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ABSTRACT

The data compression is important to design the circuit conceming about data mining of the
present communication system. This project is a study of still image compression based on JPEG (Joint
Photographic Expert Group) by dividing into sub-block and using the method of DCT (Discrete Cosine
Transform).After the compression the data are quantized to reduce the number of bits, then the data are
encoded based on Huffman encoding. This design is carried out based on VHDL language, simulation,

circuit synthesis and testing with FPGA.
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2.2.3.2 Modularity
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Description of Flip Flop

A \\ Hidden D eseription
£ of MAND Gate

4:; r =3 ~ 1 O as
silfl 2,14 nswouswazdeed lududuvessdu NAND 1an

2.2.3.5 Uniforminity
. .o = o A r & s = < o 9/
Uniforminity  tJunanamsonegnaniaigiolumsefuiessamnsdae
M1 VHDL nueie msadnugavessialudnuazadiodu Taulddan1m1 VHDL Building
Block whlfifansisurvaiinesiuru Taslddeomd Tn15198w50w  (Comment)  1Hudu

a ¥ o a Y '
mldmanmu Tugainnudilede

d & = =)
2.24 mnﬂsznauwugmhmarumrcm {Basic concept in VHDL)
pluvyAugunldlumsussoeisesdtszrouly vEDL  dszreudivaau
A IMUANSFONAD (Interface) UpzA R MUAdnumzFianilnonIsn (Architecture} Fauanaly
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Mavevsilsznoy FaasTusgiudyyin Sunniemiyn uazwisilineidug Afmualily
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ENTITY component_name IS
tnput and output ports.
Physical and other parameters.
END component_name;

ARCHITECTURE identifier OF compionent_name IS
Declaratuons.

BEGIN :
Specification of funclionality of the component
In terms of its input lines and as influenced
By physical and other parameters.

END identifier;

A 215 ugasmsdimuamisFeudauazamilasnisy

2241 mMsMruamayoune {Interface Description)
msfinuantsifeudaiiuseivuugaveanseonuuy  luszdutiszdos
fuaneia dwfunisaadeiuesdilszneuniuentug dsdedalugali 2.16 wisviansaidu
o 4 s £ 5 3 4 I S A
msfmunfovesesntlsznousefmualiifludo Clock component AWAI8§191 PORT uazie

vomosaeghunufy IN uaz OUT Mvualvupvesdugpuiduduynvieoviyn BIT uang

yiiavesloya

CLOCK

A packaged

Gomponent

ENTITY clock_component iS
PORT (en: IN BIT; ck: QUT BIT);
END ciock_component;

51U 2.6 uamevdeonlrozunTunazMTUITEIWNITITOUREYDY Clock component
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2.2.4.2 miﬁWﬁuﬂ‘gﬂE!UUﬂﬁﬂﬁ‘iﬂm {Architecture Description)
mihmatinuvendisznouzgnussnemaiugdmil  msusios
o ' o o 3 E _ =
mmmmwumwmmnpmLawwmlumamm Clock component lugﬂ‘n 217 Fauftums

¥ L)

wsstteludangdnssud en FHusunniazd ok Fwewivn PROCESS iWususududmiuns
= a 9 ° R . as i A ]| .
vsstaludawganssy  meluTnsmaimuald  Periodic (Hudualsfilansududy <o &
v S R 1 . . = o N Y & o ar
Ay en UAUTU “17 A1 periodic dxgAABMWAUALAzAIIIAAY ok FuThudynyu

¢ o o o 3 a = < -
muna1F WAIT fvualidyanadmumiuna 1 lulnsiui

ARCHITECTURE behavioral CF clock_component IS

BEGIN
PROCESS
VARIABLE periodic | BIT .= "0
BEGIN

IF en="1"THEN
periodic := NOT pericdic; -
END IF,
ck == perindic,
WAIT FOR1US;
END PROCESS;
END behavioral:

3UR 217 LaRIMTUTIIUEINGANTTUUD Clock component

2.2.4.3 Tilsupsudes (Subprogram)
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TYPE byte IS ARRAY (7 DOWN TC ) OF BIT

