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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 Year 2007

Abstract

The thesis, We-present to-appy a ‘knowledge base -about a microcontroller chip for a
sceurity technology. To improve are monitoning and contrel system through a computer network
via our programming on FPGA. This  'method, we . can receiving a video data and sending
command to control a camcra from a-long distance anywhere, Such as control both vertical and
horizontal angle. Summanzed, We will get.a goof performance camera that easy to controlling.

That 1s most importance for security job.
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2.1.1 CCD (Charge Coupled Device)
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MANYIN B ===: Source code V89 decm_clock.vhdi

( Digital Clock Management (DCM) a3 19a Q1 IWnINR 1148 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 =099 ns

library icec;

use icee.std logic V164.ALL;
use icee.numeric_std.ALLS
library UNISIM;

usc UNISIM:Vcomponents.ALL;

entity dem_clock:is

port ( CLKIN IN in “sid legic;
RST IN i std logic;
CLKDV _OUT . out_sid logic;
CLKFX OUT - out.std-logic:
CLKIN IBUFG OUT :out std logic;
CLKO OUT sout std logic;
LOCKED OUT  :out std logic);

cnd dem_clock;

architecture BEHAVIORAL of dem _clock is
signal CLKDV BUF  :std logic;
signal CLKFB _IN :std logic;



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

signal GND_BIT : std_logic;

begin
GND_BIT <='0;
CLKIN IBUFG OUT <= CLKIN-IBUFG:
CLKO OUT <= CLKFB_IN;
CLKDV BUFG INST : BUEG
port map{1=>CLKDV -BUF,

O=>CLKDV OUTY;

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

O=>CLKEX OUT);

CLKIN IBUFG INST:IBUFG
port map (I=>CLKIN IN,

O=>CLKIN_IBUFG);

CLKO _BUFG_INST : BUFG
port map {{=>CLK0O BUF,

O=>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=>0pen,
CLKO->CLK0 BUF,

CLK2X=>open;
CLK2X180=>0pen,
CLLK90=>0pcn,
CLK180=>0pen,
CLK270=>0pen,
LOCKED=>LOCKED OUT,
PSDONE=>open,
STATUS=>open);

end BEHAVIORAL;



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

-~ Module Name: counter_hs - Behavioral

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD _LOGIC_ARYTH:ALL;

use IEEE.STD LOGIC UNSIGNED.ALL;

---- Uncomment the following library declaration y"iﬁstantiafing
---- any Xilinx primitives inthis.code.
--library UNISIM,

--use UNISIM. VComponents.all;

cntity counter _hs is
Port{ hs . in STD LOGIC;
clk 1in STD LOGIC;
data_inp :in std logic vector(7 downto 0);

data ‘oy : out std_logic_ vector(7-downto 0);
data ocr : outstd_logic vector(7 downto 0);
data_ocbuoutstd_logic vector 7 downto 0)
);

end counter_hs;
architccture Behavioral of counter_hs is
signal ¢t : mteger range 010 1726:= 0; - clock cycle I 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 t0 3 ;

signal ¢t 1+ integer range O to 1726

begin
rst <= not hs ;
process (clk) ~loop 1 frame = 1728 clock eyele
begin
if {rst="1"then
ct <=1,
elsif (rising edge(clk ))then
if(ct. = 1726).then
ct <=0;
else
ct<=¢ct+ 1
endif;
end if;
cnd process;

ct 1 <=ct;

process (clk) -- select range data clock cyele at 282-1722
begin
if {rst="1")then
mg data <='0';
elsif (falling_edge(clk))then

case ct is



when 282 =>

rmg_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 ronfix

begin
if (rst =1 then
data, int <= "00000000";
clsif (falling cdge(clk))then
if{st en = 1"7then
dataint <= data_inp;
clse
data_int <="00000000™";
end if;
end ift

¢nd process;

process {cik)
begin
if (ct_1 = 282) then
sel_data <= 0
clsif (rising_edge(clk))then

if (sel data = 3)then



sel data <=(;
else
sel data <=sel data+ 1;
end if;
end if;

end process;

process (clk)

cnd Behavioral;

&z A ¥ o Ly £ =~ =2 & 1 ¥ o ¥ ¢ Y 1%
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MAKNUIN D ===: Source code Y94 Xil YCrCb2RGB.vhd

(Line Filed Detector d13tlas deyqrae ¥Crch 1ilu RGB)

__ koo sk ok e ok ok e ok ok ok ke kool o e sk ok ok ok ok e ok ok ok ok o ok ok ok o ok ok ok ok ke ok e ok ke ke ok ok sk ke sk ok sk bk ko sk ko sk ok ke ke ke ok

- *007* YCrCb2RGB Macro from imagexiib

-- Description: Color Space Converter (YCrChb to RGB)

>k o ok sie ok o ok ko ok 3 sk sk ok ok ok K 3k sk sk ok 2R s R sk ke sl s o ok ok s ok e Sk s ok R R ok R R Sk ok ok b skoke ok sk ok sk ok o ok sk ke sk

--LIBRARY genxlib;

--USE genxlib.genxlib utils ALL;
--LIBRARY mathxlib;

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

--USE imagexlib.imagexlib utils ALL;

library icec;
use icce.std-logic 1164.all;
use icec.std logic arith.alk

use icee.std . logic signed.all;

LIBRARY work;

USE work.color_spaee pkg.all;

L.IBRARY work;

USE work.genxlib_ulils.ALL;

ek ok ok oKk ok sk ok ok ok ok sk ok ok o e e ok sk ke ok ok ok ok 2K o sk e o o e ok ke sk g ok e o o sk ok ke sk ke ok o s sk ok ok ol S ok sk sk o ke ok ok ok sk ok ok
-- *P9* YCrCh2RGB Macro

-- Description: Color Space Converter (RGB 1o YCrCh)

-- Generalized conversion:

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



&

— G = (Y- Yoffset) + BCoeff * (Cr- 0.3} + CCoeff’ * (Cb - 0.3)
-- B =(Y- Yoffset) + DCoeff' * (Ch - 0.5)

- R=Y+ ACocff’ * Cr - Roffset

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

- B=Y+ DCoeff *Ch - Boffset

-- In grder to complement RGB2YCr(Cb:

-~ ACoeff' = 1/CCOEFF

-- BCoeff' = ACOEFF/CCOEFF * (I-ACOEFF-BCQLFF)

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

- DCoeff' = I/DCOEFF

- Roffset = Yoffset +Acoeff’* Coffset

— Goffset = Yoffset + (Bcoeff* + Ceoeff’) * Coffset

-- Boffset = Yoffset + Deoeff’ * Coffset

--ITU 601 (SDTY) standard:

- If RGB data is between O and 255

— R=Y +140252 *(Cr-0.5)

- G =Y -024642*(Cr-0.5)- 011840 * (Ch - 0.5)

—- B=Y '+ 177305 *(Cb~0.5)

-- In order o bettermatch the RGB2YCHCramoduile:

~ For R: ACocff"= ({/CCOEF} value 2048/1460 iy approximated instead of 1.40252

- For B: DCoeff’ = (I/DCOEF) value 2648/1155 is upproximated 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 :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 sinteger:= 255;

RGBMIN s integer:= 0;

ACOEF : integer:= 2872; -~ 14023 *pow2(CWIDTH-2)
BCOEF : integer:==-1461; == -0.7133 *pow2(CWIDTH-2)
CCOEF : 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 o :integeni=1;

