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A Novel Sinusoidal Frequency Measurement Method Based on Modulation of

Sequence with Zero Initial Phase

LI Jun? WAN Wen-Jun'!

Abstract High accuracy sinusoidal frequency measurement technologies have been utilized in a wide range, such as the
system signal synchronization, the interconnection of harmonics and the system impedance measurement. The existing
sinusoidal frequency measurement technologies have the limitation of low accuracy and weak anti-interference of harmonic
for low-frequency sinusoidal signals. In this paper, a novel sinusoidal frequency measurement method based on modulation
of sequence zero initial phase is proposed. The principle of this method is analyzed. The influence of arbitrary initial phase
can be avoided by this method. Besides, the modulation sequence carries a large number of phase difference information.
Thus, it can be used for low-frequency sinusoidal signals with high accuracy and strong anti-interference of harmonic
characteristic. Mathematical calculation, simulation test and the physical experiment results also verify the correctness
and effectiveness of the proposed method. Compared to existing technology, this new method has obvious advantage for
electric power systems.
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Fig.1 Schematic diagram of the principle of

sinusoidal frequency calculation
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Fig.2 A schematic diagram of the initial phase

modulation of the sequence
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2.1 BESFIKEIXEF

N T HAS BRI H R, TR kA
SFHN KB N BB S R LR AR E S %
E BT RE R (1)

2
N:m(@%}) (1)

A, N AESFIKE, int RERBEEE, Cor N
BREZ I, LEN, we NSEHR, T, HER
FEE] .

22 ESFIISREFS
X BB SRR IE L5 S, (55 751N (2):
X (n) = Acos(w;T,,n + <p),

_ (2)
n=20,1,23,---,N—-1
R, X (n) RESFH), A RESIRE, w RS

W, T AR5 REEERG, o &S FIRIMALGL n
HIFPVEHEL, N Al SR

FHE T P81 3% R BOve 1521 SR8 179108 X
(3):

Xawi(n) = X(N = n) = Acos(~wTn + ),

n=01,23---,N-1 ( )

X, Xani(n) HERREFI, B R B FFIWIARAL
SR 7 AR IR, SR8 e S WA AL 2 A5
57 S R B EA AL
2.3 REFEVELOEHIFS

R15 5 7 915 BB e SUAR N, 153 3 5% B WA
A 5 R (4):

Xeos(n) = X(n) + X, (n) =
Acos(w;T,n + ¢) + Acos(—w; T,n + ) =

AosCOS (wiTnn + SOT_ﬂ (4)

Acos = 2Ac0s <@;ﬂ> ,

N1

n=0,1,23, -
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2.4 ERFYEAESIFT

RHE5 7 55 RAE 75 AH I, 153 1E X F )
ST 5 R (5):
Xsin(n) = X(Tl/) - XAnti (n) =
Acos(w;T,n + ¢) — Acos( —w;T,n+ ) =
Asinsin <W1Tnn + SDT_ﬁ (5)
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Z IRV CCAE T . T ALY R 22 5 B BUE
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N1
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Xain(n) Hrae 1 M (7):
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Fig.3 The schematic diagram of the initial phase of

the modulation sequence
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F12 IR 3 YAEWE R R 151 REEIRIIRAS, 11 HAG 57 A FEAE 3 OB B4,
IR R B S =L o == I R R =2 L L e N O i

X(n) = cos(w;T,n + ¢) + as cos(2w; T,n + o)+
SN —1
(9)
TESFHWRGETE SR, FRZRBCIRA, W
ST RS 5 K (10):

R(n) = X(n) cos(wst) =

az cos(3w;T,n + ¢3), n=0,1,2,---

1 1
3 cos(yp) + 5 cos(2w; T,n + @)+

% cos(w;T,n — pa) + % cos(Bw;Tyn + )+

% cos(2w; T,n — @3) + % cos(dw;T,n + ¢3)
I(n) = X(n)sin(wst) =

1 1
~3 sin(p) + B sin(2w, T,,n + )+

% sin(w;T,n — pa) + % sin(3w; T,n + p2)+

% sin(2w; T,n — p3) + % sin(4w; T,n + ¢3),

n=012--,N—1  (10)

