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ABSTRACT
This project is to study and design filter banks for image processing.

First, the input image will be stored in ROM on board then it will be fed to filter



banks. Finally, filter banks output will be displayed on VGA monitor. All parts of this
project will be implemented via FPGA environment. In filter banks, we use FIR filter
using LUT-less distributed arithmetic structure. Most of the simulations carry out via

MATLAB except all hardware designs will be simulated by ModelSim.
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viauRiauugunsal FPGA TagasasilamesuustazSennmiigniiulilumizeainusinnguen

YUY 4UNaNALAILARIHAUUIDLANINATI D

ROM FILTER BANKS

———y

On Board | (FPGA)

Y VGA

5Uf 1.1 Tassadulaesiuvestunuludiganiing



uni 2

e u o o v -
Vlﬂﬂ{] LAasnuannIIntNneIvad

lunseanuuularaitlawesuusnineldlunsuszmanadyaiunin azvin

nidsggnaldnuiiugiu wasnguijidesiudnzysznaulusmenanuiilosiuifeaiy
Wawesuuan mavssgnaldiuiawesuusifumsuszmanadygrunm nannmsilesiv

294lASIATINAVANNNTZING LAZNITIDNLUUINATAINDAMIENIY VHDL aesaliil

o
= V

2.1 mm%’wmmmﬁ!snﬁuﬂama‘ftmaﬁ (Filter Banks) [1,3,4,9]

v

' w0 '

WalnoTLUINABIENTUBINTINTBINUDNTBNR BAUMdUAE Y Y IUUT BUNIATY

anadumminedygy i Delay) lneisduadyanusd 2 dhvausiemdueadgyanuimh
N15aAAGUAIDE1IYBIFY Y IUBUNA (Decimator) WarAIENA YR IUAIINSIRNAY

v L]

o

AIDUNVBITYYINBUNA (Expander) YBINALNBTUUIN FIAIUVDIITINTDIAIUDAIY
A2 (Analysis Filter) 9¥U38NBUAI8993NTDIAMNAMINALINNINTDIAMUDG AL DL

wnuene H, uag H, auddunigun 2.1

4
T

Y

13 "

x| n] x[n]

A 4

12 F;

A 4
i

Ce

NI

sssssscessssssrrsnenedasasana

Input Analysis Synthesis Output

U 2.1 Fawmesuuar [9]



WNgUN 21 H, fAeneasnsesmuden uaz H, Aoasasnsesaiuigs Tnod

= - aQ o =t [ 7 cy./ oa i
HANBUAUBITIAMDUARINIFUN 2.2 Faaziuladmisaansashiiduisasnsesanuily
geauARllasnninansuausidinuividuiansdawiuiu (Overlap) Seviliawnndy
finsdeuviuiu (Aliasing) Tuusazdasdygrusiuisdufiansanneuvesdyyraluds
ynnazina lnelunisznanisaniznisaameudyyinludswuiaminny (Amplitude
Distortion) ftiuludiuveasnsssanuiidudunsisyt (Synthesis Filter) F, uag £ 39

L4 ar v s ﬂl i3 ) A o Qs L] - 1 - C’fl
foaUSulidniu9asNIRImILRG LA IZRms oS AR Na AT AR U

A!Ho(cu)l |H ()| H, = Lowpass Filter

H, = Highpass Filter

UM 2.2 naneuausadem it veNesnIasmNinuazde [9]

wddgyvesilamesuusifenisnuleulunisindvedieauysal (Perfect

Reconstruction Conditions) §anaefisitfamasuveddeaduilsiduidsisaing
(Biorthogonal) uAB199INTasmmasudnaeiivsznoume F,, F uaz T2 9gdiaq
\Judiunduvensasnsssnuidiinsey

wann1sIBIMsnnadvegsauyseiiunmautindAyuindeuszneusodes

2/ W ar

WeulvAsnisiidnnisdouriuiuaasanasunaznisvesiululdiianisiaiiguyea

2/
] Poar s

dyann Inednlunstindagueandrygyimy (T 2) uaz (J/ 2) Lignuansluauns n1se

@

naveguauysaikuuiidam | duaunsadisusglugy Z-domain lafsaunsd 2.1

Fy(z)H, (z)-H‘ﬂ(z)HI (z):z" (2.1)



