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The camera is monitoring and control system through computer

network for a security technology

Mr. Wanrop Ardkamphan ID. 48015180
Mr. Weeraphong Koetkhwamsuk 1D. 48015182
Assoc. Prof. Dr.Manas Sangworasil  Advisor

Educational Yecar 2007

Abstract

The thesis, We present to app:v a knowledge base about a microcontroller chip for a
sceurity technology. To improve are monitoring and contro! system through a computer network
via our programming on FPGA. This mecthod, we can recciving a video data and sending
command to control a camera from a long distance anywhere, Such as control both vertical and
horizontal angle. Summarized, We will get a goof performance camera that easy to controlling.

‘That 1s most importance for security job.
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MANUIN B ===: Source code V83 dem_clock.vhdl

( Digital Clock Management (DCM) 319819 1WR MG 13.5 Hz )

-- Filename : dem_clock.vhd

-- Module dem_clock

-- Generated by Xilinx Architecture Wizard

-- Written for synthesis tool: XST

- Period Jitter (unit interval} for block DCM _INST = 0.11 Ul

-- Period Jitter (Peak-to-Peak) for block DCM _INST = (0.99 ns

library iecc;

use icee.std_logic 1164.ALL;
use icee.numeric_std. ALL;
library UNISIM;

use UNISIM.Veomponents.ALL;

entity dem_clock is

port (CLKIN IN cin - std logic;
RST IN tin std logie;
CLKDV_OUT  :out std logic;
CLKFX OUT  :out std logic;
CLKIN IBUFG OUT : out std logic;
CLKO OUT sout std logic;
LOCKED OUT :out std logic);

end dem_clock;

architecture BEHAVIORAL of dem clock is
signal CLKDV BUF  :std logic;

signal CLKFB_IN :std logic;



signal CLKFX BUF s std logic;
signal CLKIN IBUFG :std_logic;
signal CLKO BUF :std_logic;

signal GND_BIT : std_logic;

begin
GND_BIT <='0;
CLKIN I1BUFG OUT <= CLKIN IBUFG;
CLKO OUT <= CLKFB_IN;
CLKDV BUFG_INST : BUEG
port map (I=>CLKDV BUF,

O=>CLKDV OUTY);

CLKFX BUFG INST:BUFG
port map (I=>CLKFX BUF,

O=>CLKFX OUT);

CLKIN_IBUFG INST : IBUFG
port map (I=>CLKIN IN,
O=>CLKIN_IBUFG);

CLKO BUFG_INST : BUFG
port map {[=>CLKO0O BUF,

0O=>CLKFB_IN);

DCM_INST : DCM

generic mapl CLK FEEDBACK => "1X",
CLKDV_DIVIDE => 2.0,
CLKFX_DIVIDE => 25,

CLKFX_MULTIPLY => 27,



CLKIN DIVIDE BY 2 =>FALSE,
CLKIN_PERIOD =>10.000,
CLKOUT PHASE SHIFT => "NONE",
DESKEW_ADJUST => "SYSTEM_SYNCHRONOUS",
DFS FREQUENCY MODE =>"LOW",
DLL _FREQUENCY_MODE => "LOW",

" DUTY _CYCLE CORRECTION => TRUE,
FACTORY JF => x"C080",
PHASE_SHIFT => 0,

STARTUP WAIT => FALSE)
port map (CLKFB=>CLKFB IN,
CLKIN=>CLKIN_IBUFG,

" DSSEN=>GND BIT,
PSCLK=>GND BIT,
PSEN=>GND BIT,
PSINCDEC=>GND_BIT,
RST=>RST IN,
CLKDV=>CLKDV_ BUF,
CLKFX=>CLKFX BUF,
CLKFX180=>open,
CLKO0=>CLKO BUF,

CLK2X=>open,
CLK2X180=>0pen,
CILLK90=>0pcn,
CLK180=>o0pen,
CLK270=>0pen,
LOCKED=>LOCKED_OUT,
PSDONE=>o0pen,
STATUS=>open);

end BEHAVIORAL;



MARUIN C ===: Source code Y3 Counter_hs.vhd

-~ Module Name: counter_hs - Behavioral

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD _LOGIC_ARITH.ALL;

use IEEE.STD LOGIC UNSIGNED.ALL;

---- Uncomment the following library declaration ij?ﬁstantiating
---- any Xilinx primitives in this code.
--library UNISIM;

--use UNISIM.VComponents.all;

entity counter_hs is
Port{ hs : in STD _LOGIC;
clk :in STD LOGIC;
data_inp :in std logic vector(7 downto 0);

data oy : out std_logic_vector(7 downto 0);
data_ocr: out std_logic vector(7 downto 0);
data_och : out std_logic_vector(7 downto 0)
);

end counter_hs;
architccturc Behavioral of countcr_hs is
signal ct : integer range 010 1726:= 0; - clock cycle 1 frame 1728 - 1 hs clock cycle

signal inv_hs : std_logic;

signal st_en : std_logic;



signal rst : std logic;

signal ct_int : integer range 010 1726 ;

signal en_int : std_logic;

signai mg_data : std_logic;

signal data_int : std_logic_vector(7 downto 0);
signal sel data : integer range 0 to 3 ;

signal ct_1 - inteper range O to 1726

begin
rst <= not hs ;
process (clk) --loop I frame = 1728 clock cycle
begin
if (rst="1")thcn
ct <=0
clsif (rising_edge(clk))then
if (ct = 1726) then
ct <=0
else
ct<=ct+1;
end if;
end if;
cnd process;

ct 1 <=ct

process (clk) -- select range data clock cyele at 282-1722
begin
if {rst="1")then
mg_data <='(}';
elsif (falling_edge(clk))then

case ct is



when 282 =>

mg_data <='1";
when 1722=>

mg_data <="0";

when others =>

null;
end casc;
end if;
end process;
st en <= rng data;
process {clk) -- select data in range data at confix

begin
if (rst ='1") then
data_int <= "00000000";
clsif (falling_edge(clkDthen
if {st_en ="1"}then
data_int <= data_inp;
clse
data_int <="00000000";
end 1if;
end

¢nd process;

process (ctk)
begin
if (ct_1 =282) then
scl_data <= 0
clsif {rising_edge(clk))then

if (sel data = 3)then



sel_data <=(;
else
sel data <=scl data+ 1;
cnd if;
end 1f;

end process;

proccess (clk)
begin
casc sel_data is
when 0 =>
data_ocb <= data_int;
when 1 =>
data oy <~ data int;
when 2 =>
data_ocr <= data_int;
when others =>
null;
cnd case;

end process;

cnd Behavioral;



MANUIN D ===: Source code Y93 Xil YCrCb2RGB.vhd

(Line Filed Detector @1 5uuilas deyqyiae YCrCh 1ilu RGRB)

__ ko sk e sk ok ok ok o ok ok ok sk e 3k sk ok ok ok ke ook ok ok ke ok ok ke ok ke sk ok ok ke 3k A o ok ok 3 ok ke sk ok ok sk ke ok e sk ok ok ke ok ok ok ok ok ok

- *007* YCrCb2RGB Macro from imagexiib

-- Description: Color Space Converter (YCrCb 1o RGB)
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--LIBRARY genxlib;

--USE genxlib.genx(ib_utils ALL;
--LIBRARY mathxlib;

--USE mathxlib.mathxlib_utils ALL;
--LIBRARY imagexlib;

--USE imagexlib.imagexlib_utils ALL;

library icec;
use icece.std_logic 1164.all;
use iece.std_logic arith.all;

use ieee.std logic signed.all;

LIBRARY work;

USE work.color_space pkg.all;

LLIBRARY work;

USE work.genxlib utils. ALL;
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- *G09* YCrCb2RGB Macro

- Description: Color Space Converter (RGB 10 YCrCh)

-- Generalized conversion:

- R = (Y- Yoffset) + ACoeff’ * (Cr - Coffset)



=

— G =(Y - Yoffset) + BCoeff' * (Cr- 0.5; + CCoeff’ *(Cb - 0.5)
-~ B =(Y- Yoffset} + DCoeff’ * (Ch - 0.5)

- R=Y+ ACoceff" * Cr - Roffset

-~ G =Y+ BCoeff’ * Cr + CCoeff' * Cb - Goffset

-~ B=Y+ DCoeff’ *Ch - Boffset

-- In grder to complement RGB2YCrCb:

-~ ACoeff' = 1/CCOEFF

-- BCoeff' = ACOEFF/CCOEFF * (1-ACOEFF-BCOEFF)

- CCoeff' = BCOEFF/DCOEFF * (1-ACOEFF-BCOEFF)

-- DCoeff’ = I/DCOEFF

-- Roffset = Yoffset + Acoeff’ * Coffset

- Goffset = Yoffset + (Beoeff" + Ccoeff’) * Coffset

-- Boffset = Yoffset + Dcoeff’ * Coffset

--ITU 601 (SDT¥) standard.:

- if RGB data is between O and 255

— R=Y + 140252 *(Cr-0.5)

- G=Y -024642*(Cr-0.5)-0.11840 * (Cb-0.5)

- B=Y + 177305 *(Cbh-(5)

-~ In order to better match the RGB2YChCr module:

~ For R: ACo¢ff’ = (I/CCOEF} value 2048/1460 is approximated instead of 1.40252

-~ For B: DCoeff’ = (I/DCOEF) value 2048/1155 is approximated instead of 1.77305

cntity Xal_ YCrCb2ZRGB is
generic (

FAMILY HAS MAC: integer:= 1;

FABRIC ADDS :integer:=1i; -~ Adders are implemented using logic fabric based adders
IWIDTH > integer:— §;
CWIDTH s integer:= 13; -- Coefficients are signed, CWIDTH.CWIDTH-2 format

MWIDTH : integer:= 23; -- ONLY FOR NON-V4: Controls bits witheld after mults.



