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ABSTRACT

The data compression is important to design the circuit concerning about data mining of the
present communication system. This project is a study of still image compression based on JFEG (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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7 0 n v A | 2 1 o ar = A 9 E
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2). ﬁﬁuauums@ammmmuﬁmm {Support for Design Hierarchy)
mﬁaﬂﬂuuufr‘hﬁuﬁwﬂuﬁ’ﬂymzﬁﬁﬁtgafhwﬁaﬁm'E”Uﬂwsaﬂﬂuw
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5). MIANMUARMIULA (Generic Design)
usnuAnsfmuas Uy Az iyudd Seuludug Ainadans
Uitanihivesgunsalodanidiemud  ddifsuiannadouunsdnumeng
MEnTHRIRURT IS mudmiumssenuuuiianisezansalddeonuvuimua
nuaidvosglnsainlFIdd Wy eunsodmuenng Soasvmemen om
Twan uazdoulvmsanmuaadeudun  anwmse lumssmuaquantianiiudu
wilsfiiogun1u1 VEDL degui
6). “Uﬁﬂﬂmd“ﬁ}m;!ﬂ {Type Declaration and usage)
VHDL  munsofmuesiavasdeya iifowsdyia  BIT  uag
BOOLEAN niniu  usdsmnsasmussiavosioyaihd iy smmis qe
nalouuazsIAd RNy (Enumerate  Type)  wieudugwidavosdoyaiidoanuuy
fvuatulde i1
7). Talsunsudon (Use of Subprogram)
anwaaalums 1ieidunay Insians  (Procedure) 1y
fafmuasnedanilaly vEDL mimunsofies ¥ ldsunsudeslumsn/Gounlasriaves
Joya mtHuantIvuDIa0Tn (Logic) Mydmuadinsziiae Ko wazInainSos 1s
fowldudesunaden Tlsunsuia T
8). MIAIVRUIAT (Timing Control)
VHDL aygalsdfoanuuy  aunsodmuasa lumsdariudoya

M a

uiednanu ldmufoInsnisnInaey  MIRENILDINY  HIBNITHUAMIANEINITD
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PR P . s A o q 3=t o
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] b o o kY a
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g Qe o 4‘;\ :& 1 Y e e i
- @it VHDL munsalddudanatalunisuanaldeuszuiednaatusy
AR0nHUY (CAD Tools)
- THfudenardlumsuannldoudemaizninedied (CAE) tazdedna (CAD
. 1 ar 2 Fd o y . v -3 a ¥ Ed o
Tools) U §I0 1Fea)Aa (SOURCE CODE} %8¢ VHDL muisnasnlingdlagtdaonlniass

(Compiler) NAzFUWAADS (Simulator) TAMAIGF WANA 19T
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- Y VHDL avduayumsesniut uuufela1id (Top Down Design) uag

UUDTMNENEW (Bottom Up Design) HIDNaufiuiaaany
a J=1 @ 12 a ar =

- dampt VEDL Huuuuiiald (Generic) ludamalulatduladunis T
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- AMTUAYUMIIDNULUNITEUUFI AT (Synchronous)  uazazwalnsie
(Asynchronous)
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Specification
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2.2.3.2 Modularity
Modularity ~ #9 #anm13 TUMSUeNeIU (Partitioning) 8134135 vanmily

L 1 A =y a 1 1 ar :
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Desaription of Addressahle
Bytas of Storage

Higher Abstraction
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Description of Flip Flop

A \\ Hidden D eseription
£ of NAND Gate
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2.2.3.5 Uniforminity
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Block ¥ lAansdieusaiifet vy Tmsldsondt Imslésweliue  (Commeno 1fudu

a ¥ o @ g '
mlimawen Tugaianudilede

224 oantlszrevituglidierAiea (Basic conceptin VHDL)
puundug el lumsvsseisieeidszoenly  vEDL - alszreudisdiu
fmuamsdouds (Inerface). za Ui musdnumzfianilnunssn (Architecture) Sauaaslu
p . A ' & 9oy, Y o o
Uil 205 msussmemaendeIsinduaIed) ENTITY audis¥ousieidilsznounad IS
awlunssmofisweianisdede  Suwnieninn  wesaupinsfiliznen  rudnymEmun W
Menendug au nar gamgl Aansesudh W ludmildmuiu Tudiuseamsdmiua
o = oy oy, & o gy ¥
anvgamidounssuasUuaudiod1dl  ARCHITECTURE  Fuludwitlfussaenthiinig
@ r o, o =

s ) - j S .
MuvepiItlsznoy Fesiusyiudysnu duwnioum uazwnilivessug Admualily

fvesmudoudedsgin 215 msussmemhivesssiilszneuszifudundsdiihn BEGIN
luanT
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ENTITY component_name 1S
Input 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;

i 2.15 uamsmisiimuamisdeudaunzamilavnssy

2.2.41 MsfMuanIa¥oune (Interface Description)
myfmuamafoudeiiuszfuuugareamsoenuuy  Tuszduiezdos
fiuanesa MnSumsaadotuenilszrounisuendug dwdsedialugali 2.16 ussvians iy
] P < & . kY 4 -4 a_ 1 A
mifuatoveseflsznovdaimualiiiiude Clock component mudIef1d1 PORT uazie
i =] ° o =
vpanesmogluauiy IN uaz OUT dwunlvusvesdgerauiluduynnioeninn BIT uana

wiiavastoya

CLOCK

A packaged

Gomponent

ENTITY clock_component i5
PORT (en: IN BIT; ck: OUT BIT);
END clock_component;

51U 2.16 uaasvdonleezunsuuaznisusseunTfouRauas Clock component
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2.2.4.2 ﬂ1iﬁ1ﬁuﬂ§.ﬂilmjmiﬂﬁﬂm {Architecture Description)
mihiminueeandlsznanszgnusseemeatugiui msusson
o v v 9 E = 4

aunrofmunivosdygianaiynlumesuos  Clock component Iugd# 217 Fauftums
vismeluwdanganssud en duduwnnardl ok Wwewiwn PROCESS Wludusududwmiunts
= a 3 ° R . as i oA ]| . 3
visteludanganssy  molulnswadmuald  Periodic WududsfilmuSududy <o &

o Ay R 1 . . =t o T Yar & a
Ay en UAUTU “17 A1WBL periodic dxgARBRWAUALAz M IRAY ok Fulludaynw

o @ a ar =) o = =
wiiyndtds WAIT fvualiduapafinuduna 1 ulasdnd

ARCHITECTURE behavioral OF clock_component IS

BEGIN
PROCESS
VARIABLE periodic (BIT 1= 0™
BEGIN

IFen="1"THEN
periodic (= NOT periodic;
END IF,
ci <= periadic,
WAIT FOR 1US;
END PROCESS;
END behavigral:

JUN 217 HARINTUTIEIIIAWEANTTUUDY Clack component

2.2.4.3 Vibsunsuden (Subprogram)

ms1giaddunas InsBmes iy vHDL nffsuien 1ddumsldlsnm
doulumsmeu Tlunsunimdugeing U afgndinduviegaulfoundasTaelusunsudesos

i =4 P=1

A = ] 4 1% dipy @ Vaq o ar o =t '
3o hifinadomsanasTasaassi 8 gy Sus i ldledduumumsnssiluaumsyiu faziinade

