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Improved algorithm for harmonic parameters estimation under frequency offset

MA Ye-chi, CHEN Long-dao
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; Aiming at the problem that the traditional phase difference correction method has a large error in the measurement of the funda-
mental frequency offset of the power grid signal, it may even produce the problem of measurement failure. An improved algorithm based on
the traditional phase difference was proposed. The voltage signal of the grid was added to the Blackman-Harris window. By analyzing the
spectral expression of the windowed signal, the error source of the electrical parameter estimation was studied, and the spectral expression
was polynomial transformed to accelerate the sidelobe decay rate, further reduce the spectral leakage and the spectrum Line, and then re-esti-
mate the electrical parameters according to the new spectral expression obtained from the estimation formula of the traditional phase difference
method and the polynomial transformation. Respectively, using the traditional phase difference method and the polynomial transformation of
the improved phase difference method for numerical simulation comparison. The results indicate that the improved algorithm is improved by at
least one order of magnitude compared with the traditional phase difference method, and it is suitable for the high accuracy estimation of the
harmonic parameters of the power system under the frequency offset. Even under the noise condition, The advantages of the algorithm is also
more obvious.

Key words: harmonic analysis; frequency offset; windowed Fourier transform; phase difference; polynomial transformation

N e B S B 7 A B T 2 2R T 2 2 i
|5 A1 2 7 1 25 G502 ) P A R R 24 o
A S gy VRACERETT U B AR

pus

=]
Ju

*2%1 E%ﬁ ﬁi /‘J_"/I\E:g*a*/]‘[ﬁ ,)\ﬁgiﬁ‘?}\? %:o WJJ:[:,‘H%JZE\{/ﬁzfﬁég%é%%{ai—l‘%iz‘xﬂ//l\ﬂgo
FL 2 A it 0 el P DR o B A 4 (FFT) Ay

Wr#s BHEF 2017 -02 - 07

EER A : B (1992 - ) B 10 LA, 8L WF 58 AR, 328 N T 540 17 15 A 3 L v I 3 dp 7 S M0 D7 T B Y . E-mail ;18814886814 @
163. com

BIEBREREAN BRI, 5, 24%, 114 506, E-mail; chen_longdao@ zju. edu. cn



559 1

Thtu gt , 45 - 36 I T F5 17 D0 T 3 S U A os 3k

- 1039 -

W AT E B AR R AP R AL R 1 B0 T RE S5 HER
AR A4 UG B R R LR f 7 {H 7RSS
PRAGHLH, BT A5 I 5 10 & A, AR e 55 B[] 25 %
o TEARRIL RAEAIREOLT , o T A5 1 O A A 2L
BLRAELE , FLREN R 5 B R AT A 23 3 AR R 1Y
DR 22, R 5% 32 BF « s 38l 7 m A 20 400 o A 33 diit
W RO I s TR R A R Y

Pk 358 b P SR FH o Sl A {2 , G D 3L 7 B o
FERPAE 5 W 20 A, SCHR[ 1L ] e BP0 s i 17 &
e 5t IS P o o = O (N P e RS TN
SN EOR R G (H R I P = RS DL T
RZEBOK B[R] A0 A SR B ARG B T vy (AR R
JEE KR b T, 5 LAy et 92 7 R 030 i % 2 DR IS A1 X
SR AT

AR b AT SR 22 35 248 (RLVE FAH A6 22 A T 5
1979 4F, JAIN 'V K %12 8 T 3T 40 7 11 2216 2%
WEAYE, fEiEal 2z F, Hanning % | Blackman-Har-
ris %  Nuttall %'’ Rife-Vincent """  — b2 f4
S5 WS P 2030 L A 0 0k v S B D T B
37 REFIROR . HrpSCaR[I8 21 T —Fom e =
T LA (R A A B TE ORI TS BE R TR ), $ e 1
e S8 (H G A A T R R v T 2R i 2
iR, I A3 ek Bt 24005 )5 i iE
EARXBIAAAR R R, B,