OWIDTH T integer:= §; -- OTHERWISE (default) IWIDTH+CWIDTH+ I ;

RGBMAX Jinteger:= 255;

RGBMIN : integer:= 0;

ACOEF : integer:= 2872; -~ 14023 *pow2(CWIDTH-2)
BCOEF : integer:==-1461; == -0.7133 *pow2(CWIDTH-2)
CCOEF s integer:= -703; - -0.3434 *pow2(CWIDTH-2)
DCOEF : integer:= 3630; - 1.7724 *pow2(CWIDTH-2)
ROFFSET  :integer:=-366592; -- Should be MWIDTH bits wide

GOFFSET  :integer:= 278016;
BOFFSET : integer:= -463616;
HAS CLIP  :integer:=I;

HAS CLAMP :teger:=1);

port (
Y :instd logic vecto{(1WIDTH-1 downto 0); - - Y =a(R-G) + G + b(B-G)
Cr rinstd logic vector{(IWIDTH-1 downto 0); - Cr=d(R-Y)
Cb ;in std_logic vector(IWIDTH-1 downto Q); --Chb = ¢(B-Y)
R :out std_logic vector{fOWIDTH-1 downto 0);
G :out std logic vector(OWIDTH-1 downto 0);
B :out std_logic vector(OWIDTH-1 downto 0);

V SYNC in :instd logic:='0"
H SYNC in :nstd Jogic =0
PIX EN in :instd logic =="1";
V SYNC out :outstd logic;

H SYNC out :outstd logic;

PIX EN out :outstd logic;

clk :in std_logic;
ce s std logic = '17;
selr 2 std Jogic = '0');

end Xil_YCrCb2RGB;



architecture rtt of Xil_YCrCb2RGB is

-- High level constants
constant MODULE LATENCY : integer := YCrCb2RGB LATENCY(FAMILY HAS MAC,
FABRIC _ADDS, HAS CLIP, HAS CLAMPY;
-- ADDER DELAY is set to |, MULT DELAY is 2
constant ACOEFvec  :std_logic_vector{CWIDTH-1 downto 0) ;=
conv_std logic vector{ ACOEF, CWIDTH);
- ACOEF SRL ACOEFF RANGE, CWIDTH), -- ACOEFF constant is normalized
constant BCOEFvec @ std logic vector{CWIDTH-1 downto 0) :=
conv_std_logic vector{(BCOEF, CWIDTH);
--  BCOEF SRL BCOEFF RANGE, CWIDTH); -- BCOEFF constant is normalized
constant CCOEFvec :std_logic vector(CWIDTH-1 downto 0) :=
conv_std logic_vectol CCOEF,CWIDTH),
constant DCOEFvec  :std logic vector(CWIDTH-1 downto 0) :=
conv_std logic_vectolDCOEF,CWIDTH);
constant Goffsctvec  : std_logic vecto{MWIDTH-1 downto 0) =
conv_std logic_vector(GOFFSET,MWIDTH),
constant Roffsetvec  : std logic vector{ MWIDTH-1 downto 0) :=
conv_std_logic_vectorlROFFSET,MWIDTH);
constant Boffsetvee - std logic vectorl MWIDTH-1 downto 0) =
cony_std_logic vector( BOFFSET MWIDTH);
constant MAXvee cstd logic vector(fOWIDTH+1 downto ©) =
conv_std logic vectol RGBMAX,OWIDTH+2);
constant MINvec sstd logic vecto{OWIDTH+1 downto 0) =

conv_std logic vecto{ RGBMIN.OWIDTH +2);

— This is the delay of a virtex4 multiplier followed by a rounder. In order to facilitate

-- grouping the rounder with the mult into the same DSP48, overall latency must be 2



)

-- Low level constants
constant logic0 :std logic :="0";

constant fogicl :std_logic :="1";

-~ signal declarations
signal Cr_delay :std_logic_vector(IWIDTH downto 0y;
signal Cb_delay s std_logic vector(IWIDTH downto 0);
signal Cb_unsign :std_logic vector(IWIDTH downto 0);
signal Y delay : sid_logic_vector(IWIDTH-1 downto 0);
signal Y padded : stdilogicdvcctor(OWI];;—}éFH downto 0);
signal Acoef by Cr sthogicyvcctor(IW]DTIHCWIDTH downto 0);
signal Beoef by Cr  :std logic vector(IWIDTH+CWIDTH downto 0);
signal Ccoef by Cb  :std logic vector{lWIDTH+CWIDTH downto 0);
signal Deocf by Cb  :std logic vector(IWIDTH+CWIDTH downto 0);
signat Acoef by Cr md :std_logic_vecto MWIDTH downto 0);
signal Beoef by Cr md :std logic_vector(MWIDTH downto 0);
signal Ccoef by Cb md : std_logic_vector MWIDTH downto 0);

signal Deoef by Cb md :std logic vectodMWIDTH downto 0);

signal G int > std_logic vector{fOWIDTH+1 downto 0);
signal B_int std logic vectofOWIDTH+1 downto 0);
signal R int std_logic vectorfOWIDTH+1 downto 0);
signal G postmax s std logic vectolOWIDTH+1 downto 0);
signal B postimax :std logic vector{OWIDTH+1 downto 0);
signal R_postmax :std_logic_vectorlfOWIDTH+1 downto 0);

signal G postmin :std logic_vectortOWIDTH+1 downto 0);

stgnal B postmin std_logic vectod OWIDTH+1 downto Q);
signal R postmin :std logic vector(OWIDTH+1 downto 0);
signal sync_in s std_logic_vector(2 downto 0);

signal sync_out :std_logic vector(2 downto 0);



-- Generate the output sync signals

SYNC in(2)<=PIX EN in;
SYNC in{1) <=V SYNC in;
SYNC in(0) <=H_SYNC _in;

del SYNC : entity work.delay(rtl)
generic map (
width => 3,
dclay => MODULE LATENCY )

port map (
clk =>clk,
d =>8YNC in,

q =>SYNC out,

cc  =>ce);

PIX EN out <= SYNC out(2);
V. _SYNC out <= SYNC out(l);

H SYNC out <= SYNC out(0);

del Cr: entity work.delay(rtl) -- Delay Cr, so Acoef by Cr arrives in sync

generic map ( -- with Ccoef by Cb to the adder/rounder

width => IWIDTH,
delay == 1)

port map {
clk =>clk,



d =>Cr,
q =>Cr_delay(IWIDTH-1 downto 0),

ce =>ce);
del Cb : entity work.delay(rtl) -- Delay Cb, so Dcoef by Cb arrives in sync
generic map ( -- with B_int and G_int are in sync.

width => ITWIDTH,
delay => 1)
port map {
ck =>clk,
d =>Cb,
q- => Cb_delay(IWIDTH-1 downto 0),

ce =>ce);

Cb unsign(IWIDTH-1 downto 0) <= Cb;

Cb_unsign(IWIDTH) <= '0'; -- Making sure that Cb and Cr signals are
Cb delay({IWIDTH) <='0'; -~ interpreted as unsigned
Cr_delay(IWIDTH) <="0"; — at the mutlipliers

sp3 v2 v2p if (FAMILY HAS MAC=0) generate
mult_aCr: entity work.mut(n!) -- AC O}SPTF *Cr
generic map (
I»WIDTHA => [WIDTH+t,
IWIDTHB => CWIDTH)
port map (
clk  =>clk.
cc = Ce,
sclr - => sclr,
a  =>Cr delay,
b => ACOEFvec,

p  =>Acoef by Cr);



mult_bCr: entity work.mult(rtl) -- BCOEFF *Cr
generic map (
IWIDTHA => IWIDTH+1,

IWIDTHB => CWIDTH)

port map (
ctk  =>clk,
ce =>ce,

sclr =>sclr,
a => (r_delay,
b => BCOEFvec,
p  => Bceoef by Cr);
mult_cCb: entity work.mult(rtl) -- CCOEFF *Cb
generic map (
IWIDTHA => IWIDTH+I,

