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Bi-directional prediction scaling-free CORDIC algorithm
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Abstract: To solve the problems that pipelined coordinate rotation digital computer ( CORDIC) algorithm has low
output precision, long output time, and large hardware resource consumption, this paper proposes a bi-directional
prediction scaling-free CORDIC algorithm. First, the algorithm decomposes the input angle in [0, w/4) into the
smaller angle of 2 ' according to the bit value i after binary encoding of the angle. Then it uses the set-up lookup
table to perform two-way scaling-free factor rotation based on the initial angle. It is not necessary to judge the next
rotation direction according to the intermediate iteration result, which avoids the uncertainty of the iteration
direction, reduces the number of iteration units and iterations, and improves the calculation accuracy. Finally, the
algorithm transforms [ /4, 27) to [0, w/4) through the angle interval folding technique, so that the calculation
interval is extended to the entire circumference [0, 21) , which guarantees the calculation range. In addition, the
algorithm can be achieved by only using shift and addition and subtraction operations, avoiding multiplication
operations. Simulation and verification were carried out on MATLAB and Vivado. Results show that compared with
the pipelined and unidirectional scaling-free CORDIC algorithms, when the output bit width was 14 bits, the output
accuracy was increased by 47.5% and 18. 8% respectively, the maximum output delay was reduced by 53. 8% and
40.0% respectively, and the hardware resource consumption was improved to some extent. The algorithm has the
characteristics of high output accuracy and short output delay, and its comprehensive performance has been greatly
improved.

Keywords: coordinate rotation digital computer; angle interval folding; bi-directional prediction scaling-free
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Tab.1 Lookup table for small capacity sine and cosine values

R4 0L WA

- nad e cos m {1 — Wkl sin 7 {5
0000 0 010000000000000 000000000000000
0001 1/16 001111111110000  000001000000000
0010 2/16 001111111000000 000001111111101
0011 3/16 001111101110000 000010111110111
0100 4/16 001111100000001 000011111101011
0101 5/16 001111001110011 000100111010111
0110 6/16 001110111000111 000101110111001
0111 7/16 001110011111100 000110110001111
1000 8/16 001110000010101 000111101010111
1001 9/16 001101100010010  001000100010001
1010 10/16 001100111110011 001001010111001
1011 11/16 001100010111011 001010001001111
1100 12/16 001011101101010 001010111010000
1101 13/16 001011000000010 001011100111011
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Tab.2  Angle interval conversion

ﬁz ﬁiﬁ{; X [a1] £ £ 6/ rad ﬂri[zﬁ] cos § sin 9
000 [0,m/4) 0 cos 0, sin 6,
001 [w/4,m/2) /2 -0 sin @, cos 6,
010 [7/2,37/4) 0—m/2 —sin 6, cos 6,
011 [3m/4,m) — —cos @, sin 6,
100 [w,5m/4) 0-mw ~cos 6, ~-sin 6,
101 [57/4,37/2) 3w/2 -6 —sin 6, - cos 6,
110 [3m/2,77/4) 6-37/2 sin 8, - cos 6,
111 [Tn/4,27) 2w -0 cos @ —sin 6,
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Fig.1 Schematic diagram of bidirectional rotation
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Fig.2 Block diagram of CORDIC algorithm
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Tab.3  Accuracy comparison of cosine function of three algorithms 107"
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KA 9.544 3 3.176 4 2.459 2 6.047 8
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Fig.3  Absolute errors of cosine function of three algorithms
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Tab.4 Logical synthesis results of three algorithms
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Tab.5 Accuracy comparison of CORDIC algorithms

. it . L EKH

ik 26X R 22 W) B KA SEHR2E/10 74 N
SCHRL9] 1.809 5 12
CHk[10] 7.2208 x107* 1.973 6 9
SCHk[11] 1.390 0 x 10 3 3.900 0 10
A 6.498 7 x107* 1.668 5 6

MF 4 AT LUA A SR H 9 CORDIC k41
b IE 7K £ 7R R 5 ) £ 45 5 PRl 5 CORDIC B33k
T {2 B R R HAT — E B T M. BARA SO 57 1



.52 MmoR O L Ok ok % % IR

$53 &

BT R AR £E TG, AR T /0 & 1 25 A7 4 A
e (B AR ITTH AR KRR 13 ZOR1 B ]
Go i R T HESE I O BAEE] T 5 G, (A5 4
JRISFEA BT FRE. &5 hml 0, 53C#k[9 - 11 4
I, CORDIC 55 19 V- 25 1% 22 73 Wl B AR 1 7. 8%
15.5% 57.2% , R} e 4 X615 22 ) die K A e R B
HH RE ISy T AL AR AT A MR JEE P A

