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Abstract

This paper proposes a power-line phase measurement algorithm
which is based on the recursive implementation of sliding-DFT.
Usage of the single DFT coefficient in the conventional
sliding-DFT based power-line phase measurement brings a
significant error propagation when implemented in hardware
with finite word-length arithmetic operations. The proposed
algorithm utilizes all the N-point DFT coefficients in the
recursion. Performance degradation caused by the finite
word-length implementation of the algorithm is analyzed and
verified with computer simulations. The robustness of the
proposed phase measurement algorithm against the erroneous
implementation is also confirmed by the performance analysis

and simulation.

I A&

Sliding DFT & @¥ & A% 44& FA%:e
g B&3QA WHE F shteld 944 &3 A
71YEd= Modified Zero Crossing 7I¥[1], Level
Crossing 71#[2], Least Squares 7I¥[3], Newton
method[4], DFT 71¥(5] 5ol 3ot 7|&9] ¢udd
%, €8 DFT 71¥e nuzxy 3 AY Fge=

JugE Aade Fgol HAgsHgm T 5 U
a#yY, £8 DFT & A2 $E9 A4S 228 A9
$802 ASIC o} BESHA Hgl 3o A%
8 ¥E 2Az TEE 9 A4Ze oF wHL
wasA do 94 A FAe <8
DFT o4 9d %A% A4e o3 5o dlo]
"t

=&d e N /e DFT AFA+ 25 of
$4o) olgse $AY ¢@ DFT A4 =3
dueze Asuch Ad" LuABAM @
ME 2A FdG o 2hse e AUl
ANHRn AFEH ABAIME FHM 8 wE
A AU SnYEYL BAsks

=0
S8=

. £% SDFT o 7]5tgk Agd A%

=%

AL 944 23 gnIFL -1 d 7j€ddn
A4 &3 gzAF F¥ A5 A FEA 9@
22 9% NS -29) 712830
.1 &% DFT o 719& 9453 ¢neF

g 457t 29 sine HoAA A Az FA4
FO0HZ 4EF AR A9, DFT o 7|ne 94
23 4nelEe) F¥ e DFT 44 Z3h

2192



2003 CHE'N XIS 8IS StASES=s X26H HIS

[ - bin FaFel YU sine T Yol
Fdsithe Aotk A (HF ) ot MF x(n)FH
[-AA bin F4F 22 x,(n) & HEAATH

27 o
x(my=X cos(—i—;-r n+¢)= _’; (e/(ﬁnw’) +e—/(7.+¢)) 1)

Xim= Sxmpy @

m=n-N+{
A2l (D& gidgoza A 33 Zo] ojilzE
x[nlo] ¢4 gl @& N ¥IE DFT 9 /-¥A bin
F34 4Eg e ¢ gl

Z X '2—”m+ —'z—”m+ ‘-2—”m
Xl(n)= Z _(eJ(M ¢)+eJ(M ¢))'eINl

m=n-N+1 2

X &, 7&mepy | g
e M +
2 m =nZ—:NSIe e )

=1YZ—N-e”
&8 SDFT € 4 QA X,n)& x,(n-19 BAS
B3 HEE 5 Uk &8 SDFT 7[HL 2] (W)l
YEeRA

X mW=W, (X, (=D+x(n)-x(n-N}} 4

where, W, =expljlr/N]

AARRA (DA dd AFAF w, °o 3F &
ZEE AL ZAE A" b 23] F3FHo)
wAyskA g
A% uAFANE 4 B)9 2ol 479 sliding
g@rAnit 2 7 /M 9E4 98 SPE 2T Moo=
fEQ NAY AFAS7 dAHY §4¢ HAnz
et A4 538 A g Ed AL
4n2)Ze DFT 859 sliding o @Aglel Aol 71E
A4 duFe A4 g4 aRe AU AgR
S 53 Lnaze 2% 1 9
Uehdch

X OW. =W X, 0D, +3(0)=xn=N)] o
X (=X (-D+W, - t(n)—x(n—N)}

€))