IWIDTHB => CWIDTH)

port map (
clk  =>clk,
ce  =>cc,

sclr  => sclr,
a  =>Cb unsign,
b > (CCOFEFvec,
p > Ccoef by Cb)
mult dCb: entity work mult(rtl) -- DCOEFF *Ch
generic map (
IWIDTHA - > IWIDTH+ 1,

IWIDTHB :-> CWIDTH)

port map {
clkk =>clk,
ce => e,

sclr => sclr,



a => Cb_delay,
b => DCOEFvec,

p  =>Dcoef by Cb);

-- Rounding and offset compensating R with one adder
round_aCr : entity work.radd_sub_sclr(rtl)

generic map (
width => MWIDTH,
add =>true,
fabric=> 1)

port map (
a  —> Acocl by C{IWIDTH+CWIDTH-1 downto 'WIDTH+CWIDTH-MWIDTH),
b => Roffsetvec,
s => Acocf by Cr md,
c_in =>logicO,
clk =>clk,
cc  =>ce,

sclr => scir);

-- Adding and Rounding of Ccoef by_Cr and Beoef by Cb_rnd using one adder
round bCr: entity work.radd _sub _sclr(rti)
generic map (
width => MWIDTH,
add => truc,
fabric=> 1)
port map (
a =>Beocf by C{IWIDTH+CWIDTH-1 downto IWIDTH+CWIDTH-MWIDTI1),
b > Ccocf by Cb mdMWIDTH-1 downto 0),
s == Beocl by Cr md,

¢ in => logicO,



clk =>clk,
cc  =>cc,

sclr => sclr);

-- Rounding and offset compensating G with one adder
round cCb : cntity work.radd_sub_sclr{rtl) |
generic map (
width => MWIDTH,
add => true,
fabric=> 1)
port map (
a =>Ccocf by Cb(IWIDTH+CWIDTH-I downte IWIDTH+CWIDTH-MWIDTH),
b => Goffsctvec,
s =>Ccocf by Cb md,
¢ in => logicO,
clk == clk,
ce =>ce,

scir => sclr);

-- Rounding and offset compensating G with one adder
round dCb : entity work.radd sub_scli(rt})

generic map (
width => MWIDTH,
add => true,
fabric=>> 1)

port map (
a —> Deoef by Cb(UWIDTH+CWIDTH-1 downto IWIDTH+CWIDTH-MWIDTH),
b => Boffsetvee,
s == Dcoef by Cb md,

c_in =>logic0,



ctk =>clk,
cc =>ce,
sclr => sclr);

cnd generate;

v4: if (FAMILY _HAS MAC = ) gencrate -- DSP48 based implementation
mult_aCr: entity work.mac(rtl) —~ ACOEFF * Cr + Roffsetvec
generic map ( -- offset contains rounding const

IWIDTHA => IWIDTH+I,
IWIDTHB => CWIDTH,
OWIDTH =>MWIDTH,
ROUND MODE=> 0.

HAS € =>1)

port map {
clk =>clk,
ce => ¢g,
sclr  =>sclr,
a => Cr_delay,
b => ACOEFvec,
¢ => Roffsetvece,
p => Acoef by Cr md{MWIDTH downto 1)),

-- yign extension for simulation (v4 results are the same as s3_v2 v2p)

—Acoef by Cr_rad(IWIDTH+CWIDTH) <= Acoef by Cr md(IWIDTH+CWIDTH-1);

mult BCr: entity work.mac(rt}) -- BCOLFF * Cr + CCOEFF * Chb + Goffsetvec
generic map (
IWIDTHA => IWIDTH+1,
IWIDTHB => CWIDTH,
OWIDTH =>MWIDTH,
ROUND MODE=> 0,



CREG =>0, -- use Pcascade chain
HAS C =>1)
port map (
clk => clk,
ce => ce,
sclr == sclr,
a == Cr_delay,
b => BCOEFvec,
é => Ccocf by Cb md(MWIDTH downto 1),
p => Beoef by Cr_md(MWIDTH downto 1});

-- sign extension for simulation (vd results are the same as s3 v2 v2p)

--Bcoef by Cr rnd(WIDTH+CWIDTH) <= Bcoef by C. rad(IWIDTH+CWIDTH-I);

mult_cCh: entity work mac(rti) -- CCOEFF * Cb + Goffsetvec
gencric map ( -- offset contains rounding const
IWIDTHA =>IWIDTH+1,
IWIDTHB => CWIDTH,
OwWIDTH =>MWIDTH,

ROUND MODE=>0,

HAS C —=>1)
port map (
ck > clk,
ce ->ce,
sclr - => sclr,
a => Ch unsign,
b => CCOEFvece,
c => (offsctvec,
p => Ceoef_by Cb_md(MWIDTH downto 1));

-- sign extension for simulation (v4 results are the same as s3 v2_v2p)

—  Ccoef by Cb_rnd(IWIDTH+CWIDTH) <= Ccoef by Ch_rnd(IWIDTH+CWIDTH-1);



mult_DCb: entity work.mac(rtl) -- DCOEFF * Cb + Boffsetvec

generic map { -- offset contains rounding const

IWIDTHA => IWIDTH+I,

IWIDTHB =>CWIDTH,

OWIDTH =>MWIDTH,

ROUND_MODE=> 0,

HAS C =>1)

port map (
clk =>clk,
ce =>ce,
sclr =>sclr,
a => Cb_dclay,
b => DCOEFvec,
c => Boffsctvec,
p > Deoef by Cb md(MWIDTH downto 1));

-- sign extension for simulation (v4 results are the same as s3 v2 v2p)

--Deoef by _Cb_rnd(IWIDTH+CWILTH) <= Dcoef by _Ch _rnd(IWIDTH+CWIDTH-1);

Acoef by Cr rnd{MWIDTH) <= Acoef by Cr rnd(MWIDTH-]);
Beoef by Cr_rnd(MWIDTH) <= Beoef_by_Cr rud{(MWIDTH-1);
Ceaef by Ch rd(MWIDTH) <= Ccoef by Cb rnd(MWIDTH-1);

Deoef by Chb_rnd(MWIDTH) <= Dcoef by_Cb_rnd(MWIDTH-1);

Acoef by Cr_ md(0) <='0";

Beoef by Cr md{0) <= '0";

Ccoet by Cb md(0) <=0,

Dcoef by Cb _md{0) <="0";

cnd generate;



-- Add Y component

del Y : entity work.delay(ril) - Delay matching: y is delayed so it can be combined with
rounded signals
generic map (
width => IWIDTH,
detay => 4) -- 3+FAMILY _HBAS MAC -- ADD DELAY(FAMILY_HAS_MAC,
FABRIC ADDS)+MULT DELAY(FAMILY HAS MAC)
port map (
ctk =>clk,
d =Y,
q -y delay,
ce =>ceh
connect Y: if AWIDTH=0WIDTH) generate
Y padded(IWIDTH-1 downto 0) <=y _delay;
end generate;
padd Y:if IWIDTH<QWIDTH) gencrate
Y padded(OWIDTH-1 downto OWIDTH-IWIDTH) <=y delay;
Y padded(OWIDTH-IWIDTH-1 downto 0) <= (others =>'0');
end gencrate;
truncate Y: if (IWIDTH>OWIDTH) gencrate
Y padded(OWIDTH-1 downto 0) <=y delay(JWIDTH-} downto IWIDTH-OWIDTLL);
end generatc;

Y padded(OWIDTH) <="0'; -- Makes sure Y padded is unsigned positive

add R :entity work.radd sub scir(rtl)
generc map {
width  => OWIDTH+1,
add => true,

a_signed => true,



b -signed => false,
delay =>2-FABRIC_ADDS,
fabric =>FABRIC ADDS)
port map (
clk =>clk,
a => Acoef by Cr md(MWIDTH-2 downto MWIDTH-OWIDTH-2),
b =>Y padded,
s =>R int,
¢ in => logic0,
ce =>ce,

sclr => sclr);

add_G : cntity work.radd_sub_scir(rtl)
genceric map (
width  => OWIDTH+I,
add => {rue,
a_signed == true,
b signed => false,
delay =>2-FABRIC ADDS,
fabric => FABRIC ADDS)
port map (
clk => cik,
a > Beoef by Cr md(MWIDTH-2 downio MWIDTH-OWIDTH-2),
b =>Y paddcd.
s =,