14 o - v o w 1 Pl
wALiIYn (T 2) uay (~L 2) wfisaiiy azlunismdadigudeanain

e o

nIUA Jeauundsliianiey wauﬂmaumw 2.2 tLﬁuIUﬂ’Ju‘UENﬂWUﬂ'J’INﬂENﬂ% L‘lJ'L.l

WU 2.3
(Y2)(T2)Hyx= %[HG (2) X (z)+H,(-z) X (-z)] (2.2)
(V2)(2) =2 [#,(2) X (2)+ H, (-2) X (=2)] 23)

dmivdiurenRInsasmuisudNATIBiIsIIMIAMENNTT 2.2 e F,

wazANENNSI 23 My F, vilildaunsi 2.4 wavaunsii 2.5 s
2393nT0IANNRN Fp %E) (2)[ Hy(2) X (2)+ Hy (=2) X (-2) ] (2.9)
2493NTBIANNT ﬂa ~F(2)[ H (2) X (2)+ H,(~z) X (-z)] (2.5)

s InuinF 101 Wa 1 lA9N1Ia09299 501500 AUl oM

x[n] ‘vﬁa’lugﬂ Z-domain f® X(z) FIAUNTT 2.6

]
2

[F (z +F(2)H (z :'X

+o [F H,(=z)+ F,(2) Hy(-2) | X (-2) (2.6)

PINAUNTN 2.6 wnunludrumaundazitiudruvasnisdounuvasnnuin

WndunaeanIminlvlaidaulunisidnnisdausiu (Alias Cancellation) faaunisn 2.7

Fy(z)H,(~z)+ F(z)H,(-z)=0 (2.7



ar n‘:" v « L2 =
AaulaeanaRaEunsn 2.8

X(z ——[F (z)H,y(2)+F,(2) H, (z)]X (2.8)

a¢
£l o

MnauaudRvesilamesuusindnisinduedeauysaiivilvlaauduius

s

swmindgyaaudunmanasiewnaluzy Z-domain fis X (z)=z"X (z) ildldaunisimi

]
=

FRANNITN 2.9
%[}g( H,y(2)+ B (2) Hy (2)] X (2) = = X (2) (2.9)
ﬁ'nﬁguwlﬁﬁaﬁl‘umﬁﬂﬂﬂmnmiamwau (No Distortion) faasin1si 2.10
F,(z)H,(z)+ F(z)H (z)=2z" (2.10)

awmfiaulm'uaam'sﬁné'uas}waugizﬁﬁ’qaaqﬁaﬁﬂﬁlﬁmm duwusvesiawmes

wiazMRIENNIST 2,11 uazaunIsi 2.12
F.(z)=H,(=z2) (2.11)
F(2)=-H,(~z) (2.12)

2.2 vann1suennsvinAsulgdunuy 2 i (Separable 2D Convolution)

Tunmsuszananadygraunmidmguiszandendnnisineuligiunuy 2 i
(2D Convolution) FaagilunisAuinAdunaiuamduyssansvesiinsedludnums

wesndg Mx N IR Magemunaumsnamdunailazvanwiouiu feaunisi 2.13

y[mn]=hlmnlsx[mn]= 33 hli j]x[m—isn— ] (2.13)

1=—0 j=—on



e M wdifwe3ndlunuingd N unudawasndluwuinan

williaueen1susstanady yrunmludeweensauisaznuiinisvim

v s

gunTaimaimeuligiuuuy 2 I Afvure NxN iR asdeddianuaziuindiuiu

v
[

inludnvaiiiinwuuendinuudon (Exponential) frewaiivlidesiinsansuaui .
ganagiuInasiienisldvdnnisuennisiiaeuliaduuuy 2 38 Wundunisi
aoulagduuuy 1 §i# (1D Convolution) S 2 ads Tngendonnand@nddyvomnisi
noulagiudie Separable Convolution dsagriruligdulunuinaivesuning udds
thuhesubatulumneedinivesusingnuday

