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Design and implementation of power online analysis and measurement algorithm

YANG Fu-gang"?
(1. School of Information and Electronic, Shandong Institute of Business and Technology, Yantai 264005, China;
2. School of Control Science and Engineering, Shandong University, Jinan 250061, China)

Abstract: Adopting TMS320F2812 DSP as core processor and combining with IQmath library provided by TI, this paper presents a
practical algorithm to accurately meter and analyze power paramenters online. First, hardware phase-locked loop technology is used
to achieve synchronous sampling control of the power network signal. Then, the FIR low-pass digital anti-aliasing filter is designed to
filter out noise, harmonics and other high-order interference signal. Finally, the modified FFT algorithm is used in the separation of
power grid voltage, current fundamental and the high-order harmonic components to carry out high-precision measurement and
analysis of the relevant energy parameters. In the process of the algorithm implementation, a Q format calibration method is used to
accomplish high-speed floating-point operations in the fixed-point processor, and the use of properties of real DFT can greatly reduce
computational complexity and improve computing speed. The testing results show the proposed algorithm can achieve high accuracy
in online power analysis and measurement.
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Fig.1 Flow chart of the proposed algorithm
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Fig.2 Flow chart of frequency calculation
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Fig.3 Characteristics of FIR low-pass filter

T DSPILIEHATE HUE R, TMFFTIAKHE
RN REROEHE, WA, HEETHE
B oy N SRR 0 A AR AN B

Wox(n) A — 288, Hopn=0,1,2,--N-1, I
53 5 B oe(m) 1 75 50 B0 R4 B0 4 R PRI VT2 5 B 5
Flg(n), Bl

g.(m=x2n) n=0,12,-N/2-1 (3)



-114 -

®UVEBEY DA

g(n)y=x(2n+l) n=0, 1, 2,
g(ﬂ) = ge(n) +jgo(n) n=0, 1, 2,
Xt g(n) MDF TR A
Gk) = 2 g(IWy) =3 . (W, +

ey N2-1 €Y
ey N2-1 (5D

v/ (6)
iD e, (n)WJ; =G (k) + jG, (k)

HSE 0 FHIDFTHIE R, A3 an 4553

{GeR(0)=GR<0) GO=0 . o D
G (0)=G,(0) G, (0)=0

G0 =6, 07) G.05=0
* R o k=N (8)
{GoR (]%) = G1 (]%) GoI (]%) = 0 ( A)

Gy () +G (W2~ F)
2
G0 =G (V=)
2
G(k) +G; (W2~ k)
2

Gy (k)= -G (V=)= w

G (k) =Gg(i=k) =

GeI(k):_GeI(]%_k):

=12/ -1
Gr) =G (W —k) =

9
X SEH A x(n) A TDFTA -
X (k)=G (k)+W ()G (k) -W (k)G (k)
X (B)=G (b)+W, (k)G (k) +W (k)G (k)
(k=0,1---,%)
X, (A -k)=G,_(k)-W (F)G_ (b)+W,.(k)G, (k)
X (A -k)=-G () +W, ()G (k) +W.(F)G. (k)

(10)

3 (7) ~ (10D H, FHRR. 143 A RN SR A B0 5
Thres o AR RNETHIMES . AU LR, B
¥ — AN S SEH 5 x(n)DFT iz B8 ALN/2 5 5 507
gmIIDFTIz H A — L iz &, 133 Tx(m) AT
N/2SDFT{H. MKHE Sc B DFTIR L Huxd #rdt, mrLd
RENEN2SDFTE, 4 5 AN s S £ )
HKIDFTiZ &,

RYE5LE DFT v, i) FFT Iz B2
B FFT iz H &2 m/b— Yo fET N fSE
% FFT iz B, HAZ 0 B 5ETHE N2 s B 4L FFT,
RJE HIX B FFT 45 R HAR B B & N RisE
% FFT MR 4R . S080 FFT A4mi2 B 4
FiR o

[ 128 S B PR T S K

[ AFAPIRAR A A — A E |

[ U BRI - e

VB OUMERE . FRIERE32A
WA LG 64 15 R HUFFT

| A SHUT AT 64 AU DF T

[ 435 5h64 HFFTE I |
E 4 LEFFT REE
Fig.4 Flow chart of real FFT

2 BHEESRI

HLRETE 2112 5 0BT R G BAESR 43 0 BT L I
P RIE . ARE. A I, BESFSEN
Ve VR 2 BT R B AR ) - . AR A TR 1)
IINT, o LI EE R FLRR AL 3 A RAE 128 1, X BT
131K AE 7 91 46 FIR I 00 25 2 Pk S 8 I 23 JE
Ja, BHTFFTUE, 23 nl43 31 iR s 5% 5
B, R T BARI B SRR . T
R ERR PR E W E S TR

(Ut )

DSP._RILS0I9AS.
L HERENH

EEE s

[ EEBUT STEEPROMIFE REFISA H |

F IV EyEhed 5350
BEETH
le

TE <Ay
WDKEY =0x55+0<AA

KHEHFRFHRSEE

EH R R %S%iﬁ'iﬁﬂ%ﬁ

SMEEPROM A
FIRBI FHUR B IR
| REHEEAEE 25|

THEESE BEE, A3
B WEDE, TIHTHE,
A ESH

.