AHASE 22 A AE ¥ 2 A1 RIS I BT 45 SR%F 7 1
TELAMI 22 A AL IERFIAE B AR 0 LA
i NS R A v A AL, AEL R B8 52 B pR B S5 R 1 52
M) , I ELAEE 23 RS T 7 o B AU e A =, R 7 1
AR XE AL IE o

AFFFEAE AR [F D R A G O, X AE 5
Blackman-Harris % , $ J5 5 ¢ 38 kAT 22 101 2042
DT AP 5 R il 3k B, g — 20 U A 335 it s R 45
T Z A T, P IR A% 58 A0 7 22 ¥ B A 3 24 50
22 I 278 46 It A5 1 7 4005 96 3k 2% e 2 i AT
it
1 {51 Blackman-Harris 75 5 1) 5

sy

AT AR

x(t) = A, cos(2mf, t +¢,) (1)

XA, S e RIS 5 BUIRAE R AL o
HR R R AR -

A A
X(f) = S 8(f 1) + Sre 8 +1,) (2)

Blackman-Harris % 50 ] AR R A -
Wo(W) = 0.42W,(W) -

azs[wg(w._%g)+1%4a,+%$)]+
0.04[Wk(w—%")+ Wk(w+%)] (3)
Ao s N— BUCRAE 58 Wy () —Dirichlet 4,
W (W) BRRA N
sin(%w]\/)

Y
Sln(ja))
X3 — i 5 7 I Blackman-Harris £ ({8 H
AR,
Xp(f) = X(f) = Wp(f) =
Fla()Wy(1)] =
Fla(e) ] =« F[W,(t)] =

We(w) = ce (5D (4

A, A

[Sreea(s +£,) + Fe ™o - f,) ] #
) 2
[W(He™™] =

A, LT 4f) 4]

S Wa(f+ fyye e

/%WB (f _fm ) e—j['rrT(./'—f},,) ~¢m] (5)
A T— R
TESEBRRE IR, — BRI X, (f) B HORE 7 51
Xy (k) , o] LR MOE TS LAV f = fo/N 7R
FECH P o fs— RAEIR) 455
1, sinlm(k- k)]
Xy(k) = A sin[ﬂk —k'm)]
N

m

sin(mw(k -k',))" cos(%)

sin(%)2 - sin(iﬂ(k ]_Vk’"l> )2

0.42 +0.5

sin(mw(k -k',))" - COS(%)

sin(%)2 - sin(q'r (k _Nk,m) )2

eJTr(k*k'nl) . ejsom (6)

0.08

Hrpek', =

o

=[]

2N KA, (6) AT A
B - (1.68 —0.180%)
oo’ -1)(a’ -4)

Xy (k) = (7)

Hrp



- 1040 - U/ N R i34 &
B = NA’" . sin(Tr(k k' )) . e—j-rr(k—k’m)«ejwm (8) *%Es Eﬁ%%iﬁ*ﬁ‘ﬁ%ﬂ@%ﬁﬁ%ﬁﬁfﬁ, I}rﬂ$ﬁ§{xff
2m ' Xy (k) #EAT 200 e A3 3] — B BHE P51, 7640

o=k-Fk, (9)

A3 (7) AT, AR A 55 R Dl B R o R B
I FR o AT ) S5 T il R P YRR TR R 2 TR Y
THARBEE N T AR LB MCR, &4
FEREYIE L A9 I0 {5 5 N Blackman-Harris %7 Ji5 /9 25
OIS A AT 5 AT
2 37T Blackman-Harris % [ ¥H{v

ik

FC(5) AT, N J5 AR T LR R

D=9, -nl(f-1) (10)
BRI ZE LA (10) 5.
R (11)

RIS X(0) 122 FA ¢ 198 X, (¢) ARG I
AR BRI RS R, X () BOREA N«

D, = ¢, — wlAf +27f, 1, (12)
A (12) A1) SRARA 245

AD = &y — D = 2mt,(f - Af) (13)

F M T AT HAR A I

2 —
A = wtozfﬂtOAd) (14)
MR (7)) IR IRAE AT IE R IE S A TR AEL A
S (15)