HAS CLAMP :integer= 1);

port (
Y “in std” logic. vector{l WIDTH-1 downto 0); /- — Y =afR-G) + G + b(B-G)
Cr Jin std logic; vector(IWIDTH-1 downto/Q); - Cr = d(R-Y)
Cb ; instd _logic veetor(IWIDTH-1. downto 0); -~ Cb = e(B-Y)
R : outstd logic vector{ OWIDTH-1 downto 0);
G -out std_logic’ vector(OWIDTH-1 downto 0);
B Joutstdilogic vecter(OWIDTH-1. downto 0);

V_SYNC i . :instdvlogic =0
HOSYNC in munstd Jogicn= "0,
PIX EN in  :instd logic='l"
V _SYNC out :outstd logic;

H SYNC out :outstd logic;

PIX_EN_out :outstd logic;

clk :in std_logic;
ce s std logie = '17;
sclr 2 std_Jogic = '0');

end Xil YCrCb2RGB;



architecture rtl 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) ;=
cony_std-legic vector{ ACOEF, CWIDTH);
--  ACOEF SRL ACOEFF RANGE, CWIDTH); -- ACOEFF constant is normalized
constant BCOEFvec  : std-logic_vector{CWIDTH=1 dewnto 0) =
conv_std_logic ~vector(BCOEE, CWIDTH);
- BCOEF SRIL BCOEFF-RANGE, CWIDTH), «- BCOFEFF constant is normalized
constant CCOEFvec s std logic vectorl CWIDTH-1 downto 0) :=
conv-std logic vectol CCOEF,CWIDTH);
constant DCOEFvec - std logic) vecton( CWIDTH-1 downto 0) =
conv std, logic-vector(DCOEF,CWIDTH);
constant Goffsctvee  std logic) vectord MWIDTH-1 downto 0) .=
conv_std logic, vectol GOFFSET MWIDTH);
constant Roffsetvee,  : std logic vectorl MWIDTH-1downto 0) :=
conv,std Togic vectorlROFESET MWIDTH);
constant Boffsetvec. - std logic vector{ MWIDTH-1 downto 0)—
cony std_logic-vector{ BOFFSET MWIDTH):
constant MAXvec cstd logic vector(OWIDTH+1 downto 0) ==
conv_std_logic vectofRGBMAX, OWIDTH+2);
constant MINvee sstd logic vectorfOWIDTH+1 downto ) =

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



bed

-- Low level constants
constant logic0 - std_logic :="0";

constant fogicl :std_logic :="1";

-~ signal declarations
signal Cr_delay :std_logic vector(IWIDTH downto {y;
signal Cb_delay s std_logic vector(IWIDTH downto 0);
signal Cb_unsign : std_logic vector(TWIDTH-downto 0);
signal Y delay »atd dogic_vector(IWIDTH-1 downto:Q);
signal Y padded : stdilogicdvector(OWIQéFH downte 0);
signal Acoef by Cr: stdAlogicgvcctor(IWIbTIHCWIDTH dowrto 0);
signal Beoef by Cr std-logic vector(AWIDTH+CWIDTH downto 0);
signal Ccoef by Cb_| :std Jogic vectorlIWIDTH+CWIDTH downto 0);
signal Deoef by Cb - std logic vector(IWIDTH+COWIDTH downto 0);
signal' Acoef by Cr md :std Togic vectorMWIDTH downto 0);
signal Beoel by Cr_md-std logic vectorMWIDTH downto 0);
signal Ccoef by Cb rd :std logic vector MWIDTH downto 0);

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

signal G int > std logic vector{ OWIDTHA1 downto 0);
signal B int * std. logic  vector{fOWIDTH+1 downto 0);
signal R int wstd dogic vectorfOWIDTH+1 downto 0);

signal G postmax sstd-logic vectorlOWIDTH+1 downto O);
signal B postimax std logic vectortOWIDTH+ 1 downto 0);
signal R_postmax :std_logic_vectorlfOWIDTH+1 downto Q);
signal G postmin std logic_vectortOWIDTH+1 downto 0);
signal B postmin std_logic_vectorfOWIDTH+1 downto Q);
signal R postrmin :std logic vector(OWIDTH+1 downto Q)
signal sync_in :std_logic vector(2 downto 0);

signal sync_out :std_logic vector(2 downto 0);



-- Generate the oulput 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,
delay 2>’ MODULE LATENCY')

port map (
clk =>‘clk,
d  =>SYNC_in;

q  =>SYNC_out,

ce | =>¢e);

PIX EN out <= SYNC out(2);
V_SYNC out <= SYNE out(1);

H SYNC_ out <= SYNC ‘out{);

del Cr: entity work.delay(etl) -- Delay Cr, so Acoef by Cr arrives in sync
generic map ( -- with Ccoef by Ch to the adder/rounder
width ==> TWIDTH,
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 Cbh arrives in sync
generic map ( -- with B_int and G_int are in sync.

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

ce =2 ce);

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

Cb_unsign(IWIDTHy<=20'; -= Making sure that Ch and Crsignals are
Cb delay{IWIDTH) <= '0% - interpreted as unsigned
Cr delay(IWIDTH) <='0'; Ca thé muilipliers

sp3 vZ v2p: if (FAMILY HAS MAC=0) generate
mult_aCr:entity ‘workamult(rtl} - ACOEFF ¥Cr
generic map (
I»WIDTHA => [WITYTH+1,
IWIDTHB => CWIDTH)

port map (
clk  =>clk.
¢ =>ce,

schr => sclr,
a  =>C(Cr_delay,
b => ACOEFvec,

p  =>Acoef by Cr);



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

IWIDTHB => CWIDTH)

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

sclr => sclr,
a =>Cr_delay,
b => BCOEFvec,
p == Bcoef by Cr);
mult_cCh: entity workimult(rt]) S CCOEFF *Ch
genenc map (
IWIDTHA =>1TWIDTH+1,

IWIDTHB => CWIDTH)

port map.{
clk | =>clk,
ce | =>¢e,

sclr => sclr,
a  =>{bounsign,
b == CCOEFvec,
p > Ccoef by Ch)
mult dCh: entity work mult(rtl) —~DCOEFF *Cbh
generic map (
IWIDTHA - > IWIDTH* 1,

IWIDTHB :-> CWIDTH)

port map {
clk  =>clk,
ce T>ce,

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  7Acocl by CH{IWIDTH+CWIDTH-l'downto I'WIDTH+CWIDTH-MWIDTH),
b | =>Roffsetvee,
s == Acoef by Cr rnd,
¢ in =>logic0,
clk == clk,
ce | =>ce,

sclr == selr);

-- Adding and Rounding.of Ccoef by_Cr.and Beoef by Cb_rnd using one adder
round bCr: entitywosk.radd sub sclr(rti)
generic map (
width => MWIDTH,
add => true,
fabric=> 1)
port map (
a  => Beoef by CrIWIDTHHCWIDTH-1 downte IWIDTH+ CWIDTH-MWIDTH),
b > Ccoef by Cb mdMWIDTH-1 downto 0),
s = Bcoef by Cr md,

¢ _in => logicO,



clk =>clk,
¢e =>ce,

sclr => sclr);

-- Rounding and offset compensating G with one adder
round cCb : entity work.radd sub_sclr{rtl) |
generic map (
width => MWIDTH,
add => true,
fabric=> 1)
port map (
a =3>Ccoef by CbIWIDTH+CWIDTH-I downte TWIDTH+CWIDTH-MWIDTH),
b | =>Goffsetvec,
s =>Ccoef by Cb-rd,
¢ in => logicO,
clk == clk;
ce | == cel

sehr =2 seln);

-- Rounding and offset compensating Gwith one-adder
round dCb : entity.work radd sub_scl(rtl)

