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A Kalman-filter based phasor measurement algorithm under low sampling frequency
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Abstract: In consideration of unfavorable integration between tracking speed and measurement precision of conventional phasor
measurement methods based on various constant-interval sampling, a ten-state linear Kalman-filter model for tracking power system
RMS voltage, frequency, frequency variation rate as well as initial phase angle under the condition of low sampling frequency (4~8
sampling points per cycle) is presented. The algorithm is derived using the second-order Taylor expansion formula, and then the
formulas of parameters above are established. According to the signal model, an appropriate time interval is selected to guarantee the
response speed of algorithm to signal mutation. Sampling frequency, data window duration, and tracking precision to mutation
signals are studied. Simulation results show that the algorithm has higer parameter estimation accuracy at low sampling frequency.
This work is supported by Special Fund for International S & T Cooperation Projects of China (No. 2010DFB63200), Natural
Science Foundation of Shanxi Province (No. 2010011024-1), and State Grid Project of Shanxi Electric Power Company (Shanxi
Power Development [2014] No. 88).
Key words: low sampling frequency; Kalman filter; second-order Taylor expansion; power system; real-time phasor measurement

RS TM723; TM732  SCHRARY: A WFEg T 1674-3415(2014)15-0094-06
0 == Word— R TR AR AL T T, AT
(==

W BIEREAEL R d - FAESR N AN 217 A

J I B AR GE(WAMS ) — P 280 L R 30 25
ARG, MR ESIL IR HAE R
NRGRELER] . WP IIAT S AR ORI A g
VA o PR KA S0 17 v g e
AH(DFT)PH . N AR, dge ik K bl
BN TP IR BB A B AR Tk S
Al 2P E SR S T a1, ROk

HE&WH: BREFRA AL 64+ 5 (2010DFB63200) ;
LB B AAF A (2010011024-1); B R LT E & 0 E)
FHEOR B F8h (Fw KR [2014]885)

KEPI LS, HHxiEfREEELD, GFT
SN R B B, PRI R 2R 2 8 U0 Bk B 22 i
Tz B AR B, e 148 2 kR OR 2
BT A% R 22 1 2 R 22 W T 22 B DLOSIN T B
fio SCER[1SIERTT T 2 HONY e~ /R 2 38Uk (ECKF)
FEAE W) RGNS S Az ql vk N, H Y
SRR, R OR 208 35 R 25 W 7 25 BE A PR s 7
TR /INHIBUE L, 520 T S50 S8 AR 5 R NS
SCHR[16]FI[17)EB A FH RS et R R 28R
PR B RIAR A, AH R TEVE A A%, Rl
SCHR[17]48 B BUARER (FLL) o 5400 31 5 R /R 8 T
TEAHRL A AR BRI 22



SRR,

RPURAE TR IR 2 8 ) [R) 2D A B R AT - 95 -

HIEF FR A, ASCAEPUIRE R /R 28BS
BRI LAl b 5] AR R A AR 2 SR (i T A0
FRAAE )T AL T WU AR G815 ) B A F
WA BRE, AR MUK A2 i S A B R0 3RE T
ZU), BNL T 10 IR /R SURBARAL, JEARYE
g R IR 3 Y Y I i) DX T 2 ey SRV 0 RAR A 5 Y
Wi S o e e A8 477 S4B B R0 A R
1 ESH 10 KSR

ABE AERA AL HH A0 B 5 I ] AR HERS L AR
B, WEAEAESEE AL D N ORIFANAL, HRAE 5 ]

v(t) =V sin(2nft + nht* + §) (1)
A VONHRIEE: fONE TP, b AR
A, BAh Hz/s 5 @ A5 5 WIAHM, A28 rad
t AR, FL s
A ATELVE M B
v(t) = (V cos ¢)sin(2mft + mht*) +
(V sin¢) cos(2nfi + nbt”) ()

i Z e R B IT A 20K ER A HE f = £,
M b =0 FEdtAT EIT, eI Ja RIE X (3)~3(5)
I

v(t) =hy (Oy, + by (O, + .+ By (Dy - O)
Ho g SCREZEY (1) N
Y, =Vcosg Yy =(f = fy)Vcos¢
y;=Vsing  y,=(f~f)Vsing
Vs ==bVsing —2n(f - £,)*V cos ¢
v, =bVcosp-2n(f - f,)'Vsing ¥
Y, =b(f = o)V cos¢
Vs =b(f — fo)V sin¢
Y, =bVcosg y,=bVsing
ZHH(t) N
h,(t)=sin2nft h,(t)=2ntcos2nft
h i (t) =cos2nft h,(t) =—2ntsin2nft
h () =nt* sin2nf,t b, (¢) =nt’ cos 2nft
h,(t) = —2m’t’ sin 2nf,t )
o (t) = =21’ cos 2mf,t
o (t) =—(n* /2)t"* sin 2mif; t
By, (1) =—(1* / 2)t* cos 2mfyt
N EER N, ARG, BRI R )
JETF A — B RETTI0,  IhFE B Kb T30
SRA% T 56 128 58 PR R AT 1) By Ar 0 FL S B TR AT K
FE, WECE) 1) ¢ o] LS k25 0 SR A I )

kAt For, @) EAE:
Y

v(kAD) = [y (kAD Ty (kAD o By (kan)]|

Yo
(6)
B 5 AR TE Ak
z(kAt) = H(kAY (k) + (k) @)
s z(kAt) N5 kDR FE BT 20 1) R R AR

H (kAt) D3585 ke 25 KA Z0 0 AR Y (k) 4%
k 25 RFEI ZIPIREHIBE s (k) J9 5 k 22 KAE %)
(FIBEALE =

