform, DFT)
IR FE SR SR T, ST TR 2 1 520 K
KBNS, SRR 2 s B[RS AHEHERE B AT A 2o iR
AR F ARG AR AR . SCHR[2 11K IR ) 22 4k
Ui HER 1) U e O AR S R B, IR A
Prony J5 iR . SCER[22]6 KLl PMU Hdf it
1708, $RIH 3 AMRHMIESR, #EiEE 2 S =
BURE SR [E ARG A o

TEMRERE, SCHR[20- 2218 R % S H A7
FERF IR, 20 T8 FP R VSR .
TR IRG MR £, KT 50 Hz, 1i PMU
e EARRGER N 100 H2) (K T 27, » BRIEEANH
JERZBENTRERAEE B, IRIFDP R R4 5 8 R 8
PR G SAFEM IR B IR . AT 1
N AT VR . ST, AW R Z R

ST PMU N &7 IE USRS IR, 4R 7 B
AR B AN, PRI ARG WE ARG & B
un, M4 ABB A7 (145 8 RES670 1) PMU 5t B
Frrgn, HIRERPIRG ISR 20 Hz I, S8
B B AR % W B R A 30%. 1% 156 BH S Br v F FR
BRI IRGE 5 BIIE SR, HHRITEN
TEAIK A5 " EL (signal to noise, SNR)E &L T B B &1
R . —ME LR, 20dB AN S Pl 2o
g 7 3, TR A 1 BCARIE IR 45 58 1 e Lkl 20 dB 1)
AN TS IRGE T IFEA .

BEX FIR )RR, A GG IR K FR R A
FIP IR IAE ) PMU BB, Riis iR S
BRI . AR5, XTUGE RIEIRY N F2E A & 1)
ATERFERHATIRA AT, SR AT 2 R B Al 3
IR G R INEE, A R0d D 5 ).
—, ¥248 PMU HU4E IR E - P HRRAE, SR —H
FE AR PR AE E B T 57 (extreme gradient boosting,
XGBoost) 1 [RGB AR T7 1% . XGBoost
FOEAERUR BRBCRINN T IEN I, A T
AREE, Pk G, g TR AR St
SRR PY, IR AR S i A% S SR S A X
PR AMLLT LA TR, ACisumkde T &
PMU I i LA S U B M 75 PR 2 i), it S B i v
T 7] §59% 3518 =5 PR FHR 77, BARIRIZE LR
P

1) XFGE FE IR G 5 T PMU #0408 ()55 ¢
TEHATIR NG HT, 1R BT 2 SR TS R
RIS, A Rk e 51k R T

2) $& HH T MR AE — AH AR AR PR R 35 158 U R
o ZITIEUSIRE A SR, B PMU 1
WEME . AHFPRFE R, Hi\ XGBoost 5% BLR % A
AP, AR .

1 BRBRITIRZ D ER PMU HF1EE

LHR[251HE S T A& KBRS IR 5 &1
PMU 2 8i, FEART PRI N4 [ R
PR R AR, PR ER R s R R N R B 3 TR 5% 0 B
AP PR 1 /88 B2 R 5% 7y AL, n=X(1)
F7R o

X(1) = Ay COSTfyt + ) + Ay COSTL l + ) +
A, cosnf 1+ 4,,)
(1)
K (A, foo )~ (A foans Bun) T (A frs b)) 77
RER S B IRIED oy B A [R5 45 2 BTt B
B BUEAFARL. — B IL T, PMU 2882 X x(7)



+ ¥, 5

S [R0 A B R i UL 1) R [R) 2D IR 9 1 2R -3 -

KA E KA E R Us, Gl B
B A AT R ARIEFDHERE L, X x(0) HATE
S B AR ] 43 HOus S ) R P AR R P4 X (k)

X (k) =%Zx(t)e”7" )