A= X, (k)
Aok, —FFT 25905 (19 W AR 2% 5 5y, —k,, XTI 19
R
(7)) AATH:
A, = | Ak, (AR, —1) (AR, —4) 1 -

27T . '
Nsin(wAk,,) X (k) (16)
KAk, =1 k, -k, |,
AL R IE A
@, = arctan( Imk'”) - Ak, m (17)

Rekm

X :Re, ,Im, —X,(k, ) SERRFIEEHS,
3 37T Blackman-Harris % #H{/ 22
ek
WMEEX(T) , 56k, SRIGLMIRME | X(k,) 1 5
lo(o® =1)(0® =4) | B L, BIIEZ A IR A L) 1/

L o(o® = 1) (o7 —4) | FR5E 80 78 JEH0 i B 4 K
ARG T, At — 25 N T s , 42 2 A5 U D Ak 1

AR RS RIS, LU S8 T30 58 5 AR, B/ N5

W B, TR T 55 A U, 4>

Xps(k) =a - Xp(k) +b - [Xp(k+1) +X,(k-1)]
(18)

AR A (R e, AR R (7 ) , A2 (18)

B/ N S W
B-(C, +0.18¢%)
Ko (h) = o(o’ -1)(0’ -4) (0’ -9)
ear X (18) A= (19) , i 17 R A, AT IR
f#f5a =1/6,b =-1/12,C, = 4.02,

W (19) FTLAAS B HOATE 7 41 1 4 1 1Y) 2
R RN 1/ 1 o(o® - 1) (o® —4) | LR
/1 a(o® =1) (" =4) (0” =9) |, #E—u/N T 4%
T A5 IR I T A T4

FOHOEEA (18) X, (k) X, (k+1) FIX,(k -1)
FAVRE S R 2 TRD 4D, T LI A3 35 I 3] P A A0 e P
AN | Z S A AR 25 AR B P 5 KSR ST o
AT G AT — B {5 5 7 i 381 Blackman-Harris
FAHEAT DTFT AR 4, 1) H R A3 AR 1 2 o AR B 58 X H I
WF ST FET AR B 2000 E 7 41, #i X (18) 2B 7
Z I A A BB A AE P 51 J5 #EAT IFFT A8 4%, 7
PEAT DTET Ag 4, ) H 5 A i Pk fh 26 o oA 708 T
WLEEFN LA, (3 0 —4k, X, R X,y MR A5 it 2k
XF A 1R

(19)

—80}
-100
-120}f
-140
-160}
-180

R 5 U/ dB

1 1 1 1 1 1 1 1 l
0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90

w/rad

K1 X, #X,, AR e XT

WA 1, 25t Z AR S, A5 258 1 3 1y 41
A4 T BT (E S E A R T Blackman-Harris % /Y
Bk, & W, R MG 0 FE R 2
Blackman-Harris % [ 3/4 1%, i WA 20 R — & f
JE BRI (E B TR 55 R M T2 R 55 R S i 3 4 ) B
HET Blackman-Harris % o J5 {5 S BAAH 4 T LA B4
55 LB N, SO B A0 2 T X B — A B



559 1

Thtu gt , 45 - 36 I T F5 17 D0 T 3 S U A os 3k

- 1041 -

o3 AT 22 T AR S PR AR AR I, AN I R 55
SRR J32 R0 55 A U R AT T A o TR 43 B
RIS, RGBT — /N T A T R R A 4k
Z AT
I §7i . R7N RS
TESEBRIEHI TR, 1 5 2 e B I T FERAE RUEL,
WAL f, = N/T WH5ERAEIER £, o AW TR FIAE 5 n
% Ko~ T B Blackman-Harris % 47 B HCRAR , BUTT N
R —BUF I IER) LA 5 HEIRN A SO 2 4
Bp a1, o3 5 B 91 AT FET A2 345 2055055 77 51
Xy, (k) F Xy, (), %P0 B ¥ 51 #c A X (18) 3
12T X, (k) A1 X, (k) o 3oy Y
9 B 3 LAl RABR L 1Y P91 o, 3R &, (R S
SRR FF AN et &, ek, = f,/(f/N),
Ak, =1k, -k 1,
WG (14) tp = L - T, FIf =k« f/N 0133
2wlk,
Ak, = ————— (20)