H (KAL) FFE I H R IR REHE L = 0L R
FEMR R T A h R 0. H (kA?) W]
CAFHSGREA T B e v S5 7 I 21 2 )5 IR 2R S 5
He
fEE 2 GRS DR FF RS (AT B CR AT I 7
A RIRENLIRZE), B AAHRB IR GRS AL 2 (A [
RARIEAN

Y(k+1)=®(k)Y (k) + (k) (®)

b (k) 10X10 FRREHEBIELE: (k) b
AR R 22 . (7)Y RI(8) 7 Il LI R
HL s A5 5 R 0 00 ST T R AR SR T R, B
LURAAZ B AR

gi bk, REEY (k) KA EATTREES X
CR ARG IEHERA S, A RFEIN 2 b s
WA AR L A AR A A A0 A Ay SR BN T B
TNo FEE ke AN KAE RUAL HL A 5 AU A 710

V (k) =y’ (k) + ) (k) ©)
I, R AL ISR R AL T AT ELAE A R b
PN AL
): yz(k) — (f_fo)VCOS(b (10)

Af (k)=(f 1, T s e0sd
) _(f=f)Vsing
NO= == ™ Vng

H22V cos ¢ 5 V sin @ FIE /M, AEHIZ(10)
BHERADRBPTHES AT RORNIR 2, RIAE
FIR IR 28 FORAF BB WAL (R {E

/ ")+, (k)
AN EYE =) 2 s (12)
VEOET=R) (k) +y, (k)
FAE FH R LO) A (1T IBEA R E A0 A% 1 1E A7«

AF (k) = _O:M 13
(k) =(f=1,) )+ v (h) (13)



-96- CE R R R EEL

[FIFE TR BB R, 28 b UCRFEIIARARAL,
A AR
by~ 20— (030
»o(k)+ s (k)
WIARAA T SR T i 2 2K

()=l (k) +iys (k) /4 31" (k) + 3" (k)1 (15)

2 FREERELAR
2.1 JEIREEER

IR 2 PR A T T R RN e (B R G
%&mﬁmﬁﬁQW%ﬁ,E%%%%Mﬁﬁ
Y (k) LA R Sem vt 7522 P(k) J5, RI/R S 8T
() — s 4L B R Rt

(1) W R/REME
K (k)= P(k)H" (k)[H (k)P(k)H" (k)+ R(k)]"'

(16)

(14)

) WEERATHER T 2
P(k)=[1-K(k)H (k)]P(k) (17)
(3) A5 FH AR L ST 50 A VBTS2 )5 B A T
(N
Y(k)=Y(k)+ K(k)[z(k)- H(k)Y (k)] (18)
@) R EERASTHEHE S T — RS THE A&
SR Al T 25
Y(k+1)=d(k)Y (k) (19)
P(k+1)=®(k)P(k)®" (k)+0(k) (20)
MERFERIRE R i, 20(16) A (17)F1=(20) 4
Phar ARG THE R, Rk nr LBt s,
17 R 18) A3 (19) 75 B SL 57
2.2 JEiKSBZVIEMHITE
ROR 2RI T B AN S A VBRI R )
07 ZEAEAE N JEP A W AR A T 5 S HEIs 5 o
EUE T3] B 7 1 A R AN A A T e/ 3\l
TRk HPRS BIIA ST AR Nk ik, W
IS EAH I PIRS BE
Y=[M"M|'M"Z 1)
Hodr: MR m S KFE SN H (t) 2500 /)
m X n YEN 5 FERE RS s Z J8 m X 1 424707 I E A5
B, Y nX 1 BB, SRS R R
1158 22 B Ny
P=[M"M]"' (22)
2.3 EiKERIE
LEE I 7 T ZEURE B =X (5) M= 7Kk 2 4 2 X
(16) T %1, B I [ ¢ BUMEIE O, R 7K 00 55 (8

BEAIG, PEUE 5 R N B AT
BEGIX AN ) R, AEIEARRE R, IR £ AN AT
Ko AWEAEAG)H ¢ BUEAE 0~0.04 s 5L 0~0.06 s
D) I, B0 0 SEAR AR 5 1) s v PR HEAff . DA
t €[0, 0.04] « KFEHHAR 200 Hz M, 7 0.04 s N
13BN S — MR &, B AR RoR 2
ARHHTIER . BN T —Bdi e, A
B — & ARV A BN B UG VHE R 7 224 A
BRI, T omibE AT LI T S5 B %
B R/R BN KA FIBG [ e v, TR
SRR (R SE U AT B B LN RS R SO R 2
Bl H(kAt), EHREEIE. IS RmE 1
2R o

=0 =0, .
A Hdhs tint1

[

tls

H(1) H(3) H(5) H(7) H(l) e

K@8ntl) e K(8n+7) K(8n+9) «+-
P@8ntl) e P(8n+7) P(8n+9) +eeeee
Y@ntl) e Y(8n+7) ¥(8n+9) +eee-e

1 FREVTEIRE

Fig. 1 Kalman filter calculation process
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Fig. 3 Frequency estimations of different cases
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Fig. 4 Frequency variation rate estimations of different cases

1.050

1.048 |
T 1046}
&
z
R 1044 =49.8 Hz, b=-0.05 Hz/s

— == f=49.5 Hz, b=-0.3 Hz/s
1.042 |
' f=49 Hz, b=-1 Hz/s
1040 . . '
0.0 0.1 02 0.3 0.4

FRER /s
5 tHAMIHEX L

Fig. 5 Phase estimations of different cases
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