X, NA—NEMINERK, N=f/f Hh A
NHEARGEEMR, £, PMU RFEEHHR. H
TRQALMELH:, WA

X(k) =X, (k) + X, (k) + X, (k) A3)
A X(k) X, (k) 5 X, (k) 73 NFERS I
R 25 Box 2 (9 [R)A AR By B e HRARE B A 50 b
R AH & BT, JERL X (k) AT

sup
ST
2 4l e
X, (k)== > 4, cos +0,, e Y
N n=0
“4)

b, fON TR, @E R 50 Hz 5% 100 Hz.
KA L5 N
X, (k) =X, (k) + X, (k)=

ansupn 27'cfsmD k
+
Nf\ A

s s
J(zn%kws » - k+py,)
fr

O,(+ ) Ay VO S A
Q)
A X, (k) 5 X, (k) 50508 X, (k) FIIESUE
#ars O ANEMIRE T, w6~
1 —exp(j2 -1
0. f):LX exp(j2n(f/ fx = 1) ©)

N 1-exp(2n(f/fy =D/N)
BT fop + fop =210 » BNRFERE 2 B SR 53
B GFEREMERR, X, (k) X, (k) IE
AR 5 TR IR oy Lt B Ik RIS 4 B 1 E A
R X (k) MAGAIRZEH 5> X (k) o
X (k)= X, (k) + X, (k) =

Qs (+](sub )Asub ef .SUb + % exp(j & k) (7)
O.(~fup)Aupe ™ /i
X, (k)= X, (k) + X, (k) =

sup

[gem@%;%w}wwﬁéﬁm ®)
O.(+fup) g™ /.

SR, S U AR 5 90 G 5 AR LA
RTROT A X; (k) 5 BIFoRHED 4 10 I 505
SRS, X7 (k) 5y BIARAR % 9 B IE OB 5855«

X(k) =X, () + X, () + X )+ X (k) )

2 ETF PMU HiRMHETIE 1T E 54FEIREY

AATE A AT SIS, IREET 2 55
JE AR -0 AR A 7 ¥ o SR I USRS A1 R Al
AL UG FRIG IR N [R5 A8 2 R REAE RO AR P 4RF
fEo AT M, 5234 R Bl 1 A UER
FSHRG s 2 MBI RG; B3 N
L O R IR ;s B 4 s
2.1 HFiE

FRAEAR T 1L # e L anaR(10)fFx, H P,y F
Pow 5 BRAEE X((OF Xo(n) 1 Th 2 s 220, p
TS5 X Xao(0) ) BT R 35

s PO
C ()22 10
- (f) })xlxl (f)PX2X2 (f) ( )
0<C,,(f)<1, VfeR (1D

C.., () BEMBARIF I L X, (1) 5 X, (¢) FEIR
FREMIRMEARSRERE . R X, (0) /2 —MREN £ 1
IESZERE, X, (0) 2 — RN £, KIIESZ %,
Coa(N) 5 C (o) IR RN

{sz(ﬁ)=CM(fz)=L if /=1, (12)
Con(N)=Cn (L) =0, if fi = f,

W b4 S RS A R AR i R, 25 1A
A EEEE T B SRR TR, M2 SRS AR
s 2 AR AT AR R oR, AT s B (i B
F 1o FRID AR B R Sl ok R 1 AR
i, W Z S FEPPAERIR IR & R R, T
WRHIERSE T 0. fESCPR LREN A, @H
JH BB R Wi 15 5 O LR MM SRR RS, MITT SEBLIR
F
2.2 WR{E4EE

H=(6) mI A, s R 7 O, R AL S IR AR 1
A B BORTARSRE T O, IRME, 4R
& f<0VuF AL G, TR, XtT
f>O0REE, BT £, (8 S, =1, (=1, )
FL I, FTClQ.(f) MR K Q(-1) - TR
A3 K AR SO (R IR 5 A7 R AR 1 RIS 2,
KR ) F X! (k) B X (k) [ AR AT 43 3 4
FR(13)FR(14).