¢ in => logic0,

sclr == sclr);

add B : entity work.radd_sub_scir{rtl)



generic map (

width  =>OWIDTH+1,

add  =>true,

a_signed => true,

b;signed => false,

delay =>2-FABRIC ADDS,

fabric => FABRIC ADDS)
port map (

clk =>clk,

a =>Dcoef by Cb md(MWIDTH-2 downto MWIDTH-OWIDTH-2),

b =>Y padded,

s =>B i,

¢ _in => logic0,

ce =>ce,

sclr => sclr);

-- clipping and clamping of R,.G.B

clip: if (HAS_ CLIP=1) generate
max R : entity work.max_sat(rtl) -- Add the logic to catch overflow saturation (max)
generic map (width => OWIDTH+2)
port map
a >Rt
max => MAXvec,
ma =>R_postmax,
clk => clk,
cc > ce,
sclr => sclr);
max_G : entity work.max_sat(rtl) -- Add the logic to catch overflow saturation (max)

gencric map (width => OWIDTH+2)



port map (
a  =>G_nt,
max => MAXvee,
ma =>G_postmax,
clk =>clk,
ce =>ce,
sclr => sclr);
max B :entity work.max_sat(rtl) -~ Add the logic to catch overflow saturation (max)
generic map {width => OWIDTH+2)
port map (
a =>B in,
max > MAXvec,
ma > B postmax,
ctk —>clk,
ce  =>ce,
sclr => sclr);
end generate;
no_clip: if (HAS_CLIP/=1) generate
R postmax <=R_int;
G _postmax <-G_iny;
B postmax <= B int;
cnd generatce;
clamp: if (HAS CLAMP=1) gencrate
min_ R : entity work.min_sat(rt]) - Add the logic 10 catch underflow saturation (min)
generic map (width == OWIDTH~+2)
port map {
a =R postmax,
min => MINvec,
ma =>R_postmin,

clk =>clk,



ce —>ce,
sclr => scir);
min_G : entity work.min_sat(rtl) -- Add the logic to catch underflow saturation (min)
generic map (width => OWIDTH+2)
port map (
a =>( postmax,
min  => MINvec,
ma => (_postmin,
clk =>clk,
ce =>ce,
scir => sclr);
min_B : entity work.min_sat(rtl) -~ Add the logic to catch underflow saturation {min)
generic map (width => OWIDTH+2)
port map (
a —> B postmax,
min => MINvec,
ma =>B postmin,
clk =>clk,
cc > ce,
sclr => selr);
cnd generate;
no clamp: i (HAS CLAMP/=1) generate
R postmin <= R _postmax;
G postmin <= G_postmax:
B postmin <= B postmax:
cnd generate;
R <- R _postmie(OWIDTH-1 downto 0);
G <=0 _postmin(QWIDTII-1 downto 0);
B <= B postmin(OWIDTH-1 downto 0);

end rtl;



MPNUIN E ===: Source code Y03 GenXlib_arch.vhd

- Filename - GenXlib_arch.vhd

-~ This delay module does not have SCLR input pin: suitable for delay matching data-path components

- where SCLR is not critical. Having no SCLR allows SRLI6 based implementation in S, V, V2, V2P and V4.

LIBRARY iece;

USE tece.std logic 1164 ALL;

entity delay 1s

gencric (
width : integer :=16;
delay : integer :=§;
vector: integer :=1);

port {
clk :instd logic;
ce :instd logic;
di  :instd logic:='0;
gl :outstd logic;
d  instd logic vector{width-1 downto 0) = (others =>'0");
q :outstd logic vector{width-1 downto 0});

end delay;

architccture RTL. of delay is
constant zeros : std logic_vector(width-t downto Q) := (others => '0);
signal d_1: std_logic vector(width-1 downto 0);
signal g_i: std_logic_vector(width-1 downto 0);
begin

vect: if (vector=1) generate



d i<=d;
q <=q;

end generalc;

sgnal: if {(vector/=1) generate
d _i(0) <=dI;
gl <=q_i(0);

end generate;

connect: if {delay<l1) generate
g 1<=d 1;

end generate;

needs_delay: if (delay>>0) generate
clk process: processiclk)
type delay_array is array (detay downto 1) of std_logic_vector{width-1 downto 0);
variable shift_register : delay array := (others => zeros);
begin
‘tf(clk'event and clk = '1') then
if (ce ="1") then
for 1 in delay-1 downto 1 loop
shift_register(i+1) ;== shift_register{i);
end loop:
shift register(1) :=d i;
end if;
end if;
q 1 <=shift_register(delay);
end process;
end gencrate;

end RTL;



LIBRARY ieee;
USE ieec.std logic 1164.ALL:

DSP48.

entity delay sclris

generic (
width : integer :=16;
delay : integer =1 ),

port (
clk instd logic;
cc  :instd logic:
sclr :mstd logic;
d :instd logic vector{width-1 downto 0);
g :outstd logic vector{width-1 downto 0));

end dclay sclr;

architecture RTL of detay sclris

constant zeros : std_logic_vector(width-1 downto Q) == (others => '0');

begin

connect: if (delay<1) generaie
q < d,

end gcnerate;

needs delay: 1f (delay>0) generate
clk process: process(clk)
type delay array is array (detay downto 1) of std_logic vector{ width-1 downto 0);

variable shift_register : delay array := (others => zcros);

begin



if (clk'event and clk = '1') then
if (scIr = "1") then shift_register{delay downto 1) := (others => zeros);
elsif (ce = '1") then
for i in delay-1 downto 1 loop
shift register(i+1) := shift_register(i);
end loop;
shift register{1} = d;
end if;
end if;

q <= shift_register(dclay);
end proccess;
cnd generate;

end RTL;
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-- Module can be implemented in DSP48
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LIBRARY iccc;

USE ieec.std_logic 1164.ALL;

usc 1eee.std logic arith.all;

use icce.std logic signed.all;

- This radd sub_sclr module will be implemented in DSP48.
entity radd sub sclr yes is
generic (
width :integer := 16;
delay :integer:=1; -- This parameter allows the syn_fhcser to break the
-~ carty chain if delay 1s >1. In DSP48s, it allows

add : boolean :=true; -~ registering A[B and C input ports.



a_signed: boolean :=true; -- 1 when operand 'a’ is signed

b_signed: boolcan :=true);-- | when operand 'b' is signed
port (

clk :instd logic;

ce :instd logic;

c_in :1insid logic;

a :instd logic vector{widith-1 downto 0);

b :instd logic vector{width-1 downto 0};

s outstd logic vector(width downto 0);

sclr : in std_logic);

attribute register_balancing: string;
attribute register _balancing of radd_sub_sclr_yes: entity is "yes";
attribute usc_dsp48: string;

attribute use_dsp48 of radd_sub_sclr_ycs: entity is "yes";

end radd sub_sclr_yes;

architecture 1l of radd_sub sclr_yes 1s
signal ¢ :std logic vector(width downto 0);
signal a_ext: std logic :='0";
signal b ext: std logic =="0';

begin

sgn a:ifa signed generate a_cxt <= a(width-1); end gencretce;

sgn b: ifb signed generate b_ext <= b(width-1); end generate;

adder: if add  generate ¢ <= (a_ext & a) + (b_cxt & b} + ¢_in; end generate;

subtr: if not add generate ¢ <= {b_ext & b) - {a_ext & a) - ¢_in; end generate;



reg : cntity work.delay sclr(rtl}
generic map ( width => width+ 1, delay => delay)

port map ( clk => clk, ce => ce, sclr => sclr, d => ¢, g => s);

end rtl;

- This radd _sub_sclr module will be implemented in fabric.
LIBRARY icec;

USE ieee.std_logic 1164.ALL,;

use iece.std logic_arith.all;

use icec.std logic signed.all;

catity radd_sub sclr nois

generic (
width  integer :==16;
delay :integer:= 1, --This parameter allows the syntheser to break the