PROCEDURE byte to integer (ib: iN byte; oi: OUT INTEGER) 1S
VARIABLE result  INTERGER =0,

RBEGIN
FORPINOTO 7 LOCR
iF iblly = "1" THEN
Result (= result+2* 7,
END IF,
END LOOP;
Gi = result;

END byte to_interger;

Ut 2.18 umasms ¥ InsTmad

FUNCTION fia b o BITyRETURN BIT I8
VARIABLE = BIT:

SEGIN
Ko ((NOT ay AND (NOT B ) AND o)
RETURN x

END 1

U 2.19 ugmanis 19ileddu

2.2.4.4 lonlpsisimes (VHDL OPERATORS)

sl

27

asusInesmganssuly VEDL Alldnseiimacinuazadinmeans

rudeiudua sl fa3uf 2.20
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PREDEFINED OPERATORS
LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATORS (= /= < <= » »=
OPERAND TYPE :any type
RESULT TYPE ; Bolean

ARITHAMETIC OPERATORS : +-*/** MOD REM ABS
OPERAND TYPE : INTEGER REAL Phyzical
RESULT TYPE : INTEGER REAL Physwai

CONCANTINATION QPERATOR: &

QPERAND TYPE : array of any type
RESULT TYPE - array of any iype

31 2.20 uansdanszi iy VHDL
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5N 2.22 uamsiuaoulndnlflumIeenuuuizuuAiaeaiig 1l Fawsn

U
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Design idaa

Bahavioral Design

Flow Graph,Pseudo code ...

Data Path Design

. Bus & Register Structure

Logic Design

e Gate Wirelist Metlist

Physicat Design

P Transistor Lisl , Layout

Manufaclurin_g

Y

Chip or Board

1 3
g‘dﬁ 2.22 uamunsunNIsoeNLuTSUuADADA

»
Tuaoude liflumsesnnvuszvudumeesdoya  doenuuuazdesdivun
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CONTRAL,
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Promedure H

of datz

Baramen
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and Buses,

i 223 uaaansesnuuuszuudumsuostoya
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2.3.1 mié’é’amsummum (Parallel Communication)
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Tranzmitter Beceiver
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2.3.3 MIdUIRa SN aMINLIATYIY RS-232
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uwsna1o 15119 RS-232 ouss DTE {Data Terminal Equipment) 1181 DCE {Data Communication
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dyayre I uazdnunzmsthan@linsBunesire Sadrvemunsali ¥ lunssumos e
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@ a - ' ar o ' = e
unUIEAUT Y IMUBIanan 0" daa s +3 Tiaw oa +12 Taadd dauaedn 17 szumuseéy

ar 3 ! e ' o =R a
FUYWAWAWTIAUTSHIN -3 11a%i D9 -12 Taad

2.3.5 mseonuuudinasdyao
& W s A a FoR o 3 4
mMIlpuRBNINDIAToMIIvBIRNRUNDS T auyanatzdionldnesademsuy
aYnTY 9 1 (DB-9) Fyaunsashimssudetoyalduuvaynsu Tavsanusvosdyamaziiulel
s 4 i ; ° o a
AWNATTIU RS-232 uazAn¥U Y0NS NaBuBInes afo s dmTunoutiane 11Uy DB-9

o W 4 =
annsauama i le degalil 2.26 uasgii 2.27

MIWN 2.4 waRdyyinusavesafamsaynIuuLL DB-9

AM1971 DB-9 ey 1o |

] Data Carrier Detect : DCD
2 Received Data : RxD
3 Transmitted Data : TxD
4 Data Terminal Ready ; DTR
5 Signal Ground : GND
6 Data Set Ready : DSR
7 Request To Send : RTS
8 Clear To Send : CTS

l 9 F Ring Indicator : RI

311 2.26 M3 Tavivesneutinmesweiaauns LY DB-9
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Computer Cuzvice
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a

= =Y = om ¥ 4;
AT AU VRINI D UaT AT uades Uy 1 A (ID Inverse Transform) 1é#adl

N-l
Xn = Zgibn,l (32)
1=0

L
o

) - ] a =y = ¥oar =
dewesanaunish 3.1 wwsadsugumsnisnswadosy 1 da Tugtweing Tadad