=h

= = 3 W o - 3 A g o i '
WIsATIneses Tuvaris 4 Tdsunsudenlunmsuldrumiasasdoyanislumsduiaimin
8 o 1} s 1 3 o ks
pan udane lilinans Inseadrauesansanas
c; g B‘ﬂ'.l =1 N 4 ] =
3 28 wreems l9HsAru Twsdmesion/feudoyawia 8 On
= 19 = a o a ar o @ 5
Whumduduglfi 2,19 naaamsldiedtuTaofmmuald X Bududsstatinumumsasedi

Tuumsy@u



TYPE byte IS ARRAY (7 DOWN TG J OF BIT

PROCEDURE byle_to_integer (ib: IN byte: oi: OUT INTEGER) 1S
VARIABLE result | INTERGER =0:

BEGIN
FORITINOTO7LCOR
iF ity = "1 THEN
Resull ;= resui+2*71
END IF,
END LOOP;
Ot = result;

END byte to_interger

51U 2.18 urasms1¥TnsFmnd

FUNCTION f(a b c BIT)RETURN BIT IS
VARIABLE » :BIT:

BEGIN
Xo= ((NOT ay AND (NOT b ) AND o)
RETURM %

END ¢

Ju# 2.19 uermanis Istand

2.2.4.4 Jonlassines (VHDL OPERATORS)

27

asusIneEmganssuly VEDL Alldnseiimnastnuazadinmand

rudeiudun vl faguf 2,20
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PREDEFINED OPERATORS
LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOCLEAN

RELATIONAL OPERATORS 1= /= < <= » »=
OPERAND TYPE :any type
RESULT TYPE : Bolean

ARITHMETIC OPERATORS : +-* /** MOD REM ABS
OPERAND TYPE | INTEGER REAL Phyzical
RESULT TYPE [ INTEGER REAL Physcai

CONCANTINATION GPERATOR: &

OPLERAND TYPE - array of any type
RESULT TYPE - array of any iype

31 220 uanadanszilu VEDL

2.2.4.5 I0UDZANINNIONWIEG (Timing and Concuarvency)
Turssdiannsetind gunsaigndezedluanimaToundeuaue
. ad 3 A 9oy PR | =
(always active) uazazlizaareanainuiodosdnauolunng mamsaifietn vepL $u
i Idfumsesnuuuuiiea i snusseealuag s Hesdure I d M UM i11ve
gilnselidndugnder  nsussosmsiuhegnisluduuesanraunssunsussoweeding
Mmamawdounioadwaue viaudng Tnsraiimsinuawhudneuudduiidedan mnd
1 ) = s d o b3 -
vatee Iwsiraagnmolulassmsaiiudoaiunng Tnseafaziiaullwions fude
2.2.4.6 dayanauasAIuils (Signals and Variable)
ar = 3 2 o o et LT ooy o oA
duanaiuthuateudnarssdans N 1Fumsdsnudoyauaz ii5na
vewauinodewis mstmuea ldfodyanueeddadove <= Tumsdamuazause
lafids AFTER iasmuagisnmlumsdidiunwosdydnuel 9y W <= AFTER 12 ns

vugde Amuasvadaan a Wi w ndsnanadnlyd 12 s

225 Inssadvesiissfuon
lunmsesnuuudiaea SUABEMSAMNauLIANLAa DA uILnTE T 1@
o o dedn v n ¥ @ ' '1‘: 4 q * :xr
sonnduatnralafaninidanld  ssdevihudumoudiey  wnue  uazlundazduasy
o . ) o o 4 - o o 3
Aoanuuazdeinsnaaeuradnigamoluudasdu WmaAu@ua WA s sz
& o o o v Y oW
nszuumsesnuuyiutudo Y Tavsademseonuuy VEDL swnsadowdunmuds1d degal
2.1
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Syatem Design [:‘_1"'“‘—:[ Byzem Skmuiation |

-
»
-;IJ Function Design ;“ — :::::::f’_l Function Simutation |
o -
. //
;{ Desigr; Etity }/
!
1 ¥ L 4
Graphic tayout ool }1——-——-—-»1 Routing Toal 14—»! Layout anguaga s |
Complier Cpmplier
1 ¥ ¥ ¥
Cesignt rule oot Parasitics Check
aheaking extractic 1 sxtraction piots
i
Y
Emor
y Y F ¥ Y ¥y
Elevtical Logx TFhttitrieng .
fules checxer simulater simulats :Dmm
: i simulator
| E
i
i i
H i
4 Y Y b4
¥ OK ¥ CK ¥ O ¥ CK
 J
%
[ Fabricate
-
| I

sUf 221 pduanslasadumsesnuuy VEDL

. - ada w an o &
5N 2.22 uamstuaoudndnlflumseenuuuizuuAaeain 1l Fawisn

U

deenuuudmuaunnuialumseesnutmdsfnumsiimswann limnsadwn 19 1ded

quysel  dalludueenifedinnuiuiuifessuuuszdesadigunuszvyludawgdns sy

3 & 2w o W o a o=
ﬁuu']ﬁi?ﬂﬁﬂﬁ f"ﬁ‘ﬂﬂ'ﬁuﬂuwiq-lu F*Nllﬁﬂquﬂﬂﬂéaiﬂﬁﬂ']ﬁQﬁqEﬁJ (Pseudo Code}
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Design idea

Bahavioral Design

Flow Graph,Pseudo code ...

Duata Path Design

- Bus & Register Structure

Lagic Design

2 Gate Wirelist Netlist

Physicat Design

&= Transistor List , Layout

Mamd’aciuring

Y

Chip or Board

1 3
g‘dﬁ 2.22 (aAIuneUNIIoaNLLLTLILATADA

-

Tuapude ihflumsesnnuussyudumaresdoyn  deenunuazdeaiivua
dutlsznovvediicaes  deonmnazdmuadiuvesiimeed  (Register)  L1AZIIIIATING
) A & o o o i ¢ ; s A oy
(Logic) Wiulhuiavuailsznsudutluszuuienysel unazesdmlsznoummsasounaniuain

a & = . 4
AYUIMIDADINANIG (Unidirectional or Bidirectional Bus) niziumsaiugulumsmioudio

¥

suagai:w'51a?’?]ffm'ﬂfuaz’;a%miiﬂ:ﬂxﬁuagﬁquﬁnﬁummizuuﬁﬁmuﬂ”l"i Fogalit 2.23
mIvenuLNIATInsaniuiuneudell  msssnuuulutuiifedoeiuns

”l%’maqﬁ?ugmuazwﬁﬂwanﬂrﬂuﬁ'uuﬂjmaﬂﬂmﬁwnﬁim 18us Rmeedidudayalnsasnsuay

dununuaiaudf ﬁ?ﬂuﬁuqﬂﬁﬁtms"lé’fa'aﬂmﬁ'Jum‘%"ﬂu’1Emmmﬂﬂﬂusxm’nmma:ﬂﬁil

Waoduiuma
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CONTROL,

DATA

Procedura H

of data

DT

recistecg

and Buses,

3ui 223 wrpsmssannuuszuLduN o ya

] = :J‘ = ] ] 3 = ¥ Y o
At TuRauveImswlanunsadons Insloluduasuiiud 18 v
¥ . —
NITUFANBTUAZIANDIN (Transistor list and layout) Tudumeuiifu1tosfunts fartannuas
Wileodunudinswdameduielaus i funsuantodumsdaszuuisonuuy] i