-- carty chain if delay 15 >1. In DSP48s, it allows

add : boolean :=truc; -- registering A{B and C input por?s.
a_signed: boolean :=true; -- 1 when operand 'a’ is signed
b_signed: boolean :=truc);-- 1 when operand 'b' is signed

port (
clk :instd logic;
ce :instd logic;
¢ in i std logic
a :instd logic vector{width-1 downto 0);
b :insid logic vector(width-1 downto 0);
s :outstd logic_vector{width downio 0);

sclr @ instd logic);

attribute register balancing: string;



attribute register_balancing of radd sub sclr_no: entity is ” ycs";
attribute usc_dsp48: string;
attribute use dsp48 of radd_sub_sclr_no: cntity is "no";

end radd_sub_sclr_no;

architecture rtl of radd_sub_sclr_nois
signal ¢ = std logic vector(width downto 0);
signal a_ext: std_logic ="0";
signal b_ext; std logic :="0";
begin
sgn_a: if a_signed generate a_ext <= a(width-1); end generate;
sgn b: ifb_signed gencrate b_ext <= b(width-1); end generate;
adder: ifadd  gencrate ¢ <= (a_ext & a} + (b_ext & b) + ¢_in; end generate;
subtr: if not add generate ¢ <=(b_cxt & b) - (a_ext & a}- ¢_in; end generate;
reg : entity work.delay_sclr(rtl)
generic map ( width => width+1, delay => delay)
port map ( clk => clk, ce => ce, sclr => sclr, d => ¢, g => s);

end rtl;

-~ This radd_sub_sclr module will be implemented in either jabric or DSP48.
LIBRARY ieee;

USE iece.std logic 1164.A1L;

use icec.std logic_arith.all;

usc icec.std logic signed.all;

entity radd_sub_sclr s
generie (

width : integer :=16;

i

detéy tinteger = 1, -- This parameter allows the syntheser to break the

fabric :mteger ;= 1; -- carry chain if delay is >1. In DSP48s, it allows



add : boolcan :=true; -- registering A|B and C mput ports.

a_signed: boolcan =true; -- | when operand 'a’ is signed

b signed: boolean :=true);-- 1 when operand 'b’ is signed
port (

clk :instd logic;

cc :instd logic;

c_in :instd logic;

a :instd logic vecror(width-1 downto Q)

b :instd logic vector{width-1 downto 0);

s :outstd logic_vector{width downto 0);

sclr ;- instd_logic);

end radd_sub_scir;
architecture rtt of radd_sub_sclr is

begin
use dsp48 : if{ fabric = 0 ) generate
adder : entity work.radd_sub_sclr_yes(rtl)
generic map ( width => width, delay => dclay, add => add, a_signed => a_signcd, b_signed =>
b signed)
port map ( clk => clk, ce =>ce, ¢ in=>c¢ in,a=>a,b=>b,s=>5, sclr =>sclr );

cnd gencratc;

use_fabric : ifl fabric /=0 ) gencrate
adder : cntity work.radd sub sclr_no(rti)
generic map ( width => width, delay => delay, add => add, a_signed => a signed. b signed —=>
b_signed )
port map { clk =>clk, ce =>cc,c_in=>c¢ tn,a=>a,b=>b,s=>s, sclr => sclr);
cnd generate;

end rtl;
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- *)003* NON-SATURATING, unbiased round macro
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library icee,

use icee.std_logic_1164.all;

use ieee.std_logic arith.all;

use icec.std_logic_signed.all;

library work;

use work.genxlib_utils.max;

cntity get round addend 1s
generic (
IWIDTH  :integer := 32;
OWIDTH : integer := 16;

has offsct: integer := 0;

mode  :integer :=0); - 0: biased, 1- towards zero, 2: towards inf
port {
msb  :instd_logic; -- sign bit of input

offset  :in std logic vectolOWIDTH-1 downto 0) := (others =>'0);
r add :outstd logic vector{IWIDTH-1 downto 0);
r cy  coutstd logic);

cnd gel_round_addend;

architecture rtl of get round_addend is
constant zceros: std_logic vector(OWIDTH downto 0) := (others = '0');

-- integer part + first fractional bit ='0'

constant oncs: std logie vectord{max(IWIDTH-OWIDTH-2,0) downto 0):= (others =>"1");

-- rest of the fractional bits are '1’



begin
general: if IWIDTH>OWIDTH+1 gencrate
biased : if (MODE=0) generate r ¢y <='1"; end generate;
tw_zero: if (MODE=1) generate r_cy <= msb; end generate;

tw_inf: if (MODE=2) generate r cy <= NOT msb; end generate;

no_offset 1 if (has_offset = 0) generate r_add <= zeros & ones; end generate;
hs_offset - if (has_offset = 1) generate r_add <= offset & '0' & ones; end generate;

cnd generate;

one bit: if IWIDTH=OWIDTH+{ generate
biased : if (MODE=0) generate r ¢y <=='0'; end gencrate;
tw_zero: if (MODE=1) generate r_cy <= msb; cnd gencrate;

tw_inf : if (MODE=2) gencrate r ¢y <= NOT msb; end generate;

no_offsct : if (has_offset = 0) generate r_add <= zcros; end generate;
hs offset : if (has_offset = 1) generate r_add <= offset & '0'; end generate;

cnd generate;

no md: if IWIDTH<OWIDTH+1 generate
biased : 1f (MCGDE=0) generate r_cy <='0'; cnd generate,
tw_zcro: if (MODE=1) generate r_cy <= msb; cnd generate;

tw inf: if (MODE=2) generate r_cy <= NOT msb; end generate;

no_offset 2 1f (has_offsct = 0) generate r_add <= zeros(I'WIDTH-1 downto 0) ; end generate;
hs offset : if (has_offset = 1) gencrate r_add <= offset{tIWIDTH-1 downto 0); cnd gencrate;
cnd generate;

end rtl;
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- *0004* round Macro
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library tece;

use ieee.std_logic_1164.all;

use icec.std logic arith.all;

usc ieee.std logic signed.all;

entity round is

generic {
twidth  : integer := 16;
owidth :integer :=15;
has_offset: integer == 0;
mode  :integer := 0; -- 0: biased, I: towards zero, 2: towards inf
delay :integer = 1);

port (
a  :instd_logic_vector(iwidth-1 downto 0);
offset :in std logic vectorlOWIDTI4-1 downto 0) := (others => '0");
ra  :outstd logic vecto!OWIDTH-1 downto 0);
clke  :instd logic;
ce i sid logic;
sclr  :instd logic):

end round;

architecture rtl of round 1s
signal rounding_const : std_logic vector(iwidth-1 downto G);
signal rounding_carry : std logic;

signal q :std_logic_vector(iwidih downto 0);

begin



md;add : entity work.get_round addend(ril)
generic map(
IWIDTH  => IWIDTH,
OWIDTH =>OWIDTH,

has offset => has offset,

mode => mode)
port map(
msb => a(ITWIDTH-1),

offset  => offsct,
r_add => rounding_const,

rcy => rounding_carry);

adder : entity work.radd sub_sclr{rt])
generic map ( width => iwidth, delay => delay)
port map { clk => clk, ce => ce, selr == sclr,
¢_in=>rounding_carry, a => a, b => rounding_conslt, s => q);
ra <= g{iwidth-1 downto iwidth-OWIDTH);

end nt};

ok ko ok o ok o ok o ok ok ok o ok ok o sk ok sk Rk o ok ek ok ok ok ek ok

- *)005* mult Macro
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library icece;

use iecestd logie 1164.all;

usc icce.std logic_arith.all;

usc iece.std logic_signed.all;

entity mult is

generic {



IWIDTHA : integer:=18;
IWIDTHB : integer:=18;
delay : integer:=2);
port {
a sinstd logic_vector(IWIDTHA-1 downto 0);
b . :instd logic vector{(IWIDTHB-1 downto 0);
p :outstd logic vector(JWIDTHA+IWIDTHB-1 downto 0);
clk  :instd logic;
ce :instd logic;

sclr  :instd logic);
attribute register_balancing: string;
attribute register balancing of mult: entity is "ycs";

attribute mult_style: string;

attribute mult_style of mult: entity is "pipe_block";
end mult;

architecture rtl of mult 1s

signal ¢ - std_logic_vecto(IWIDTHA+HIWIDTIHB-1 downtw 0);

c<=a*h;
reg - entity work.delay sclr(rtl)
generic map ( width => IWIDTHA+IWIDTHB, delay => delay)

port map { cIk => clk, ce => ce, sclr => sclr, d => ¢, q => p);

end rii;
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- *0006* mac Macro
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library icee;

use teee.std_logic 1164.all;

use iece.std logic arith.all;

use tecc.std logic signed.all;

cntity mac is -- this module calculates p = round(a*b)+¢
generic ( -- p = reg({ reg(regla) * reg(b)) + reglc))
IWIDTHA  :integer=16;
IWIDTHB :integer:={6;
OWIDTH  :ntegeri=16;
ROUND MODE :intcger:= 0; - 0: biased, 1: towards zero, 2: towards inf

HAS C : integer:= 0;