8=CX (3.3)
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X =D¢g (3.4)
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Transform) 1@t
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31,2 m‘illﬂmlmﬂﬂﬂﬂ‘iﬂjﬂﬂmﬂu (Discrete Cosine Transform)
gumsilddmiumsnasdonselaaei] (Forward Discrete Cosine Transform)
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1. Tilsunsumsutos DCT 1 Quantization

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARTTH.ALL;
use IEEE,STD_LOGIC_UNSIGHNED.ALL;

entity DCT1 is

Port ( AddrIn : cut 5TD LOGIC VECTCR (S downto 0);

-— Address For Data In

AddrOut : cut STD LOGIC VECTCOR (5 downte 0);
-— Address For Data Out

Cataln : in STD_LOGIC VECTCR (15 downto 0}
-— Data In

DataCut : out STD LCGIC VECTOR (15 downto 0);
-- Data Out h

WR : out STD LOGIC;
-—- Write For Data Qut

EN : in STD LOGIC;
-— Enable Module

END_DCT : ocut STD LOGIC:
-—- Module End is '1°

MODE ! In std logic;

-- MODE '0O' IS 1DCT , 'l1' I8 Z2DCT

Quality : in STD_LOGIC_VECTOR (3 downto 0};
-- input for Quantitize control

mCLK : in STD _LOGIC);
—-- Main Clock Process
end DCT1;

architecture RTL of DCT is
type romBx8 is array(0 to 63) of std logic vector (7 downtg 0);
type romldivx is array{(0 to 255) of std logic vector (10 downto 0);

-— CT Constant bit7 is sign , bit0 - bité is data is complmemt
constant ¢T rom : romBx8 = |

"0i9011010","01111101","C2110110","01101010","0101101Q","0100C111", 00
110000, =00011000",
"010i1010"™,""01101020", "0C01100C0O0G, 10012000, "11011010", 11111101, 11
11¢x1gm™,"11000111"™,
"01011010","01000111",™1C110000","21111101","11011010","00011000", "01
1101i0™,"01101010",

"01011010", "00012000","11110110", 110002117, 01011010, "01101010", " 10
110000","11111303",



"g1o011g01CG"™, "1G011000", "11110110","01000122 ", "O1011010", 11101010, "10

115000","01111101",

"01011010","11000111","1011C0000", 021121101, "11011010",™10011C00", "C1

110110","11101010",

"01[}11010"1 l111101010n’ "00110000", "00011000", “11011010", "01111101", "1l

11011o*,"01C00111™,

"01011010",™11112101","01110110","11101010","01011010","11000111", "CC

110000™,"10011000"
)
-—- (1 / x) *1024
constant divx romldivx
*10000000C00C0", "1000000000C0",
,"00110011001"™,
"00010101011","00010010010",
,"0co01011101",
"00001l010101"™,*00001C0111Y,
,"00gC0011100",
"00000111001","00000110110",
, 700000101101 ",
"00000101011","000001C1001"™,
,"00000100011",
"000C0100010™, "O00O00100001L",
,"oocoo011101",
"QQocQo011100™,"00000011100",
,'oogoooc11c01",
"0000001100Q", "OC000011000",
,"00000010110",
"00000010101", 00000010101,
,"00Qo0010011",
"o0000010011"™, "00000010011 ",
,"00000010001",
"00000010001", "O00000020001",
,'000o0Qo1c000",
"00000Q10000", "0000000111L Y,
,"00000001110",
"00000001110","00000001110",
, 00000001101, ‘
"00000001101", "00C0O00001101L ",
,"00000001100",
"00000001100™, 00000001100,
,"00googco1100m,
"00000001011"™, "0000000L011",
,''00000001011 ™,
"00000001011", "00000001011 ",
,"00000001010",
"00000001010", "00000001010",
,"00000001010",
"00000001001™, 00000001001,
,"00000001001",
00000001001, "00000Q001001Y,
, "00000001001 ",
00000001001, "O00000Q0L000",
, "00000001000",
"00G0Q001000", "00000001000",
, "00000001000",
"0000Q001000™, "o00000C1 000",
,"00000000111 ",
"0Q000000111™, "0000000011L"Y,
,"0g000goo011L",