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

port map (
a —> Dcoef by CbIWIDTH+CWIDTH-1 downto IWIDTH+CWIDTH-MWIDTH),
b  => Boffsetvec,
s =>Dcoef by b md,

c_in =>logicl),



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

cnd generate;

v4: if (FAMILY HAS MAC = I} gencrate
mult_aCr: entity work.mac(rtl)
generic map (
IWIDTHA =>IWIDTH+1,
IWIDTHB =>CWIDTH,
OWIDTH  => MWIDTH,
ROUND MODE=+0,

HAS/ C==>1)

-- DSP48 based implementation
-~ ACOEFF * Cr + Roffsetvec

==affset contains rounding const

port map{
clk =>¢lk,
ce =>\Ce;
sclr. > sclr,
a =>Cr_delay;
b => ACOEFvec,
c > Roffsetvec,
p => Acocf by Cromd(MWIDTH downto 1)),

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

—Acoef by Cr_md(IWIDTH+CWIDTH)y<=A¢0ef by Cr rad(IWIDTH ' CWIDTH-]);

mult BCr: entity work.mac(rt}) -- BCOEFF * Cr + CCOEFF * Ch + 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,
r; => Ccoef_by_Cb md(MWIDTH downto 1),
p => Beoef by Cr md(MWIDTH downto-1});

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

—-Beoef by Cr rd({WIDTHYCWIDTH) <= Beodf by C: rnd(IWIDTHY*CWIDTH-1);

mult_¢Ch: entity work.mae(ril) - CCOEFF *Cb + Goffseivec
generic-map ( “= loffser contains rounding const
IWIDTHA == IWIDTH+1,
IWIDTHB ' => CWIDTH,
OWIDTH => MWIDTH,
ROUND MODE=>0,

HAS C . == 1)
port map (
clk > clk,
ce —> ¢,
sclr => sclr,
a => Cb _unsign.,
b => CCOEFvece,
c == (Goffsetvec,
P => Ccoef 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 _Cb_rnd(IWIDTH+CWIDTH-1);



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

generic map { -- offset contains rounding const

IWIDTHA => IWIDTH+I,

IWIDTHB =>CWIDTH,

CWIDTH => MWIDTH,

ROUND_MODE=> 0,

HAS C =>1)
port map (
clk => clk,
ce => ce,
sclr =>sclr,
a =>(Cb_declay,
b => DCOEFvec,
c => Boffsetvec,

p

=> Dcoef by Cb md(MWIDTH downto 1));

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

—Dcvef by Ch_rnd(IWIDTHCWILTH) <= Deoef by Ch_ tnd{(TRIDTH+CWIDTH-1);

Acoef by, Cr_rnd(MWIDTH) <= Acoef by Cromd(MWIDTH-1);
Beoef by \Cr_rnd(MWIDTH) <= 'Beoef by Crornd(MWIDTH-1);
Ceaef by Chand(MWIDTH) <= Ccoef by Chb rnd(MWIDTH-1);
Deoef by Cb_rmd(MWIDTH) <= Dcoef by Cb rnd(MWIDTH-1):

Acoef by Cr md(0) <= '0;

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

Ccoef by Cb md(0) <=0,

Dcocf by Cb md{0) <='0";

cnd generate;



-- Add Y component

del Y : entity work.delay(rtl} -- Delay matching: y is delayed so it can be combined with
rounded signals
generic map (
width => IWIDTH,
delay => 4) -- +FAMILY _HAS MAC -- ADD DELAY(FAMILY HAS MAC,
FABRIC ADDS)+MULT DELAY(FAMILY_ HAS-MAC)
port map {
ctk == clk,
d =Y,
q -7y delay,
ce | =>cek
connect Y+ if (IWIDTH=0WIDTH) generate
Y padded(IWIDTH-1 downto 0) <= y_delay;
cnd generate;
padd Y: if(OWIDTH<QWIDTH) gencrate
Y padded(OWIDTH:1 downto OWIDTH-IWIDTH) <= y dclay;
Y padded(OWIDTH-IWIDTH-1 downto G} <= (others => '0'),
end generate;
truncate Y: if (IWIDTH>QWIDTH) generate
Y padded(OWIDTH-T"downto 0) <=y ‘delay(IWIDTH-1 downto IWIDTH-OWIDTH);
cnd generatce;

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

add R :entity work.radd sub scir(rtl)
genere map {
width  => OWIDTHHI,
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 => sel);

add_G: entity work.radd sub, scir(rth)
generic map (
width _=> OQWIDTHH],
add =>{rue,
a_ signed =>true,
b signed => false,
delay . => 2-EABRIC ADDS,
fabric  => FABRIC-ADDS)
port map (
clk => clk,
a > Beoef by Cr rad(MWIDTH=2-downto MWIDTH-OWIDTH-2),
b =>Y padded.
s = Gont,
¢ in => logicO,
ce = ce,

sclr == sclr);

add B : entity work.radd_sub_sclr(rtl)



generic map (

width  =>OWIDTH+1,

add => true,

a signed => true,

b;si gned => false,

delay =>2-FABRIC ADDS,

fabric => FABRIC ADDS)
port map (

ctk =>clk,

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

b =>Y padded,

s =B int,

c_in =>Tlogic0,

ce =>cc,

sclr ==sclr);

-- clipping and clamping of R.G.B

clip: if (HAS CLIP=1) generate
max R : entity workemax_sat(rt) -=Add the logic to catch overflow saturation (max)
generic map (width => OWIDTH+2)
port map (
a >R it
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,
ctkk =>clk,
ce =>ce,
sclr => sclr);
max B entity work.max _sat{rt) -- Add the'logic to catch overflow saturation (max)
generic map {width=>OWIDTH+2)
port map (
a —>B/int,
max 7> MAXvec,
ma | => B postmax.
ctk —>clk,
ce =>ce,
sclr => selr);
end generale;
no_clip:if (HAS CLIP/=1) generate
R postmax <=Rint;
G postmax. <= G nt;
B postmax <= B_mt;
cnd generate;
clamp: if (HAS CLAMP=1) gencrate
min_R : entity work.min_sat(ril) - 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 => selr);
min_G : entity work.min_sat(rtl) -- Add the logic to catch underflow saturation (min)
generic map (width => OWIDTH+2)
port map (
a =>G_postmax,
min => MINvec,
ma => G _postmin,
clk =>clk,
ce =>ce,
scir =>sclr);
min_ B : entity work.min_sat(ril) -+ Add the logic to-catch underflow saturation {min)
generic map (width => OWIDTH+2)
port map {
a  —>1B postmax,
min => MINvec,
ma | => B (postmin,
clk => ¢lk,
ce  >ce,
selr => scle);
cnd generate;
no clamp: it (HAS CLAMPAE ) gencrate
R postmin <= R postmax;
G postmin <= G_postmax:
B postnin <= B postmax:
end gencratce;
R <~ R_postmin(OWIDTH-1 downto 0);
G <= G _postmin{OWIDTI-1 downto 0);
B <= B postmin{OWIDTH-1 downto 0);

end rtl;



MPANUIN 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 8, V, V2, V2P and V4.