4 P 2 = =L ~
nsiemsi lssnumendngonumiiuiaesswlufiga

2.3 mafiemsfeya
1uﬂﬁ§ﬂﬁ15‘ﬂ§‘i?}ﬂiiﬁﬁ%ﬂgﬁ?ﬂﬂﬂﬂﬁ%ﬁElﬁl?llflgﬂtlﬁﬂiuﬂﬁﬁ%ﬁﬁﬁﬁ? Ao 2 U
2.3.1 mséﬂmiunm}um (Parallel Communication)
msfors Tugtuuuiidedoyasen lUfiFem o fuitt 8 bis NTuEetya 8

] ] |y 3 ¥ & a -
LTl ﬂﬁ'ﬁ@'L'TTJ'Llaﬁﬂ'I3?(3“U'Elﬂ‘.llﬂil,'UUﬂlu‘luﬂﬁuﬂﬂﬁiﬁiﬂuﬂﬂgﬂﬂ 2.24

Tranzmitter Feceiver
|'“1_ T _I]_ kit W o]
o] [ ML
o] 1] [ ]
LA RLY o
1] [of o gL
EAN Y "L
o] 1] [o)— =]
] (o] [o]———[1]

317 2.24 AnwazmisFemsiunvuiu
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= 1 A Y| 18 =4 =1 t i
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o o M

§ & = 3 r v W I £ w3 3
wueUnTY uANIARnIuuIIU Ui hdade luansadseyaluszes Toag 1fuasdedeqld

€

¥

medygpunmndulumsdsdoys mlddunlfesnnmdemmuuveunsy il ldazainy
113 1990 §19619U99M 3 To M3 UULIL 1H RTRIRUN (Printer) LA MITADEIT MWD ATLL

(ECP Printer Port) (118

2.3.2 MITBAITUVURUNSU ( Serial Communication )
dunsdoms Tavmsdefoyafiazin dnaedagiadufion masust 8 bis nis

Tt Tavezaadind (L5B) een lunou aunrauaasliifundnmadsdoya nvueynsuld dagl

Q

]
=1

n2.25
Tranzmitier Beceiver
we | [1] [0} [ 0]
LEgLEEY L1
4l 1 1 1
o] [1] [of | lelolefofofsTe]o] |5
(1] [o] o) & tra | [@
L) 7] 1]
o] [1] [] 0
wre | 1] [o] [o] ]

1171 2.25 msdadayaneynsy

2.3.3 MIaUEBSMAMIMUIATFIU RS-232

UIATHIU RS-232 Lﬂuum5§1uﬁ”l¢’f<?umaﬁmum1muua:gn1%~amﬁuaaiw
uwinalo 13119 RS-232 ¥ouws DTE {Data Terminal Equipment) 118y DCE {Data Communication
Equipment) 191 A139iames TianAu Tudy 91ns g1u RS-232 nanfednume niana, Snumsves
dyaa i uazdvuuzmsihaudlimsdumesive fMad1vosginsali ¥ lunssumos e
AIATFIU RS-232 AU masiila, wivwnod, andn eunlawes (Logic Analyzer) 1z

4 = 2y +q 3 Y o o ¢ Y e o 4

w3 Mmsdszgndliouweundemshiuaesiaglnsaldrfusumesiauas gy

RS-232 518 uudoutlassedy

L ar 4:1' = o
2.3.4 fouasdaanunldlumsdwaesva
3 % w = Yo by T oo [ M T

masgiu Rs-232 Mdganaufivaduder lumsasdyaia Taodyoiaosdd
o ) ar 3 Sl w a0 o = oo = = 1A P as‘d
wermuaeaiu lunsalfidasud slumsdedoyaiia widy 20 kops (Alatindedunil) dedriisiu
' PR E] u o e Y v v Ve 7
mgegaiil¥lunsiomstoya (uilogguiann Wausamdoyaldmandil sveznialums

datioyalininfiu 5o va andefimualumasgu TIMTUMTUNULT IRV TA LT R My
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@ o - J ar L4 1 o @
uUI T Ty InUaantn “0” Aea i +3 Toan de <12 Tiayl dawaodn “1° ssunus vé

s 94 1 @ ' o =K o«
FYYIUAWAMTIAUTSHIN -3 11a% B9 -12 Tad

2.3.5 mseonnuudimlasdyano
& 1 e ¢ A = 7 1 = 3 ]
mIiFouRBiuNDIaTemIveInauiune s Fiuyanaszdonldwesadomsuyy
pYATY 9 1 (DB-9) Fyanmsashimisudatoyaldunneynsy Taodnuusvosdyaunziiilil
AUMIATTIU RS-232 uasanbmzuasmsiendouaanes afomsdmsuaowutinmes iyl DB-9

=1

amnsouansldiinld figalf 2,26 uazgUd 2.27

ar

A1T1N 24t Ty yInvInaiaFoaseynTuNLL DB-9

AM1991 DB-9 deya |

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

l 9 F Ring Indicator : RI

3 2.26 My Savveaneudinmoiwefaauns uuuy DB-9
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Computer Cuzyice
P
Twb " Twh
] 4——-~\<\—p RxD
RTS RTS
CTa CTa
TR bTR
LSR b5R
S L b w S

3 2.27 mssiegilnsalnouenduneuiune 1 Tau ¥ daauio 3 1du

2.3.6 1993150uAD 2% 719 DB-9 1 FPGA
v ¥ » i
novdefiasuiismruudhlunisfemsuyoynsmiu luszduaag

auIN “0” IUNUTTAUART AR IRV IAUT e <3 Taav Be +12 Thaviuas luseduvosansn
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“1" AUNUITA AT AR 0T EA LT 9L TE A =3 Tiadl B9-12 Thaw msizasiude s imsuas
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LOGIE "1 i ( : i i
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‘Start’ Bit | Bit DBt Bit 0Bt Bit | Bit ¢ Bit Parity Stop !

Bt 0 1z 3 4 B ¢ 7 Bt Bt
LEB M5B
JUN 2.28 luuumsfemisunuoyniu



WAYREZ [/ TAZIE

35

[+ B
a1 +
N
18¢
s B
fa: 2
o +
uFf ==
1e¢ T
2~
%.‘/%:A_i —
o2
0 Tio
o=t
o1 Ril
& o1

g
yee
o
e
164
Ve
’v’-
4
o
+ 167
D
oty
g —-_ T >

o
©
-

3U¥ 2.29 2sa3mlasszduns iy osmsdamisunieyniy



=1
uvn 3

PISATHIRRZ N5 14
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=
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3513999 Huffiman encoding @113 auaniduasuvasnisanviadoyan miiuuienlaozunsy

Tasegan 3.1
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b
Cr oy el 1F
=Rt SRS LR p{ iDpETL o I
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£
P B~
.
7
=
Z
Data_sut
Huffsnan 4 Quantizer 1D-BCT_2 |+

sUd 3.1 nassdwutuaoun1sileu

3.1 mseanuuuaIumslasaeninlnae
3.1.1 AU svdnans uarasy

i, o3 - ' & e ' -q £ oA g o o9 &
asvswawes uvanLannaeal sznamannivavas udurauag

Yo

AT U UAIFUBIMIRITUANSS LU | @ (1 D Forward Transform) L@®dtl

A=)
8,=> Xa,, (3.0
i=0
o =1 P 2 ~
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a