CREG s integer:= Q);

port {
a i std logic vector(IWIDTHA-1 downto 0);
b :in std_logic vector(IWIDTHB-1 downto 0);
c sinstd logie vector{f OWIDTH-1 downto 0);
P soutstd logic vectofOWIDTH-1 downto 0);
clk s std logic:
ce 1in std_logic;
sclr sinstd logic);

attribute register balancing: string;
attribute register_balancing of mac: entity is "yes";
attnbutc mult style: string;

attribute muit_style of mac: entity is "pipe_block";



attribute use dsp48: string;
attribute use_dsp48 of mac: entity is "yes";

end mac;

architecture 11l of mac ts
signal rounding_const : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0);
-- rounding constant (optional) combined with input ¢ (optional)
signal add_¢ _md const: std_logic vector(IWIDTHA+IWIDTHB-1 downto 0);
-- optionally registered version of rounding_const
signal rounding carry : std_logic;
signal r ¢y in :std togic i~ '07;
signalar : std_logic vector(IWIDTHA-I downto 0) := (others => '0'),
signal br : std_logic vector(IWIDTHB-1 downto 0) := (others => '0');
signalcr - std logic vectorIWIDTHA HIWIDTHB-1 downto 0) := (others =>'0");
-- registered version of rounding const
signat pr :std_logic vector(fWIDTHA+IWIDTHB-1 downto 0) := (others =>'0');
stgnal mac : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0} := (others => '0');

signal ones : std logic_vectol OWID1H-1 downto 0) = (others == '1");

attribute keep hierarchy : string;

attribute keep_hierarchy of rtl: architecture 1s "yes";

begin
yes_creg: if (CREG /= 0) gencrate add ¢ md_ const <= cr; end gencrate;

no creg: it (CREG = 0) gencrate add ¢ md const <= rounding_ const: end generate;

md_add : entity work.get_round addend(rtl)
generic map(
IWIDTH  => IWIDTHA+IWIDTHB,

OWIDTH => OWIDTH,



has_offset =>HAS C,

mode => ROUND MODE)

port map(
msb =>r cy_in,
offset =>c,
r add  =>rounding const,
rcy => rounding_carry),

clk_process: process(clk)
begin
if (clk’cvent and clk ='1") then
if (sclr="1") then
ar <= {others =>'0'"); -
br <= (others => '0');
cr <= (others =>"'0');
pr <= (others =>0');
r cy in<='0}
mac <= (others =>'0');
elsif (cc ="1") then
r cy_in <= ar(IWIDTHA-1) xor br(IWIDTHB-1);
mac <= pr-+ add ¢ md const + rounding carry;
pr <= ar*br;
ar <°: a;
br <=b;
cr <<= rounding_const;
end if;
endf;
end process;
p <= mac(IWIDTHA+IWIDTHB-2 downte IWIDTHA+IWIDTHB-OWIDTH);,

end;
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library ieec;

use icce.std_logic 1164.all;

usc ieee.std_logic _arith.all;

usc ieee.std logic signed.all;

entity mac_¢ 1s -- this module caleulates mac = a*btc

generic ( - p = reg{ reg(reg{a) * reg(b)) + reglc))
IWIDTHA  :integer:=16;
IWIDTHB  : intcger:=16;

OWIDTH  :intcger:=16);

port (

a in std logic vector(IWIDTHA-1 downto 0);

b instd logic vector(IWIDTHB-1 downto 0);

c | :in std_logic_veetor{IWIDTHA+IWIDTHB-1 downto 0);
p : out std_logic_vector(OWIDTH-1 downto 0);

clk 1in std_logic;

ce :in std logic;

scir mstd logic);

attributc register _balancing: string;

attribute register balancing of mac_c: entity is "yes":
attribute mult style: string;

attribute mult_stylc of mac_c: entity is "pipc_block™;
atiribute use dsp48: siring;

atiribute usc_dsp48 of mac_c: entity is "yes”™;

end mac_c;



architpcture rt] of mac_cis
signal ar : std_logic_vector(IWIDTHA-1 downto 0) := (others =>'0');
signal br  : std logic vector(IWIDTHB-1 downto () := (others =>'()'),
signal cr  : std logic vector(IWIDTHA+IWIDTHB-1 downto 0) := (others =>'0);
-- registered version of rounding const
signal pr : std_logic_vecto(IWIDTHA+IWIDTHB-1 downto 0) ;= (others =>'0");

signal mac : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0) := (others =>"0");

begin
clk process: proccss(clk}
begin
if (clk'cvent and clk ='1") then
if (sclr="1") then
ar <= (others =>'Q");
br <= (others =>'0");
cr <= {othcrs =>'0');
pr <= (others =>"'(}');
mac <= (others =>'0");
elsif (cc ='1") then
mac <= pr+ cr;
pr <<= ar*br;
ar <= a;
br <=b;
or <= ¢;
end if:
cend if;

end process;

p <= mac{IWIDTHA+IWIDTHB-1 downte IWIDTHA+ITWIDTHB-OWIDTH):

end;
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library icee;

use icece.std logic 1164.all;

usc ieee.std logic arith.all;

use icee.std logic signed.all;

entity mac_pc is -- this module calculates mac = a*b+c
generic ( -- p = reg( regfreg(a) *reg(b)) + reg(c))
IWIDTHA  :integer:=16;
IWIDTHB  : integer:=16;

OWIDTH  :integer:=16),

port (
a ;instd logic vector(IWIDTHA-1 downto 0);
b rinstd logic vectolTWIDTHRB-1 downto 0);
pein cinstd logic vectoIWIDTHA+HIWIDTHB-1 downto 0);
p :out std_logic_vectorlOWIDTH-1 downto 0);
clk :in std logic;
ce :in std logic:
scir 2 std logic);

attribute register_balancing: string;

altributc register_balancing of mac _pc : entity is “yes";
attribute mult style: siring;

attribute mult_style of mac_pe © entity is "pipe_block”;
attribute use dsp4&: string;

attribute use_dsp48 of mac _pc @ entity 1s "yes”;

end mac_pc;



architecture rtl of mac pc is

signal ar : std_logic_vector(IWIDTHA-1 downto 0) := (others => '0";
signal br  : std_logic_vector(IWIDTHB-1 downto 0) := {others =>'0");
signal pr : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0) := (others => '0");

signal mac : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0) := (others => '0');

begin

clk_proccss: process(cik)
begin
if (ctk'cvent and clk —'1') then
if-(sclr ="'1") then
ar  <={others =>'0");
br <= (others =>'0');
pr <= (others =>"0');
mac <= (others =>'0');
elsif(ce ='1")} then
mac <= pr+ pcin;
pr < ar*br;
ar <=
br <= b;
cnd if;
end if;

end process;

p <= mac(IWIDTHA +1WIDTHB-1 downto IWIDTHA+IWIDTHB-OWIDTH);

cnd;
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library icec;

usc ieee.std logic 1164.all;

use icee.std logic signed.all;

entity max_sat is

generic (
width : integer:== 16;
dclay :integer:=1);

port (
a  :instd logic_vector(width-1 downto 0);
max :instd_logic vector(width-1 downto 0);
ma :outstd_logic_vector{width-1 downto 0);
¢k :instd logic;
ce :instd logic;
scir  :instd logic);

atinbute register _balancing: siring;

attribute register_balancing of max_ sat: entity is "ycs";

end max_sat;

architecture ril of max _sat is
stgnal ¢ : std logic vector(width-1 downto 0);
begin
¢ <= max when (a > max) else a;
reg : entity work.delay sclr(rtf)
generic map ( width => width, dclay => delay)
port map ( ¢tk => clk, ce => ¢c, sclr === sclr, d => ¢, @ => ma);

end rtl;
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library icce,

use icee.std logic 1164.all;

use icce.std_logic_signed.all;

entity min_sat is

generie (
width : integer:=16;
delay :integer:=1);

port (
a  :instd_logic_vector(width-1 downto 0);
min :instd logic vector{width-1 downto 0);
ma :outsid logic vector{width-1 downto 0);
clk  :instd_logic;
ce :nstd Jogic;
scir :instd logic );

attribute register_balancing: string;

attribute register_balancing of min sat: entity is "yes™;

end min_ sat;

architecture rt! of min satis
signal ¢ :std logic vector{widih-1 downto 0);
begin
¢ <+ min when (a < nun) else a;
reg @ entity work.delay sctr(rtl)
generic map ( width => width, dclay => delay)
port map ( clk => clk, cc => ee, sclr => sclr, d => ¢, ¢ => ma);

end rtl;



MAEUIN F ===: Source code V84 top.vhd

( Manandye aa aelsunsu Xiline System Generator nIURRUTL U053 Madab )

- Module Name: top - Behavioral

library 1EEE;

usc IEEE.STD 1L.OGIC_1164.ALL;

use [IEEE.STD L.OGIC ARITH.ALL;

use IEEE.STD LOGIC UNSIGNED.ALL;

---- Uncomment the following library declaration if instantic.ing
---- any Xilinx primitives in this code.