X =|X:|= + A

s_ s_ub Qs( -f;ub) sub’ *ﬁﬁl (13)
Xs = Xsub = Qs (_-f;ub) Asub
x:=|x_|=lo.(-£. )4

TPl ORI iy )
X7 = |0 = |0+ fap)| Ay




-4- W) R GRS B s

0.8}

o
<
<
BN
&
v\/

0.6

0.4}

I (]|

_ 0.~ fu)
02} QCfw)

|
A |

|
50 —faw

e o e P i s

|
0 L | M
~100 —fap fa 50 fu 100

HF/Hz

B 1 FRSIETH O, 1R{E
Fig. 1 Amplitude of O, under different frequencies

ATRAEH, X (k) A X] (k) 2 [A] AR K /N E
O Y. Fk, ArLMREILLFRE: X 1,
XI()y> X (k); T2, X (k) <X (k): X
FHRER 3, X7 (k) F1 X (k) 2 18] (9% R E 1 -
FIRRHIE R B [F) AP PR R U, R [E
PR35 I EE R A o

AR IR F,fE, insR(15)FR, 4
BT X7 (k) A1 X (k) BRI R/

X/

X, +X,

I =

(15)
X,

X, +X,

2:

2.3 HEFHHE
ROOFMXG)EH T a Ml X7 F1 x; fEIAR, 7]
)72 b AAT ¢ AH, wxRA6)FRANFTR.
X, = X2y =0+ fap) Ae™™ +
O,(~fup) e ™
X; = X;ZQ; =0, (+fw) Aubej(wsub+2n/3) +

O,y e 0 2 16)
sup up
X X Z(Dsc - Q (+f;ub)AsUbej(¢sub*2n/3) +

0. (_f;up)Agupe_j(%uP_ZHB)
Xs_a X Lo, =0.(=fin) A€ P

QS (+f;up )Asupe
XSL - XSLL@SL = QS (_f;ub )Izlsube_j((ﬂsub w23 +

(17)

O, (+ /) A" ™7

X = XL = O fa) A
Q (+f;up )Asupej(w e

MTBR 1, 50,41, MRITHER(16) 55

sup

KANFNFE 5 O (2 f,) HRITON T X /2 1E

Feo XTX] AT, T RIS O, f,,) M
KIUE 2, X! 207, X, RIEF. XERE X!
AX T HIAE AR 1 AR 2 A . AR 3
FAFAE Q. (£ f,) A1 Q. (2 f,) » FITLA X Fl X7 BEAS

sup

e IEFPAR AT & 2 ik 1 3 MR AR P RHAE -

T T
il I Hiak2 1 B3
| |
90 | 90 | 90
120 60 | 120 O 120 60
|
& | 150/ wb 30 1150 30115 30
E l | S,
3 c
= [ 180 0 1180 ( 0|]80 a;/h 0
H |
| /\
210 330 Lo210n e xzo' 210 330
| |
I O L PR - i S SR WL
T Bl
90 90 90
120 60 : 120 60 : 120 60

Gy ES P
% —
8 3

=]

%

s 2
% —
< %3
=
’<
=3

w

s 2
% —
< w
=]

w

=3 =]

c
240 300 240
240 270 300 | 270 | 300

23 FiE AR R4 AE

Fig. 2 Phase sequence feature of three modes

T PRI FPRHIE, 75208 = A0 XA X AT
B AR, X8R,
X‘ 1 2
X5 =1 & a]
Xsl (111
A I FRAE 9 BT s

max(X, X)) 1
F o=(=1)y"" (=200 s2)  —
s =D X!+ X; 2)

max(X, ")_1

X+ X, X

0, X,> X,
;H\:EP1 m=

+

K
]
oo

»
=3

(18)

t>‘<+.

»
o

(19)
=(=1"(

1’ Xsl < XsZ

H AR89 AT &1, B 1 AARFRHEAE
[F,, F,19[0.5,-0.5] , #3502 (AP HRRAEE A [-0.5
0.5]. MMixtF#E3, [F, F]—RAEN.