T DB LA UDINITDUIDT BT IUANBTULTY 1 TR (1D Inverse Transform) 14849

N-l
Xr.' = Zgibn,l (32)
1=0

L

é = a ] a = = o o =%
eneITaannsh 3.1 ewsalsuaumsmsnsiadeiu 1 1@ Tugﬂmmﬂcﬁ ulﬂ U

8 =CX (3.3)

td
o

A & o =5 = o < =y = Yo
HaRNTMIANMTA 3.2 MUFAiBuTuNISaunas ans oIy | Ua iugﬁmmﬂm u].ﬂ U
X=D0 (3.4)

Tay  weSnd @, X Tawa N X7

wasng ¢ D Tuwie NXN

dieRnsandeyauuy 2 §d mwisadvuaunisvesnniuavesuuuy 2 G5 2D Forward

¥
Transform) Tﬁﬁﬂﬂ

Nl A=
By S Pl (3.5)
(=6 =0

3
&

A e = =4 L4 = = o Ly ¥
WerMIITNMITN 3.5 gunIneuruninIuadeiy 2 0a Tugthuaing laded

®=Ccxc’ (3.6)

o
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wisannsadouaumimsduneiansuanesy 2 33 Tugiluesnd el
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~ =y d .
3.1, 2 msudaanuudansalaa e (Discrete Cosine Transform)
aqumsilddmiumsndasdonselawoi] (Forward Discrete Cosine Transform)
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wileiia
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BIONEZ ¢y Cy ¢y €y €4 ¢y Cy x(0) |

¥ ¢ €3 s Cq ¢ ¢ G Tq x(1)

¥(2) ¢y Cs € 6 6 6 G ¢y x(2)

¥(3) _ 16 =€ 76 =G G ¢ Cy —C3 x(3) (3.12)

y(4) Cy -c, -¢, ¢ c, -c, ¢, ¢, x(4)

¥(3) Cs -¢, Oy ¢y -Cy,  —C, —Cs x{(3)

¥(6) Ce -, 0 ~Cy,  —Cq  Cy -c, € x(6)
LY(7) ] .67 —€; ¢ —C, 1 —Cy Cs —Cs i (7) ]

= oW a g 3 1 : o g as i o =
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aunIsn 3.11 A9

¢, ¢, ¢y ¢, e Cr c, ¢,
¢, Cs cs c, —¢,  =¢, ¢ —q
c, Cq G 1 =Cy =Gy =G G e
V145> —C | =G e | e ¢ q. -¢, 53)
c, "o’ 3 2 CQ i b5, pvind 4
c, Eopvost, P —c;  —C, g —c;
cq SRy VT -, —¢, € ~-c, ¢
iy G5 LG5 7R AAG —CiCs 39N

WaunuaA1 ¢ muais1en 3.1 asldesld

[+0.707 +0.707 +0.707 +0.707 +0.707 +0.707 +0.707 +0.707]
+0.981 +0.831 +0.556 +0.195 -—-0.195 -0.556 -0.831 -0.981
+0.924 +0.383 -0.383 -0924 -0.924 -0383 +0.383 +0.924
+0.831 -0.195 -0.981 -0.556 +0.556 +0.981 +0.195 -0.831
+0.707 -0.707 —-0.707 +0.707 +0.707 -0.707 -0707 +0.707
+0.556 -0981 +0.195 +0.831 -0.831 -0.195 +0981 -0.556
+0.383 -0924 +0.924 -0.383 -0383 +0.924 -0924 +0.383
| +0.195 -0.556 +0.831 0981 +0981 ~0831 +0.556 -0.195

(3.14)
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[+0.354
+0.491
+0.462
+0.416
+0.354
+0.278
+0.192

| +0.098

udaserumsf 3.15 Milwavgiu 2 HlinToanino ladail

01011010
grirniol
01110110
01101010
01011010
01000111
06110000

| 00011000

+0.354
+0.416
+0.192
—0.098
-0.354
-0.491
—0.462
-0.278

01011010
01101010
00110000
10011000
11011010
11111101
11110110
11000111

+0.354

-0.354
+0.098

01011010
01000111
10110000
1111101
11011010
00011000
01110110
01101010

+0.354
+0.278 +0.098
-0.192 -0.462
-0.491 -0.278
+0.354
+0.416
+0.462 -0.192
+0.416 -—0.491

01011010
00011000
11110110
11000111
01011010
01101010
101100600
11111101

+0.354
—0.098
—0.462
+0.278
+0.354
-0.416
—-0.192
+0.491

st

01011010
10011000
L1110110
01000111
01011010
[1101010
10110000
01111101

+0.354
~0.278
Einbtg
+0.491
—-0.354
—-0.098
+0.462
-0.416

01011010
11000111
10110000
01111101
11011010
10011000
01110110
11101010

+0.354
-0.416
+0.192
+0.098
-0.354
+0.491
—-0.462
+0.278

01011010
11101010
00110000
00011000
11011010
01111101
11110110
01000111

+0.354 |
~0.491

+0.462

-0416 '
+0.354
~-0.278
+0.192
—0.098

(3.15)

010110107
11111101
01110110
11101010
01011010
11000111
00110000
10011000 |

(3.16)
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YT Transpose A1 Jefasin1difu 13 lusonves FrGa Tda il

"01011010 Q1111101 Q1EICII0 01101010 01011010 Q1000111 00110000 00011000]
01011010 Q1101010 00110000 10011000 1:i011G10 11111100 11010110 11000111
01011010 01000111 10110000 11111101 11011010 00011000 01110110 01101010
01011010 00011000 11110110 11000111 01011010 01101010 10110006 11111101
OI0I1010 10011000 11110110 O10001FD 01011010 11101010 1010000 01111101
01011010 11000111 10110000 OI1111t0! 11011010 10011000 01110110 11101010
01011010 11101010 001100060 00011000 1I10t1610 01111101 11110110 01000111
01011010 11111101 01110110 11101010 01011010 11000111 00110000 10011000 |

(3.17)
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Y = CXC' (3.18)
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T(uvy= round[M} (3.19)
Q(u,v)
wazfiaunisintowlaedy fai
T(u,v) =T{u.v)Ou,v) (3.20)

wo  T(wv)fe mdudszdnd DCT

T(u,v) fio ardulszani DT ilognatowulag

T(u,v)#o mduilszang DCT dednoulad

= 1 4
O(u,v)fio mialaulaaas
P 2 & A v Y =

waz round fn My wwavilinilndfAvinae
Tan 0<u<7,0<v<7

4 o 5 .
Feiiieuldoonuuuudendeyantoulames Alflunnhoulaslfaumsade
Q(u,v} =1+ (u +v+ I)x quality (3.21)

nay ldeanuuuliannsnfonrr Q) meluvienidvaeszdudanmaim

u < o N . Lz Aa g o & ' < P
VOINIDY AEEDTUWAART ( guantizer factor) (AUTH 1T W TUTHATULAITEH G 0 D9 15 UnRL
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uazldsanuuuldmusonldoudl O(w.yy  moluudenldvaiazsdudavaaien
yanroulamad aMod (quantizer factor) FautlsR1FIuTdsunsuiimsendie o de 15wy
Iuaenlameiie 64 fanieluuden Fsemes QF. (Quantizer Factor) dawsadmuald
Tan1l$uf DIP Swirch Aussa FPGA

MnauMs panInzdnsnsdsndendayanenlames 1 liamuisasiinszuouns
wisuu FPGA RTsdehmsadiadoyaludauves YO, V) wlaafuluus i luseuron
nnfusssFondeyadmtiunimsquiuteyaildaindsu Dot