R, B TE S
fo = (k, + Ak,) fN’ (21)

H T Y 4 1 2 I AR e, AR AR 4 2K (19)
WAL GEAR L 22 15 Y MRS E A AR R
A, =1 Ak, (AE, = 1) (AK, —4) (AK, -9) | -
21
Nsin(wAk, ) (= 0.42 +0. 18AL)

Xy (k) |

(22)
AR R IE A«
Pn = phase(XB%(km)) - Akmﬂ' (23)

5 i EEuEF 3B

Hy T B o O 3T 5 P,

BB % P FUF R AT Matlab £ 20X HEBFSE
(R I 1 5 A

:mw=3;Amwm@ﬂ??-n+%) (24)

o — JEPHR
F YDA IR E AR AL AN T TR

®1 HEESZFXRERHSH

TR B K 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19

WEAE A,/ V 220 0.4 10 3 6 1.5 3
L @,/ 1ad 0.1

1.3 2.1 0.8 1.1
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

0.7 0.65 0.15 1 0.06 0.4 0.02 0.03
1.4 1.5 1.6 1.7 1.8 1.9

D7 B SR R BRI WA o - 0.5 Hz B 5L, BI5
HALR I FEPR N 49. 5 Hao B— W55 A9 7 K
6 N E R ETHE S FWML, B K T=0.12 s, A7
HFEAT FET G858, RAE FUBOR 512, B N =512, 25—
W5 S B — W S S I T — IR E AR T 5
W, 00 L =85, 7RIS BINBLE T, ARWFFER R — L

T o3 P DR 1 A it 22 IR 4 Y R SR
B UCE B R AE AR AL A9 48 X5 15 22 (AAD) 73531l 4
Kl(2 ~4) Bi7m o

107

10°

SN

AAD/Hz

10

10° F
q

107k —o— L

10*3 1 1 1 1 1 1 1 J
2 4 6 8 10 12 14
miR

2 PP YR 2 R

WEEIE 2 (R R 26 PF R, SOt Bk i 15 5 45K

TR A PR AR A RE A BRI 1T, 2k
PEF LR a3 52220 1.0 x 1077 He, £
PRI R ZE RS AT T 2 MR

10

AADIV
=)

—o— Bk
—— L

I2 :1 I6 é IIO 1‘2 1‘4 I
miKR
B3 IR R4 R 25 L

WEEIE] 3, O B3R WHE 5 4% U8 T 1) it A
5 B BH A0 T IR 5k R U I U R B e, LR 22 ih 4
WA I T S, I U () R i ik R AR B T A
BRI o ek R B U R A s X iR 25 R 1.0 X
1077V, 2 YOl 4e iR 22 0 1.0 x 107V, 555
A AR BIR RIS , X 2 2 IS ey R T
Tl REICY 2 D B s A o R ORI I A X 1R 22
1.0 x10°° V 3R It 7 2 MRS A A



- 1042 - HL

%34 %

ADD/rad

—o— PRk
—— Tk

2 4 6 8 10 12 14
miR

B4 AHOLM L5222 L

WLERIE] 4, B B 0 (3 5 4 U8 U AT 2 5
WA T B T A, L B0 125
1.0 x 10~ rad 2 YR i 18 1S 1 MR 22 , 452
21,0 x 10~ rad , BEUCHAE 0l HHRS HE e e 728
YRR N 1.0 x 107 rad R EARTI T 2 4kt
GBIt

MBLPAT AR Ny 49. 5 Haz W, itk o5 p 45 T 4 v 1
WS EATREER T B304, Blackman-Harris
7 A A O T T . R R b et
2 AR BT S F A Y TAE RS
T —~A[FTF Blackman-Harris % 0987 R AL, B R A
T LA R 0 T8 B A, R S5 AR I (L, bR 5
W . LEARR A FER RS S ST, i — 25 )
TR I R RN A 2R 2 B A TG 3 1E R R R
T U A Ak TR B T A A
5.1 SREMNEBESHESH