3  EF XGBoost BR BRI T HRA RN ##1R

3.1 XGBoost &%

XGBoost 51 1% U AR 2 380 i B0 R AR AN
BT 0 B 3 LA b — R PAE 5 S BRAE )
B2, W AT AW SR RINPE i A T &5 R,
LR R IA N



+ ¥, 5

S [R0 A B R i UL 1) R [R) 2D IR 9 1 2R -5 -

5=, S, € F

X JOATIIE: £, (x) NER p BRI x, O
1 MRGFEA . F Oyl SR 4 B i e Aeas e o

(20)

Robts y, W MR 3, HIRR4: D T x oy, 1
Bl

4 q ST R T L B 4 AMREAE
PR RE AR B AT 0 L e B
RN i — R TR G5 @ DR -4 £

F=1,00)=0,)} Q) FEEEwe. WE 3 R S TRSREA D, XGBoost
R q(x) AR x ISP o, W B SREUR TIME  AE AT AR 74—
T 5 g (x,) IR Ve B 1K %R R A B S K I R
' o N N , BB ZIEER I [ PN S
Xﬂ‘ﬁ:‘ V/I\E,E'\ﬁlﬂﬁﬁ{kiﬁﬁ%ﬁ%%ﬁzliﬁ éﬂnﬁ’l—rlx?}l%%*izkﬁﬁXj‘mEﬁ P 1‘%7’-’ = E’]*XE
D={x,y. . s
|mf;”} ) HELRH L0 FLRBRHE SR
B = Y. Q0 2
© R, y <R O, ZK””+§ (f,) (23)
/< T rr 11 R S XGBoosthiH!
s L ke / Ftitiq1 W& HIg2 WtitagP
R e | w@ | w@
0 20 4(]H 4\6() 80 100 { : |:> .
5 : FrF, S Ao, YR, R o,
E 320 20 40 60 80 100 |
- J K B 5, J
HEAEFEEL PR HER
3 & T XGBoost EiAH) R B E SRS PR
Fig. 3 Identification of sub-/super-synchronous oscillations based on XGBoost
1 4 & e 1
sXﬁ)=7T+EAWW (24) cw>=§}KxJ4“)+gﬁun+5@ﬁ%&»+aun
i=1
Roep 1 OER RS, For BRRTIIME §, 5 H AR (26)
SCff y, 2 RIMAREE, Q NIEMLES, Alskgmn T
N N N N TR _ ~(e-1
(2R, iR A T R 7345 1 & =0,y 5")
WA ANEMLETTSH: 78 TIETISH. b= (9,5 @7
) yﬁll‘*l 20
FETRIB Y Zrid Fit o A 2 5 L4 2 ST i e o .
e T D ok R, RIEBRRE TS o) .
W, AV H I — B R, AR ML
F bR eR AL * ;g
5 =0 @ __Zhl.+/1 %)
3= £ =50+ fi(x) A - »
5O _ e £ 0 4 £ x) P u T L, RSO B AR
. = X. X.)=YV. X.
yz : 1 i 2 i yl 2 i (25) Iu :{i|q(xi):u}°
- B2 A3 310 B AR RO
PO=DL )=+ £i(x) ’
p=l r Zgi
Rebre 3O K5 ¢ BT T 5/MLH qﬂwr~52§%7;+y %)
FRERH, ISR B N — AN 1 BB S () e

5 ¢ DRI H R BN

XGBoost L EAAREWE 3 fis.



-6- W) R GRS B s

D) BN NGFEARLE D, Bk RRE. Hikr
ol BN R A SENSH - WIIRIERIRER
EN 1;

2) THE A ERFEALE AT 45 2R B3 1 1 — B 4k
MG, L FEAH

3) IR ERHE £, WEEBAEHEZSHS =0,
G, =0, H =0, G,=0, H,=0;

4 HRFEABANLE TR EEHN G 5 H, , i)
NEFRLLEH Gy 5 Hy s

5) R 24 S,

S::nmx[S,l G 1 G 1(G+G) _7j
2H +4 2H +4A 2H +H +71
6) S AEBUFEE F, - F« F,,» KIXHATS
B 3)—H K 5);
7) FT ORI A S R RAERURHE(E 320«
8) PATH IR 2)— IR 7), HFlc=T+1.
32 EERE

AP A e B R W 4 B

| wmeaem ]
v

| B |
v

HHENL
IR WRREA
v
| II#XGBoost ] WnH |

A

57

* .