4 2 @

FEXTIR K2R 8 CORDIC 223 14932 240K BE AL i
HH IS SUE K 55 1) L, AR SC G B E a0 o 2 ) R A
X T &5 TFB, or T/ RIER X EA RS
HIFSEEL T X n] S 4 i R F- CORDIC B33k, 2 H 1
CORDIC 3% F 3 —H A H br A B2, AR A1 —
HEG A5 JE S 1 A AN B, B bh A IR 1A
IRARTERE 7 1), sl e T B U 325 R T ) B AN
P I T AR A TTR BN % AR, S S AE DA B
B JEL ST P B AT g s A R FEARTRLAG 14 (207 5E Y
LIRSV N G = ) - I L N S QTS [ |
CORDIC B3k 1 ia NG B2, I 40 4R 5 1 47. 5%
18. 8% , s KHi H B ZE 43 S KA T 53. 8% ,40.0%
BB B P A A R R R R A T T
B, 32T ORIl AT AR A 5 B 6T 1 5 X () A (00 A 7
Gty BEATORE SRR AT b i 5 i mT B AR SCikt
(1) CORDIC F5 76 4 HokG B S5 %0 Hh B A 5 0 T AT
R E T SR SR B IR R B
R/ ESTIEEY W

%% Xk
[1]HOANG T T, LE D H, PHAM C K. Minimum adder-delay
architecture of 8/16/32-point DCT based on fixed-rotation adaptive
CORDIC[ J]. IEICE Electronics Express, 2018, 15 (10):
20180302. DOI; 10. 1587/elex. 15. 20180302.
(2] W0, AR Ve i, E48, 55 IRIHAE S A- 4k # CORDIC Fik[J]. i
IREE Tl K224 ,2017 ,49(11) :109
YAO Yafeng, ZOU Lingzhi, WANG Wei, et al. Low-consumption
and LUT-omitted CORDIC algorithm[ J]. Journal of Harbin Institute
of Technology, 2017, 49 (11). 109. DOI. 10. 11918/j. issn.
0367 —6234. 201704019
[3]NGUYEN H T, HGUYEN X T, PHAM C K. A low power hybrid

adaptive CORDIC[ J]. IEEE Transactions on Circuits and Systems,
2018, 65(4) : 496
[4]RAMADOSS R, KERMANI M M, AZARDERAKHSH R. Reliable
hardware architectures of the CORDIC algorithm with a fixed angle of
rotations[ J]. IEEE Transactions on Circuits and System II; Express
Briefs, 2017, 64(8) : 972
(STt Fasi , e , 45, RS 00 54460 4 (14 B IR SE DDS v iz
LT W REE AL R 2254, 2019,51(5) « 44
WANG Guohong, WAN Qiang, YAO Yafeng, et al. A DDS circuit
design with ultra-low latency and exact output frenquency [ J ].
Journal of Harbin Institute of Technology, 2019, 51(5) . 44. DOI.
10. 11918/j. issn. 0367 —6234. 201805108
[6] 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.
DOI. 10. 1109/TVLSI. 2015. 2445855
[7]HUANG Hai, XIAO Liyi. CORDIC based fast radix-2 DCT algorithm
[J]. IEEE Signal Processing Letters, 2013, 20(5) ; 483
[8]SHUKLA R, RAY K C. Low latency hybrid CORDIC algorithm[ J].
IEEE Transactions on Computers, 2014 ,63(12) : 3066
[9]YAO Yafeng, FENG Zhongxiu. BBR-based iteration-free CORDIC
algorithm[ J]. Journal of Circuits Systems and Computers, 2018, 27
(5): 101
[10]KULSHRESHTHA T, DHAR A. CORDIC-based Hann windowed
sliding DFT architecture for real-time spectrum analysis with
bounded error-accumulation[ J]. TET Circuits, Devices & Systems
2017, 11(5) . 487
(UL Bk, 5 b 55, MRl B3 e % CORDIC 55 vk B Ho s s 52 Bt
(] AR 225 ( B ARBRRA D) ,2016,44(10) : 113
YAO Yafeng, FENG Zhongxiu, CHEN Zhao. Direct rotation
CORDIC algorithm and its implementation[ J]. Journal of Huazhong
University of Science and Technology ( Natural Science Edition)
2016, 44(10) : 113. DOI: 10.13245/j. hust. 161022
[12]PRASAD N, TRIPATHY M R, DAS A D, et al. Efficient VLSI
implementation of CORDIC based direct digital synthesizer[ C]//
Intelligent Computing, Communication and Devices. New Delhi:
Springer, 2015, 308 597
[13]KAMBO H M A D, KHAN S A. IS-CORDIC a fixed-point ecoded
ingle teration CORDIC rchitecture [ J]. International Journal of
Electronics, 2014, 101(6) ; 789
[14] AGUIRRE-RAMOS F, MORALES-REYES A, CUMPLIDO R, et
al. An area efficient composed CORDIC architecture[ J|. Advances
in Electrical and Computer Engineering, 2014, 14(2) . 113
[15] MEHER P K, PARK S Y. CORDIC designs for fixed angle of
rotation[ J ]. IEEE Transactions on Very Large Scale Integration
Systems, 2013, 21(2); 217

(g wHZ)



