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Implementation of dual-mode CORDIC based on FPGA

WANG Jian-lai YANG Chun-ling
(Electrical Engineering, Harbin Institute of Technology, Harbin, 150001)

Abstract: By converting complex arithmetic into simple operations such as adding
and shift then gradually approach the exact result, CORDIC algorithm keeps balance
between precision, speed and hardware complexity, and whose combination with
VLSI performs a great role in the hardware implementation of DSP algorithm,
enhance CORDIC has been widely used in the field of digital signal processing. We
studied the principle of CORDIC algorithm, and described the pre and post process
of dual mode CORDIC algorithm, then the pipelined dual-mode CORDIC algorithm
is implemented based on FPGA.
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EARE IS e i
clk 1 input iR
rst 1 input BAifES
mode_in 1 input L, TEHEA: mode in=0; W& : mode in=1
x_in 16 | input A
y_in 16 | input LN
z_in 16 | input LN
mode out | 1 | output | FrH L. HEHEEA: mode out=0; [ FEAL: mode out=1
x_out 20 | output o
y_out 20 | output i
z out 20 | output v
2.2 TRANE K fR 4L 38

22.1 JeHAE

TAEERERER N, M\ x in, y in ZWEL HiN z in HEER IEARZEN
FARE, FEREVEEIN[-180°, +180°) (I, II, I, IV %B); MilEk s g R
17-99.88°~+99.88° (I, IV ), PrlAFAMITHEALEAIFERIT z_in Pr{E g R
AL T, IV B,

ARG 85 R T5 EARYE z_in (91E 7 DL A — A R 0 B3 T ) Ab B

HAKRTAL B J5 AL BE 53R 3 B

3 T AR T AG BN S Ak 2

aab 3 Bt

if (z_in>0) then if (z_in>0) then

z(0)=z_in-90°; x_out=cos(z_in)=-sin(z_in-90°)=-sin(z(0))=-y(n);
else y_out=sin(z_in)=cos(z_in-90°)=cos(z(0))=x(n);

z(0)=z_in+90°; | else
endif x_out=cos(z_in)=sin(z_in+90°)=sin(z(0))=y(n);

y_out=sin(z_in)=-cos(z_in+90°)=-cos(z(0))=-x(n);
endif
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temp=x(n)/2+x(n)/8-x(n)/64-x(n)/512, W] x_out=temp-temp/4096=x(n)*0.60727,
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if (x_in>0) then
x_abs_temp=x_in;
x_flag=1'b0;

else
x_abs_temp=-x_in;
x_flag=1'bl;

endif

if (y_in>0) then
y_abs_temp=y in;
y_flag=1'b0;

else
y_abs_temp=-y_in;
y_flag=1'bl;

endif

if (y_abs_temp>x_abs_temp) then
swap=1'bl;
x_abs=y abs_temp;
y_abs=x_abs_temp;

else
swap=1'b0;
x_abs=x_abs_temp;
y_abs=y abs_temp;

endif

@
temp=x(n)/2+x(n)/8-x(n)/64-x(n)/512;
x_out=temp-temp/4096=x(n)*0.60727;
@
case(y_neg,x_neg,swap)
000:
z_out=z(n);
001:
z_out=90°-z(n);
010:
z_out=180°-z(n);
011:
z_out=90°+z(n);
100:
Z_out=-z(n);
101:
z_out=-90°+z(n);
110:
z_out=-180°+z(n);
111:
z_out=-90°-z(n);

endcase
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for i=0 to num_iteration

if (z(i)>=0) then
x(i+1)=x(i)-y(i)/2"i;
Y+ D=y yrx)/2%;
z(i+1)=z(i)-arctan(1/2"1);

else
x(i+1)=x(i)+y(i)/2";
Y+ D)=y ()-x(D)/27;

for i=0 to num_iteration

if (y(1)>=0) then
x(i+1)=x(1)+y(i)/2";
y(i+ 1)y ()-x(i)/27;
z(i+1)=z(i)+arctan(1/21);

else
x(i+1)=x(i)-y(i)/2"i;
y(+1)=y(i)+x(1)/2";




z(i+1)=z(i)+arctan(1/21);
end if end if
end for end for
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x(i)
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—p Right_Shift(i)
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2% 6 Arctan(i)X] N [F{E
i| AE(°) | Arctan(i)
0 45 | 20°’h20000
1 26.565051 | 20°h12e40
2 14.036243 | 20’h09fb4
3 7.125016 | 20°h05111
4 3.576334 | 20°h028b1
5 1.789910 | 20°h0145d
6 0.895173 | 20’h00a2f
7 0.447614 | 20°’h00518
8 0.223810 | 20’h0028¢c
9 0.111905 | 20°’h00146
10 | 5.59528E-02 | 20°h000a3
11 | 2.79764E-02 | 20°h00051
12 | 1.39882E-02 | 20°h00029
13 | 6.99411E-03 | 20°’h00014
14 | 3.49705E-03 | 20°’h0000a
15 | 1.74852E-03 | 20°h00005
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17 | 4.37132E-04 | 20°’h00001




18 | 2.18566E-04 | 20°h00000

19 | 1.09283E-04 | 20°h00000

20 | 5.46415E-05 | 20°’h00000
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