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IV.ASIC (DCT parts, VHDL )
- dct.vhd

library ieee;
use ieee.std_|l ogic_1164.all;

use ieee.std_| ogi c_unsigned. al | ;

entity dct is
port( yuv_in: in std_|l ogic_vector(7 downto 0);
i Sel Lum in std_|logic_vector(1l downto 0);
cl k, RESET, START: in std_| ogic;
DCTout put : out std_| ogi c_vector (10 downto 0);
- sraminterface

DCToeb: out std_l ogic;



DCTdbus: inout std_| ogi c_vector (15 downto 0);

DCTweb: out std_|l ogic;

K

end
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DCTabus: out std_l ogic_vector(5 downto 0)

is
Yorder, Xlifo, Ylifo: std_|logic_vector(15 dowto 0);
Yl nput: std_| ogi c_vector(15 downto 0);
a, ¢, f, b, d, e, g: std_logic_vector(21 dowmnto 0);
X0, X1, X2, X3, X4, X5, X6, X7: std_logic_vector(21 downto 0);
Yout, Xlifo_out, Ylifo_out: std_logic_vector(21 downto 0);
counterl, counter2: std_logic_vector(6 downto 0);
ilifoO,ilifol,ilifo2,ilifo3: std_|logic_vector(15 downto 0);

olifo0,olifol,olifo2, 0lifo3: std_|logic_vector(21 downto 0);

XYadd, XYsub: std_l ogi c_vector (16 downto 0);
XYaddl, XYadd2, XYadd3, XYadd4, XYadd5, XYadd7: std_|l ogi c_vector (21
XYadd8, XYadd9, XYadd10, XYadd14: std_Il ogi c_vector (21 downto 0);
XYsubl, XYsub2, XYsub3, XYsub4, XYsub5, XYsub7: std_l ogi c_vector(21

XYsub8, XYsub9, XYsubl11l, XYsub12, XYsub13: std_| ogic_vector (21 downto

atnp, ctnp, ftnp, bt np, dt np, et np, gt np:  std_| ogi c_vector (21 downto

det np, bdt np, act np, at np2, dt np2, dt np3: std_| ogi c_vector (21 downto

at npl, ct npl, ft npl, bt npl, dt npl, et npl, gt npl: std_| ogi c_vector (21

at enp, ct enp, ft enp, bt enp, dt enp, et enp, gt enp: std_| ogi c_vector (21

neg_a, neg_b, neg_c, neg_d, neg_e, neg_f, neg_g: std_l ogi c_vector(21
X1_mux, X2_mux, X3_mux, X4_nux: std_l ogic_vector(21 downto 0);
X5_mux, X6_mux, X7_mux: std_| ogic_vector (21 downto 0);

add0_out, addl_out, add2_out, add3_out: std_| ogi c_vector (21 downto



0);

signal add4_out, add5_out, add6_out, add7_out: std_l ogi c_vector(21 downto

0);

signal accuO_reg, accul_reg, accu2_reg, accu3_reg: std_logic_vector (21
downto 0);

signal accud_reg, accu5_reg, accu6_reg, accu7_reg: std_logic_vector (21
downto 0);

signal Xin_wire, Yin_wire: std_|logic_vector(21 downto 10);
signal tcounter,counter: std_| ogic_vector(6 dowto 0);
signhal taddress, address_tnp: std_logic_vector(5 downto 0);
signal tnpl, Row nput: std_l ogic_vector(15 downto 0);

signal ing_da,inmy_data: std_| ogic_vector(7 downto 0);
signhal yuv_in_b7,tenpl, RW CEb, nWA Wb: std_| ogi c;

signal DCTout: std_l ogic_vector(10 downto 0);

begi n

DCToeb<= CEb;

process(cl k)
begi n
if clk="1" and cl k' event then
i mg_dat a<= yuv_i n(7 downto 0);
end if;

end process;

mux_i n:
process(i ng_dat a, Yl nput, count er 1)
begi n
if counterl(2)="1" then
Xifo<=imy_data(7) & ing_data(7) & ing_data & "000000";
Yor der <= Yl nput ;
el se
Xifo<= Yl nput;
Yorder<= ing_data(7) & ing_data(7) & ing_data & "000000";
end if;

end process;