Foyaludmves YOU,V) axifludmadunisdesgudrs 1024 e Wifudnamds
ot alaadiu S adu 3 useuiided
“10000000000" 10000000000, 01000000000","00101010101","00100000000","001 1001 1001,
"00010101011™,"00010010010","00010000000","000011 £0010","00001 1001 10","00001011101",
"GO0T010101™,"000010011117.,"0000100 (0 "."0000 1000 F00"," 0000 1000000, 000001 1 1100",
"00000E100E","000001 10110000001 10011000001 10001"."00000101111","00000101101",
"000001010¢1","00000101001","0000010011 1","00000100110","00000100101°,"0000010001 1",
“00000100010","00000 100001","00000100000","0000001 4 111","0000001 [ 110","00000011101",
"000000111007,"00000011100™,"0000001 101 1","0000001 1010","00000011010","00000011001",
"00000011000","0000001 1000™,"000000101 1 1","00000010111","000000101 10","00000010110",
"00000010101","00000C10101","GO0000 10100, 00000010100, 000000 10100"," 0000001001 1",
"0000001001 1","00000010011","00000010010™,"00000010010","00000010010","00000010001",
"00000010001","00000010001","60000010001","00000010000","00000010000","00000010000",
"00000010000™,"C00000011 11", 00000001 111", "00000001111","00000001111","00000001 3 10",
"00000001110","00000001 110™,"00000001110","00000001 1107 700000001 101","0000000T 101",
"00000001 LG 1"."0000000 1101700000001 101700000001 1017,"00000001100"," 0000000 100",
"0000000 1 100","0G000001 100™."00000001 100", "0000000 1 1O0™,"0000000 1 100","00000001 100",
“00000001011™,"00000001011","300000016 1 1" "GO00000 101 1","0000000 10T 17 000000010117,
“00000001011","00000001011."00000001010","00000001010","00000001010","00000001010",
"0G000001010","00000001010","00000001010",*00000001010","00000001010","00000001010",
"00000001001","00000001001","00000600 1061, 0000000100 1"," 0000000 1001, 00000001001,
"00000G01001","00000001001","00G00001001","00000001001","00000001001","00000001001",
"0000a00¢1001","00000001000"," 0000000 1 000", GO000A01000", 0000000 1000, 00000001 000",
000000010007, 000000010007, 00000001000, 00003001000, 0000000 1000, 0000000 1000,
“00000001000","00000001000","00000001000"."00000001000”,"00000001000","000000001 11,
"000000001 11","000000001 1 17,"00000000111™,000000001 117,"00000000111","000000001 11",
"00000000111","000000001 11","00000000111"."000000001 1 [","000000001 1 1","000000001 117,



"00000000110","000000001 10","00000000110","000000600110","000000C0110","000000041 10",
"00000000110","00000000110","630000001 16","000000001 10","00000G00110",700000000110",
"00000000110","00000000110","G0000000110","000000001 10","00000000110","000000001 10",
"000000060110","00000000110","000000:00110","00000000110","00000G001 16","000000001 10",
"000000001107,"00000000101"," 00000000101 ","00000000101"," 000000001 01", "0000G000101",
"00000000101","00000006101","GO000000101","00600000101","00000GAG101","00000000 101",
"00000000101","00000000101","00000000101","00000000101","00000000101","00000000 101",
"00000000101,"00000000101","G0000000101","00000000101","C0000000101","00000000101",
"00000000101","00000000101","00000000101","00000000101","00000000101","00000000101",
"000000001017,"00000000101","00000000101","00000000101","00000000101"," 00000000101 ",
"00000000101","00003:000101","00000000101","00C00000101","00000000101"," 000000001 01",
"00000000100","00000000100","00000060100"," 00000000 EG0","GA000000 100", " 000000001 00",
"00000000100","¢0000000100","00000000100","00000000100","00000000100","00000000100",
"(0000000100","00000000100","00000000100","00000000100","00000000100","00000000100",
"00000000100","00000000100","00000000100","00000000100","00000000 100", "00000000100",
"00600000100™,"00000000100","00000000100","00000000G100");
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aatiu safehde (SIZE) (AMPILTUDE)
Tussddunu szfuswanus e Wl lunisunudoyanium Category voatioya
WU FamsHIA Category veadoynmsan11d91nn1919 JPEG Coefficient Coding Categories
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o = ) = Y =
iy Tuneruan TasmsHoumiaiua Category ¥ 1A01NA1T199 3.2

MINA 3.2 1319070881 Categories VDITOYA

DC Difference AC

Range

Category Category

0 0 N/A
-1,1 1 l
-3,-2,2,3 2 2
ST 44,07 3 3
-15,...-8,8,...,15 4 4
-3,..016,16,. . 31 5 3
-63,....-32,32,...63 6 6
-127..-64.64, . 127 7 7
-2, Eol2RLRe Ly Ry 3 8
i -5, -256.256....,51 ] 9 9
} -1023,...,-512,512,...,1023 A A
-2047,...,-1024,1024,...,2047 B B
-4095,...,-2048,2048, ... 4095 C C
-8191,...,-4096.4096.....8191 D b
-16383,.. . -8192,8192,.. 16383 E E
-32767....,-16384,16384....,32767 F F
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mydhsiar AC (Heyarudaf 2 fudii 64 Tuneatoym szarsonlumadisia
A1 DC v wwdimathafadwesdoyalasass (idsdmmwzaanuandamiiauly Do)
wagndisrant AC Thiasimsddammzi ac Afalidugudviniu daudr ac Aifl
AUEEM JPEG  9ze fumsnsHauuy runlength nFanlumsdsiadadine Tunisdas i

ar v

i A1 P o E ¥ PRy o 1o ¥ Y =
a1 AC luiiluguduaszd azdudwaudoya Ac dluguiFanfanuiiuniiveiteyaies
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a ¥ o 9 ERE: o P ] ' oA
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3. AMPLITUDE flo Auendganiamvastoyai liwhAu 0 e
Ay srafe (RUNLENGTH, SIZE) (AMPLITUDE)

HUTUEHR
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A ey = ] 4 a [ a = o Qs J=~{
Udenludimy Ao A 0 Ramipady NN 16 @1 auudatuily 22 61 ozldswenilu
(15,0} (6. 41{13)
2 oA a ar < o o ”
(15, 0 AwrAD 10 aednaiu 16 @2 oiluziluuuidivuaaioda)

(6, 4)(13) anuvieRa & 0 Bn 6 da 1 4 dnTumsimumdeyafiaumiiy 13
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1 E
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1. Tdsunsumsutlos DCT 1 Quantization

library IEEE;

use IERE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARTTH.ALL;
use IEEE.STD_LOGICMUNSIGNED.ALL;

entity DCT1 is

Port { AddrIn ¢ cut S5TD LOGIC VECTOR (5 downta 0);

~— Address For Data In

AddrQut : out BTD LOGIC VECTOR (5 downto 0);
-— Address For Data Out

Dataln : in  STD_LOGIC VECTOR (15 downto 0}
-— Data In

Datalut : out STD LOGIC VECTOR (15 downto 0Q);
-- Data Out 5

WR : out  8TD LOGIC;
-— Write For Data Out

EN : in  8TD _LOGIC;
-— Enable Module

END DCT : out STD LOGIC;
-= Module End is '1°

MODE ¢ in std logic;