LIBRARY icee;

USE teee.std logic 1164 ALL;

entity delay is

generic (
width yinteger :=16;
delay/: integer :=§;
veetor: infeger :=1);

port {
clk :instd logic:
ce instd-logic;
di  instd Jogic:='0;
gl out std logic;
d  instd logic vector{width-1 downto 0) = (others == '0%);
q :outsid logic vettor{widih-1 downto 0));

end delay;

architecture RTL. of delay is
constant zeros : std logic vector(width-1 downto @) := (others => '0');
signal d_1: std_logic_vector(width-1 downto 0);
signal g_1: std_logic_vector{width-1 downto 0);
begin

vect: if (vector=1) generate



di<=d;
q <=9

cnd generalc;

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

end generate;

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

end generate;

needs, delay: if (detay>0) gencrate
clk process: processiclk)
type delay_aray is array (detay downto 1) of sid logic_vector(width-1downto 0);
vartable-shift_register :delay  amay = (others => zeros);
begin
‘if (clk’event and clk = "1") then
if (ce'="1") then
for 1 in delay-1 downto 1 loop
shift register(i+:1):= shift register(1);
end loop:
shift register(1) = d i;
end if;
end 1f;
q 1 <= shift_register(delay);
end process;
end gencrate;

end RTL,



LIBRARY ieee;

USE ieec.std logic 1164.ALL:
DSP4S.

entity delay_sclr is

generic €
width : integer :=16;
delay : integer =1 J;

port (
clk instd logic;
cc  instd logic,
sclr 2 std-logic;
d :insd logie vector{width-1 downto 0);
g :outstd logic vector(width=1 downto 0));

cnd delay ‘sclr;

architecture RTL of detay sclras
constant zeros : std_logic_ vector(width-1 downto 0} ={others => '0');

begin

conneet: if (delay<1) gencrale
q < d,

end generate;

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 => zeros);

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 1f;

q <= shift_register(detay);
¢nd progcess;
cnd genperate;

end RTL;
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-- Module can be implemented.in DSP48

. =|=*****************************************.ﬂ:fh*
LIBRARY icec;

USE ieec.std logic 1164ALL;

usc ieee.std logic arith.all;

usc icce.std logic signed.all;

- This radd sub_sclr module will be implemented in DSP48.
entity radd sub sclr yes is
gencric (
width :integer := 16;
de]qy sinteger ;= 1; -- This parameter allows the synfhcscf to break the
-~ carry 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: boolean :=true);-- | when operand 'b' is signed
port (

clk :instd logic;

ce :instd logic;

c_in :instd logic;

a :instd logic vector(width-1 downto 0);

b :insid logic vector{width-1.dewnto 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 use dsp48: string;

attribute use dsp48 of radd sub. sclr_yesventity is "yes”;

end radd_sub_sclroyes;

architecture rtl of radd_sub sclr yess
signal ¢ - std logic_vector{width-downto O);
signal a_ext: stduogic ="0':
signal b ext: std logic= "0

begin

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

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

adder: ifadd  generate ¢ <={a_ext & a) + (b_cxt & b) + ¢_in; end generate;

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



reg : entity work.delay sclr(ril}
generic map ( width => widtht 1, delay => delay)

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

end r1l;

- This radd sub_sclr module will be implemented in fabric.
LIBRARY icee;

USE iececstd logic 1164.AL1,

use ieee.std_logic_arith.all;

use icec.std dogic signed.all;

entity radd sub sclr_nojis

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

-- carty-chain tf delay 1s>1.In DSP48s; it allows

add ' :boolean :=trug; -- registering A|B and C input por?s,
a signed: boolean :=true; -- | when operand 'a’ is signed
b signed: boolean :=truc);— 1 when operand 'b'is signed

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

sclr :insid logic);

attribute register _balancing: string;



attribute register_balancing of radd_sub_sclr_no: entity is * yes";
attribute use_dsp48: string;
attribute use dsp48 of radd_sub_sclr_no: entity is "no";

end radd_sub_sclr_no;

architecture rtl of radd_sub_scir nois
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 ext <= a(width-1); end generatc;
sgn b: if b/ signed generate b ext <= b(widih-1); ¢nd generate;
adder:ifadd™ gencrate ¢ <= (a_ext & a}+(b ext & b) + ¢ in; end generate;
subtr; if not add. generate'c <= (b_ext & b) - (a ext & a) - ¢ in; end generate;
reg : entity work.delay_scir(rtl)
genernic map ( width => width+1, delay =>delay)
port map.(-clk =>rclk, ce => ¢e, sclr=>sclr, d 5> e/ q =>5);

end rtl;

-~ This radd _sub_selr module will be'implemented ineither fabric'or DSP4S.

LIBRARY iece;
USE iece.std logic 1164.ALL:
use icec.std logic arith.all;

us¢ iceestd logic signed.all;

entity radd_sub_sclris
generic {
width : integer :=16;
dctéy tinteger == 1, -- This parameter allows the syntheser to break the

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



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

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

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

cltk :instd logic;

ce :instd logic;

¢ in :instd logic;

a :instd logic vecror(width-L.dewnto 0);

b insid logic vector(widih-1 downto 0);

s :outstd logic vector{width-downto 0);

sclr : in std logic):

end radd sub_scir;
architecture il of radd -subsclr is

begin
use dsp48if{ fabric = 0/) generate
adder ;entity work.radd sub,_ sclr yes(rt))
generic map ¢ width => width, delay => dclay, add =>7add, a_signed => a_signed, b_signed =>
b_signed )
port map { clk =>¢lk, ce =>.ce, ¢ in=>c¢ _in,a => a, b=>by s == 5, sclr => selr );

cnd gencerate;

use_fabric il fabric /=0 ) generate
adder : entity work.radd sub_sclr_no(rtf)
generic map ( width => width, delay => delay, add => add, a_signed => a signed. b signed =>
b_signed )
port map ( clk =>clk, ce =>c¢e, ¢ _in=>¢ in,a=>a, b=>b,s=>s, sclr =>sclr);
end generate;

end rtl;
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- *0003* NON-SATURATING, unbiased round macro
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library icee;

use iece.std_logic 1164.all;

use icee.std_logic arith.all;

usc icec.std_logic_signed.all;

library work;

use work.genxihib utils.max;

cntity get ‘round addendis
generie (
IWIDTH™  integen =32,
OWIDTHD : integer = 16;

has_offsct; mteger :=0;

mode | “integer := 0); - 0: biased, |- towards zero, 2: towards inf
port {
msb 1w std dogic; -- sign bit of input

offset - inistd Togie vectolQWIDTH-1 downio 0) ;= (othersi=> '0);
r add :outstd, logic vector{IWIDTH-1 downto 0);
rcy  coutstd logick

cnd get round addend;

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

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

constant ones: std_logic vector(max(IWIDTH-OWIDTH-2,0) downto 0):= (others =>"1");

-- rest of the fractional bits are 'I’



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

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

no_offset : if (has_offset = 0) generate r_add <= zeros & ones; end generatg;
hs offset : if (has_offset = 1) generate r_add <= offset & '0' & ones; end generate;

end generate;

onc_bit: it IWIDTH=OWIDTH+1 gencrate
biased ; if (MODE=0) generate 1_cy <# '0'; end gencrate;
tw_zero: if (MODE=1) generate r_ cy <= msb; cnd generate;

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

no offsct: if (has_offset = 0) generate r/ add <= zcros; end generate;
hs offset if (has_offset= 1) generate v add <= offset & '0'; end generate;

cnd gencrate;

no_md: if IWIDTH<OWIDTH1 generate
biased : 1f (MODE=0) generate r ¢y <='0'; cnd gencrate;
tw_zcro: if (MODE=1}generate r cy <= msb; end generate;

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

no_offset 2 1f (has_offset = 0) generate r_add <= zeros(IWIDTH-1 downto 0) ; end generate;
hs offset : if (has_offset = 1) gencrate r_add <= offsct(IWIDTH-1 downte 0); end generate;
cnd generate;