=

"01000000000",
"00010000000",
"00001001001",
"0C000110011",
"00000100111",
"(HE000100000",
"00000011011",
"00000010111",
"000000101C0",
"00000010010",
"00000010001",
"00G00001111",
"00000001110",
"00000001101",
"00000001100",
000000010117,
"00000001010",
"00000001010",
"00000001001",
"00000001001",
"00000001000™,
"50000001000",
"00000001000",

"00000000111",

*00101010101",
To0001110010",
"oocolo0co0100",
r*gocociioooL”,
"oQ00010011C",
Tooo000011111",
"oooC0o011010",
T00000010111"™,
Toococololo00™,
*o0o0coco10010",
"00000010000",
"00Cc00001111™,
"00000001110",
"gooo00011G1™,
"00000001100",
"*0000cCc002011",
"00000001010",
"00000001010",
*00000001001",
"Goooooo1001",
"00000001000",
"00000001000",
"000000C1000",

"00000000111",

"gglooogoococt

"00001100110"

"00001000000"

"00000101111"

"00000100101"

"00000011110"

"00000011010"

"00000010110"

"00000010100"

"00000010010"

"Q0Q00010000"

"ooo00001111"

"00000001101"

"00000001100"

"00000001100"

"00000001011"

"00000001010"

"00000001010"

"00000001001"

"pooooogigol”

"00060001000"

"00000001000"

"000Q0001000"

"0000000011



"Q0000000111","0000000011L", "O000C0OCAG111Y, "O0000000111 ", "0OQ0000002 21"

,"cocogono111",

"QCc0G0o000111 ", "00000000111 ", 00000000111, "O000C000111", "O0000000L1L"

,"00000000111",
*00000C00111","0C000000112 ",
,"0000C000120",
rgooooooollon, "o0000Q000L1I0",
,"00aooon0l10",
"00C00000110", "000000001L0",
,"0gggoogoilon,
"00000000110","0C0C0000110",
, "00000000110",
"0po00000110", 000000002107,
., "00000000110",
*00000000110","00000Q000101",
. "00c00000101",
"00000000101","0000000010L",
,"0C0C000T10LY,
"00000Q000ol01", "00000000101",
. "00000000101",
"00000000101™, "00000000101",
,"C0o000000101™,
"00000000101%", "00000000101",
,"oodooopo10L",
"00000000101", "00C00000101",
. "00oo0oo00101",
"00000000101", "O00CQ0000010L™,
, "00000C00101",
*000000001060"™,"0C000000100",
,"00000000100™,
"00CO0Q00100", mag000000C100",
,"0C000C00L00",
"00000000100', "O00O0O0000L0O0",
,"00000000100",

"0Q000000110", "000C00000110",
"ggoo0000110", "00000000110",
"0p000000110", 00000000110,
"0Q000000110","00000000110",
"0o000000110", 00000000 10",
"0Qo00000101", "C00C0000O10L",
"Q00000000101", "OC0Q00000101",
*00000000101", "0000OC0O00LOL",
"00000000101","0C000000101",
"ppoo00000101", "00C0000010OL",
"0ooQo00gcoC101™, "00C0O0000101",
*0000000C0O101","0000000010™,
"00000000100", "O0000000100",
"CQ0000Q0100™, "000000001L 00",

"00000000100™,"000C0000100",

"0goooogolion

"Q0000000LI0"

"Q0000o00Cc110"

00000000110 "

"0o0ooooCclig"

"ogoooooc1IOL"

"*000o0000101"

"00000C00101"

"ooogooociaL”

*ogooo00010L"

"ggogooocicL”

"00000000101"

"00000000100"

"00000000100"

"Q0o000000100"

"00ooooo0100", "000000G0OL0OG™, "O0000000100, "O00000001 00", "O000000O0100"