Y2556 I XGBoost b ! ‘

|

FELR AR

R o B85 o BE o 6 o o
T T HE O ik D px & B

4 EFRISHEERERFHEN R BRISHHR A ERIZE
Fig. 4 Flow chart of sub-/super-synchronization identification
method based on amplitude-frequency characteristics

of synchronized phasor data

1) VIR AR A B BEHLAE B =R TR S50
M =AE S, 1530 5 [R5 A B4R .

2) G HIE . it welch T8 F B3
PEREARTIA TS, # e R ARG M EEEREA

3) FRAFHR B . 4R 2 (15) MR (19) T B I8 A 4 F
MM FPRAE, 3RRIEEREARES (FLF,F,F} -

4) KA FEAS . 3R hold-out 777 REAHEAT
X157, BENUEEL 75% PR REARE NI GFEAR,

PN IR 9 IHAAE A

5) BT Bt FINZRFEALE)Y XGBoost %
N IR R JFiEE AW SRS HL
15 2P Re S I RN AL

6) MBI B Kl FEALEAE 9 XGBoost %
N, IR XGBoost i HH R 25 1 S Fr bR 25 12847 LA
HiHE, SHIRIER .

7) AR

(1) RE =AH AP AH B

Q) THHEATE, ARG, HRFAERT,
WBEAT T — 2B Hr s

(3) THEE MR (B R AR FIAH 4R AE

(4) B fER N 3] XGBoost A AT 432

(&) B ER 13 J5, RIZER.
4 HEERESH
4.1 (HEINE

N T IR FITRE T VE A R, AR G0 R
MR S5 1 P ISEE R TSR, K
A, REREBIRE, N, REMIRKIE, (E0L
Sy €[20,60] -
1,(t) = A4, cosnfot + ¢y) + A, €™ cosQufit + Py) + X
I,(t) = A, cos(2nf,t + ¢,) +

4,,e"" cos(2m(100 — f)t + ) + X,oiee
L (2) = A, cos2nfyt + ¢,) + A,,e™ cos2nfit + ¢, ) +

4,,,e“ cos(2m(100 — f)t + @, ) + X,
1,(t) = A, cos(2mfot + d) + X, ;e

(30)
*1 AHRESEH
Table 1 Parameters of the synthetic signal

fo/Hz f./Hz Ay/pu.  Ag/pu. A, /p-u.
49.5~50.5  10~40 1 0.05~0.4 0.05~0.4
a; HC) g,/ /) Froise

0.05~0.15 ~180~180 ~180~180 ~180~180 /4, /10" xrand(1,N,)

Kl 5 s T —HE 1 A s S E RS
Yo I P[] 20 A B A

AP EEEE RN A 1600 Hz, PMU 3%
79100 Hz, %8 1s B K100 AN ) SR BUSR A .
RBEARHLAS 2= S BEN LT, HALEs 2 IS 37
SINGr, B 12 000 HEHRFEA ., W3 2 Fix.
A2 (FELRRIZE. HIFEFREZWSHN

Kl 6 s 75 45 dB 5T 12 000 4L RE
AT IS AT, v LUE R, WEBRE N 0.7,
A AR B Hb 73 B0 7S SR G A




T ¥, % BT FERDAHEEUR IR UL OB B PR G A R -7 -

2 : - . : 1.5 0.5
= =
= o0 g 10
ki B < 0

-2 P — 0.5 PR

0 02 04 06 08 1.0 0 20 40 60 80 100

I i /s Kol i

(a) B MO
Bl 5 &RiES KRR EEHE

Fig. 5 Waveforms data and synchronous

(b) [F25 AT Kb

phasor data of synthetic signals

*2 HASH
Table 2 Parameters of the sample
A M B Ew) a3 UIZEE IR
¥ dB O FEARM REARAE REARAS AHE ARAH
12000 3000 3000 3000 3000 9000 3000

FHF TR
(=1

0 — 30I00' .60IC;0. - 90IOO ' '12 0;)0
FEAZH
B 6 MUEM AT $IEEH

Fig. 6 Peak distribution of coherence spectrum of data samples

XL EYRG AR AT R A SR EG B 7 R
TAEMELL N 45 dB 1L T 4 FRHE(F, F,, F,, F,1 1
3. ISR UKL, ASCATIR R 4 MR
FREAE BENS BN TE T HB X 20 A R HR % 287 .