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

use iece.std logic 1164.all;

use icee.std logic arith.all;

usc ieee.std _logic signed.all;

entity round is

generic {
twidth : integer :=-16;
owidth /' finteger := 15,
has_offset-integer (= 0;
mode | Tinteger ;= 0; -~ 0: biased, I: towards zero, 2: towardsanf
delay. :integer = 1);

port |
a | nstd_logic vector(iwidth-1 downto 0};
offset -in std_logic vectorfQWIDTE - 1 downto Q) := (others => '0');
ra :outstd logic vectorfOWIDTH-1 downto 0);
clk :instd logic
ce i std logics
sclr :instd logic):

end round;

architecture rtl of round 1s
signal rounding_const : std_logic vector(iwidth-1 downto 0);
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(JWIDTH-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, sclr == scly,
c_m =>rounding carry, a =>a,; b’ => rounding const, s =>q);
ra <= q{iwidth-1 downto iwidth-OWIDTH);

end rtl;
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- *005* mult Macro
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library icee;

usc iecestd logie 1164.all;

usc icee.std logic arith.all;

usc ieee.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(IWIDTHA+HIWIDTHB-1 downto 0);
clk  :instd logic;
ce :instd logic;

sclr  :instd logic);
attribute register_balaneing: string;
attribute register balancing of mult: entity 1s "yes”;

attribute mult_style: string;

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

architecture ritof mult 18

signal ¢ : std logic vector( IWIDTHAHIWIDTHB-1 downty 0};

c<=a*h;
reg : entity work.delay scle(rtl)
gerieric map ( width => IWIDTHA+HIWIDTHRB, delay => delay)

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

end rti;



_ skeskokok skok sk okok ok ok o ok ok ok KR ok o ok ootk K Kok o 0K K KKK K R R KR Rk ok

-- *0006* mac Macro
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library icee;

use teee.std logic 1164.all;

use ieee.std logic_arith.all;

use tece.std logic signed.all;

entity mac is =- this module calculates p =~ round(a*b)+c
generic ( --p=Treg(reglregla) * reg(b)) + regle))
IWIDTHA  :integer=16;
IWIDTHB  : integer:={6;
OWIDTH = :integer:=16;
ROUND-MODE 7 integer= 0; - ( biased, l: towards zero, 2: towards inf

HAS C * integer:=10;

CREG : integer:=Q);

port (
a . in std dogic vector(IWIDTHA-1 downto 0);
b :instd_logic vector(IWIDTHB-1 downto 0);
< < inostd egie vectorfOWIDTH-1 downto 0);
P sout std logic wectorl OQOWIDTH-1 downto 0);
clk s std logic;
ce s std_logic;
sclr sinstd_logic);

attribute register balancing: string;
attribute register balancing of mac: entity is "yes”;
attnbute mult style: string;

attribute mulit_style of mac: entity is "pipe_block";



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

end mac;

architecture rtl of mac is

signal rounding_const : std_logic_vector(IWIDTHA+IWIDTHB-1 downto 0);
-- rounding constant (optional) combined with input ¢ (optional)

signal add_¢_md_const: std_logicovector(IWIDTHA+IWIDTHB-1 downto 0);
-~optionally registered version of rounding_const

signal rounding carry : std-logic;

signal r cy/in +std togic = 07

signal ar - std Togic vector{(IWIDTHA- I -downto 0) ;= (others => '),

signalbr  +std_logic| vector(IWIDTHR-t downto 0) := (others => '0");

signal er “std logie vector(IWIDTHA HIWIDTHB-1 'downto 0) := (others == '0');
-= registered version of rounding const

signat pr :'std-dogic vectorGWIDTHA+IWIDTHB-1 downto 0) := (ethers =>'0');

signal mac ™ : std_logic. veetor(tWIDTHAHWIDTHB-1 downto 0):= (others =>'0');

signal ones < std logic vector{ OWID H-1-downte 0) ;= (others => '1');

attribute keep hicrarchy : string;

attribute keep_hieravchy of wtl: architecture 1s "yes";

begin
yes creg: if (CREG /= 0) gencrate add ¢ md_const <= cr; end generate;

no creg : it (CREG = 0) generate add ¢ mmd const <= rounding_const: end generate;

rmd_add : entity work.get round addend(rtl)
generic map(
IWIDTH  =>IWIDTHAHIWIDTHB,

OWIDTH => OWIDTH,



has_offset =>HAS C,

mode > ROUND MODE)

port map(
msb =>r ¢y in,
offset =>c,
r add  =>rounding const,
T ey => rounding_carry),

clk_process: process(clk)
begin
if (clk'event and clk="1")then
if (scle=="1") then
ar | /<=Y{others =>'0");
br | <={others =>'0');
cr | <= (others =="0";
pr | <= (others =>'0');
r_cy im<="0}
mac . <=(others =>"0");
clsif {ce'= ") then
r cy_in <= ar{TWIDTHA-1) xor br{IWIDTHB-T);
mac <= pr -+ add.c md const + rounding carry;
pr <= ar*br;
ar <-- a;
br<=b;
cr <= rounding_const;
end if;
endif;
end process;
p <= mac(IWIDTHA+IWIDTHB-2 downto IWIDTHA+IWIDTHB-OWIDTH);,

end;
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-- simple mac Macro with C input
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library icec;

use icce.std_logic 1164.all;

use ieee.std_logic arith.all;

use ieee.std logic signed.all;

entity mac_c 1s == this module calculates mac = a*btc

generic { — p = reglreglreg(a) * reg(b)) * reg(c))
IWIDTHA /: integer:=16;
IWIDTHB : intcger:=16;

OWIDTH ' integer:=16);

port (

a .in std_logic, vector(ITWIDTHA-1 downto 0},

b - i std_logic vector(IWIDTHB-1 downto 0);

C | in std_logic vector(IWIDTHA-+HIWIDTHB-1 .downto 0);
p : oubistd logic, vector{f OWIDTH-1 downto 0);

clk :in std- logic;

ce cnstd_logic;

scir 2w std logic);

attribute register _balancing: string;

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

attribute mult style of mac_c: entity is "pipe_block™;
atiribute use dsp48: string;

attribute use_dsp48 of mac_c: cntity is "yes”™;

end mac_c;



architgcture ] of mac_cis
signalar :std logic_vector{IWIDTHA-1 downto 0) == {others =>"0');
signal br  : std logic vector(IWIDTHB-1 downto 0) := (others =>'0');
signal cr  : std logic vecto{IWIDTHA+IWIDTHB-1 downto 0) := (others =>'0'),
-- registered version of rounding_const
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 process: process(clk}
begin
if (clk'event and clk = "1} then
if (selo='1") then
ar | <={others =>"0"):
br | <= (others =>'0";
cr | <—=(others =>'0");
pr. | <= (others =>'0');
mac . <={(others == 0");
elsif (ce = '1').then
mac <= pr + cr;
pr <<= ar*br;
ar <= a;
br<=b;
or <= ¢
end if:
cnd if:

end process;

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

end;
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- simple mac Macro with P cascade input
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library icee;

use icee.std logic 1164.all;

usc ieee.std logic arith.all;

use icee.std logic signed.all;

entity mac_pc is - this module caleulates mac = a*b+c
generic ( s=|lp = reglregireg(a) * reg(b)) + reg(c))
IWIDTHA / :intcger= 16,
IWIDTHB  : integer=16;

OWIDTH : integer:—=16);

port (
a =in std _logic vectorl IWIDTHA-1 dewnto 0);
b _in std Togic_vector{TWIDTHRB- 1. downto 0};

pein S instd logic vector(TWIDTHA+TWIDTHB-1 dowato 0);

p : outstd logic vector(f OWIDTH-1 downto 0);
clk i ostd” logic;

ce Dinstd. logic;

sclr 1 std logic);

attribute register_balancing: string;

attribute register_balancing of mac_pc : entity is “yes";
altribute mult style: string;