ANz BEEE

2193

Xo(n)
-

-N -1l
2 xn-N) z”

ag 1 £8 SDFT o 7]9td Aigd ¢4 53
¢adF

a9 19 4%¥ RAY, £& SDFT £ FIR e
IR "E|9] cascade & AFPH FX& 7IHn o
o714 IR "HE REL d9UAe pole & 7HH=
A w717 € 38y IR EE 9 pole &
bole] 859 Bo] N} 4@glel FIR &9 zero
o g4 A= HA T& dd A2HE AAHHA
gt 2 G)elA H4 33 dudFel FFES oA
XE IR 969 o4 ¥3 54 <& AF5AF
F HE 2Ate] o] 23 | WP A7 B
deasitt shzoh A=gY ASIC ¥ @e
sgedo @A 4 FF gudFd T
AoIA F A SAF FE wWE 23 g sk
AFE =90} resource 8 HH ALEE A o}F
Fadic st

53,

I-2. &% AF AL &34 93 o3 Qo

314

4l (5)lM phasor  X(n) & 4 (6T ol
AAFH Qs R 2 Yed + Ut

X 0= utmy ©
\:l_lere , u(n)=x(n)—x(n-1)

4 @®9 fEAA 19 gL 1.0 o2 HE £
QA3 phasor f(n) & F OIHAE ;"3 unel Fe
oz dehdA g x(ne FR47 DFT &
gol N 9 F7)d wg Fose FFumd |
A4Z ulmE 0 o " @ A, km I =7
940l Wakx A "otk Wk £ A A3 x(n)e)
Fharl 2R A TE H¥Ga &Y, AR A%

A o

—_—



20034 & CHBIM X258 SIHS

gel=03 H26H NS

un)s} Fupp
%7 9o
wre AR #e 9y B ARxQd W, 78 AF
24 8@ ¥ AF w;" & oA Fourier series 9
sdEYse] Yoz vgd £ 9 AsATE
FAste tEYE F9 fundamental & A9 33 0 o)

E@ seoar 4 FAFE 2E AAR

old AHEE F A W4 AHEL A ¥A =Y
ARoz ol ©E 3Fy AHEBEE F M

dominant & A¥olt}. 2822, ;"2 fundamental
Faleet A HA Ry 4R oz g E #
Aok metd A (NDF Zol, FAF 4 35 4,
fundamental I A} WA FjEY A
f+Ar S FAFE s @Y E AR
gt AAE Jdekd ok
e Foy HESS FAE F den, o3 3 WA
dominant ¥ 3t2Y I 21 Af Tl

gk (MelA A dA e 237t 9 AFAF
AgEe de AT E S HARE Fo B

%ol

rE-

o

X (n)__ @ ’;:N"+¢)+_ai__e
& 2f-4f

—j(———~2"‘2ff Y eg)

M
aguz, A 94 ee 4 @) vehd AAF 2
(DS 2f-Af phasor 43 Ar BE Alele} A7)
Hlol o gAE= vl £ 9

5 _ a,.@; Af (8
] = _
e = tan (5 27 - Af)

ghek F3t4 wWol7l ERUA Fag fol HlEl F£3]
gy, 94 LAE FEF (8) AL A7 dF 23
¥ o /e, 8 0 9 7MHE B Af/2f & FUOEH
A4 2247t t% FolAE g vehdcoth

AlEHolds 23
B FlME 60HzS EAHNY Fo+E

E Az 944 @& A&y ¥ Sliding-DFT
7ol AAF FHo= AYF AEoldd o

tAe 24

2194

Zlesdcy. MEY FHEr SN
32ujo)x, DFT 9 &5 do] Nt 32 4& IAE |},
5% HE JAFAT dF2 {7 HEE 4-bit A
8bit 2  RZFAIIEAM AEHOIHE
EAYAY Fo4¢ 60Hz B2REH Fa
1.0Hz 7AA] 7tAE 948 A5E FL3o AlgHeldS
+33At

ANEHOR ARERY de H44 53 24E=
A (ERE P AR T Y 2 9
vdehiglch ek 5 AT} olF FASHA YERdTHE,
4 (8)el FAR 23 FE¥S FE/F A4S G
F QA A4 o3 e W FAA Jeds B 4§
gk, kAl 2, 4-bit o2 A HQAE eipE
0 of 7MA vedE B F A% 9dE, JEd
SDFT o] Aate ¥4 2 4 2248 3.