X, R(n) RSEMFA, 1(n) AP, we 2
A Ho, cos(p) /2 Fll —sin(p) /2 A M,
HAR RIS NIRRT AR BT

HEAEFRIRE, SHEPRAETH PR, 2
PR IZE A (1)

Ao, Q .
UK A AP 5 N A 2 B RIAIAL R e 81, A%
JEIRMT PO Aoy, MRS 51 5K (12):

—-p

R(n) = Agoscos (wiTnn .4 > cos(wsT,n) =

p— B
2
I(n) = Acoscos <wiTnn +2 ; ﬁ) sin(w,T,n) =

A _
— —&in (QTnn + M) ,
2 2

<QTnn +

n=1,2,3--,N—1

(12)

A, R(n) ISP, 1(n) KA.

R, 155 7 2] 1 2 5] 0 488 I A 2R TR AR 785 52 o
XEPASEER.
3.1.3 BFEEK

TR T I 3 2 1t T SRR A T SRR 25 ) B
PIFE SRR, PR G381t — 4 TR A0 HI0 A3 3 00 i) )
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R, £ 1R
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Table 1 Calculation of mixing frequency

Wi % W ;AW ;AR 2% 3K
HRRAUR  Ows 2 S e 2w
HANRSAR 2w L B 3w 4w

1, IETHER S MR T PR

PR 1 IR R, FETIRIURA, MBI
ZHLN g WAHH 15N o, WIECTREE 5311 R A3
X 2w,/3 Rl dw, /3 TP AL, H
REAEXT 2w;/3 Fl 4w, /3 TRM TP ZIAT 78 4 il
M Na BUER 2N o, FFFA P51 A RE B2 W]
WXTUE w; /2. Bw; /2. 1w;. 2w;. 3w;. dw; FHRITIL
BT, I BEEXT wi/2. 3w, /2. 1w;. 2w;. 3w;. dw;
SEIRAR T PR R AT 50 A U

PR, $EFa el 2 PS8BT A A i
B, T SRR AR R ZE, A T 4R AR T SR Y
I MERE, BT BRSO B B U AR 2 S B0
[F] (1) = R B8 P I 4

3 Ngo—1 Ngo—1 Ngo—1
Xaln (Nd2> Z Z Z (Ndl)

n=0 n=0 n=0
Ng1—1 Ngi1—1 Ng1—1

2 2 2 X

X(n), n=0,1,2,3,---, N—1
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X4(n), n=0,1,2,3,--, N3Ny —3Nz — 1

(13)

A, X(n) ABCFRRBAE S, RBACREHF
5 R(n), HMTE) 1(n), Nao HETF RS,
Ny WEFPEESE 2. Xa(n) NGB LY
B, HARAR GBS Ra(n) FHESE 51
I4(n).

X1 2 BRI T IR, 2 RACTRE DA
i S S R AL P S BERY 10.5 4. T
BT BRI IR AR 2 R S 2K (14):

QSin(“’T"QJ\’“’”)}3 [2 sin (¢LulNaz 3

cx NP
wT,, Ny w1, Nyo

K, K (w) RCT R RUIRIR e ot A RAEAIR
10kHz, Z#55i#% 100 7w rad /s, T15H15F] N4 = 300,
N go = 400. W7 BB ARSI AN 5 Frs.
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L. H
100 200 300 400
 /rad-s !

K5 BT BB R
Fig.5 Schematic diagram of frequency characteristics of
digital filter
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Fig.6 Diagram of mixing frequency component

suppression characteristic

K 6 s, HEE LR 1 45 AR ST 0
R, 6 P ay R R/MIE Y —210dB, 250
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AR5 (12), 540 6 R A0 s I8 e 910 o oK
(15):

cos (QTnn + QOT_ﬁ + a(Q))

ACOSK Q . -
Acos K(©) sin <QTnn + @Tﬁ + a(Q)>
QTn(?)Ndl + 3Nd2)
2 )
n:0,1,2,3,--~ ,N—3Nd1 —3Nd2—1
(15)