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

attribute usc_dsp48 of rnac_pe : entity 1s "yes'”;

end mac_pc;



architecture rtl of mac pe is

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

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

begin

clk_process: process(cik)
begin
if (clk'event and ctk —'1') then
if-(sclr ="1") then
ar | <={others #='0);
br <= (others;=>"0");
pr <= (others=>10";
mac ‘<= (others =>'07);
clsif(ce ='1") then
mac <= pr +pgin;
pr <= ar*br;
ar <= g
br<=b;
cnd if}
end if;

end process;

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

end;
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- F007* max_sat Macro

sk ok o ok s o e sk ok sk sk e ok sk o o e ok ok ok ook sk e sk e ok o ok s ok o ok ok sk ok ok ok sk sk ko ok ok
library icec;

use ieee.std logic 1164.all;

use ieee.std logic signed.all;

entity max_sat is

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

port {
a :instd logic_vector{width-1 downto 0);
max | instd logie vector(width-1 downto 0);
ma  :outstd_logic, vector{width-1 downto 0);
clk| | :instd logic;
ce | :imstd (logic;
scir ¢ in std) logic);

atinbute register-balancing; siring;

attribute register_balancing of max_satuentity-is "yes"”;

end max sat;

architecture il of max_sat is
signal ¢« std logic vector(width-1 downto 0);
begin
¢ <= max when (a > max} else a;
reg : entity work.delay sclrirth)
generic map ( width => width, delay => delay)
port map ( clk => clk, ce => cc, schr == selr, d => ¢, q => ma);

end rtl;
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-~ *008* min_sat Macro
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library icce,

use icee.std logic 1164.all;

use icce.std_logic_signed.all;

entity min_sat 1s

generic {
width : integer:=16;
delay : mteger:=1);

port (
a  cinstd_logic_vector(width-1"downto 0);
min | :instd legic vector{width-1 downto 0);
ma | outstd logic vector{width-1 downto 0);
clk’ | instd logic;
ce | rintsid Jogic,
scir ' in std) logic );

attnbute regisier-balancing: string;

attribute register_balanzing of min_sat: entity s "yes”;

end mun sat;

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

end rtl;



MANUID F ===: Source code V94 top.vhd

( manaadqyerann aelifsunsu Xiline System Generator nIugHuIUs1n5% Matlab )

- Module Name:  top - Behavioral

library 1EEE;

usc IEEE.STD 1.OGIC_1164.ALL;

use IEEE.STD LLOGIC ARITH.ALL,;

use IEEE.STD _LOGIC UNSIGNEDIALL;

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

--use UNISIM VComponents.all;

entity top is
port(

data :in std_logic vector ( 7 downio 0);
clk in:in std logie; --100 Mhz
rst 2in std logic;
hs :in std_logic;
vs : in std_logic;
R :outsid logic vector {7 downto 0);
G :out std logic vector (7 downto 0);
B :outstd logic vector (7 downto 0);
vsyn_out : out std_logic;
hsyn_out : out std_Togic;
ctk out : out std_logic;

synch : out std_logic;



blank_z : out std_logic
);

end top;
architecture Behavioral of top is

signal data_ip : std logic_vector{7 downto 0);

signal data_iy : std_logic_vecto{7downto 0);

signal data_icr : std logic-vector(7 downto O);
signal data_icb o'std logic veetor{7.downto 0);
signal hs i:std logic;

signal ce: std_logic:="1%

signal PIX EN in} :-std logic:="1";

signal sclr_: 'std logic ;=0

signal clk-signal_1 7 std; logic;

signal clk_signal 2 .std logie;

signal clk ‘dem':.std, logic;

signal clk.: std) logic;

component dem, clock

port { CLKIN IN s std_logic;
RST IN sin sid legic;
CLKDV OQUT  :out std logic;
CLKFX OUT  :out std logic:
CLKIN IBUFG OUT :out std logic;
CLKO OUT cout std logic;
LOCKED OUT  :out std logic);

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_ocb : 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 Linteger:= 13; -+ Coefficients are signed, CWIDTH . CWIDTH-2 format
MWIDTH vinteger;= 23; - ONLY FOR NON-V4. Controls bits witheld after mults.
OWIDTH : integen:= 85 ~ OTHERWISE {default) IWIDTH+CWIDTH+ 1,

RGBMAX : integer:= 255;

RGBMIN : integer: = 0;

ACOEY T nteger= 2872 -- "1.4023 *pow2(CWIDTFI-2)
BCOEF s integer=-1461; - 07133 Fpow{CWIDTH-2)
CCOEF s integer:= -703: - -0.3434 *pow2(CWIDTH-2)
DCOETF sinteger:=3630; -~ 17724 *pow2(CWIDTH-2)
ROFFSET ;nteger:= -366592: -- Should be MWIDTH bits wide

GOFFSET Tinteger: - 278016;
BOYFSET Tanteger:= -463616;
HAS CLIP  :integer= 1;

HAS CLAMP :integer:= 1);

port (



Y :in std_logic_vector(JWIDTH-1 downto 0); - Y =afR-G) + G + b(B-G)
Cr sinstd_logic vector(IWIDTH-1 downto 0); - Cr=dR-Y)

Cb s in std_logic_vector(IWIDTH-1 downto 0}; -- Ch = ¢(B-Y)

R - out std_logic vector(OWIDTH-1 dewnto 0);

G | :out std logic_vector{fOWIDTH-1 downto 0);

B :out std logic vector{OWIDTH-1 downto 0);

V _SYNC in :instd logic:="0";
H SYNC in  :wnstd logic:="0";
PIX_EN in :instd_logic :='1";
V SYNC out” soutstd logie;

H SYNC out :outstd logic:

PIX EN jout :outstd logic;

clk :in std_logic;
ce =in std logic :="1";
sclr Jinstd logic % 107);

end component;

begin

u2: dem_clock
port map ( CLKIN_IN. == elk_ in,
RST IN = r5t;
CLKDV OUT —>open,
CLKFX OUT =>clk,-- 108 Mhz
CLKIN IBUFG OUT => open,
CLKO 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 <=notclk signal I;
end if;

cnd process;

clk_div2 : process{clk signal 1,1st)= 27 Mhz
begin
if{rst="1")then
clk’ signal 2 <="0",;
elsiffrising_edgelclk signal 1 )ihen
ctk signal 2 <= not clk_signal 2:
end.if;

end process;

clk_dem <=clk_signal 2:--27 clk dem = 27 Mhz

data_ip <= data;
u0 : counter_hs
port map( clk #>¢clk dcem,

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

ulb:Xil YCrCb2RGB

port map(

Y =>data iy,



Cr =>data_icr,

Cb =>data_icb,

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

?

V SYNC in=> vs,

H OSYNC in =>hs,

POEN in = PIX L

V SYNC out =>

synch - 1"

blank 2z <="1"
end i

o1l process;

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

end Behavioral;
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HS Begin Adjust HSto Active Videa Activae Video Total LLC1

(HSB{10:0]) HS End Adjust (LLC 1 Clack Cyclas) Samples/Lina Clock Cycles
Standard [Defauit) {HSEI10:01}{Default) | (Cin Figure20) (Dafault) | (D inFigure 20) (Ein Figure 20}
NTSC 0000000001 0b nCo000800000b 272 720 + 7200 = 1440 1716
NTSC Square Pixel 0000000001 0b 000000000000 276 643Y + 640C = 1280 1560
PaL 0000000001 0b | 06000GC00000 284 720Y + 720C = 1440 1728
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MAWUIN H ===: Data sheet UDJ Video Decoder 1 board (VDEC1)...

