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Implementation of sin&cos function on FPGA based on look-up table
and Newton algorithm of interpolation
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Abstract: Sin&cos function has important application in method for random harmonic current detection of 7,~ I, transformation
without phase lock loop.A method is proposed for implementing sin&cos function based on look-up table and NEWTON algorithm of
interpolation, and the equation and the RTL frame are given.In contrast with other method ,this method is less clk time(only need 120
clk) and high precision ( £ 1LSB) and less resource consumption (only need 483LE) . This paper implements the hardware on the

cyclone II device of altera corporation, finally, it is applied into the design of ASIC for harmonic detection.
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Fig. 1 Structure of look-up table sin@cos function
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Fig.4 Sin & Cos founction framework based on look-up table
and Newton interpolation algorithm

THE AN AR (E S bl . HUhE AR BRI
55 NMERTHFE FC, HHEES Clk, HhfES
Reset, B} #F { BE {5 5 Clken, i i 15 5 X b ht
address. HuhbAEEIEERARIE R A FISERIZH]F FC
AR HHRERZE S, AW

FC

fo

address A B BERERBMAHE S, kK APH,
FC HMINRIPRIESF, f, 50 Hz TH.

2) ERZEIREAR

BRI TR R BIE M AR IEE S5 %
M AE R ERZRBEIE . BERERBAGESA
Hhit address, HiHE 5 A EZE S M ERZEIE.
FRZABHLE T LA Matlab £, BAWTF:

(13>

address = k X

£5=5000; % KA

f =50 ; % 50 Hz

NUM=2"12; % HARAL

T=1.0; % FeE—A RIS
t = 0:1/fs:1%T; % A A %)
W=2%pikft; %

fsin=floor (sin (w)*NUM) ; % 1E3Z¥E
fcos=floor (cos (w)*NUM; % RIZEIE

HEF A NewtonflHER R B E—ETE, —
Bravz, B AR EAR R o b At
ENEARPERZEE. ERNERZREEER
Verilong HDLF A 13bit FR, BEMATTFSAL,
12bi t AL, FEFREL00 M FEEE T,

3)Newton FH{EAHHR

HEBIRA D) e BRI B R PUR LAY IER X
KW E HEE S ERTZREEE . HERRS
MM SN BERBEIEH N ERZESEIE, WA
WHEANERZEREEE. HEARRAK (12),
XEAHER,

5 Verilog HDL 3L}


http://www.cqvip.com

-36-

PO 00 http://www.cqvip.com]

#em

A 4 FIRIRIE ), F Verilog HDLiEF
WIELI, RESAHEUMEL, 4HATERTR
topsincos, HubEA AR phase_add, IERZEHK
FAEHL ROM_table, Newton IGH{EAEE Newton. 4T
TR > B EFE R, Feik KA T Booth Hik.
HERBRETHEIBEEA M, RRRIUTPFRAT
BRMTE: SHEEZXREGTERKZRE, 3
—BED T B . A Modlesim fFE B IE 5
Fi7s o

5 Modelsim {HIER

Fig .5 Wave of Modelsim simulation

Modelsim A EEIL S, H Altera 27K
Quartus II 5.0 &Z&MjAftk, REET JTAG T
B AR TE I Cyclone &% EP1C6Q240C8
Rk, @it D/A HBAERES, HrBaugE
FTHEMNERZES, RiFTZHER IR ER
P, &6 K Quartus 1I15.0 I IERIXREA RIL
LIR

Newton
abl 1k
phase_add ROM_table —-
> w2t 1 R = T ]
” : - . :at H B e ™ i)
F b var 2t
[t = e i

38

6 Quartus 115.0 RTL {HIER
Fig.6 RTL framework of quartus II5.0

6 PHRELLIL

EHAEARIREIIH A Verilong HDL SEHLT |k
R=FEE. F Altera AFHY Quartus 11 5.0 7
Cyclone &%) EP106Q240C8 {05 LR T &5 &4
Rfitk, =MEFEMEELEE L.

FER 1 WEEEEHEFAFEERITRTES
B, MFE 1 TLAE H 5 &R CORDIC HikAtL,

BER M Newton BIEML R ERMEN HLESK .
F1OMEELLE
Tab.1 Performance comparison
i LE 78 RAM $7% i B
BERE 147 5040 65
CORDIC 1563 0 132
RN Newton ik 487 400 120

17 #XRiE

5% i CORDIC HiEFBEREMI, ETEHK
FF Newton FEEEEMLE SN ERZREII®T
g, BAEELSHKENLE B, XHETKE
H) RAM B IE, FIFT R R FERA KIS A BRI i
HHEh IR, BRET RSN EHNER, FRRK
FIThREMRIK. ZHERECNAIIEY MR -1
A ASIC &t .

Sk

(1] Fz BEMEREENTIIMERARR B AMLILAR:
o [ Fi 7 i R4, 2006.

LUO An. Power Harmonic Suppression and Reactive
Power Compensation Technology and Equipment[M].
Beijing:China Electric Power Press,2006.

(2] BRSKCVE. eLBR(M] LSS S 30F hhRAE, 1989
QIU Guang-yuan.Circuit[M].Beijing:Higher Education
Press,1989.

