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The implementation of 32 bits floating trigonometric transcendental
—sin&cos function on FPGA based on the CORDIC algorithm
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Abstract: This paper improve the calculation precision through increasing the iteration times,
optimizing and selecting the arguments base on the traditional CORDIC algorithm, making
the designed soft-core adapted to higher precision required occasion such as real-time voice,
image and signal processing, filter technique and so on. The output data can be directly
compatible with most of the processors by the IEEE-754 standard processing, So its
application area is widely extended. Finally we accomplish the hardware implementation by
adding custom instruction on the Nios I processor of Altera corporation.
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Parameter Format
P 24
Fmax +127
Emin —126
Exponent bias +127
Exponent width in bits 8
Format width in bits 32
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(1) NaN(AAE—%)  #7e=255, Hf#0, llJv=NAN ;

(2) oo B/RIEA TS K #5e=255, Hf=0, v = (-1)* *oo ;

(3) BA%ALEL: 0<e<255, fHv = (-1)° 2" (1.)

(4) DNRM (FERNA%ALED) - tnHe=0, HE#0, Jljv =DNRM ;

(5) +0:UHe=0 H.f=0, Mv=(-1)°*0,
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if (Cz[31])
begin
x <= x — (y >>> counter);
y <=y + (x >> counter);
z <= z — atan;
end
else
begin
x <= x + (y >>> counter);
y <=y - (x »> counter);
7 <= 7z + atan;
end
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Simulation mode: Timing
I
Mazter Time Bar: 0 ps 4| r|Fointer: 645.93 ns Interwal: 645,93 ns Start: End:
s IEU.IU ns 320.|U ns 480.|D ns 640 P ns BUD.ID ns QED.p ns 1. 1% us
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Simulation mode: Timing
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BN () Wi~ | Cos(IEEE #7R) | SIn(IEEE £IR) Cos Sin
0 (K4 5) | 0x00000000 0x3f800000 0x31a00000 | 1.000000 | 0.000000
30 (K 6) | 0x15555555 0x3f5db3d7 0x3f000000 | 0.866025 | 0.500000
88.8 (K 7) | 0x3f258bf2 0x3cab8f71 0x3f7ff1a0 0.020942 | 0.999780
359(-1) (& 8) | Oxff49f49f 0x3f7ff604 OxbcB8ef857 | 0.999847 | -0.017452
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#define MYCORDIC_N 0x00000002
#tdefine MYCORDIC_N_MASK ((1<<1)-1)

#tdefine FLOAT COS(A)  builtin custom fni (MYCORDIC N+(1&MYCORDIC N MASK), (A))
#define FLOAT SIN(A)  builtin custom fni (MYCORDIC N+ (0&MYCORDIC N MASK), (A))

TIA$E 2 )5, {ENios IT [P IDEFR BEAT SR A [R] B 13K, AH DY IR C1E 5 DU A G A DL B 5%
1, ¢ X e g B EoF 10T

EConsole s EConsole b
“terminated’® hello_world_0 Hios IT HY configurat Cterminated? hello world 0 Fies IT HN configurat
time owverhead = 34 Cime owverhead = 56
hard: sin(30.000000)=0.500000 hard: =in(60.000000)=0.366025
hardware use ticks @ 34 hardware use ticks : 34
soft: sin(30.000000)=0.500000 soft: =in(60.000000)=0.366025
software use ticks @ 9542 software use ticks @ 17143
different: 0.000000 different: 0.000000
time overhead = 34 time owverhead = 34
hard: sin(31.000000)=0.515033 hard: =in(61.000000)=0.374620
hardware use ticks @ 34 hardware use ticks @ 34
soft: sin(31.000000)=0.5150358 soft: =in(61.000000)=0.374620
software use ticks @ 9376 software use ticks : 17517
different: 0O.000000 different: 0.000000
time owverhead = 34 time owverhesd = 56
hard: sin(3Z.000000)=0.529319 hard: sin(6Z.000000)=0.352945
hardware use ticks @ 34 hardware use ticks @ 34
soft: =in(32.000000)=0.5=2951% soft: sin(&2.000000)=0,8582045
software use ticks @ 10059 software use ticks : 17499
different: 0.000000 different: 0O.000000
Cime owverhead = 56 time overhead = 34
hard: =in(33.000000)=0.544£39 hard: =sin(63.000000)=0,5821006
hardware use ticks : 34 hardware use ticks : 34
goft: Sin(33.000000)=0.54463539 soft: =2in(63.000000)=0.53%1007
software use ticks : 10327 software use ticks @ 16920
different: 0O.000000 different: 0.000000
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30 9842 34 289
31 9976 34 293
32 10099 34 297
60 17143 34 504
61 17517 34 515
62 17499 34 515

