ENREFEIB € 20 8 & i & Vol.33 No.4
2013 % 4 B Electric Power Automation Equipment Apr. 2013
Zinif5 s RMS P4 0he DR 2 AR 57k

EAL AL E BB T
(LAEXF Fa8F52%% LAk Fd 250100)

FE, NBAR S A F AR (RMSMLT 77 ik, 43t by T42 597 & 342 5 R A9 510 45 8 R 89 RMS 1431
Hip 2 RB—FEELIRF L ZHFEFR2ANARFREME /4 RBEREGERARIEZS REFT] KR
AR 0¥ 5 (MS)E, A xF AT 7 . Rl 45 % RMS x40k i Hok R & AT RAFE T AT & Aade
R PRI A ZILFRAE KRBT KM@K AS T RMS ML 09 R A2 £, L & B R4k £ R KA},
ZHEILFT AT AIE RMS L0 R AR £, B AAS T 3 at | 2 ik 09 R R B A% £ 3004 2

R 23R E ok A2 H T YLK R

KEEWF ., HHR, HFRE, AERS, BEXIRE, RESH, R, W HE%, RS

HESES: TM93 MERFERIRAD . A

0 5l

I JLAFHL ) 2 0 0 W B ot B A 9 AR A T B0
ZMEM , ¥ 77 RMS (Root Mean Square ) E# )
12 0 T A B B R QN H R R R Y e ) B
I Bl B Lk B a8 B R R A D A T R TR
o RAE QI B Y AE 5 R A 9 A A [R5 5 A AL
P [F] 20 B B 23 /0 2 A DGR 2355 1 R 5
RFE T A B R (5 5 T ) 0 R 0f5 B RS B30 1Y
THIA TR ARG AR AR i, AN B 2 I )R 2,
AL ST AN TR R B A T B R 25 T R SRR
Ty REAR RS TR 2% ), TR A R I 1 R A R 2B
HAR (B 25 1035 0 I A 42 % B H iR
A S 20 5 T A B AN T T IR Y () 2D SR R SR
B 5 o5 FH TR B 5 RS AN TR R B 1
Do FH 1 AR AR A [ 2B O W A7 e RS 2 AP R
e PR RR AT N R E IR MEW IR BR 5 RMS H
WA AL 158 25 L XA 5 R AT T A HE AT A {4 B
i DAAS [ 01 8 R P 1 ol B0 AT D8 A B RMIS B 1Y
AR A F% 102 22 ) LR AT A G A B A = 08 47 (EAC A
R R RIEIG N, RGBT, BTN AR
e 1 RMS (B AR T SR Z 00 AU TR 22l
W B, I A AR AT 592 o 1 o ] 12141

SCHRL1S JE SRS 2 SRR AR 1/2 55
S 10 P SR A 5 A A o e L A 48 | Iy IR 1 T
T, DT A 2850 M 58 3 e 43 BT B RS B AR Bk LA
e T 2R BUE S 1 2 M 2E 0 1/4 SRR E
4 B S B R AR Y B (YRR Y A AR TR 5 S 4
RG22 DRAEFHIESS ) AR5 B3 2 4
FHEF S 375 MS (Mean Square ) {H , I U {H )5
FI7, A SR IC T X RAEF T AT 2 AR E
AR ARG TR 20 BRER BN T — AN I ACE 2 3

WimEE.2012-10-18; & B HEF .2013-02-21

i

DOI: 10.3969 /j.issn.1006-6047.2013.04.023
W AT EE T IriR SRR Aa R
1 RMS &%

W RGBS S, LHERRES S A
BB IR B E X AE S B2 BB A A7
X TE S8 KT B 0 52 e R 2 Y A Sk T T Ak
BT, BRARFE WL, A SCIBCE 28 i B AR 5 o BRAH IE 5%
5%, —MHFERFIRER A VRN 0 1Y IE
AR S A — D REIEN £ BN RRFERG S,
H N SR AT R RR
w=(up,uy, " ,un.y) N>2 (D)
w,=Asin(2nf/f(+6) n=0,1,--- ,N-1 (2)
w5 58477 MS U, 2 RMS 18 U, 7%

5
Uy, = <Ihlt =]‘V—Z 2, Un=\Tn  (3)
WER R GERAEIR £ 5E SR 62, 6
f=f/N (4)
W AT g — 2 5 AE 5 MS {5 AT RMS {24 .
U,=A%2, Un=A/\N2 (5)

Al UL R B R GRS R £ 5155 000R £l 2
(4), M55 RMS E R 55 IRE A M, 5 HM

2 RMS EEHMERRBIZE

Xf — A SRAEI ARG ALy £ RAE ECN N RYAZ
TR RGE WRAF 5 W AR T RS £ &
A, HAT A% 1 0y
Af=f-f/N (6)

M= (2) ATk — 20 3R
u,=Asin(won+Awn+60) n=0,1,---,N-1 (7)
Hrh o=271/N WESEFAMER L 5 #E Ao=
2Af/f HEF AR AL R R Ao B/ il



@ & D 8

% W & &

8335

5 cosAwn—1,sinAwn—Awn , W = (7) AT — 27
it h .
u, =Asin(wn+0) +A Awncos(wn+0) (8)
B ()RR E w WA 7 ER .
u=~uw+u' (9)
Hh w=(uy,ui, -, uis) ,us=Asin(wn + ) N H[F
i KRS R G R R L W u= (uh,ul,
cuhy) s uh=A Awncos (wn +0) IR FL 1% 22 401
AR Y L5 FREERIE R (4 wr=0,u=
w; X f AT £ /N AR RS B R B B A £ /DN
BF, |w| 8230 F ul, w|R/DN, B 120 Af=1Hz BH5E
5B S o3 A T DU B T w et B R BOC R
Hrh f=51Hz A=1,0=0,f=5kHz N=100,

B S S Y S S e WA RS
0 10 20 30 40 50 60 70 80 90100110
B 1 MEEBESHIR
Fig.1 Decomposition of signal with frequency deviation
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Fig.2 Comparison between real error and error
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Fig.3 Orthogonal cancellation of RMS calculation
error caused by frequency deviation
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Fig.4 Schematic diagram of signal sampling
by quasi orthogonal cancellation algorithm
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cancellation algorithm
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Fig.7 Effect of harmonics on quasi
orthogonal cancellation algorithm
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Quasi orthogonal cancellation algorithm for AC signal RMS error
caused by frequency deviation
LI Jianwen,XING Jianping,LI Pei,JU Ning
(School of Information Science and Engineering,Shandong University,Ji’nan 250100, China)

Abstract: The way to calculate the RMS(Root Mean Square) value of AC signal is introduced and a quasi
orthogonal cancellation algorithm is proposed to eliminate the RMS calculation error caused by signal
frequency deviation or signal sampling frequency deviation,which gets two sample sequences,with the
difference of 1/4 sampling length between their starting points,calculates respectively their MS(Mean
Square) values and then gets the square root of the average of two MS values. Compared to the traditional
RMS algorithm,it,without the synchronous tracking of signal frequency/phase and the obvious increase of
calculation load,significantly cancels the RMS calculation error caused by frequency deviation,even nearly
eliminates it when the frequency deviation is not serious. lts effect of error cancellation worsens noticeably
when the input signal contains harmonics,though it remains effective.

Key words: root mean square; mean square error; frequency deviation; quasi orthogonal cancellation;

error analysis; sampling; electric power systems; power quality