Ylifo<=ilifo3;



lifo_in:
process(cl k)
begi n
if clk="1" and cl k' event then
if RESET='0" then
ilifoO<= (others=>"'0");
ilifol<= (others=>"'0");
ilifo2<= (others=>"'0");
ilifo3<= (others=>"'0");
elsif START='1'" then
if counterl(1l downto 0)=3 then
ilifo3<= Yorder;
el se
ilifo3<=ilifo2;
end if;
if counterl(1l downto 0)=2 then
ilifo2<= Yorder;
el sif counterl1l(1l downto 0)<2 then
ilifo2<=ilifol;
end if;
if counterl(1l downto 0)=1 then
ilifol<= Yorder;
el sif counter1l(1l downto 0)<1 then
ilifol<=ilifoO0;
end if;
if counterl(1l downto 0)=0 then
ilifoO<= Yorder;
end if;
end if;
end if;
end process
XYadd<= ( Ylifo(15) & Ylifo ) + ( Xifo(15) & Xifo);
XYsub<= ( YIifo(15) & Ylifo ) - ( Xifo(15) & Xifo );

ACF_BDEG
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begi n
if clk="1" and cl k' event then

if RESET='0" then
a<= (others=>"'0");
b<= (others=>"'0");
c<= (others=>"'0");
d<= (others=>"'0");
e<= (others=> '0");
f<= (others=>"'0");
g<= (others=>"'0");

elsif START='1'" then
a<= at np;
b<= bt np;
c<= ctnp;
d<= dt np;
e<= et np;
f<=ftnp;
g<= gtnp;

end if;

end if;

end process;

XYaddl<= ( XYadd(16) & XYadd & "0000" );
XYadd2<= ( XYadd(16) & XYadd(16) & XYadd & "000" );
XYadd3<= ( XYadd(16) & XYadd(16) & XYadd(16) & Xyadd & "00" );
XYadd4<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd &'0' );
XYadd5<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & Xyadd );
XYadd7<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) &
XYadd(16) & Xyadd(16) & Xyadd(16 downto 2) );

XYadd8<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) &
XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16 downto 3) );

XYadd9<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) &
XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16 downt o

4) ),

XYadd10<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & Xyadd(16) &
XYadd(16) & XYadd(16) & Xyadd(16) & XYadd(16) & XYadd(16) &
XYadd(16 downto 5) );

XYaddl4<= ( XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) &



XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) & XYadd(16) &
XYadd(16) & XYadd(16) & XYadd(16) & Xyadd(16) & XYadd(16 downto

9) );

XYsubl<= ( XYsub(16) & XYsub & "0000" );
XYsub2<= ( XYsub(16) & XYsub(16) & XYsub & "000" );
XYsub3<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub & "00" );
XYsub4<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub & '0' );
XYsub5<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub);
XYsub7<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16 downto 2) );
XYsub8<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16 downto 3) );
XYsub9<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16 downto
4) ),
XYsubll<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(1l6) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(1l6) &
XYsub(16) & XYsub(16 downto 6) );
XYsubl1l2<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16 downto 7) );
XYsub13<= ( XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(1l6) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) & XYsub(16) &
XYsub(16) & XYsub(16) & XYsub(16) & XYsub(1l6 downto 8) );
process(cl k)
begi n
if clk="1" and clk'event then
at enp<= XYadd2 + XYadd4;
ct enp<= XYaddl + XYadd10;
ft enp<= XYadd3 + XYadd4;
bt enp<= XYsubl + XYsubl3;
dt enp<= XYsub3 - XYsubl2;
det np<= XYsub2 + XYsub5;
gt enp<= XYsub4 + XYsub5;
end if;