Fatuanaunisd 2.13 & h[m,n] fanaudfnisuendale (Separable) 1y

WASNERTNR M x1 uay 1x N aevlildaunisit 2.14
h[m,n]=h[m]*h,[n] (2.14)

Wmsunud k[m, n] anaunisi 2.18 asluaunsi 2.13 widnguaumsla

FIAUNTR 2.15

[m n]: i}ih[r Jlx —~"i,n—~j]
3 (i) sl i1
| 3 Alsl=in- ] 219

I==m

u
8

1]
E'Ms éMs
NgER

=

g

PNAUNISHAREUITMUY 1 07 muaunish 2.16
y[n]=h[n]*x[n] =3 A[k]x[n—4] (2.13)
k=—x

Weihaunsn 2.16 Wauduaunsin 2.15 ilidaguannisiaaunsi 2.17



y[m,nf]zhz[n]*(h1 [m]*x[m,n]) (217)

MNAUNIA 2.17 WU y[m,n] wmﬂmnmimﬂauhawuu,uu 14§ 2
ndy IﬂEJLSJJQWﬂm?Vl’lﬂauI’Ja‘UU‘LuLLu’JLLﬂ’J LLa'Jmumamiw"nﬂauha'*ﬁu'luuumaanu
AIUAIAY muu’lumsaanLmumnsaa‘wfav'hmwuﬂummuﬂtuazmmm'iu,&lnmlﬂma 4

wuhinilslusinsesiifinuantifie Nawesuuaiuuy 2 susy (Two-Stage Filler Banks)

niias NWEAIFUN 2.3

vin] x*[n)

Input Analysis Synthesis Output

U7 2.3 Wawasuuaiuuy 2 seiy

2.3 vann1silasnuvadlaseaiaavaginnszane [8]

laseadaavadinnszany (Distributed Arithmetic) w3ai3eneghatoin DA ({u
mﬁm'gmmum&ﬂﬁimmamémaaaunwaﬁaQTugUwauaﬂ‘uaawa@m (Sum of Product) ¥84
tvgrudulinszageanidudanielugiuvuvenavgiuass telvnisduaumnia
adaransamisauvaniuisesiineadidnnseindle lagagusngegluauneiiu

Uszinanadygnandsay vanmsidesiuvedassadiaavadanssmeditanldauums

Ussinauadygandaasie nsudasiaiduaieleu (Transfer Function) Faduaunisiiey

a

’lusﬂwamﬂ'ﬂamaﬂmsvmwﬁ’mmm5uwmr‘fumﬁ'wszaw'ﬁﬁuaaﬁéﬁ%’udﬂa‘iaumaaszw lag

=

lunsaauiuszuinmduysyandvasiledfusielouru Fyanaduwnaglinisaaiavgiuens



wuudIuLALANEDs (2's Complement) wazn13aulduuulamisa (Look-Up Table)
Iﬂaﬂ'wamﬂmaqwa@miwdwaﬁmsxﬁw‘éuazﬁ’fyaywmﬁuvgmazgmﬁulﬂwﬂ'gaﬂmm"w
EPROM Ltaz%:“l?’fé’zytymﬁuwmL‘TJuLLamm'ﬁawaa EPROM Tngmse varnduuszanivenians
nyduazdyyiudunnszgnunuiieavdiufnduass mszaviulasiadioavadn

nszAeisinquiiugiuaguunsaanuladnaRiiae

2.3.1 SEUUAILAY

dwsuszuudnaviiavavgnunuioiaugiuassislagialusiguuuud deald
fuey 2 JUuuv Ae guuuuIlagnse (Fixed Point Format) uazguuuusuiudanssuil
(Floating Point Format) %agﬂu‘uuﬁﬂmuimamwzﬁawaaﬁﬂm%ﬁlﬂumiﬁ'}mmﬁdw
N1 waliAnainnispaAsudediin dauguuuusnudmsssiazannsowny Avas
dygruAsligIunaing (Dynamic Range) lauanndn wadeeldaeasansauwl fiadu

Fuaou uwand wagliaruiilunsuszmanaianas

2.3.1.1 suuuudnnulagnse

sUwuuInulaenssundazusznaulume 3 drude Uanieauie
(Sign Bit) 1 Un Tmdunwdin (Integer Bit) N Un uwazUniaudiu (Fractional Bit) L Tn Tne