ShIE A A AR MR 7S BT B A R, AR AE S
(24) (55 LR 4 B AL ¥ e 7 30 dB ~210 dB
DX R A8 b 1 e 40T MR P X RS R R S, 100 4
AR B AL 5 07 R SR BUE 5 S 800 P 1R 2%
MILP AR Ky 49.5 Hz B 3% A5 5 3 U I AR A [F] g
P NS E AT IR2EAR LI 5 R

10° 10° 10°
-—- R - - SO -—- B
2 — JREY N it — Y 2 — Y
107 fes [T 107 FT MR 102k [ECRER
\\ \\\
EN 107 F \\ EN 107 F N K 107 -"%
SC . . SC ) 9C - SN e
I 10 I I 10°F 3 10
10" F 10" F 10°
10*10 1 1 1 1 1 1 1 1 1 10*\“ 1 1 1 1 1 1 1 1 1 10*10 1 1 1 1 1 1 1 1 1
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
SNR/dB SNR/dB SNR/dB
(a) HHiZ (b) WE{E (c) HfiL
5 MR 3 YOk SE L iR 2

BT HAS B ORI ATy 45 Hz ~ 55 Haz, 00K

IS ml o, 2 50 FUARAER T, MR o TR 25 Y 3 22
KR SRR RN SRRV RE AT A, B RO B T R
o YEMRIGZETT R, A ] AR A,
OSBRSS B A2k 2 TR A Tt
5.2 AEMETHESHESH

N T B AR R E N, I RIE X A TE A

WAIMRAHAL N — w rad ~ v rad, B4 #E47 10 000 IR A7
FLFE, Hoh B0
fi=[rand(1) x (55 -45) ] +45 (25)
FO AV S b A R, & U A
R VAR P A %o 152 22 BB G A 6 B o

WLEEIE] 6, LA 45 Ha ~ 55 Hz Z ] BEHL

K6 RIS HmY X IRE A

107'r 101 107
10° —o— B HERL Tk 10° —o— BRI 10° —o— L
107 107 F 107
N 107F N 107 p T 107
= = 2
S 107F S 107°F I 107
10°F 10° F 10°¢
107 107 107
10*5 1 1 1 1 1 10*" 1 1 1 1 1 1 1 I 10*" 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 2 4 6 8 10 12 14 2 4 6 8 10 12 14
miyR miyR miyR
(a) FE Y Ha R 1% 22 (b) WRHELAY 25 %} i 22308 (c) AHAZ 43t iR ZE 3 (.

W shb}, 5T Blackman-Harris % () 2 E R KSR B



559 1

Thtu gt , 45 - 36 I T F5 17 D0 T 3 S U A os 3k

- 1043 -

R AR RS B, UE B Blackman-Harris % (1 {8 FH 45 24
TV U A A LR T T R R I e
FIFAOL ARG RS B VAT S B 2 0 Bt A, 4 X i
243 IIRE) T 107°V F1 10 rad , JiF B T 2l vk 745

R IEOL T BRI A7

HUBTER I 6, 7R AR AR A3 Bl N IO T A X
U IR FIAR AL A 2 X0 5% 22 HEAT 0 HAH 5 R
SRR 2 PR

x2 HE4LR
H S-S %/ He 47 47.5 48 48.5 49 49.5 50 50.5 51 51.5
B 2 3R 4/10 1.60 1.50 1.10 0.905 0.631 0.341 0.0027 5 0.374 0.798 1.20
A A%t 22/10 6.60 5.60 3.60 2.40 1.10 0.316 0.000 060 4  0.293 1.20 2.50

WIEEER 2, BEAE HE A 5 R B AN W A2 Ak, — Uil
TR G 14 46 X 15 2 T L 28/ R AE 10 7 Bidt
9, I BATRTNE S B9 BA R EEA—H

6 ZEHE

AT T — BT AHA 22 9T I S8 T
RS O A I I g A 3Rk Xtk AT 1 2 I A AR
e, K0 TE B BG4, PR 55 I e D, i — 2D
SN R T e =2 ) A R, 4 A i A
2 RE AR A A

SEHR AR Y BLPORIAR Jy 49. 5 Hz I XA
55 SRR B, D R4S YRS T A 38 S RN AR 2T
A R A TERT B 5 X EEPURTE 45 Hz ~ 55 Hz J5H
WAL R AT IR OR R R AR RG22 A
SEVERZ N, PRI B S T B R B 15 0 Y H
SRS T
23 3Lk ( References) :

[1] SRINIVASAN K. On separating customer and supply side
harmonic contributions[ J]. IEEE Transactions on Power
Delivery,1996,11(2) :1003-1012. .