,"000Q0000100™,

"Q0000000L00", "00OCO0000100", "O0000000100™, 00000000100} ;

signal ijk
——-for address loop

signal DataCTBbit
-- Constant table data

-- signal for MUL+SUM

signal MUL DATA24bit
-=after MUL adj. bit

signal SUM DATAZ4bit

signal DataDCTlebit
signal DataQlébit

std logic_vector (8 downto Q)

std logic wector (7 downtc Q)

MAIN DCT GENARATE ADDRESS LOOP COUNT ijk

std _lcgic_vector({l5 dewnto 0}
std legic vector (15 dawnto 0};

FOR WRITE TO MEMORY

-— PROCESS [DISABLE

begin
————————— mCLK Q' TO '1°
nrocess (EN, mCLK}
begin
if ZN = '0' then
ik <= "000000000";
END_DCT <= '0r;
else

i1if mCLK'event and mCLK
"111111111"™ then

if ik <

= '1l' then

1]

"Q00000000™;

roooogoaan;

STD LOGIC_VECTOR (23 downto 0);

STD_LOGIC_VECTOR {23 downto 0);



ijk <= ik + '1';
END_DCT <= '07;
else
ijk <= "i11111111";
END_DCT <= '1';
end if;
end if;
end if;
end process;

process (EN, mCLK, 1ik)

begin
if EN = '0' then —-— PRCCESS DISABLE
WR <= '0";
else
if mCLK'event and mCLK = '1' then --write to memory at

XXX xxx 111
WR <= ijk{0) and 1jk{l) and ijk(2);
end 1f;
end 1if;
end process;

————————— PROCESS SUM AND LATCH ADDRESS FOR WRITE OUTPUT ~m———————m
process {EN, mCLK)

variable AddrO std lcgic vector(5 downto 0) := "000Q00";
begin
if EN = '0" then
AddrO := "000000";
else
if mCLK'event and mCLK = '0' then
AddrC (5 downto 3) := iik(8 downtoc 6); -- 1
AddrC(2 downto 0) := ijk(5 dewntec 3); =]
end if:
end if;
Addrout <= Addr0;

end process;

———————————— PROCESS GEN ORG.DATA AND GET c¢T from Table "eT rom"
preocess (mode, ijk)

variable AddrCT : 5TD _LOGIC VECTOR (5 downto 0} := "000000";
—-—- Address for C Table
begin

if (mcde = '0'") then --mode 0 is 1DCT
AddrIn (5 downto 3) <= ijk(8 downto 6); -— 1
AddriIn (2 downto 0) <= 1ijk(2 downto 0); -- k
AddrCT (5 downto 3) := ijk{2 downto 0); -— X
AddzCT (2 downto 0) := ij%{5 downto 3); -= 3

else -- mode 1 is ZDCT
AddrIn (5 downto 3) <= ijk(2 downto 0): - k
AddrIn (2 downto 0} <= ijk{5 dewnte 3): -~ 7
AddrCT ({5 downto 3) := ijk(2 downto 0); -k
AddrlT ({2 downto 0) := ijk{8 downto 6}; -— i

end if;
DataCT8bit <= cT_rom{Conv_integer (AddrCT)};
end process;

——————— PROCESS CAL. MUL betwin Dataln and o7
process{(Dataln, DataCT8bit)
variable Datal : std_leogic vector ({6 downto 0);
—--Data From Contant Table [cT]



variable DataB : std logic vector(l4d downto 0);
-—ABS (Dataln)

variable MULDATAZZ STD LOGIC VECTOR (21 downtc 0);
—-Data After MUL [15bit*7bit
begin
--Check - is Z'comprement Data Input
if DataIn(l5) = '1' then
DataB := not(Patain{l4 Dawnto 0}y + '"1';
else
DataB := DatalIn{14 Downto 0);
end if;
-—-For Cal
Datal := DataCT8bit (6 Downto 0);
MULDATRAZZ := Datalh * DataB;

MUL DATAZ4bit (21 downto 0) <= MULDATAZ2Z;
MUL DATRZ4bit (23 downtc 22) <= "(Q0Q";
end process;

process (mCLK, 1jk, MUL DATAZ4bit, Dataln)

variable MS RESET : std logic;
variable smul : std logic;
pegin
MS_RESET := not{ijk(0) or ijk{l) or ijk(2));
smul = DataCT8bit (7)) xor DataIn(l5):