B 5 RgEERFRIEE
Fig.5 Flow chart of software system

e
TEEE

DA i 4 AL 2




ZEEl

LA A B T ST 1550

- 115 -

2.1 o ERZE

1 SEBREIE FAI AL S R e, AN m] e G A
TEVE mids . F2812DSP 2 32 A€ s abFids, AfE
PR AL PR R B . PV il 5 9 5 V7 s )
FEFr AR PAT R =, (HIRAEHERE R, TRIx)
¥ B HRE P ) T H C/ICHHE TS« 1EE K
A FREE ] C/CHIE T i 57 mis B P F 2 =
FhI7

(1) V7RV E SON float 88, JET CIEE
FRITRAL B HORE P TE AR T 08 RS TR R 2201,
REfE SEIIE T8 R )77 s 8. SR e i
ARG A P ARIS RARIRARR, JF BT RCR L
%, AEX T EESEIN PR m 5 A LLE T

(2) AR g SN R &, SR TR T )
T ORI AN o X7 IR Bl AR T AR ) R
PEAE

(3) Apgfe Ooh# AR, KM Q e
PRERAE N IXFNITVE W] LU R S 4l
JE RIS, —J7 AT I8 SO BT R, )
— 7T H T Q A K SRS R R T SRR T
R ol 3 ] T BEREAT R SE N M B s L
o BTN Q MAE b iF s By K 29 sk,
hE KR, B Xe W RV, Xo A3 Q KX
TER G AR, A

X=X X2 (1

2.2 |Qmath && #8952 F

TI 2\l $EAL ) IQmath #R£57E e X Q A%
Kl 290 32 A7 CRE, B AR ST S AL AT rhon)
i s pkom SO 0=24, AR RIS K B H
e X O=15. SCHPTAT A5, A48 FIR
Hr-PURZER . FFT 835, &5t T
IQmath PR Q M UBEATH, EALH IQmath B&i %L
PESRAE =AM 2 2O R, AR & T AR
PRI PAT R, RIE T8 REORE R, HRZEABL T
AT A S AR S L. ST — B UhY
NASCAEIZ ] FRT S0y B - UG S, KA
FUVETAR AR, P 2T _1Qdiv(BRED . _1Qsqrt
(FF ) A _IQatan2PU (IEV]) PRELLL S R I
Q #% N4 Q24 Format, IXAHX T C 1S e 11
T RBEAUS I PAT R 3 2 . WRIEH C 1
F oML float FRALHEAT U EE, AR AMECRUE R RE T
5 Hr it Sk

SRR UGB I AR AR P I T
A_Harmonic_DeltAng[h]= IQatan2PU ( ( IQdiv
(Ta_Harmonic[h+1], IQsqrt (Ia_Mag[h]) <<4)) ,
(_IQdiv (Ia_Harmonic[h+2], 1Qsqrt (Ia_Mag[h])

<<4))) ;

A Harmonic DeltAng[h]-= IQatan2PU ( ( _IQdiv
(Ua_Harmonic[h+1], 1Qsqrt (Ua_Mag[h]) <<4)) ,
(_IQdiv (Ua_Harmonic [h+2],_IQsqrt (Ua_Mag[h])

<<4))) ;

A _Harmonic_DeltAng[h]-=A Phase Compat;

if (A_Harmonic DeltAng[h]<0)

A _Harmonic_DeltAng[h]+=Q24 Format;

else if (A_Harmonic_DeltAng[h]>Q24 Format)

A _Harmonic_DeltAng[h]-=Q24 Format;

Cos_temp=_IQcosPU (A Harmonic_DeltAng[h]) ;

Sin_temp=_IQsinPU (A Harmonic DeltAng[h]) ;

3 RBRHLRSH

LTI f#] TMS320F2812 DSP 1k £ G fll i 144
ESEILIIAZ A, Wl T R R R S TR
2R AR R R BT O SRR = AT T84T
R S0 K 1) 32 AL A SRR A R 2 )
1) 0.05 Z Kk BEAL I 3¢ B —CL301V2-R RTU.

3.1 &R0 E B A SER SR

W E CL3012V2-R RTU ¥ H 3oy HH 2 AT v s
B, B = AIAREYR S0 : IR S A, HLE 100V,
W 50 Hzo LU AHIE I & A5 DLWIER 1 s,

1 BRISKETHREE

Tab.1 Experimental data of high-order harmonic

R 2k 4 S 7Tk 8 11k 12K 133K 19K

AH 05% 05% 4.0% 2.0% 0 1.0% 025% 1.0% 2.0%
BHl 05% 05% 45% 25% 02% 225% 0 1.0% 0
CHl 1.0% 0 50% 25% 1.0% 2.0% 0 0 0

e B URHIABIBRE R 0, ALK B &4 0.

CL301V2-R RTU M) —AHH AW 6
R

Ib= 4.999 |
e

90~ 180" 270° 360°

6 ZHHBRRIERSEER
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Fig.7 Results of harmonic analysis and RMS measurement
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Fig.10 Results of frequency measurements
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