[2] XU W, LIU X, LIU Y. An investigation on the validity of
power-direction method for harmonic source determination
[J]. IEEE Transactions on Power Delivery, 2003, 18
(1):214-219.

[3] S ApULHE, m R . 2RISR T B S Y 3T
1R F5E [ ], o E AL TR #4,2011,13(8) :48-54.

[4] OMRAN W A, EI-GOHAREY H S K, KAZERANI M, et
al. Identification and measurement of harmonic pollution for
radial and nonradial systems[ J]. IEEE Transactions on
Power Delivery,2009,24(3) :1642-1650.

(5] E U BRaCHy, R, A5, — i BTS00 RS 30 1 155 i U
SENL T[] I R G 545, 2016 ,44 (11) :33-39.

A5 AR

(6] AT 2, s BTN RE IEIRER RS
BARAmRS SR T ] IR 200428 (11) :34-37.

(7] & 20 REE, 8K, 5. Pl IS5 ) 5 i
BT[] B ILHOR 4R ,2013,28(9) :32-39.

(8] Z Mg TRf, 3 2,5 JF DRSC i DFT Hik
P L IR A [ J ] . B TR R 2441 ,2013,28(9) :47-53.

(9] = #,8 A —FHT 200 i R 1Y 25 L di (E A
P[J]. hE AL TR ,2006,26(8) :55-60.

[10] JE W, ZKE MW, 5% N FFT #1700 2408
BeorHr i B Bk [T ], v B AL TR 2% 41, 2003, 23
(6) :50-54.

(11]  BREEE , B IREA sk 0. JE B b bl R 25 BORE S5
B EZPARLT] . B 274 , 2001 ,29(7 ) :950-953.

[12] JAIN V K, COLLINS W L, DAVIS D C. High-accuracy

IEEE
Transactions on Instrumentation and Measurement,
1979,28(2) :113-122.

[13] Edmse, %6 8 EEE, % 2T Nutall %4 = EHHE
WA [T, o RGP 580, 2015,43
(10) :38-43.

[14] RIFE D C, VINCENT G A. Use of the discrete Fourier
transform in the measurement of frequencies and levels of
tones[ J]. The Bell System Technical Journal, 1970 ,49
(2):197-228.

[15]  H2Afy, 38 8  BRE 55 JER-SCRIFE 1Y =546
EM T s A [T]. B RGP 5 #1, 2014,
42(2) :28-34.

[16] oK WAAOT, 45 BT Nuttall H AR ARk
FET 355047 7525 J]. TR 24k ,2014,29(7) :59-65.

(17] & R0, BB, Tk, 56 SO INGT i FFT B85
M B I T ] B TR 240, 2012,27 (12) :270-277.

(18] gRwei, kg, & R, 4. B =3 2 Afi 0 FET 53 b7
H OISR G BE [T]. T RGO 5458, 2015,
43(2) :33-39.

[19] ki, gRipeld & oUR. FE A0 FET g Ae 7 25 1k
W) A ShHEFRIIFEF SEOM R [ T]. i RG4S,
2016,44(4) .76-83.

analog measurements via interpolated FFT [ J].

[4mEE:5k %]

Tht s, WRRETE. & ] TR0 AL 17 00 T 3 I S8l T o Sk [T AL TR, 2017,34(9) : 1038 - 1043.

MA Ye-chi, CHEN Long-dao. Improved algorithm for harmonic parameters estimation under frequency offset[ J]. Journal of Mechanical & Electrical Engineer-

ing, 2017,34(9) .1038 — 1043.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