-— sign calculator

if {mCLK'event and mCLK = '0') then -- Active From "1' to '0O!
if MS RESET = '1' then ~-~- NEW SUM
if smul = '1l' then

SUM_DATA24bit <= not (MUL_DATA24bit (23 Downto 0)) + '1';
-='0' - MUL_DATA24bit;

else
SUM_DATAZ4bit <= MUL DATAZ4bit;
end 1if;
else
if smul = "1' then :
SUM DATAZ4bit <= SUM DATAZ4bit - MUL DATAZ24bit;
else h
SUM DATAZ4bit <= SUM DATAZ4bit + MUL DATAZ4bit;
end if; - -
end if;
end if;

DatalCTlebit <= SUM DATA24bit (23 downte 8);
end process;

process (mode, Quality,DataDCTlébit,DataQléebit)

begin
if (MODE = '0')or(Quality = "0000") then
Datad®ut <= DataDCT16bit; --Quantitize by pass
eise
LataCut <= DataQlébit;
and if;

end process;



--Genarate Quantitize Factor
process {ijk,SUM DATAZ4bit,Quality)

variable ai : std_logic vector (3 downto 0);

variable aj : std_loglic vectoer (3 downto 0);

variable aa : std_loglc vecter (3 downto 0):

variable factor : std_logic vector ({7 downto 0);

variable plfactoer : std_logic_vecteor (10 downto 0);

variable DCTZQ : std logic vecter(l4 downtc 0);

variable DQ : std logic vector (23 deownto 0);

variable DQO : std_logic vector{lS downto 0};
begin

ai {2 downto 0) 1= i7k({8 downto &);

ai (3} = '0';

aj(2 downto 0) := ijk(5 downto 3);

23 (3) = 07

aa i= {ai + aj + "1");

factor aa * Quality + '17;

--2'gomplete SUM DATA if "-"

if SUM DATAZ24bit{23) = '1' then
DCTEQ :=~ not {SUM DATAZ4bit (22 Downto 8}) + '1l';
else
DCTEQ := SUM DATAZ4bit (22 Downto 8);
end if;
plfactor := divx{conv_integer(factor));

-~-DataQleébit (7 deownto 0) <= plfactor(l) downto 3};
--Dataglebit (15 downte 8) <= "00000000";

DG := plfactor * DCTEQ;

DOO (14 dewnto 0) := DQ{24 downtc 10);
DQC(15) = 10",
if SUM DATA24bit(23) = '1' then
DataQlébit <= pot(DQC) + *1';
else
DataQlébit <= DQO;
end if;

end process;
end RTL;



2. Tusupsunmsidse Huffman

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

wse IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity HuffmanInt 1is

Port ( AddriIn out STD_LOGIC VECTOR . ({5 dewnto 0);

Dataln in §8TD _LOGIC VECTOR ({15 downto 0); --Data
DCT and Quat.

mCLEK in STD LOGIC;

RES64 in STD LOGIC;:

REST in std legic;

AddrCut out STD _LOGIC VECTCR (5 downto 0);

DataCut : out std logic vecter (23 downto 0); -
4 bit RL , 4 bit Category , 16 bit amplitude

WR out STD LOGIC;

END _HUFFINT out std legic;

nz last out std_logic vector (5 dewnto 0)

)i

end Huffmanlnt;

architecture RTL of HuffmanInt is
-—- for zigzag Address Map

type type addré is array{0 to 63) of std logic_vecter(5 downto 0};

i= ¢

constant zza_rom : type addreé
"gogooom, "ooQQQl", "001000™, *0100C00",

"
P'03.0001_","011000","100000","011001",
EI;GE)IJ.OO","OlOOl].",“011010","]_00001",
90&1011",“010100","001101“,“000110",
9160011“,"lOlDlO","llOOOl","111000",
9011101","010110","001111","010111",

"
il;1i1010","111011“,,"110100","Zl.O].lOl“,
9110101",“111100","111101","110110",
1w

