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Fig.1 System structure of ASIC for power quality monitoring
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Fig.2 Period measuring module
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Fig.5 RMS calculation module

32 WS

PR P ) 3 9 8 o3 SR P DR S L I L 36 (FFT)
K3 M FET SIE 3z 5 5 T E 5 AH 0L A A7 25 1) LA
K FFT iz 5B s i efe I8 5 Fefe il s e g #2 ) h
PR TAE g% 57 75 ROM AR 52 B s %X
N g O, n] DL e A i e I T R T 2
ROM BB | 2 il #5542 I8 FRT 39032 9 0 i 7™ A
AR B 2T N e 42 1 2% 1 B Y $ 4  FRT AR
S5 6 B, EIhEs X T N=2Y B Ml
A EHCFME R A RSO, 2R S RAFAEAR R R AR X
Rt i A M H a5

_______________ F-*data_out
: B35 < | L

data_in

RAMO [, wor || JRAMI
5 L
I | g e | it
gorpne| Lo L A | gk
M 1%L
data_out ot % A 4%
P il B Bk

B 6 FFT &RasH
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Fig.7 Interface between data sampling
module and data processing module
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Tab.1 Results of harmonics experiments ¢,

Vi JEEY L H
YR i;ﬂﬁg %&%;
5 20 19.9
3 20 19.8
4 20 19.8
5 20 19.7
6 20 19.9

oA 8 1 N 25t 0 20 5 S 56 50 E | B 1R 0 it
Ak W
7 4B

R R ] FPGA i FF 388 T — N TR &
Jic HL 2R S0 B i N Y R G L L A Tl
AR5 B RE AR B T i s TR ER M, 5 E R
A R R AL AR A B i B H A T S
WL S A, TR BT 4 Rk
FH R R4 38 08 5 BT 58 B, AT DARS A 2K [R] 19 H
FiIFA b (EDA)FFEFEE L.

SELH .

[1] MELHOM C J,MCGRANAGHAN M F. Interpretation and ana-
lysis of power quality measurements[]J]. IEEE Trans Industry
Applications, 1995,31(6):1363- 1370.

[2] KHAN A K. Monitoring power for the future[J]. IEEE Journal
Power Engineering,2001,15(2):81-85.

[3] RAUCH G B,SABIN D D,MCGRANAGHAN M,et al. Imple -
menting system - wide power quality monitoring plans[C ] // Proc
1996 IEEE Power Engineering Society Transmission and Distri-
bution Conf. Los Angeles,CA,USA:IEEE,1996:37-44.

[4] CHOWDHURY B H. Power quality[]]. IEEE Potentials,2001,
20(2):5-11.

[5] MCGRANAGHAN M. Trends in power quality monitoring [J].
IEEE Power Engineering Review,2001,21(10):3-9,21.

[6] LAKSHMIKANTH A,MORCOS M M. A power quality monito -
ring system:a case study in DSP-based solutions for power elec-

tronics [ J ]. IEEE Trans Instrumentation and Measurement,2001,

50(3):724-731.

[7] BOLLEN M H J. Voltage sags in three - phase systems[]].
IEEE Power Engineering Review,2001,21(9):8-11.

[87] 5KAH:TE. FL#F B BB AL A rh v S A R R 5 K& O R A T
[D]. P44 P4 2830 K% ,2003.

ZHANG Gui - gqing. The study on reconfigurable hardware plat -
form and its ASIC in intelligent electric apparatus[D]. Xi’an:
Xi’an Jiaotong University,2003.

(9] sk ¥, Ea4E 45, 3L T SOC M ] e & i AL O 4 A 4 7
BTSSR %5 H 31k ,2003,27(10) :81- 84.
ZHANG Gui - qing,FENG Tao, WANG Jian - hua,et al. Design
and implementation of reconfigurable hardware platform based on
SOC design for digital protective relay[J]. Automation of Electric
Power Systems,2003,27(10):81-84.