Akd 7id s D Ve A4 HAE
L3E ¥ 3 of YEhUT
®) A debd Am gol, A7) a7t ¢ e
A 2 A& RAFED

of Algdolde 4

0.4 T x x x
A H X Result of analysis
0.35}F - S S O Resultof simulation |/
H H A Conventional method

e
[
i

0.25 S

0.15

phase error [rad]
(=]
N

e
-

0.05

6
Bits
a9y 2 A3 &



20034& CHEIH NS SH3)

ol

tASEE =03 H26H KIS

14 ! ; T = =

; : : x magnitude
12} Bl 0 phase

— 10 ; i i i b
R . é . A
E 8 : ! ; ;
s : i ; § 'z
5 6 s ..
B e e
L B e S
L L%

e 9 o o & |
0 4 5 6 7 8

Bits

a9 3 279 A3 24 b

v. 48

wRdME A84 A AEF A A%
<% SDFT €285 ALt o) ¢23EFLS DFT
E59 sliding ° 93 A= oY e RS
Fgan gtk 449 fE9 HAFH AEHoHL
g3, AYE A4 FF gungFel T dels
3 A A Ao W AAFe #AEsc)
EE Y &F A 37 A 3 uish @R
gA&gch At g Fol AIFH A4
A AAL JET=E A28 FEe glo] =$
F4% Aoz 7lgdct

g wEe  BRAEAE  $raTad
ANN A7 EATAE Y APoz  o]Fo)7
2%

References

[1] G. Missout and P. Girard , “ Measurement of

Bus Voltage Angle Between Montreal and
Sept-lles,” [EEE Trans. on Power Apparatus and
Sysems, Vol. PAS-99, no. 2, pp.536-539,

March/April 1980.
[2]1 C. T. Nguyen and K. Srinivasan, “ A New
for

Technique Rapid Tracking of Frequency

2195

Deviation Based on the Level Crossing,” IEEE
Trans. On Power Apparatus and Sysems, Vol.
PAS-103, no.3, pp. 2230~2236 Aug, 1984.

[3] M. S. Sachdev and M. M. Giray, “ A Least
Square Technique For Determining Power System
Frequency,” IEEE Trans. On Power Apparatus and
Sysems, Vol. PAS-104, no. 2, pp.437-443, Feb
1985.

{41 V. V. Terzija, M. B. Djuric, and B. D. Kovacevic,
“ Voltage Phasor and Local System Frequency

IEEE

Trans. On Power Delivery., Vol. 9 no. 3, pp.

1368~1374, July 1994.

[5] A. G. Phadke, J. S. Thorp, and M. G. Adamiak,

Estimation Using Newton Type Algorithm,”

“ A New Measurement Technique for Tracking
Voltage Phasors, Local System Frequency, and
Rate of Change of Frequency,” [EEE Trans. on
Power Apparatus and Systems, Vol. 102, no. 5,
pp.1025-1038, May 1983.

{61 K. I. R. Liy, C. T. Chiy, K. K. Koagotla, and J. F.
Ja Ja, “ Optimal unified architectures for the
real-time computation of time-recursive discrete
sinusoidal transforms,” I[EEE Trans. onCircuits
Syst., Vol. 4 pp. 168~180, Apr. 1994.

[7] N. R. Murthy and M. N. S. Swamy, “ On the
computation of running discrete cosine and sine
transforms,” JEEE Trans. on Signal Processing,
Vol. 40 no. 6, pp. 1430~1437, June 1992.

[8] Jae-Hwa Kim, and Tae-Gye Chang T.A. Jones,
“ Analytic Derivation of Finite Wordlength Effect
of the Twiddle factors in Recursive Implementation
of the Sliding-DFT,” I[EEE Trans.

Processing, Vol. 1, no. 2, pp.1-10, May 2002.

on Signal