end process;



process(cl k)
begi n
if clk="1" and clk'event then
act np<= XYadd5 + XYadd7;
ft npl<= XYadd8 - XYaddl4;
bdt np<= XYsub7 + XYsub9;
et npl<= XYsubll - XYsub§;
gt npl<= XYsub8 - XYsubls3;
end if;

end process;

at np2<= act np + XYadd9;
dt np3<= detnp + bdt np;

at np<= atenp + atnp2,;
ftnp<= ftenmp + ftnpl;
dt np<= dtenp + dtnpS3;
et np<= detnp + etnpl,;
gtnp<= gtenp + gtnpl;
ctmp<= ctenp - actnp;
bt np<= btenp - bdtnp;
neg_a<= not a +
neg_b<= not b +

neg_c<= not c +

1
1
1
neg_d<= not d + 1;
neg_e<= not e + 1
neg f<=not f +1
1

neg_g<= not g +

accu:
process(counter2,a,b,c,d, e, f, g, neg_a, neg_b, neg_c, neg_d, neg_e, neg_f, neg_g)
begi n
case counter2(1 downto 0) is
when "00" =>
X2_mux<= neg_c;

X4 _nmux<= a;



X6_mux<= neg_f;
X1_nux<= g;
X3_mux<= neg_ge;
X5_nmux<= d;
X7_mux<= neg_b;
when "01" =>
X2_mux<= neg_f;
X4_mux<= neg_a;
X6_nmux<= c;
X1_nux<= e,

X3_nmux<= neg_b;

X5_nux<= g;
X7_mux<= d;
when "10" =>
X2_mux<= f;

X4_mux<= neg_a;
X6_mux<= neg_c;
X1_nmux<= d;
X3_mux<= neg_g;
X5_nmux<= neg_b;
X7_mux<= neg_e;
when ot hers =>
X2_nmux<= c;

X4 _nmux<= a;

X6_nmux<= f;
X1_nmux<= b;
X3_nmux<= d;

X5_nux<= e;
X7_nmux<= g;
end case;

end process;

add0_out <= a + accuO_r eg;

add2_out <= X2_nux + accu2_reg;
add4_out <= X4_nux + accué_reg;
add6_out <= X6_nux + accub_r eg;

addl_out <= X1_nux + accul_reg;



add3_out <= X3_nux + accu3_reg
add5_out <= X5_nux + accu5_reg

add7_out <= X7_nux + accu7_reg

X0_7U:
process(cl k)
begi n
if clk="1" and cl k' event then
if RESET='"0" then
accuO_reg<= (others=>"'0");
accul_reg<= (others=>"'0");
accu2_reg<= (others=>"'0");
accu3_reg<= (others=>"'0");
accu4_reg<= (others=>"'0");
accu5_reg<= (others=>"'0");
accu6_reg<= (others=> '0");
accu7_reg<= (others=>"'0");
X0<= (others=>"'0");
Xl<= (others=>"'0");
X2<= (others=>"'0");
X3<= (others=>"'0");
X4<= (others=>"'0");
X5<= (others=>"'0");
X6<= (others=>"'0");
X7<= (others=>"'0");
elsif START='1" then
case counter2(1 downto 0) is
when "11" =>
accuO_reg<= (others=>"'0");
accul_reg<= (others=>"'0");
accu2_reg<= (others=>"'0");
accu3_reg<= (others=>"'0");
accu4_reg<= (others=>"'0");
accu5_reg<= (others=>"'0");
accu6_reg<= (others=>"'0");
accu7_reg<= (others=>"'0");
X0<= addO_out ;
X1<= addl_out;