AR50 W 1 WS SO L, 2
Rkl 8 fk 3 fion. ATLLE H, &G TR,
LM RS R 2O R RS, (BRI

0.4 -

(a) TE{EH51E

(b) MU
& 7 $FEES B RE

Fig. 7 Scatter diagram of eigenvalue distribution

HERIZ /%

94t . . . . . . . ]
20 25 30 35 40 45 50 39 60
Snr/dB

& 8 FREMGEFEERSLERE

Fig. 8 Classification accuracy of different noise levels

%3 TEIGHESR TEEPHRERE
Table 3 Identification performance of the proposed

algorithm under different noise levels

M 252 /dB 20 25 30 35 40 45
R 2R/ % 95.8 97.3 989 998 100 100

TEAE LN 20 dB AT AT LAOREF 95% LA b B #F R HE
T

BEAk, N7 RE N LT AR SRR R R
2 4 IR GG B 5 S ER[20] 0 (1 DET Sk iE47
T, SRR, A SCEVEHRGEE R, A
[F B %K T Y RERIE 35 ms AR I REE . [
i, 4ffH DFT 8iEZ /%% 2 s WK IR A 5e1s
FIEIFIHRRGE R, MASCHIEZ & KN,
{8 200 ms Eidh i B0 ORIE R s R HERA 2

R4 AXE RS EMEE LR

Table 4 Performance comparison between the proposed

technique and the other algorithm
PR/ %
A SCHR[20] 53
Bl i K /s 0.1 0.2 0.5 0.5 1 2
40 94.55 98.83 99.74 37.56 70.19  97.85
30 93.14 9674 97.60 32.94 6293 9322
20 90.10 9569 96.71 30.17 5511 90.17
U /s 0.025 0.028 0.033 0.112 0.166 0.179

gk 75 /
dB




-8- W) R GRS B s

R REARSURIEAE B 2R TOL N R,
Bt 1w R 5

DN FLIERUES

FESEBRBT REIE FE M s AT i R b, IR R IR
HINRAE T RE s BE AN A R A A8k, A A IE5LAR
AR RAEBEAT ], R AE A S BN 10%,
KXEHIR, AP S SHBES L 1. 85RNES
Fis, WTRAEH, METE 3, BEMaEmeE
ARTTEE A& T 93%.
1,(t) = A, cos(2nfyt + ) + (1+0.1cos(2mt)) -

A,e™ cosnfit + ¢, )+ X

noise

1,(t) = A, cos2nfyt + ¢,) +(1+ 0.1cos(2mt)) -
A€ cOS2(100 ~ £)0+ ) + Xy,

L,(t) = 4, cos(2nf,t + ¢)) + (1+ 0.1cos(2mr)) -
A,.e™ cos2nf.t + ¢, )+ (1+0.1cos(2mr)) -
A,,,e“ cos(2m(100 — )t + ¢, ) + X

noise

€2))
5 IREMT TEERPHRERE
Table 5 Identification performance of the proposed
algorithm under amplitude dynamics
MG Y/AB 20 25 30 35 40 45

HEHI /% 93.4 94.9 95.7 97.1 98.2 99.1

2) PR
FESEPAR G F T, R FP ARG R 23
AR, AU DARHECR ON BIEAT o0 Hr, - 1n(32)
PR SRR 6 fiir, WSSO0 Fikm 7>
RUEAFR AP T, BT 92%.
I,(t) = A, cosnfyt + ¢,) + A ™
cos(2n(f, +0.050)t + @, ) + X, e
L,(t) = A, cos2nfot + ¢) + 4, e™' -
cos(2n(100— (f, +0.050))¢ + ) + Xpe (32)
L, (t) = A, cos2nfyt + ¢,) + A, e -
cos(2n(f, +0.050)t + 4,,,) + 4, -
cos(2m(100 = (£, +0.056))¢ + ) + X,
& 6 SRS T EERPHRIERE

Table 6 Identification performance of the proposed

algorithm under frequency dynamics

W 75 5 2 /dB 20 25 30 35 40 45
HER 2R/ % 92.5 93.3 93.6  95.1 96.3 98.5
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