[10] GARVERICK S L,MCGRATH D T,BAERTSCH R D. A pro-
grammable mixed-signal ASIC for power metering[J]. IEEE Jour-
nal of Solid- State Circuits,1991,26(12):2010-2016.

[11] IKESHITA M,TAKEDA Y,MURAKOSHI H,et al. An appli-
cation of FPGA to high - speed programmable controller [C]//
Proc IEEE Conf Emerging Technol Factory Automat. Barcelona,
Spain: IEEE , 1999 :1386 - 1390.

[12] AHN B S,KIM B I,CHANG T G. A sliding- DFT based power
-line phase measurement algorithm and its FPGA imple-
mentation[ C ] //Developments in Power System Protection,2004.
Eighth IEE International Conference. Amsterdam,Netherland:
1EE ;2004 :44-47.

[13] =00 BRBAW JRAe, T 4 22 4 a1 e B R eh g R T
W17, 1 A Skl ,2002,22(12) :64- 67.

Ll Zhong,CHEN Ming - ming,ZHENG Hua. Application and
research of programmable logic device in digital protection [J].
Electric Power Automation Equipment,2002,22(12):64-67.

[14] B30 Ut#E. 5T FPGA 1 23l 18 T 48 2R FF 43 A1 HAR 14 5

BLLT]. W RS A 3h1E,2003,27(15) :49- 52.

MA Wen - ying, YANG Hong - geng. Implementation of multi

- channel non- gapped sampling and analyzing technique based

on FPGA[J]. Automation of Electric Power Systems,2003,27

(15):49-52.

SINLL WA R S, T IP BRI RGN E R E

SOC Bt [J]. XA 2004 ,25(4) :244 - 248.

PENG Zhou- hong,CHEN Li-1i,YU Zhi- guo,et al. Design of

power monitoring unit SOC based on IP cores[]J]. Chinese

Journal Scientific Instrument,2004,25(4):224-248.

[16] 8T, 2) %, JLT FPGA 19 b B2 400 R A2 U8 I R ikt
[J]. TR R 224k ,2004,33(3) :250- 253.

GUO Zhi - yong,LI Guang- jun. A system desing in collecting
and filtering high - precision data with FPGA[J]. Journal of
UEST of China,2004,33(3):250-253.

—
—_
W

[

(RERE. BREH%)

EEE .

4+ 1 (1980-), % e mEmEA W EFFRE ANFA
e % 7 & 49 #F 52 (E - mail : niubo@mail.xjtu.edu.cn ) ;

EEAE(1954-), 8 hEKBA HIE LR ES
I NEA ARl B CAD A b B89 W& AL B 4k AR
MERERBBEAZHEFTGOFR,

RECH(1970-), B, # dal fa A, 8 3% NF A8
BRI E S GO

KEZ(1963-), 53, THh#H I A Fik NEF L LS
Fo CAD ¥ 77 @69 #F 72,

WWEHE (1981-), % B dmBHEA LT A NFHE
e, % o5 @ 8 BF A



Design of power quality monitoring system based on FPGA
NIU Bo,WANG Jian-hua,SONG Zheng- xiang, GENG Ying-san,HU Xiao- jing
(State Key Laboratory of Electrical Insulation for Power Equipment,
Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: A design of power quality monitoring system based on FPGA (Field Programmable Gate
Array) is put forward. With a few additional peripheral devices,the system implements routine mea-
suring of voltage,current,power and frequency,analyzes static harmonics,captures voltage dip,and
communicates with superordinate computers. Compared with the power quality monitoring system
based on MCU (Microprogrammed Control Unit) ,this system has more advantages,such as higher
reliability ,more flexibility and lower cost. After compilation,synthesization and optimization,the
configuration file is downloaded to FPGA and its correctness is validated with SignalTap Il logic
analyzer. Experimental results show that the designed system meets requirements of frequency,RMS,
harmonic and power measurements for power quality monitoring.

Key words: low voltage distribution system; power quality monitoring; FPGA