(3] AREAR BUEVEGVEMLIL R Rl B RAL, 2005.
LIN Cheng-sen.Algorithm for Numerical Value
Calculate[M]. Beijing: Science Press,2005.

(4] EFH.Verilog $FRA R HEREMLILE LB
FUR KRS HARAE, 2003,

XIA Yu-wen.Tutorial of  Verilog Digital System
Design[M].Beijing:Beijing University of Aeronautics and
Astronautics Press, 2003. :

(6] E¥FEMATLAB 7E¥FF 5B TR N M]ALR:
TEH K i3, 2003.

XUE Nian-xi.The Application of MATLAB in Digital
Signal Process[M].Beijing:Tsinghua University Press,
2003.

(6] Fk%=, BHE, MHEEEEMHEMEI R AEMI.
JEEHUR L A, 1998.

WANG Zhao-an,YANG Jun, LU Jin-jun. Harmonic
Suppression and Reactive Power Compensation[M].
Beijing: China Machine Press,1998.

(7] R =D EER IR R R TSR -1k

WFTTHED]. BRI, 2006,34(20):57-62.
ZHOU Lin. A New Algorithm for Random Harmonic
Current Detection Based on 1,~ 1, Principle Without
Phase Look Loop in There Phase Four Wire System[J].
Relay,2006,34(20):57-62.

(TH#FHNR

continued on page 41 )


http://www.cqvip.com

PO 00 http://www.cqvip.com]

XURF, B SVC IR RS R BRI -41 -

with Excitation System of Generator[J]. Power System
Technology, 2001,25(2):30-34.

(7] @xig, AZHS, B, FETRBNHSBIENR

LR ThAMERCE 3]+ E L TR 1R,2005, 25 (6) -
24—29.
I Fei-feng, ZHOU Li-dan, YAO Gang, et al. Static Var
Compensator Based on the Method of Synchronous
Symmetrical Component[J]. Proceedings of the CSEE,
2005, 25(6):24-29.

(8] LAk, EEM, B, TSC B L LIMEHRIRRARS
PELBASPE B FUI]. MR, 1997, 21 (1) : 6—
10.

Al Xin, CAI Guo-wei, MU Gang. Improve Damping
Characteristic by Use of TSC[J]. Power System
Technology,1997,21(1):6-10.

(9] =RAEEK, BRAOE, AR, A ARENELELIME

75 B0 G R Y R BB T (K D7 VA D] R P 2K, 2004,28
(19) . 81-84.

YUAN Jia-xin, CHEN Bai-chao, WAN Li, et al. The
Method to Improve Power Quality of Distribution
System by Distribution Static Compensator[J]. Power
System Technology, 2004, 28(19): 81-84.

[10] Haque M H. Compensation of Distribution System
Volage Sags by DVR and D-STATCOMI[M]. IEEE Porto
Power Tech Conference, 2001.

[11] Hammand A E. Analysis of Power System Stability
Enhancement by Static Var Compensators[J]. IEEE
Trans on Power Systems, 1986,1(4):222-227.

[12] Reghunathan Thottappillil. Static Var Compensations

ForCritical Synchronous Motor Loads During Voltages
Dips[J]. IEEE Trans on Power Systems, (9):1517-1523.

[13] CHOIS S, STEWART J R, SINGH B, et al. Performance
Testing of a Long Distance Radial Static VAR
Compensated Transmission System and Validation of
Simulation Results [J] . IEEE Trans on Power Systems,
1998, 3(4):1509-1513.

[14] RAARBEIMGHY SVC H R R AHLEFFHRD.
BREA, 2003, 27 (1) : 76—80.

WU Jie. Scheme Design and Its Practical Effect of SVC
for a Large Scale Arc[J].Power System Technology,
2003, 27 (1) : 76—80. ‘

(15] AR, 5K/, SH.RNMWEMN SVC HBHH 53z
BURBIVP ] B R 4L B 304K,2000, 24 (19) : 39-43.
WENG Li-min, ZHANG Guang-xiang, ZENG Li.
Research and Compensation Effect Analysis of SVC
Device Used in Silicon Steel Production Line of Wuhan
Iron and Steel Company[J]. Automation of Electric
Power Systems, 2000,24(19):39-43.

ks B HB: 2007-01-22
fEH =T
XA (1982-) , B, HLARAE, HALFELEH

Ao, EATFIEH]; E-mail:linux853 @sohu.com
ook (1948-) , F, ¥, WHEAFIF, LERF
W H) GBS S WELALEF F AR F 5
T4
EAE (1974-) , B, 33K, ZEHMATFMALY
HGAEE M HAE4]. HVDC & FACTS,

(L4 % 36 @ continued from page 36)

(8] g, ETH/KE CORDIC kM =fRERKLER
7. RELERFEAR, 2000,22(4):85-88.
LI Tao Trigonometric Function Generator Based on
Pipelined CORDIC[J].System Engineering an Electronics,
2000,22(4):85-88.

FS B 8. 2007-01-21; G HEE: 2007-04-02

L AE
EHBAK (1979, B, MEHEL, BRF 6 A HES

A AEF AR, EAURE A5 & 8 2 A ; E-mail:hhijjyy2008@
126.com

B8 (1971-), %, 8448, ALA SR, HEFH
R e


http://www.cqvip.com