L, Ra(n) RHEMFEWE T 5, 1a(n) A REARE I
JF5, K () AECFE R ZE Q fda, Joia,
a(Q) HECEFRIEAEZE Q FFEAH.
3.1.4 FAPItE

MR (15), S e I 7 51 Lk A5 B 10 )7 510 )
BUrHE A (16):

Rd(n) — ACOSK(Q)

Iiy(n) =—

a()) =

M-1
2 24, K ()
R=1r ; Ratn) = =7 31
Q.M Q.M —
sin[ ; }cos[ ; +¢25+Q(Q)}
2 = 2400 K ()
I= =N In) = — 2Lt
A 2t T, M
Q.M QT M —
Sin[ ; }sin[ ; +¢2B+Q(Q):|
n=01,23-- M
M:N—3Nd1—3Nd2—1
(16)

K, ROWSIARME, T AEWFRME, M AES
FHVKEE N AEECTFBa a4 K R s LA F R
K.
3.1.5 BAFIFFIRBAAITE

Eads (12). 5 (15) #1L (16) 2 A A F )
R % SRR 7 0 A R R g Y, DR
BB B R (17):

1 QT M —
PH = — arctan <> ke il & b + a(Q)

R 2 2
M:N—3Nd1—3Nd2—1
M = 0.5N,, (17)
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Q.M

R
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3.1.6 HEEFIELMITE

() 2, 4 SR A 81 A R 5 2 A S ] 41
AR 51, M7 ARG 3 K (19):

(18)

I\ QTLM, ¢—3
PH, = — 2 = 0
arctan <R> 5 T 5t a(Q)
M, =N, — 3Ny — 3Ny —1

M, = 0.25N,, (19)

X, PHy 94y SV AT 5 E, WHAE 0~
+0.5mrad. M, 4 R 51 A BT B S 1 R o
KIESBRE, 50 E PH=0.25N,.

AR SR i A5 O I 5% 2 TR S i 41 Y 4
s, A B, 152 g ARG S 2 (20):

QT M —
PH, = arctan <R> Skl e N 4 b + a(Q)

I 2 2
MS - NS *3Nd1 *3Nd2 —1
EHIFSIFIEA T E

REVR ] S RS2 45 R 5 AT L B 45 A T il
SIHIRHAL:

(20)
3.2

PH,N — PHN, ¢—p
N — N, 2
L, Oeare A rad BTG T FIRIAE AL

4 FHIFFNEEMAETE

Jr i B Y A AR 2, R AR S IE XA
RGP B ] B SRR, Fak X (22):

APH = w,T,N (22)

X, APH iy sl e mifizs, B0 rad. w; N
FF IR, TN AP SR R, B s.

PR SIRIHANL Pstare, FEART AR TESF
FUR BERS B RAR S IR Cor AOIRZE(E. WNIR IR
ZEMERHE, MAEHM2E APH N 2r 86556 2,
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Fig.7 A schematic diagram of the whole phase difference

and the initial phase of the sequence
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P ErAfiZE APH 55 5 % C 2240t

WA 7, PR s e 2T, st (23):

(23)

KX, APH RGP A ZE, Con HEE
F5 AL, 2nCor o 2m BE AR5 B0 4 M A 22
Y Oy, =11, 200y, =227rad, | APH WJEFEALE
22w rad A4,

5 ERSERHE

AR VA1 il 47) 4 AH 6 22 02 5 TR SR A3 5 A )
JP A AL B SRR K AR A5 4 A5 5 IR AR 2
PRy 51 SR AL 22 55 R 3 81 I TR BE Y LU, 31X
A5 2 IR S A AR B

Xt LR (22) ST, REIE S IR
B (24):

APH = 27702ﬂ— - 2@start

_ APH
- T,N

(24)

Wi

X, wi AIEFZHHR.
6 Hftt—Loth

=S FIIKEE ik
REEFRER R 4 A, P ey B Bas 50T
BB AT I 1 g, SR AE TR0 B I S R
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6.2 SRERITEEIR

PR AT LSRR SR R, RN
KB HPNRMFHRIEAE £0.25% VAP QRS0 R4
VU AS R 5 0K o J U 2SR B, mTHEAT 1 SO 55
1EER, B AES 23R A 45 € 2% 0
2R, EHIHT 1 WA S IR R
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N T RGPS TR, — kA B
WERS N 0 A5 e LA A5 5 i, S X
(25):

2

-1

[ X (n)]?