--ltbrary UNISIM,

--use UNISIM VComponrents.all;

entity top is
port(

data :in std_logic vector ( 7 downto 0);
clk_in:instd logic; -- 100 Mhz
rst:instd logic;
hs :in std_logic;
vs :in std_logic;
R :outstd logic vector {7 downto Q);
G :out std logic vector (7 downto 0);
B :outstd logic veetor (7 downto 0);
vsyn_out : out std_logic;
hsyn _out : out std_Togic;
ctk_out: out std logie;

synch : out std logic;



blank_z : out std_logic
);

cnd top;
architecture Behavioral of top is

signal data_ip : std logic_vector{7 downto 0);

signal data_iy : std_logic_vector(7 downto 0);

signal data_icr : std logic_vector(7 downto 0);
signal data_icb : std logic vector(7 downto 0);
signal hs i:std logic;

signal ce : std_logic:="1";

signal PIX_EN inl: std logic =="1";

signal sclr : std logic :='0’;

signal clk signal_1: std_logic;

signal clk_signal 2:std logic;

signal clk_dcm : std_logic;

signal ¢tk : std logic;

component dem clock

port { CLKIN IN - std logic;
RST IN sin std logic;
CLKDV OUT  :out std logic;
CLKFX OUT  :out std logic:
CLKIN IBUFG OUT :out std logic;
CLKO OUT cout std logic;
LOCKED OUT  :out std logiwc);

end component;



component counter_hs
Port (hs :in STD LOGIC;
clk - in STD_LOGIC;
data_inp :in std_logic vector{7 downto 0);

data_oy : out std logic vector(7 downto 0);
data_ccr: out std_logic vector(7 downto 0);
data_och : out std_logic_vector(7 downto 0)
);

end component;

component Xil YCrCb2RGB
generic (
FAMILY HAS MAC: integer:= 1;

FABRIC ADDS :integer:=1; -- Adders are implemented using logic fabric based adders

IWIDTH : integer:~ §;

CWIDTH s integer:= 13; -- Coefficients are signed, CWIDTH.CWIDTH-2 format
MWIDTH : integer:= 23; -- ONLY FOR NON-V4: Controls bits witheld after mulls.
OWIDTH s integer:= §; -- OTHERWISE {(default) INIDTH+CWIDTH+ 1,

RGBMAX integer:= 255;

RGBMIN s integer:= 0;

ACOEY sintegen= 2872; --  1.4023 *pow2(CWIDTFI-2)
BCOEF : nteger:=- -1461; - L7133 *pow2(CWIDTH-2)
CCOEF s integer:= -703: -~ -0.3434 *pow2(CWIDTH-2)
DBCOTLF s intcger:= 3630; -~ 1.7724 *pow2(CWIDTH-2)
ROFFSET ;integer: -366592: -- Should be MWIDTI bits wide

GOFFSET Tinteger:- 278016;
BOFEFSET T integer:= -463616;
HAS CLIP  :integer= 1;

HAS CLAMP :integer:= 1);

port (



Cr
Cb

R

G

B

:in std_logic vector(IWIDTH-1 downto 0); - Y =a(R-G) + G + b(B-G)
instd_logic vector(IWIDTH-1 downto 0); - Cr=d(R-Y)
sinstd_logic vector(IWIDTH-1 downto 0); -- Ch = ¢(B-Y)

:out std_logic vector(fOWIDTH-1 downto 0);
- out std logie vector(OWIDTH-1 downto 0);

:outstd logic vector(OWIDTH-1 downto 0);

V _SYNC in :instd logic:="0";

H SYNC in  :instd logic:="0;

>

PIX_EN in :instd_logic :=='1";

V_SYNC out ;outstd logic;

H SYNC out :owutstd logic;

PIX EN out :outstd logic;

clk

Ccc

scly

:instd Jogic;
-in std_logic :="1";

e O

21n std logic =07,

end componcnt;

begin

u2: dem_clock

port map{ CLKIN IN == clk in,

RST IN =2 rst,

CLKDV OUT =>open,
CLKFX OUT =>clk,-- 108 Mhz
CLKIN IBUFG OUT => open,
CLKO0 OUT => open,

LOCKED OUT =>open );

clk_divl : process(clk,rst)-- 54 Mhz

begin



if(rst="1")then
clk_signal 1 <=0,
elsif(rising_edge(clk)}then
clk_signal I <= notelk signal I;
end if;

cnd process;

elk_div2 : process(clk signal 1,rst)-- 27 Mhz
begin
if{rst="1"then
clk signal 2 <="'0"
elsif{rising_edge(clk_signal 1)Yihen
clk signal 2 <=notclk signal 2:
end 1f;

end process;

ctk_dem <= clk_signal_2:-- 27 clk_dem = 27 Mhz

data 1p <= data;
uQ : counter_hs
port rhap( clk == clk_dcm,

data_inp => data_ip,
data_oy => data_iy,
data ocr => data icr,
data_ocb > data icb.,
hs => hs
);

ul:Xil_YCrCb2RGB

port map(

Y =>data iy,



Cr => data_icr,

Cb =>data icb,

R =>R,
G =>G,
B -1,

V_SYNC in=>vg,
H SYNC in =>hs,
I ENin =>PIX 17 in}
V. SYNC out =>open,
H SYNC out =>opuen.
o BN owt i
=>clk dene,
ce =>ce,
sclr —>sclr );

clk out <= clk_dein

poocens (elk in)
begin

i (rst="Ti
synch <
blank 7

clse
synch - 1"
blank 2 <="1";

cnd 1f;

o1l process;

vivn ouf <= vs;
hsyn out <= hs;

cnd Bchavioral;
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Table 55. HS Timing Parameters (see Figure 20)
Characteristic

HS Begin Adjust HS to Active Video Active Video Total LLC1

(HSB[10:0]} HS End Adjust (LLC1 Clock Cycles) Samples/Line Clock Cycles
Standard {Defauit) {HSEI10:0}} {Default) | {Cin Figure 20) (Dafault) | (D inFigure 20) (Ein Figure 20}
NTSC 0000000001 0b 00006000000 272 720% + 720C = 1440 1716
NTSC Squate Pixed 0000000001 6b 00000000000b 276 640Y + 640C = 1280 1560
PAL 0000000001 0b | 0000CC0000C0D0 284 720Y + 7200 = 1440 1728
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VDEC1 Reference Manual

AS, Digilent, inc.
wwwdia@lentinceom

VDEC1 board is attached to a system bourd,
and the system board is driving as outputs the
same signais the VDEG1 is driving, damage to
the VDEC1 and system board will result.

Before altaching the VDEGC1 to a system
board, ensure that any power-on auto-
loaded configuration drives the Hirose pins
correctly. Otherwise, ensure the system
board powers on in a reset mode, not
driving the Hirose pins as outputs.

Once the VOEC board is attached to a
system board, the ADV7183B chip must be
programmed (via its 1°C® compatible port) for a
spetific operating mode before output video
data is available. Please refer to the
ADV7138B data sheat for information on
programming various operation modes.

After an operating mode has been selected, a
video source can be attached to the
appropriate video input connector, and ouput
digital video data will be available.

Hirose Connector Pinout

The VOEC1 contains a 100-pin Hirose FX2
socket connector that mates with a
corresponding Hirose plug connector on a
system board. Pin1 of the socket connector
attaches to pint of the plug connector. Thus, to
generate a pin connecticn list for a given
system board, the signai definitions in the
following table can be directly mapped to the
signal definitions on the system board (e.g.,
the signal name on VDEC1 pin5 maps directly
to the signal on the system board pinS).

Signal

Shield

o -

GND ~

NG

NC

...GND

GND

GND

jja‘mwﬂiwmhw

Copyright Digitent, inc. Page 212
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& XILNX®
| Chapter 1

XUP Virtex-1I Pro Development System

Features

s Virtex™-4 Pro FPGA with PowerPC™ 406 cores

+ LUpto2 GB of Double Data Rate (DDR) SDRAM

s System ACE™ controller and Type I CompactFlash™ comnector for FPGA
configuration awl data storage

+  Embedded Matform Cabie USE configuration port

e High speed SelectMAP FPGA configuration from Flatfor m Flash In-System
Programmable Configuration PROM

s Support for “Golden” and "User” FPGA configuration bitstreams

v Onboard 10/100 Ethernet P1Y device

= Silicon Serial Number for unigque board identification

e R5-232 DBY serial port

* Tiwo P52 serial ports

s Four LEDs connected to Virtex-Ii Pro 1/C} ping

s Four switches corarected to Virtex-1 Pro 1I/0 pins

» Five push buttens connected o Virtex-{l Pro 1/O pins

+  Six expansion connectors joined to 80 Virie Il Pro 1/ QO pins with over-voltage
protection

+  High-gpeed expansion connector joined to 40 Victex-TI Pro 1/Q pins that can be used
differentially or single ended

»  ACHT audio CODEC with audio ampliier and speaker/ headphone output and line
level output

+  Microphone and line level audio inpat

s On-board XSGA output, up to 1200 x 1600 at 70 Hz refresh

s Three Serial ATA ports, two Host ports and one Target port

+ Off board expansion MGT link, with user supplied clock

o 100211z system clock, 75 MHz SATA clock

= Provision for user supplied cluck

+  Onboard power supplics

+ Power onreset circuitry

»  PowerPC 405 reset circuitry

XUP Virtex-# Pro Development System WWW. Xilinx. comn 13

UGOS9 (v1.0) March 8, 2005



b 3.1 & Chapter 1: XUP Virtex-ll Pro Development Syste.