WRZEJT I, B AT N NS B AR Z (N 0, ARV SR R T
K LK o

6 HWRiE

IT =Ml 24 A 1R S e 3R 8 S 4 1 T R I P e A 7t PR RE B 1107 . SOPC
FEARIRUF (A e T 3X — ), e i R 45 A 8 i 5, BT 34 S K R G
FET A A DS YR RN 1 R G818 2 M)At By, e 6 P AR AR I R R S o ARG DA
e b T RS P RN 8 Sk H AR, I AE Nios [T ARBE 2 b in Tl o [ 8 KR A 7 %
(AT T 05 460 T PR ) v ST, DT 9 2 DA S sl TR AR BRI 2K . 7E4E 4 CORDIC
SEERE b, TSR e TS, SRR T RS R AR R, AT 2 N
M. 248K, A& SR T IERSL R BRIP4y, BH EL 1) TR
2258 AMEIEE AW SS 1, AT 1258 8 2 1 s B4 1P

SRR
[1] .Volder. The CORDIC trigonometric computing teclu}ique. IRE Trans. Electronic Computers, 1959,
EC-8(3): 334-334.
[2] . Richard Herveille. Cordic Core Specification . 18, 2001
[3] W% 5e. IF RTE B R i AR S S8 VIR ML K% 2006. 3
[4] IEEE organise. IEEE Standard for Binary Floating—Point Arithmetic
Inc 345 East 47th Street, New York, NY 10017, USA
[5] . E1G AL fRUZ S CORDICZ S L S HAR3D I 2% 2 W . G ¥ [E Az LK %% 2002.6
[6] www.Altera.com

[7] www. opencore. org

[8] www. edacn. net



JE B B
FRATT A WY I S A2 HA 18 SO AE 3 DRy ol J2 T 1] o 2 R i 51 BEAT T 9 A% SR
TR, IF O T4 HIN L os TR A EEZRITE s S . SRR, B T3¢
HRE I EARRIE AN SO K3 5 A, 1 SO A oA N B 28 A R s I I TR
e e fHmte
2006-08-19

YEH TR

4 4 (1982—) 53, HEMCE TR RFEE HE B TRERVRAE, FEMNFFPGA K&
ARMR A 28 2R 45 7 THI 5T

MfF (1981—) 53, FEMEFRHRSAEE 55 B TRAITAE, F 2N HFPGAR
15 77 T AT

fHmAE  (1982—) 53, HEMRE TR RS0 55 8 TRAMIE, FEMNFEHMB T
J7 TH IR 5T

IS YIEW

MR~ — ks AR PR F2 #
(i 541004

IR 13635194211

Email: oldslam@126. com




HiR1
timel = alt_timestamp();
time2 = alt_timestamp();
time_overhead = time2 - timel;
printf('time_overhead = %ld\n",time_overhead);

z = theta*AN;

timel = alt_timestamp();
cl = FLOAT_SIN(2);
time2 = alt_timestamp();

printf("hard: sin(%f)=%f\n"",theta,cl);
printf(*'hardware use ticks : %Id\n",time2-timel-time_overhead);

w = theta*WR;

timel = alt_timestamp();
c2 = sin(w);
time2 = alt_timestamp();

printf("soft: sin(%f)=%F\n"",theta,c2);

printf("'software use ticks : %ld\n",time2-timel-time_overhead);
printf('different: %f\n\n",c2-cl);

theta+=1;