Digilent Video Decoder Board m

(VDEC1) Reference Manual www_digilentinc_com

Re\fision: 4/12/05 246 East Main | Pullman, WA 99163

(509) 334 6306 Voice and Fax

Overview

The Video Decoder 1 board{VDEC1),
centered on the ADW7183B VideoBecoder
chip from Analog Deyices, can digitize NTSC,
PAL. and SECAMwideo signals. The
ADV7183B automaticallydetects standard
analog baseband teleyision sigrials, and)
digitizes them with three 54MHz10-bit APCs
Output data'can be sentto an attached system
board in/8-bit.er16-bit Y CrCb4:2: 2format:

Features inclade:

* compenent composite,and S-video
inputs;
« [1ic"compatible contiolbus;

. A 1uf
e | high-speed Hirose FX2 data conhiector e pota g, ves | |
* supports NTSC.PAL, and SECAM 5 %

Inputs TNV o
. bit or6-bit YOICh 432 outpliis plus M T
HS . WS and-Field signals diet & 7 I
e programmable controls includepeak : Flc2 PR .
white, huetbrightness, saturation and N e INTRC Az
SF Y 4 Gr
contragt: .-»Ei —{47
. 1uF
i e PN T
Functional Desefiption o A i s
.t 3
The VDECH1 board is essentially a*earrier’ for 3;’;’"}335 v £ ‘
Analog Devices' ADV7183B Video"Becoder ADV71838
chip. It contains all required support circuitry’ T
including well-filtered and stable power ) o
supplies, properly terminated75-ohm inputs. a VEDC1 Circuit Diagram
stable 27-MHz clock source, various video
input cohnectors. and input prOteCilOn Cleany shows which boards have the Hirose
networks. Refer to the Analog Devices data connector.
sheet for more information about the
ADV7138B. Operation
The VDEC1 can be used with any Digilent In operation, the VDEC1 should not be
board that uses the Hirose FX2 connector. attached to a system board until the signals
Catalog entries in the Digilent products driving the Hirose connector from the system
webpage contain a “connector” field that board have been properly defined If the

Copyright Digilent, Inc. 2 pages Doc: 502-046



A Akt
VDEC1 Reference Manual A, D‘Ig,lla:?t, the
wav digilentin com
VDEG1 board is attached to a system bourd, "APIn# Signal | BPin# | Signal
and the system board is driving as outputs the 1 VGGC33 4 Shield
same signails the VDECG1 is driving, damage to 2 . VCC33 2 GND
the VDECT and system board will resuit. 3 NC 3 NG
4 NC 4 NC
Before attaching the VDEC1 to a system 9 Ne § | GND
board, ensure that any power-on auto- g RgSET _? LLL.BND
loaded configuration drives the Hirose pins - -
N 8 SCLK 8 GND
correctly. Otherwise, ensure the system 9 515 g GND
board powers on in a reset mode; ot 3 514 6T oo

driving the Hirose pins asoutputs,

Once the VDEC1 board is attached o a
system board, the ADV7183B chip must be
programmed (via'its 1I’C¥ compatible port) for a
specific operating mode before output video
data is available. Please refer to the

ADVT7 1388 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 output
digital video data will be avallable.

Hirose Connector Pinout

The VDEG1 contains a 100-pin Hirose FX2
socket connector that mates with a
cotresponding Hirose plugconnectorona
system board. Pin1 of the socket connector
attaches to pin1'of the plug connector. Thus, to
generate a pin connecticn list for a given
system hoard, the signal definitions in the
following table can be directly mappedto the
signal definitions on the system board (e g.,
the signal name on VDEC1 pin5S'maps directly
to the signal on the system board pinS).

Copyright Digitent, inc. Page 212 Doc: 502-046
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& XILNX®
| Chapter 1

XUP Virtex-1F'Pro Development System

Features

s Mirtex"™11 Pro FPGA with PowerPU™ 46 cores

e Lipta 2 GBof Double Data Rate (DDRG SDRAM

s Systemy ACE™ controller and Type 1T CompactFlash™ connector for FPGA
configuration and Jdata storage

» . Embedded Matform Cabie USE configuration post

o Highspeed SelectMAP FPCA configuration from Flatferm Flash In-System
Programtiable Configuration PROM

e Support for “Celden?" and “User” FPGA configuration bitstreams

e Oreboard 19/ 100 Ethernet PHY device

= | SiliconSenal Namber for unique board identification

e . R5-232 [IBY serial port

»  Two P5 2serial ports

¢ Four LEDs connected to Virtex-I1 Pro 1/€} ping

s Fourswitches cornrected to Vietex-H Pro 1/0 pins

«  Five push buttons connected to Virtex-fl Pro 1/0 pins

+  Six expansion connectors joined o 80 Virie Il Pro I/Q pins with over-voltage
protection

= High-speed expansion connector joined to 40 Victex-T1 Pro 1/Q pins that can be used
differentialty or single anded

» ACST audio CODEC with audio atiplifier and speaker/ headphone ontput and line
level eutput

« - Micrephone and line level andio inpat

s On-board XSGA output, up-to 1200 x 16030 at 70 Hz refresh

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

+  Off board expansion MGT link, with user supphied clock

o 100 M1z system clock, 75 Mz SATA clock

= Provisiop for user-supplied cluck

+  COpeboard power supplics

+ Power onreset circuitry

s PowerPC 405 reset dircuitry

XUP Virtex-il Pro Development System WWiling. com 13
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$Oamx Chapter i: XUP Virtex-1l Pro Development Syste.

General Description

The XUF Virtex-1i Pro Development System provides an advarnced hardware platform the:
consists of a high performance Virtex-IT Pro Platform FPGA surrounded by a
comprehensive collection of peripheral components that can be used ta create a compler
system and to demonstrate the capability of the Virtex-JI Pro Platform FPGA.

Bilock Diagram

Figure 1-F'shows a block diagram of the XUF Virex 1l Pro Development System.

Mw’. ACRT audhe CODEC & Siereo Amp
Irgewnnat Powar Supplies et KSGAVISRE Outpul
i & A ::3 m eoa] Usor LD (4) }
e FURE Fyr— 1

e d Uisor Pusts puiton Svotchos (5) 3

| cPu Datug Port Jos o [ Videx-ll Pro 100106 Ethmet PHY

PGA = =2
F G BY-252 & PSIZ Puils [2)

100 Wiz System Clock
75 MHz SATA Clock o] Sesial ATA Purts () ]
Usar Gloeks (2) — T
e} 2 08 DD SURAM MY Moot
[Plaﬁoma Flash Configuratons (ﬂw : : : l

Compuact Flash Conlgurations {8) ol -——4{ SV Tohwatt Expansiornt Headers
USBZ High Speet Corlgumson ] Pyl Spoeed Expansson Porl

U )

Figure 1-1;° XUP Virtex-lii Pro Development System Block Diagram

Board Components

This section contains a concise overview of several inporfant components on the XUF
Vittex-Tl ProDevelop nent Systemy{see Figure 1-2) The most recent documentation for
system can be obtained from the XUP Virtex-Il Pro Development System support webs:
at hitpe/ Swwwadlina com/univ /xup2vp. himl

15 WWW.InX com XUP Viftex-ll Pro Development Syst.
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General Description xm‘

Three high currant power supphes
with continuous monitorng

Plattorm
Power Flash for
connector sloring
and swilch FPGA
config-
urations
xsea §
Video USB2 pont
Port for FPGA
config-
uratons

Compaci
SATA / ftash card
CONNPCLONS et for
for g :P(yﬂ
sengl VO conlig and
removable
Slorege
10/100,
Ehernel -9
MACPHY
P2
mogse andg
keyboard
port
Xz
AT HS8-232
codpc \ e pot

4 ®
High-speeg’rypansion conneaIor  BURORS, Sernes oW s penad axpansiongohnecior
compatble willy Biogilent boards RFLEDS compatiblo wtDIgVent hogris,

Figure 12.  XUP Vir t8x-Il Pro Development SystemBoard Photo

Virtex-1l Pro FPGA

Ul is a Virtex-11 Pro FPGA device packaged ina flip-chip-fine-pitch IT896 BGA package.
Two different capacity FPGAs can be used on the XUP Virtex-1l Pro Development System
with no change in functionality. Table 1-1 lists the Virtex-II Pro device features.