General Description

The XU Virtex-1i Pro Development System provides an advanced hardware platform the:
consists of a high performance Virtex-II Pro Platform FPGA surrounded by a
comprehensive collection of peripheral components that can be used to create a comples
system and to demonstrate the capability of the Virtex-1I Pro Platform FPGA.

Bilock Diagram

Figure 1-1 shows a block diagram of the XUP Virtex-ll Pro Development System.

..;.;‘_;_,. ACYT auho CODEC & Steren amp
e rsat Powsr Supplies —er—tg KSGA VISR OUtpul
A58 ] ::: i ] U LD (4) |
e . [ User smicres (9 1

a--—d Uisar Puists tastton Suntches (5) 3

[Py Detag Post o fVidex-ll Pro 10106 Ethermes PHY
FPGA BS-20 & PSI2 Purls (2
100 Wiz Systern Clock s
75MH2 SATA Clotk fr—v] Senia ATA Puibs () |
Usar Glocks (2} be——-a{ JAus-Ciganh Tiansceteo Pt |
[Pratorm Frach Gentavatons 1 1 el 708 DDF SUMAM G0 Modts |
Compact Flash Conguralions {8} el -——4{ SV Tohs atd Expansion Headers
USB2 High Spees Contgurson —e] Py Spoed Expansion Pl

S )

Figure 1-1:  XUP Virlex-ii Pro Development System Block Diagram

Board Components

This section contains a concise overview of several important components on the XUT
Virtex-11 Pro Develop nent System {see Fignre 1-2). The most recent documentation for
system can be obtained from the XUP Virtex-H Pro Development System support webs:
at hitp:/ Swwwodlind.com/univ /xup2vp.html

14 www, xilinx.com XUP Virtex-ll Pro Development Syst.
UQO6E (v1.0) March 8, 2¢
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—

eivers

sht Mult-Gigabit Transceivers (MGTs) that are present in the Virtex-11 Pro
ught out to connectors and canbe utilized by the user. Three of the

VGT channels are terminated at Serial Advanced Technology Attachmert
ctots and the fourth channel terminates at user-supplied Sub-Miniature A
tors. The MGT transceivers are equipped with a 75 MHz clock sonece that is
‘ot the system clock to support standard SATA communication. An

3T clock source 13 available through a differential user-supplied (SMA}

r Two of the ports with SATA connectors are configured as Host ports and
A port is configured as a Target port to atlow for simple beard-to-board

ex-II Pre Development System has provision for the installation of user-
EC standard 184-pin dual in-line Double Data Rate Synchronous Dynamic
y module. The board supports buffered and unbuffered memory modules
ty of 2 GB or less in either 64-bit or 72-bit organizations. The 72-bit

should be used if ECC error detection and correction is meuired.

act Flash Controller

dvanced Configiration Environment (System ACE™) Comtroller manages
wation data. The controller provides an intelligent interface between an
‘hain and varicus supported configuration sources, The comtroller has several
mpact Flash port, the Configuration JIAG port, the Microprocessor (MPU}
Test TTAG port. The XUP Virtex-11 Pro Development System supports a single
Zontroller. The Configuration JTAG ports connect to the FPGA and from
anectors. The Test [TAG port connects to the JTAG port header and USB2

.1, and the MPU ports connect directly to the FPGA.

‘ace

2% I Pro Development System provides an IEEE compliant Fast Ethernet
at supperts both T00BASE-TX and 10BASE-T applications. Tt supports full
tion at 10 Mb/< and 100 Mb/s, with auto negotiation and parallel detection.
vides a Media Independent Interface (M1 for attachment te the 10/ 100

< Controlier IMAC) implemented inthe FPGA Bach board ts equipped witha
Number that uniquely identifies each board with a 48-bit serial number. This
ris retrieved using “{-Wire” protocol. This serial numnber can be used as the
attdress.

ox 1 Pro Development System provides three seriad ports: a singlfe RS 732
-1S/2 ports, The RS-232 port is contigured as a DCE with hardware

sing a standard DB-9 serial connector. This connector is typically used oy
-ons with a host computer using a standard 9-pin serial cable connected to a
e two PS/2 ports could be used to attach a kevboard and mouse to the XUP
Development Sysiem. All of the serial ports are equipped with levelshifting
use the Virtex-1I Pro FPGAs cannot interface directly to the voltage levels
15232 0r PS/2.

1 WWW.XIHNX. COM 17



&xaunx- Chapter 1: XUP Vintex-li Pro Development System

User LEDs, Switches, and Push Buttons

A total of four LEDs are provided for user-defuied purposes. When the FPGA drives a
logic 0, the cotresponding LED turns on. A single four-position DIP switch and five push
buttons are provided for user input. If the DIP switch is up, closed, or on, or the push button
in pressed, a logic 0 is seen by the FPGA, otherwise a logic 1 i= indicated.

Expansion Connectors

A total of 80 Virtex 11 Pro 170 pins are brought aut to four nsersupplied 60-pin headers
and two 40-pin right angle connectors for user-defined use. The 60-pin headers are
designed to accept ribbon-cable connectors, with every second signal a ground for signal
integrity. Some of these signals are shared with the front-mounted right-angle connectors,
The tront-mountad connectars support Digilent expansion modules. tn addition, a high-
specd copnectot is provided to suppaort Digilent high speed expansion modules. This
connector provides 40 single-ended or differential /O signals in addition to three clocks.
Consuit the Digilent website at www.diglentinc.com for a list of expansion boards that are
compatibje with the XUP Virtex-JT Pro Development System.

XSGA Output

The XUP Virtex-1I Pro Development System includes a video DAC and 15-pin high-
density D-sub connector to support XSCA output. The video DAC can operate witha pixel
cock of up to 180 M. This allows for a VESA-compatible output 0f 1280 x 1024 at 75 Hz,
refresh and a maximusix: resolution of 1600 x 1200 at 70 Hz refresh.

ACS7 Audio CODEC

Anaudic CODEC and stereo power amplifier are inchuded on the XUP Virtex-ii Pro
Development System to provide a high-quality audio path and provide all of the analog
fusctionality ina PC audio system. Tt features a full duplex stereo ADC ared DAC, with an
analog mixer, combining the line-lovel inputs, microphone input, and PCM data,

CPU Trace and Debug Port

Tie FPGA is equipped with a CPU debugging interface and a 16-pin header This
connector can be used n copjunction with third party tools, the Xilinx Parallel Cable IV, or
the Xalinx Platforim Cable USB to debug software as it rins on either PowerPC 405
PIOCRRROT COTR,

Chipteope Pro™ can also be used to perform real-time debug and verification of the FPGA
design. ChipScope Pro inserts logic analyzer, bus analyzer, and Virtual 1/ O low-profile
software cores into the FPGA design. These cores allow the designer to view all the internal
signals and nodes within the FPGA including the Processor Local Bus {PLB) or On Chip
Teripheral Bus {OPB) supporting, the TowerPUC 405 cores. Signals are captured and brought
out through the embedded Platiorm Cable USB programming intertace {or analysis using
the ChipScope Pro Logic Amalyzer tool.

USB 2 Programming interface

The XUP Virtex-Tl Prc Developnient Systen includes an embedded USB 2.0
microvontroller capabie of conimunications with either high-speed (480 Mb /s or full
speed (12 Mb/s) S hests. This interlace is used for programmving, o confignring the
Virtex 11 Pro FPGA in Boundary-Scan (IEEE 11 :9.1/1EEE 1532} mode. Target clock speeds
are selectable from 750 kiiz to 24 M¥z The USB 2.0 microconttoller attaches to a desktop
or laptop PC with an off-theshelf high-speed A-B USB cable.

13 WWw.Xilinx. com XUP Virntex-il Pro Davelopment System
UG069 (v1.0) March 8, 2005
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