-- MODE 'O' IS 1pCT , 'l' IS 2DCT

Quality : in S8TD LOGIC VECTOR (3 downto 0};
-- input for Quantitize contreol

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

architecturse RTL of DCT1 is
type rom8x8 is array (0 to 63) of std logic vector (7 downtc 0);
type romldivx is array{(0 to 2255} of std logic vector (10 downto 0);

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

"0i011010","01111101", 031110110, "01101010","01011010, "010C0111", 00
110000, *00011000",

"0l0i1010™, 01101020, "OCI1QCOGT, "lo012 000, M110110L 0, 11111101, 11
l11¢110","1l1000111™,
*Qi0lio010","01000121"","1Cc110000","21111101","11011010"™, "00G11000", "0
1101i0"™,"01101010",
"glo0li010","00012000","11110110", 11000211, "01011010", 01101010, "10
110000™,™1111110%",



"0101101C", "10011000", 7131110110, "01000111","01011010","11101010", "10
110000, "01111101",
"01011010", 711000111, 10110000, "01111101", 11011010, 10011000, "C1
110119, "11101010",
"010611010","11101010"™, "00110000"", "O0C0L1 000", " 1011000, 01111101, "1
110110","01000111",
"G1011010","11111101","01110110","11101010","01011010","11000111", 00
110000",710011000"
)

-—- {1 / x) *1024

constant divx : romldivx = {
"10000000000", 10000000000, 01000000000, 00101010101, "00100000000"
,"00110011001",
"00010101011","00010010010Q", "000100C0000, 00001110010, 00001100110
,"0goo1011101",
"go00l0l0101M, 00001001111, "O0001001001, "O0001000100Y, "COCG01000000"
, 000001100,
"00000111001", 00000110210, "0C000110011", "0000C11000L™, "COCO01012IL"
,"000og0101LC1",
"oo000101011", "00Q00101001L", "OO0O0100111L Y, FOCO0010011C™, "QO0001001 0L
,"00000100011",
"00000100010", Q0000100001 Y, "QO000100000", 00000011111, 00000011110
,"oocoonliioLr,
"Q0C0Q00L11100™, "000Q00011 00", "OQ000021011 ", "OQ0C0011020", 00000011010
,Tooocoo11001",
"000QC011000™, "OQO0C011000", "0000C0Q10121 T, "0Q0000202 21, "00000010110"
,"00000010110",
T00000C10101", "00COC0OLOL0OLT, "Q0000Q010100", "O000000101.00", "C0000010100"
,"ooooonl10011,
"0C000010011™, "0000001C011", "0Q000CLO0L0Y, 00000010810, "C0OC0O0010010"
, "aaooo010001",
"C0000010001", "O0C0OCQIA00L", "O00D00010001 T, "OC000010Q00™, TO000C01IO0C0O"
"oooogolcoaor,
"20Qoo0104000", 000000011, "Q0000001121 ", "00C000021 11", 00000001211
,"0000a001110",
"0oQcoo01110m, "o00000011L0", monoo0oo01i1oT, *00000001110™, "OQ0O0O00CI1OL"
,"Cc0oooco1L101", :
"00000001301™, "0C00000110L", "O0000001101 ", "O00QC00L1I01™, "OQ0000001L100"
,"000p000LI00",
"00000C01100", "0C000001100", "OO000001200", 000000021 00", "00000001100"
. "000ooC01100", -
"00000001011™, "O00000Q01011 ", "O00C0O0010L1Y, "O0Q00002011", "O0000001011L"
,"ooonooaQlolL",
"00000001011L", "QC000001011 T, "OO00DO0L01C™, "GLOCO001010™, "000006001010"
,"0000GO01010",
"ogoooool01GT, "0Qo00001CG10", "TCOL00001010", 0000001010, 0000000101 0"
;To0000001010",
"oooo0001001™, 00000001001, "C0O000001001", "O0000001001 ", "O000Q0001001L"
,"0000000100L",
To00co001001", "000000CL00LY, "O0000001001 ", "O00000010C1™, 00000001001 "
,"oQooogo100L",
00000001001, "OR0O00O0OQL0O00, Q0000001 000™, 00200001000, "OQCC0001000"
,"0oogoog1000m,
"0Oos00001000", *00000001000", "OO0O00001000", 00000001000, "00000001000"
, "00000001000",
"000o00o1ag0on, To0o0QuCIGeoT, "00000001000", "O0000001L000™, "O0000001000™
,"00000000111",
"00000000111, 00000000112, MO0Q00000L 11T, "OQ000000111™, 00000000111 "
,"0oooo00011L",



"Q00G0000111", "00000000111 ", 000000001, "O0QQQ000L11, 000000001 L"

,"cocooooo11l",

"QCoco000111 Y, "00000000111 T, "0000000011L, "O0000000111", "O0000000L1L"

,"00co0000111",
*00000C00111L", "00000000112 ",
,"O00000001L0",
rgocgogoeollict, "00000000110",
,"acoogoo0110™,
"0oC0o000011G", "000000001L0",
. "000Q0000110",
"0cooooo0110m, "oCcoOCO00OC1IIO",
, *000000001L10",
"000o00000110","00000000210",
. "0oocoo000110",
00000000110, "00000000101L",
. "00000000101L",
"00o00000101L", "00000000101L",
, "00000000101Y,
"30d000o0101"m, 00000006101,
. "00000000101L",
"00000000101", "C000000010L",
,"00000000101,
"00000000101Y, "cooo00a0c10L"Y,
,"000000C0O101Y,
"CO0CO0000101, "00000000101 ",
,"0Ccogocot1c1",
"00000000101", "0Q0O0000O0LIALY,
,"000C0000101",
*00000000100", "0000C000100",
,"0000C0o00I00",
"oagocaocoloor, To0000000ICO",
,"0cQoo0co0100",
"00000000100", "0000C0OCOL0O0",
,"000gooo0100",

"00000000110", "0GC00000110",
"gea00000110", 000000001107,
"o00000Q00L1I0", 0000000010,
"00000000110", "00000000110",
"*go000Q00110", "00000000110",
"00000000101", "00000000101",
"00000040101", "O00000001I0L",
*goo00ooco101, "O00000002 01",
"goooogogloLn, 00000000101,
"0pooJ00n010L Y, "oco0000001I0L",
"000000Q01C1 ", "00000000101",
"00000000101", 0006000010,
"go00coo000100", "oCo000001L00",
"Ca0ogoo000100™, "00000000100",

"Qo400000100M, "000C0C0OC0OLI0QM,

"gooooogoLic”

"googooociion

"00000000110"

"00000000110"

"go000ooc1ion

"oocoogooo1OL”

"*oongaoooloL”

"ooogocooloL”

"ggoooogelcL”

*pogooooolcL”

"JooooooCc1GcL”

"oocogcaoolol”

"00800000100"

"00000000100"

"0000000010O"

"0gooooo0100", "0000L000L00 , "00000000100", "OC000000LI00", "CGO00O000100"

,"00000000100",

"QC000000L00", "C000000010C", "000000001C0™, "O0000C00100") ;

signal ijk
——for address lcop

signal DataCTB8bit
-- Constant table data

-~ signal for MUL+5UM

signal MUL DATA24bit
-=after MUL adj. bit

signal SUM DATAZ4bit

signal DatabDCTlébit
signal DataQlébit

std logic_vector (8 downto 0)

std logic wector (7 downtc Q)