Table 1-1: XC2VP20 and XC2VP30 Device Features

Features ‘ﬁZVPZD - XC2VP30
Shices 97280 13969
Array bl;_e o 7 - Sbrx 46 C SLTxrdrbw
Distributed RAM  90Kb 428 Kb
MultiplierBlocks | s | 13 |
XUP Virtex-ll Pro Development System www xiinx com 15
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$AUNX” Chapter 1: XUP Virtex-1l Pro Development System

Table 1-1: XC2VP20 and XC2VP30 Device Features (Continued)
Features XC2vVP20 XC2vP30
Block RAMs 1584 Kb 2448 Kb

DCMs - 8 8 R
PowerPC RISC C. 2

Mlllﬂ 5k Sceivers !

8
j -3 iden conne rious peripheral devices
FPGA. M& W /)ém
L ___,__.-—
£ AJIQG : —

\

—
-
-

-

Wi
101

GO 06, 2178

Zy Flgure f-swConnglom@Q’
Power Suppli F@(ﬁ &bgﬂg@ﬁaﬁf’a

The XUP Virte pio T ered from a 5V regulated power supply.
On-board switching powe jegencrate 3.3V, 2.5V, and 1.5V for the FPGA, and
peripheral components and linear regulators power the MGTs.

‘The beard has provisioning for current measurement for all of the FPGA digital power
supplies, as well asapplication of external power if the capacity of the on-beard switching
power supplies is exceeded.

The XUP Virtex-1l Pro Development System provides several methods for the
configuration of the Virtex-11 Pro FI'GA. The configuration data can criginate from the
internal Platform Flash PROM (two potential configurations), the internal CompactFlash
storage media (eight potential configurations), and external configurations delivered from
the embedded Platform Cable USB or parallel port interface.

16 www.xilinx.com XUP Virtex-il Pro Development System
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-eivers

tht Mult-Gigabit Transceivers (MGTs) that are present in the Virtex-TI Pro
ught owt fo connectors and can be utilized by the user. Three of the

VIGT channels are terminated at $erial Advanced Technology Attachment
ctors and the fourth channel terminates at user-supplied Sub-Miniature A
tors. The MGT transceivers are equipped with a 75 MHz clock sounece that is
‘ot the systemelock to support standard SATA communication. An

T cJock soutce 1g-available through a differential user-supplied (SMA}

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

ax-I1 Pre Development System-has provision for the installation of user-
GC standard 184-pin dual in-line Double Data Rate Synchronous Dynamic
v module, The board supports buffered and unbuffered memory modules
ty-of 2 GB or less in either 64-bit or 72-bit orgamizations. The 72-bit

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

act Flash Controller

dvanced Configiiration Enviropment (System ACE™) Comtroller manages
wation data. The controller provides an intelligent interface between an
‘hainand varicus supported cenfiguration sources, Thecontroller has several
npact Flash pott, the Configuration JIAG port, the Microprovessor (MPL}
fest JTAG port. The XUP Virtex-11 Pro Development System supports a single
Zontreller. The Configuration JTAG potts connect tothe FPGA and from
anectors. The Test JTAG port connects to the [TAG port header and USB2

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

ace

w1 Pro Development System provides an [EEEcompliant Fast Bthernet

at supponts both 100BASE-TX and 10BASE-T applications. It supports full
tion at 10 Mb /< and 100 Mb/s, with auto negatiation and parallel detection.
vides a Media Independent Interface (MI for attachment to the 10/ 1%
~Controlier IMAC implempented inthe FPCA. Bach boasd ts eguipped witha
Number that uniquely identifies each board with a 48-bit serial number. This
1 is retrieved using “F=Wire” protocol. This serial nuiber can be used as the
attdress.

‘ox 1 Pro Development System provides three serial ports: a singfe RS 232
1572 ponts, The RS-232 port is contigured as a DCE with hardware

sing a standard DB-9 serial connector. This connector is typically used lor
-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 keyboard 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.
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& aunNx: Chapler 1: XUP Virtex-li Pro Development System

User LEDs, Switches, and Push Butions

A total of four LEDs are provided for user-defured purposes, When the FPGA drives a
logic 0, the cotresponding LED tirns on. A single four-position DIP switch and five push
buttons are provided for user input. If the DIF switch is up, closed, or oz, or the push button
i pressed, a logic (13 seen by the FPGA, otherwise a logic 1 ia indicated.

Expansion Connectors

A totalof 80 Virtex Il Pro 170 pins are-brought aut to tour nser-supplied 60-pin headers
and twod0-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 signaly are shared with the front-mounted right-angle connectors,
The tfront-mounted connectars support Digitent expansion modules. tn addition, a high-
specd conmestor is provided tosupport Pigilent high speediexpansion modules. This
connector provides 40 single-ended or differentiab 1/O signals inaddition to three clocks.
Consult-the Digilent website at www diglentinc.com for a list of expansion beards that are
compatibie with the XUiP Virtex-JI Pro Developmeant System.

XSGA Output

The XUP Virtex-1T Pro Development System includes a video DAC and 15-pin high-
density D-sub connector to support XSGA vutput. The video DAC canoperate with a pixel
clock of up to 180 M. This allows for a VESA-compatible outpul 0f 1280 x 1024 at 75Hz
refresh and a maximuny resolution of 1600 x 1200 at 70 Hz refresh.

ACS7 Audio CODEC

An dudio CODEC and stereo power anplifier are included on the XUP Virtex-i Pro
Development System to provide a high-quality audio path and provide all of the analog
fusctionality ina PC audio system. 1t features a full duplex stereo ADC and DAC, with an
analog mixer, combining the ine-level inputs, microphane input, and POM data,

CPU Trace and Debug Port

The FPGA is equipped witha CPU debugging interface and a 16-pin header This
connectorcan be used in copjunclion withhird party teols, the Xilinx Parallel Cable IV, or
the Xifinx Platterm Cable USE to debug software as it rns on either PowerPC 405
processor core,

Chipteope Pro™ can also be used to performireal timedebug and verification of the FPGA
design. ChipSeope Pro inserts logie analyzer. busanalyzer, and Virtual 1/ O low-profile
software cores into the BEGA design. These cores allow the designer to view all the internal
signalsand nodes within the FPGA inclttding the Processor Local Bus (PLBj or On Chip
Peripheral Bus{OPB) supporting, the FowerPC 405 cores. Signals are captured and brought
out through the embedded Platiorm Cable USB programming intertace for analysis using
the ChipScope Pro Logic Analyzer tool.

USB 2 Programming Interface

The XUP Virtex-T Prc Development System includes an embedded USB 2.0
microvontroller capabie of communications with either high-speed (480 Mb /s or full
speed (12 Mh/s) LS hasts. This interlace is used for programming or configuring the
Virtex 11 Pro FPGA in Boundary-Scan (IEEE 11 :9.1/IEEE 1532} mode. Target clock speeds
are selectable from 750 kiiz ro 24 MHz. The USB 2.0 microcontroller attaches to a desktop
of laptop PC with an off-the-shelf high-speed A-B U5B cable.

18
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