Z|s

2|~
o

1 2

n=01,23--,N-1

X, S0 N NIERGUELE, TN, B, W55 75
Xo(n) FEFSIRE N (75 22 F391E. E, S E WA
¥4 X (n) FEFPSIRIE N (77 2239 (.

HIT T, K Es SRR S RERRE, N1
SAERA LU LR IR, B0 WL B, SRR
MRS fE R R, A 1 R R A B LB B 2 T
K, B W.

71 BETHREES
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Fig.8 The schematic diagram of noise interference
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SE TR S IEZIR AT R .
T2 MEFHREEHE

TS h Vo AT V, HIER, Al
PETHE o, AN (26):

.
-y

)

Pn-max = arctan <

K, Pnomax ARIABLTHER, Firad. Vi, AT
PERIEE, Ve NET I RIEE.

HUHE LR, TIAERE V., SESmnE
Vi IR T35 (27):

& . BWD ~ W;
V., VS:NBWs \/S:N20rfs
(27)

BWs = 2nfr

A h, BWp NECF MR HAAT 98, rad/s. BWs
KRG ST, B rad /s, fp WSS REEME,
FAf/ Hz.

REBARATE BWs £B 55 SRR fr 1
3‘%, EX BWS = 27TfT.

Ber s A 58 BWp 58 I das 4t
AR, SCPRCFRER AR MR 5E BWp, WK 9.
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.
N
0.707f-----— N
—_ ! \\\
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e
| \\
.
! A
I .
.
| —
0 L L B e L
0 0.1w; 02w, 0.3w; 0.4w; 0.5w;
w /rad-s™!

K9 SEarsinE R
Fig.9 The schematic diagram of the frequency
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K9 B, BB R ST BWp IR
I IE S S R 22 T 3R 5K (28):

arctan | , / goa—r
Onomax < S:N207 fr )

Ferrmax = Appr ™ APH

N, Ferrmax A IE 57X 38 TH S FH X0 152 22 5 KA.
AMAEAF S REBR fr H =10kHz, [F5E%
WiE w, = 1007rad/s (50Hz), 155 Jj% {5 M
Ik S : N=10000, APH ~ 22 rad, 313153
Formax ~ 3.22 x 1076,

X (28) e R AR, ShiE s T
15 ELER T 45 A A W) 15

8 {AESLLG

FESCH IR T I R GE 50 Hz T AT 5455
RIS, PTHRERAAM A SIS A PO

(28)



1592 H 3l

e

¥ 2%

HRAFNE FIAE 45 ~ 55 Hz, {55 [ RAEHIR 10 kHz,
T Y B RO R AL A 24 bit, BRI E T
ZE £0.25 %. N TIEISEIaMERE, ARSI (5 S
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t
f(t) = cos (wt + %) + 0.01 cos <u; + Z) +

wt ™ T
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0.1cos (Swt + %) + 0.05 cos (4@ + %) +

0.01 cos <

T
0.05 cos (Bwt + Z>
(29)
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Table 2 Calculation of mixing frequency

BB SRR
RSP 50 Hz

K 2 PR, 55 HPOFR RN R ZETE 1071

EEC!
50.0000000061

M
1.22 x 10710

%

I

FESEIG {75 B PR 45 ~ 55 Hz Jif, B 11 14
WG, ZH PRI RZER 0.25%, £ 0.002 Hz
(R o 22 5 P SR IR A 5 R ISR, 13-4 5
T SRR DR 2 Bl L PR AT L I SE R 45 2R, A
10 fr7s.

v [ L ! Il 1 et .
45 47.5 50 52.5 55
f /Hz
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Fig.10 The schematic diagram 1 of relative error of

fundamental frequency calculation
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Fig.11 The schematic diagram 2 of relative error of

fundamental frequency calculation
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Fig.12 The diagram of relative error of the actual signal

frequency measurement results
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frequency measurement results
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