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Low-consumption andLUT-omitted CORDIC algorithm

YAO Yafeng,ZOU Lingzhi, WANG Wei,ZHONG Liang

(Faculty of Mechanicaland Electronic Information, China University of Geosciences, Wuhan 430074, China)

Abstract: In order to reduce the hardware resource consumption and output delay in the conventional pipeline
CORDIC ( Coordinate Rotation Digital Computer) algorithm, a LUT-omitted CORDIC algorithm is proposed on the
basis of the three-stage CORDIC with look-up table ( LUT). The proposed new algorithm adopts 4 iterations of
shifter-adder instead of LUT to reduce the register consumption apparently, and merges some iterations to decrease
the output delay effectively, and guarantees the output resolution by using a combination of Binary to Bipolar
Recoding ( BBR) and angle range folding. The improved algorithm is specifically implemented using Verilog HDL
on ISE 14.2 software platform and synthesized using XST tools, and is modeled to analyze the output errors through
MATLAB. Simulation experiment results show that the register resource consumption of the new algorithm,
producing sine/cosine effectively, is reduced by about 74.42% compared with the conventional one, while the
output width is set to 16 equally. The computing clock periods are decreased by 68.75% , and the resolution is also
improved obviously. Compared with the three-stage algorithm, the consumption of register is reduced by about 43.
3%. The proposed algorithm has some advantages such as brilliant real-time performance, high resolution, and low
consumption. And it is more applicable for modern digital communication systems that demand for high speed and
promising real-time performance.

Keywords: coordinate rotation digital computer; to omit look-up table; binary to bipolar recoding; field-
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Fig.1 Rotation vector diagram
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Fig.2  Shifter-adder structure
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Tab.1 Angle mapping and sine/cosine transition
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Fig.3 Program overall structure diagram
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Tab.3  Sine errors of three algorithms
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Fig.4 Cosine absolute errors of three algorithms

5 # %

B RHES K2 R CORDIC B v: 523 AR AE 1Y
WE P GEURTHFE 2 i Hh ) A A I BT, &5 6 1 B A
TR E Gt AR LB B X RT3 S AR 2
T—FMatr k% CORDIC vk, W EH =B
DA R AR AN BRI R T
WOV 2 o B, B BT A IR, IR R A
Wb OG220 i it a5 SR 25 IR R 5 A SR KR
RURAH L, G e 4R 3R AL W A7 AR AR IH FE I T 4
74.42% VHE TR B BR R BIREAR T 68.75%. AL
PR A5 A R 2 CORDIC Bk AE SR i K B
B A G R T T AT A 34, 3 e S A AR
BT RGN .



c114 - MR O T M ok % % R

5 49 %

5% Xk

[1] VOLDER J E. The CORDIC trigonometric computing technique [ J].
IRE Transactions on Electronic Computers, 1959, EC-8(3) : 330-
334.

AGGARWAL S, MEHER P K, KHARE K. Concept, design, and
implementation of reconfigurable CORDIC [ J]. IEEE Transactions
on Very Large Scale Integration ( VLSI) Systems, 2016, 24(4) .
1588-1592.

DAS A, DASH S, BABU B C, et al. CORDIC algorithm based no-
vel phase detection system for all digital phase locked loop [ J].

—
(]
[

—
W
[

Journal of Computational Intelligence& Electronic Systems, 2012, 1
(1):23-30.

[4] KUMM M, KLINGBEIL H, ZIPF P. An FPGA-based linear all-dig-

ital phase-locked loop [J]. IEEE Transactions on Circuits & Sys-

tems I: Regular Papers, 2010, 57(9) . 2487-2497.

MEHER P K, VALLS J, JUANG T B, et al. 50 years of CORDIC

algorithms, architectures, and applications [ J]. IEEE Transactions

on Circuits & Systems I: Regular Papers, 2009, 56(9) . 1893 -

1907.

[6] BOHER L, RABINEAU R, HELARD M. FPGAimplementation of
an iterative receiver for MIMO-OFDM systems [ J]. IEEE Journal on
Selected Areas in Communications, 2008, 26(6) ; 857-866.

[7] HUANG Hai, XIAO Liyi. CORDIC based fast radix—2 DCT algo-

rithm [ J]. [EEE Signal Processing Letters, 2013, 20(5): 483 -

486.

BEIR, EXAE, 1, AF. R T S H A CORDIC R

LI, IRER, 2014, 54(3) : 312-317.

LIANG Yuan, WANG Xinghua, XIANG Xin, et al. An improved

CORDIC algorithm based on greedy algorithm [ J]. Telecommunica-

tion Engineering, 2014, 54(3) . 312-317.

[9] WANG Shaoyun, PIURI V, WARTZLANDER E E. Hybrid

—
W
[

[8

[

CORDIC algorithms [ J]. IEEE Transactions on Computers, 1997,
46(11) . 1202-1207.

(10180, = )Il, 2B, &5, 4 E ¥ SUETEs% CORDIC Fiik
[J]. 2R, 2014, 42(7) : 1441-1445.

XU Cheng, QIN Yunchuan, LI Kenli, et al. Double-step scaling
free CORDIC [J]. Acta Electronica Sinica, 2014, 42(7) . 1441-
1445.

[11]MAHARATNA K, BANERJEE S, GRASS E, et al. Modified virtu-
ally scaling-free adaptive CORDIC rotator algorithm and architecture
[J]. IEEE Transactions on Circuits & Systems for Video Technolo-
gy, 2005, 15(11) . 1463-1474.

[12] Wi, WP7R5E, #bedk. 2T CORDIC BUEH B H DDS

R [T]. AR R R 2 25 i B AR REE IR, 2009(2) ¢ 25—
27.
YAO Yafeng, FU Dongbing, YANG Xiaofei. Implement of high
speed DDS circuit design using improved CORDIC algorithm [ J].
Journal of Huazhong University of Science and Technology ( Natural
Science Edition) , 2009(2) . 25-27.

[13]MADISETTI A, KWENTUS A Y, WILLSON A N. A 100-MHz,
16-b, direct digital frequency synthesizer with a 100-dBc spurious-
free dynamic range [ J]. IEEE Journal of Solid-State Circuits, 1999,
34(8): 1034-1043.

[14] JUANG T B, HSIAO S F, TSAI M Y. Para-CORDIC: parallel
CORDIC rotation algorithm [ J]. IEEE Transactions on Circuits &
Systems I: Regular Papers, 2004, 51(8) . 1515-1524.

[IS]AREA, ZEJRRI. 2T ARFEAM SF CORDIC YR IEA X o5
BORMETTEL)]. RS EE TR, 2014, 42(3) : 359-363.
MOU Shengmei, LI Zhaogang. A computation method of high-accu-
racy sine & cosine function based on lookup-table and SF CORDIC
algorithm [ J]. Computer & Digital Engineering, 2014, 42 (3).
359-363.

(4iE

EEES!



