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Design of CORDIC Algorithm with High Accuracy and Low Consumption

YAO Yafeng', YANG Jinmin',ZHOU Qunqun'’, FU Dongbing®
(1. School of Mechanical Engineering and Electronic Information , China University of Geosciences , Wuhan 430074, China;
2. Chonggqing Jixin Technology Co. , Ltd. , Chongging 400060, China)

Abstract: Aiming at the problems of high hardware resource consumption and low output accuracy in CORDIC
algorithms, this design proposes an improved Coordinate Rotation Digital Computer (CORDIC) algorithm based on
interval merging iteration. Based on the two—stage CORDIC algorithm, the algorithm uses interval merging iteration
to complete the merging iteration operation in the second stage. For the truncation error caused by shift operation in
merge ileration, interval merge iteration reduces the data error and resource consumption generated during the merge
iteration process by reducing the size and number of data shifts. The simulation results show that the improved
CORDIC algorithm not only retains the good characteristics of the two—stage algorithm in low latency but also reduces
register consumption by 36.8% compared with the basic algorithm, 14.8% and 9.5% compared with the three—
segment and two—stage algorithms, respectively. When a 16 bit output bit—width is given, the average error of the
improved algorithm is reduced by 37.0% compared with the basic algorithm, 19.4% and 24.5% respectively
compared with the three segment and two segment algorithms. Therefore, it is more suitable for modern digital

communication with high speed, high accuracy, and low consumption.
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Fig.1 Plan rotation diagram
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Tab.1 Angle mapping

A0 AL EL S ) F 1 07 A% cosO 1E5%{H sind
[0,m/8] 0 cost)’ sinf’
(m/8,m/4] w/4-6 @( cosf' +sinf’) %( cos@’ —sinf’)
(m/4,37/8] 0-m/4 @(cos@'—sin@') %(cos@#sinﬂ')
(37/8,m/2] w/2-6 sin@’ cosf’
(m/2,5m/8] 0-m/2 —sing’ cosf’
(5m/8,3m/4] 3m/4-0 %(cosﬁ—sin@’) @(cos@@sin@')
(3m/4,77/8 ] 0-3m/4 @( cos@' +sinb’) @( cosf)'—sinf’)
(77/8, ] 6 —cosf’ sinf)’
(1r,9m/8 ] O—1r —cosf)’ —sinf’
(97/8,5m/4] Sm/4-0 %(cos@%sin@') @((:()s@'-sin@')
(5m/4,117/8] 0-51/4 %(cos@'—sine') %(cos@#sine')
(117/8,3m/2] 3m/2-60 —sinf’ —cosf)’
(37/2,13m/8] 0-31/2 sinf’ —cosf’
(137/8,7w/4] Tm/4-6 @(cos@’—sin@') %(cos@#sinﬂ')
(7w/4,157/8] 0-Tm/4 @(cos@#sinﬁ') %(cos@'—sinﬁ')
(157/8,21 ] 2m—0 cosf)’ —sinf)’
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Fig.2 Interval merging iteration structure chart
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Tab.2 Interval consolidation iteration calculation table

() 1 Z I X 8] I A7/SH
4’10 000 >>k—1->>k+3
4’h0 001 >>k—1->>k+2+>>k+3
4’h0 010 >>k—1->>k+2->>k+3
4’h0 011 >>k+>>k+3
4’h0 100 >>k=>>k+3
4’h0 101 SSk+14+>>k+3
4’b0 110 >>h+1->>k+3
oli+ 4] 4’b0 111 >>k+3
4’bh1 000 >>k+3
4’h1 001 >>k+1->>k+3
4’b1 010 >>k+1+>>k+3
4’b1 011 >>k—>>k+3
4’b1 100 >>k+>>k+3
4’b1 101 >>k—1->>k+2->>k+3
4’b1 110 >>k—1->>k+2+>>k+3
4’b1 111 >>k—1->>k+3
o[11:0] Eﬁi? 19[1 o
el TN |
— I \ ‘J |cos §
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HINFAFEO | 20 bit L
IR %‘?
Y6 6
el N | [
i T
yl15 18

B3 kRt iR
Fig.3 Overall design block diagram of algorithm
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Tab.3 Comparison of comprehensive results
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Tab.4 Power consumption comparison table

CORDIC FyA 2 HY T M
60 90 125
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Tab.5 Output precision comparison table

CORDICH i 57 /bt
A 12 14 16 18
HA 430 x 10" 1.34x10* 681 x107° 6.88x 107
R 623 x 107 1.63x 107* 532 x 107° 244 x 107
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[iiis 340 x107* 126 x 107* 429 x 107 234 x 107°
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