MAIN DCT GENARATE ADDRESS LOQP COUNT ijk

std_lcgic_vector {15 dewnto 0}
std_logic_wvector(l5 dewnto 0);

FOR WRITE TC MEMORY

-— PROCESS DISABLE

begin
————————— mCLK "0 TO '1°
orocess (EN, mCLK}
begin
if 2N = '0' then
ik <= "000000000";
END_DCT <= '0r;
else

if mCLK'event and mCLK

= 'l then

if idk < "111111111" then

1]

"000000000™;

rogoooooan;

STD_LOGIC_VECTCR (23 downto 0);

STD LOGIC VECTOR (23 dewnto 0);



itk <= ijk + "1';
END DCT <= '0';
else
ijk <= "il11111111";
END _DCT <= '1';
end if;
end if;
end if;
end process;

process (EN, mCLK, 1jk)

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

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

————————— PROCESS SUM AND LATCH ADDRESS FOR WRITE QUTPUT —~m————e———
process (EN, mCLK)

variable Addr0O std lcgic vector(5 downto 0) := "GO0OCO0O™;
begin
if EN = 'Q' then
AddrC = "00Q000";
else
if mCLK'event and mCLK = '0' then
AddrO (5 downto 3) := 1iik(8 downtc 6&); =l
Addr0(2 downto 0) := i1k (5 dewntec 3); e
end if;
end if;

Addrout <= Addr0;
end process;

———————————— PRCCESS GEN ORG.DATA AND GET cT from Table "eT rom"
preocess (mode, 1jk)

variable AddrCT 1 87D LOGIC VECTOR (5 deownto 0):= "Q00000";
-— Address for C Table
begin

if (mode = '0") then --mode 0 is 1DCT
AddrIn(% downto 3) <= ijk (8 downto 6); ==L
AddrIn (2 downte 0) <= 1ijk(Z downto 0); -—- k
AddrCT (5 downteo 3) := itk{Z downto 0); -— X
AddrCT (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 dewntoc 3): -~ 7
AddrCT ({5 downto 3) := ijk(Z downto 0); -k
AddrlT (2 downto 0) := 1jk(8 downto 6&}; -— i

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

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



variaple DataB : std logic vecter(l4 downto 0);
-—ABS (Dataln)

variable MULDATAZZ : STD LOGIC VECTOR (21 downtc 0);
—-Data After MUL [1bbit*7hit

begin
--Check - is Z'comprement Data Input
if DataIn(1l5) = '1' then
DataB := not(Dataln({l4 Dawnto 0}y + '1';
else
DataB := DataIn{14 Downto 0);
end if;
-—For Cal
DatahA := DataCT8bit (6 Downto 0);
MULDATAZZ := DatahA * DataB;

MUL DATAZ4bit (21 downto 0) <= MULDATAZZ;
MUL DATAZ4bit (23 downte 22) <= "0Q";
end process;

process (mCLK, 1jk, MUL DATA24bit, Dataln)

variable M3 RESET : std logic;
variable smul : std logic;
pegin
MS RESET := not{i1jk(C) or ijk(l) or ijk(2));
smul = DataCT8bit({7) xor DataIn(lb):

-— sign calculator

if {(mCLK'event and mCLK = '0') then ~-- Active From '1' to '0Q?
if MS RESET = '1' then -~ NEW 3UM
if smul = "1' then

SUM_DATA24bit <= not (MUL DATA24bit (23 Downto 0)) + '1';
--'0' - MUL DATA24bit;

alse
SUM DATAZAbit <= MUL DATAZ4bit;
end if;
else
if smul = '1' then -
SUM _DATAZ24bit <= SUM DATAZ24bit - MUIL DATAZ4bit;
else J
SUM_DATAZ4bit <= SUM DATAZ24bit + MUL DATA24bit;
end 1if; r
end if;
end 1f;

DataDCTlebit <= SUM DATAZ4bit (23 downte 8);
end process;

process (mode, Quality, DatalCTl6bit, DataQléebit)

begin
if (MODE = '0')or(Quality = "0000") then
DataQut <= DatabCT16bit; --Quantitize by pass
eise
DataCut <= DataQlsdbit;
and if;

end process;



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

variable ai : std _logic vector (3 downto 0);

variable aj : std_leglc vectoer (3 downto 0);

variable aa : std_logle_vecter(3 downto 0):

variable factor : std_logic vector{7 downto 0]y

variable plfactor : std_logic_vector (10 downto 0);

variable DCTIQ : std logic vactor(l4 downto 0);

variable DQ : std logic _vector (25 downto 0);

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

ai {2 downto 0) 1= 1ijk(8 downto 6);

ali (3} = '0';

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

aj(3) —

aa i= {ali + aj + '"1');

factor aa * Quality + T17;

-=2'gomplete SUM DATA if "-"

if SUM_DATA24bit(23) = T1' then
DCTLQ := not (SUM DATAZ4bit (22 Downto 8)) + '1';
else
DCTEQ := SUM DATAZ4bit (22 Dcwnto B);
end if£;
plfacter := divx(conv integer (factor));

--DataClébit (7 downto 0) <= plfactori(l0 downto 3};
--DataQlébit (15 downto B8) <= "00Q00000";

DQ = plfactor * DCTEQ;

DOC (14 dewnto Q) = DQ{24 downto 1C);
DQGC(15) r=/ 10
if SUM_DATAZ4bit (23) = '1' then
DataQlébit <= pnot(DQC) + *1';:
else
PataQleébit <= DQO;
end if;

end process;
end RTL;



2. aupsums1i e Huffman

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

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

entity HuffwmanInt is

Port ( AddriIn out STD_LOGIC VECTOR . {5 downto 0};

Dataln in S8TD LOGIC_VECTOR (15 downto 0); --Data
DCT and Quat.

mCLE in STD LOGIC;

RES64 in STD_LOGIC;

REST in std legic;

AddroOut out STD LOGIC VECTOR (5 downteo 0);

DataCut : out std leogic vecter (23 downte 0); -
4 bit RL , 4 bit Category , 16 hit Aamplitude

WR out STD LOGIC;

END HUFFINT out std legic;

nz last out std logic vector (5 downto 0)

)i
end Huffmanlnt;

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

type type addré is array{0 te 63) of std logic vecter (5 dewnto 0};

i= !

constant zza rom : tvpe addrs
"gooooor, "aooog1l", "o001000"™, *010000",

"
E?03.0001","011000","100000","Cll]_OOl",
%GéllOG","010011",“011010","lOOOOl",
90&1011",“010100","001101“,"000110",
1[')l(’JODILII_“,"].DlDlO","3.10001",,"111000",
E]'03.1101","010110","001111","010111",,
ililOlO","111011“,"110100","101101“,
9110101",“111100","111101","110110",
1m

1

"aclool'", "o0goLor, TOoO001LY, "C0101
roiocia", 001011, "oOC1IQO™, "00010
"10100Q","110000","101001","10GCCL
"gooili", "001110","010101","01110
"111601","110010","101011","10010
*011110", "100101"™,"101100", "11001
"1o0l10","011114","100121 ", "10111