1

"gg1go01", 000010, TO0O0011", 00101
"01o0010",™001011"™,"000100™, 00010
"101000Q™,"110000","101001","10400C1
"oooiilt,™001110","010101", 01110
"111¢01","110010","101011","10010
"0l11i10","10C101",™10110G0","11001
"1o0110", 011111, "100121", "10111

"1011i1im,"1:10111","111110", 11111

signal AddrCount std logic_vector (S downto 0); -~ Address
count fcr Read Data -

signal last00 std_logic_vector (15 downto 0}; -- last
@address 0

signal RunlLength STD LOGIC VECTOR (3 downto Q) ~— ZERC COUNT

signal Category STD LOGIC VECTOR (3 downte 0); -— Category
of Data B B

signal Datalnicom : std logic vector (15 downto 0);

signal WRD std logic;

signal iend :std logic;

signal DCOut std logic wvecter {15 downto 0);

signal ac std_logic_vegtor(S downto 0};

signal zero count std lcgic _vector(3 downto 0);

signal wr en std_logic;

signal mCLKZ std logic;



signal mCLKZp :std legic;

signal nzl : std logic_vector(5 downtec 0);
begin
process (mCLK, RES64, REST, iend)
begin
if {(RES64 = 'l' or RESI = 'l' or iend = '1') then
mCLK2 <= '1°';
else
if mCLK'event and mCLK = '1' then
mCLKZ <= not mCLKZ2:
end if;
end if;

end process;
———————————————— process for AddrIn and END HUEFINT output -~=—-----
preocess (mCLKEZ2, RES64,REST)
begin
if RESE4 = '1'" or RESI = '1' then
AddrCount <= "(000000";
iend <= '0';
else
if mCLKZ2'event and mCLK2 = '1' then
if AddrCount = "111111" then
BddrCount <= AddrCount:
iend <= '1';
else
AddrCount <= AddrCount + '1';
iend <= "0';
end if;
end if;
end if;
end process;
AddrIn <= zza_rom{Conv integer {AddrCount)};
END _HUFFINT <= iend;

——————————————————— process for WR outpubt —=—me——-— e
process{mCLK,mCLKZ,RES64,RESI,AddrCount,wr_en,iend)

begin
if {RESH4 = '1' or RESI = '1' or iend = "l') then
WRD <= 'Q';
else
1f (mClK'event and mCLK = '0') then
if mCLKZ = '1l' then
WRD <= '0Q°';
else
if {AddrCount = "000000")or {AddrCount = "111111™} then
WRD <= '1"';
else
WRD <= wr_en;
end if;
end if;
end if;
end 1f;
end process;
WR <= WRD;

————————————————————— process for Datalut -—----—r——mmmme
DataCut (7 downto 4) <= Runlength;
DataCut (3 downto 0) <= (Category;



——————————————————————————— process check not zero last —-—-—————---
process (mCLKZp, ao, Datain, AddrCount)

begin
if (mCLKZp'event and mCLEZ2p = 'l') then
if (DataIn /= "Q00000CO0Q0Q00000") then
nzl <= ao;
else
rnzl <= nzl:;
end 1f;
end 1f;

end process;
nz_last <= nzl;

————————————————————————— process for Addr Out —=—---—-ee—m—mmmemee o
process (RES64,WRD, ac, AddrCount)
begin
if (RES&4 = '1') then
ao <= "Qoocoo";
else
if (AddrCount = "000000"™) then
ao <= ao;
else
if WRD'event and WRD = '0' then
ao <= ao + '1";
end 1if;
end if;
end 1f;
end process;
AddrQut <= ao;

———————————————————————— process for DC ———————————— e
process (mCLK2,RES64,REST,AddrCount,Dataln)

begin
if RESI = '"l' then -— reset all
last00 <= "000000000000C000";
else
if RES64 = 'l' then == reset with out last00 register
last00 <= last00;
else
if mCLK2'event and mCLKZ = 'Q' then
if AddrCount = "000000" then
last(00 <= Dataln;
else
last00 <= "000Q00C00000C0C0O0";
end 1if;
end if;
end i1f;
end if;

end process;
DCCut <= Dataln - last(0O0;