X2<= add2_out ;
X3<= add3_out;
X4<= add4_out ;
X5<= add5_out ;
X6<= add6_out ;
X7<= add7_out ;
when ot her s=>
accuO_reg<= addO_out ;
accul_reg<= addl_out;
accu2_reg<= add2_out;
accu3_reg<= add3_out;
accu4_reg<= add4_out;
accu5_reg<= add5_out;
accu6_reg<= add6_out ;

accu7_reg<= add7_out;

end case
end if;
end if;

end process

mux_m ddl e
process( X0, X1, X2, X3, X4, X5, X6, X7, count er 2)
begi n
case counter2(1 downto 0) is
when "00" =>
Xli fo_out <= X0;
Yout <= X7;
when "01" =>
Xlifo_out<= X1,
Yout <= X6;
when "10" =>
Xifo_out<= X2
Yout <= X5;
when ot hers =>
Xifo_out<= X3
Yout <= X4

end case;



end process

Ylifo_out<= olifog3;

lifo_out:
process(cl k)
begi n
if clk="1" and cl k' event then
if RESET='0" then
olifoO<= (others=>"'0");
olifol<= (others=>"'0");
olifo2<= (others=>"'0");
olifo3<= (others=>"'0");
elsif START='1'" then
if counter2(1 downto 0)=3 then
ol i fo3<= Yout;
el se
olifo3<=olifo2
end if;
if counter2(1 downto 0)=2 then
olifo2<= Yout;
el sif counter2(1 downto 0)<2 then
olifo2<= olifol
end if;
if counter2(1 downto 0)=1 then
olifol<= Yout;
el sif counter2(1 downto 0)<1 then
olifol<= olifo0
end if;
if counter2(1 downto 0)=0 then

ol i f o0<= Yout;

end if;
end if;
end if;

end process

Xin_wire<= Xifo_out(21 downto 10) + 1

Yin_wire<= Ylifo_out(21 downto 10) + 1



mux_out :
process(Xin_wre,Yin_wre, counter?2)
begi n
if counter2(2)="1" then
DCTout <= Xi n_wi re(21 downto 11);
el se
DCTout <= Yin_wi re(21 downto 11);
end if;

end process;

DCTout put <= DCTout ;

process(CEb, counter2, YIifo_out, Xlifo_out)
begi n
if CEb="1" then
if counter2(2)="1" then
DCTdbus<= Ylifo_out (20 downto 5);
el se
DCTdbus<= Xli fo_out (20 downto 5);
end if;
el se
DCTdbus<= (others=>"'2");
end if;

end process;

counter<= counterl + 1;

taddress<= counter1(5 downto 0) when counterl1(6)="1" else

( counter1(2 downto 0) & counter1(5 downto 3) );

AG
process(cl k)
begi n
if clk="1" and cl k' event then
if RESET='0" then
counter1<= "0110111"; -- 55 original
tcounter<= (others=>"'0");

counter2<= (others=>"'0");



el sif START='"1" then
count er 1<= count er;
t count er<= counter1;
count er 2<= tcounter;
addr ess_t np<= t addr ess;
DCTabus<= address_t np;

end if;

end if;

end process;

CEb<= not RW

process(cl k)
begi n
if clk="1" and cl k' event then
nNWA<= RW
end if;

end process;

DCTweb<= nWA nand cl k;

process(cl k)

begi n

if clk="1" and cl k' event then

if RESET="0"' then

templ<="'1";
Rw="1";
el se

t enpl<= START;
RW= START and not tenpl;
end if;
end if;

end process;

process(cl k)

begi n

if clk="1" and cl k' event then

if CEb="0" then



Rowl nput <= DCTdbus;
end if;
end if;

end process;

MVEM
process(cl k)
begi n
if clk="1" and cl k' event then
if RESET='0" then
tnpl<= (others=>"'0");
Yl nput <= (others=>"'0");
elsif START='1'" then
t npl<= Rowl nput ;
Yl nput <= t np1;
end if;
end if;

end process;

end;