"10111im™,"11Q111", 111110, "11111

signal AddrCount std logic vector (% deownto 0); == Address
count fcr Read Data =

signal last0Q std_logic_vector (15 dewnto 0O} -- last
@address 0O

signal RunLength STD_LOGIC VECTOR (3 downto 0); -— ZERC COUNT

signal Category STD LOGIC VECTCR (3 downtc 0); -— Category
of Datsa B -

signal Datalnicom : std logic vector(1l5 downto 0);

signal WRD std logic;

signal iend :std logic;

signal DCCut std_logic vecter{l5 downto );

signal ao Std_logic_vegtor(S downto 0};

signal zero count std logic vector(3 downto 0);

signal wr_en std_logic;

signal mCLK2 std logic;



signal mCLKZp :std legic;
signal nzl : std _logic_vector(5 downtec 0);

begin
process (mCLK, RES64, REST, iend)
begin
if {(RES84 = 'l' or RESI = 'l' or iend = '1') then
mCLK2 <= '1"';
else
if mCLK'event and mCLK = '1' then
mCLKZ <= not mCLK2;
end if;
end if;

end process;
———————————————— process for RddrIn and END HUFFINT outpul ------—-
process (mCLE2, RES64, REST)
begin
if RESE4 = '1' or RESI = '1' then
AddrCount <= "{00Q000";
iend <= '0';
else
if mCLKZ2'event and mCLK2 = '1' then
if AddrCount = "111111" then
AddrCeount <= AddrCount:;
iend <= '1';
else
AddrCount <= AddrCount + '1°';
iend <= "0';
end 1f;
end if;
end 1if;
end process;
AddrIn <= zza_rom{Conv integer{AddrCount)};
END HUFFINT <= iend;

——————————————————— process for WR outpubt ———me—-—mom o
process(mCLK,mCLKZ,RE864,RESI,AddrCount,wr_en,iend)

begin
if {RES64 = '1' or RESI = '1' or iend = "1l') then
WRD <= 'Q';
else
1f {(mCLK'event and mCLK = '0') then
if mCLKZ2 = '1' then
WRD <= 'Q°';
else
if {AddrCount = "000000")cr{AddrCount = "111111"} then
WRD <= '11';
else
WRD <= wr en;
end if;
and if;
end if;
end 1f:;
end process;
WR <= WRD;

————————————————————— process for Datalub -----—r—-mmmme
DataCut (7 downto 4) <= RunlLength;
DataQut (3 downto 0) <= Category;



——————————————————————————— process check not zero last ---——-——--—-
process (mCLKZp, a0, Datain, AddrCount)

begin
if (mCLKZp'event and mCLE2p = 'l') then
if (DataIn /= "000000CO0Q0Q00000™) then
nzl <= ao;
else
rnzl <= nzl:;
end 1f;
end 1f;

end process;
nz last <= nzl;

————————————————————————— process for Addr OQuf ——--==--————mmmm—ao
process (RES64,WRD, ao, AddrCount)

begin
if (RES64 = '1')} then
ao <= "Q0QOQQ0";
else

if {AddrCount = "0C0000") then
ao <= ao;

else
if WRD'event and WRD = 'Q' then
ao <= ao + '17';
end 1f;
end 1f;
end 1if;

end process;
Addrout <= ao;

———————————————————————— process for DC ————-—————————mma
process (mCLKZ,RES64,RESI,AddrCount,Dataln)

begin
if RESI = 'l' then -— reset all
1=2=st00 <= "QQ0C0C000000C000";
else
if RES64 = *1' then == reset with out last00 register
lastldl <= last00;
else
if mCLKZ'event and mCLKZ = '0' then
if AddrCount = "000000" then
last(0 <= Dataln;
else
lastD0 <= "0000000000000000C";
end 1if;
end if;
end if;
end 1f;

end process;
DCCut <= Dataln - last(CO0;

———————————————————— ACLK/2 + tmCLK/2 =—— oo
process (mCLK, mCLKZ)

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

end if;



end process;

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

begin
i1f {(REZ64 = '1'" or RESI = '1" or iend = '1") then
zero count <= "0000";
else
if mCLKZ'event and mCLK2 = '0' then
if Dataln = "00000000000QC000" then
zero_count <= zero count + '1';
else
zero_count <= "0000";
end if;
end if;
end 1f;
end process;
process (mCLEZp,AddrCount, zerc_count)
begin
if AddrCount = "1111111" then
Runlength <= zero count;
wr_en <= '1";
else
if mCLEZp'event and mCLK2p = '0' then
Runlength <= zerc count;
if zero count = "1111" or Dataln /= "0000000000000000™ then
Wwr_en <= '1';
else
wr en <= T0';
end 1if;
end if;
end 1f;

end process;

process(Dataln)
begin

if DataIn{(lh)= '1l' then
DataIn2com <= nct (Dataln) + 1;
else
DataInZccm <= Dataln;
end 1f;

end process;

process (DatalnZcom)

begin

if DatalnZcem = "0OOCQ00000CCO0000"™ then Category <= "0000";

else if Dataln2cem < "00000C0000000C010™ then Category <= "Q00L1";
else if DatalnZcom < "000000000000010G" then Category <= "0010";
else 1f DataInZCom < "QQ0CO000C00D1000" then Category <= "0011'";
else if DatalnZcom < "{(000000000010000" then Category <= "0100";
else if DatainZcom < "0000COCO0C100000" then Category <= "0101";
else if DataInZcem < "0000000001000000" then Category <= "(0110";
eise if DatalnZcom < "0000000010C000C0™ then Category <= "(0111";
else if DataInZcom < "000C000100000000" then Category <= "1000";
else if DatalnZcom < "C00C001000C000000" then Category <= "1001";
eise if DatalnZcom < "0C00C100C00C0000" then Catsgory <= "1010";
else if DatalnZcom < "0Q046100000000000" then Category <= "1011";
else if DataInZcom < "0001000C0CC00000" then Category <= "1100";



else if DataIn2com < "0010000000000000" then Category <= "1101";
else if DatalnZcom < "0100000C0C000000" then Category <= "1110":
else if DataInZcom < "1000000000000000" then Category <= "1111";
else Category <= "1000";

end 1£f;

end 1f;

end if;

end if;

end if;

end if;

end 1f;

end if;

end if;

end if;

end if;

end if;

end if;

end if;

end if;

end if;

end process;

—————————————————— Emplitude ———-----om-mom e
process (Dataln, Category)

variable base and : std _legic wvector {15 downte 0}
variable data and : std logic vector (15 downto 0);

variable Amplztude : STD _LOGIC VECTOR (15 downto 0);: -
Amplitude of Category

begin
case Category is
when "00Q1" => base and := "Q00000Q0050Q000001";
when "0010" => base and := "000000000000C011";
when "0011" => base and := "0000000000000i11";

when "0100" => base and
when "0101" => base and
when "0110" => base and

"0000000000001111";
"000000C0000LII1LY;
"0000000000111111";

when "0111" => base and := "00000000011131111";
when "1000" => base_and := "0000000011111111";
when "10C1" => base and := "0000000111111111";

]

when "1010" => base and
when "1011"™ => base and
when "1100" => bass and :
when "1iC01" => base and

"0080g01111111111";
"000C0131111111311";
"00001111111131111";
"0001111111211111";

0

Il

I

when "1110" => base and := "0011111111111111";
when "1111" => base and := "0111121111111111";
when others => base and := "00000000000000C0";
and case;

data_and := DataIn and base and;

if DataIn(l5) = '"1l' then --sign
Amplitude := Data and - '1';

else

Amplitude := data and;

end 1if;

-—-RAmplitude := Dataln;

DataCut (23 downto 8) <= Amplitude;

end process;

end RTL;
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