———————————————————— ACLK/2 + tmCLE/2 =—— o
process (mCLK, mCLKZ )

begin
if mCLK'event and mCLK = 'Q' then
if mCLKZ2 = '0' then
mCLK2p <= '17';
else
mCLK2p <= '0';
end 1if;

end if:



end process;

Run Length Generator
process (mCLK2, RES64, REST, iend)

begin
if {(REZ64 = '1'" or RESI = '1" or iend = '1") then
zerc count <= "0000";
else
if mCLKZ'event and mCLK2 = 'Q' then
if Dataln = "0000000000000000" then
zero_count <= zero count + '1';
else
zero_count <= "0000";
end if;
end if;
end if;
end process;
process (mCLK2p,AddrCount,zeromcount)
begin
if AddrCount = "1111111" then
Runlength <= zero count;
wr_en <= 'l';
else
if mCLEZp'event and mCLK2p = '0' then
Runlength <= zerc ccunt;
if zeroc count = "1111" or Dataln /= "0000000000000000™ then
wr_en <= '1';
else
wr en <= T0';
end if;
end 1if;
end 1f;

end process;

process (Dataln)
begin

if DataIn{lB)= "1 then
DatalnZ2caom <= not (Dataln) + 1;
else
DataInZ2com <= Dataln;
end if;

end process;

process {DatalIn2com)

begin

if DatalnZcom = "00Q00000000000000"™ then Category <= "0000";

else if Dataln2com < "00000C00000C00C010"™ then Category <= "0001";
else if DatalnZcom < "0000000000000100" then Category <= "0010";
else 1if DataInZCom < "00000000C0001000" then Category <= "0011'";
else if DatalnZcom < "0000000000010000" then Category <= "0100";
else 1f DatalnZcom < "0000C0CG0O00100000" then Category <= "0101";
else if DatalInZcem < "0000000001000000" then Category <= "(0110";
else if Dataln2Zcom < "000000C010C000C0™ then Category <= "Q111";
else if DataInZcom < "Q000C000100C00000" then Category <= "1000";
else if DataInZcom < "QQ000001000000000" then Category <= "1001";
else if Dataln2com < "0C00010000000C00" then Category <= "1010";
else if DatalnZcom < "0000100000000000" then Category <= "1011";
else if Dataln2com < "0001000000000000" then Category <= "1100";



else
else
else
else
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end
end

if DataIn2com < "0010000000000000" then Category <= "1101";
if DataIn2com < "010C000C0C000000" then Category <= ™1110";
if DataInZcom < "10000000000000C0" then Category <= "1111";
Category <= "1000";

if;
if;
if;
if;
if;
if;
if;
1£f;
if;
if;
if;
if;
if:
if;
if;
if;

end process;

Amplitude

process (Dataln, Category)
variable base_ and
variable data and

variable AmplItude

std legic vector{l5 downto 0};

std logic vector (15 downto 0);
STD_LOGIC_VECTOR (15 downto 0): -

Amplitude of Category

begin

case Category is

when "0001" => base_and := "0000000000000001";
when "001Q0" => base and := "0000000000000011";
when "0011" => base and := "0000000000000111";
when "0100" => base and := "0000000000001111";
when "0101" => base and := "0000000000011111";
when "0110" => base and := "0000000000111111";
when "0111" => base and := "0000000001111111";
when "1000" => base_and := "0000000011111111";
when "1001" => base and := "(0000000111111111";
when "1010" => base and := "(0000001111111111";
when "1011" => base_and := "0000011111111111";
when "1100" =»> base and := "0000111111111111";
when "1101" => base and := "0001111111111111";
when "1110" => base and := "0011111111111111";
when "1111" => base and := "0111111111111111";

data

when others => base and

end case;
and

if DataIn(l5)
kmplitude

else

end

rll’

then

Data and -

Amplitude

1f;

--Amplitude

Dataln;

DataQut (23 downtc 8)
end process;

end RTL;

:= "0000000000000000O";

DatalIn and base_and;

-—-sign

lll;

data and;

<= Amplitude:
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