= = oa = . 1 U = o = ] a &
wilyaniilen (Binary Point) agszminindmnuimasinavdmduanduguin 2.4

JALASDIvINY
et oo

"

. 2N

ity
JU 2.4 msdaguuuuiunulaenseiivsznousmenduuduuas Tamau [8]

Frutn N udmivusgunaing ndeanisinedndanliisiuiy

v o v oa o o L (3 = Yal o
uaamﬁmﬂmnﬂmiau (Overflow) T\J’Iﬂﬂ'liﬂ'}U’Jm‘lﬂ LLG]ﬂWLﬁE]ﬂlﬂEJ"O’]H?UﬂJ’IﬂﬂT}M
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l:‘ L 4 ﬂf' 1 4 ar - o
Wensanazioyas Falumsataesnsesdygnandaariaensunuseguuuusuulag
pssuiloufiasyinmsidn (Scaling) welinuavesdygnaididegsznin —1<x<1 Ao

= a - - = ] o £ o
JUAATEINUNY 1 UM wasumLAYaIu L Uﬂ'ﬂdLL’dﬂﬂUEUﬂ 25

TaLAIaamuny

L :
t
D

anitiey

.,

< as o Ao 1A '
U 2.5 madagunuuinnulaenseiifiud Daaweaau (8]

e iavguaesiuuinnlnenswdseenlidu 3 suwuuieiu
Ae (1) WuUaNIALALIATDINUNE (Sign Magnitude) (2) wuvdIMRuLA Ui (1's
Complement) uaz (3) wuuduifsiuass (2’s Complement) Tnoamdnwusiiddy

U 3EMIves nsunuiiavagnrguEsuuTIulnnse 3 JUuvvawsoasula

AINITHN 2.1

A3 2.1 AruaudEnddyresgiiuusnulagnss (8]

Features Sign and magnitude | 2’s complement 1’s complement
Range —(1-2"*)sxs(1-2*) | -1<xs(1-27") —(1-27*)<x<(1-27%)
Representation | 0.000 and 1.000 0.000 0.000 and 1.111
of zero
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MW 2.1 aaandATddguesgUuuuinulaenss (8] (o)

Features Sign and magnitude | 2’s complement 1’s complement

Arithmetic rules | Simple must be kept | Simple; negative Simple, but “end

lrack of, separately numbers around carry” should
elegantly be carefully handled
handled
Suitability for Not so good Excellent Good

serial arithmetic

Tugduvuiisaonuvdruduivasnlundouldiuunluszuuns

Ussananady ey ﬁaﬁgﬁaama”mﬁnmmumm‘uqueﬂﬁﬁmﬁiﬂLﬁm N1385192993
g15ALISANSUNISUIN au wazguusnavdFuANdewildielaslumsauamnsald
wé’ﬂmnﬁauuasmﬂ (Sh‘ift and Add) wazluszrinamanisuangas (Partial Sum) 289013
vInavdAIANaes aunied S1utuiionnninnisau Famenuanisuindudiy
luiulinuadoamine) udnadwsgavinotnlidgndonme Swavaneglutag -1 fla 1-27

AINIDEY

7/8 e B
+4/8 0.100

11/8 1.011 wawIngesiifaiosninianisdu
- 6/8 1.010

5/8 0.101 Namﬂ'ﬁgnﬁaa

2.3.1.2 UuuuiuuBangsuil

o as

sUwuuInnulaensdivedendify 2 Uszns Ae

1) g1UNATNSVDIH UAVIAIUDE LU NITWNUNIBLATAIUY

\fnAudes Aiiesiignde -1 uazAnfiundign Ae 1-27"
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2) Wasidudnuiianaiafiinainnisem (Truncation)
wien13ta (Rounding) wduniuiievuinvesiiaviidnanas fegaty d15uay
0.11011010 uaz 0.000110101 gnAnliTwIuTAAvdIUmEDIREY 4 Tn Wasduraiy
Armannezidu 4.59 % uaw 39.6 % mudiu Inededsdannsauilalilaonisléguuuy

IMIUBWTTVY e naY X uanslansaunisi 2.18

X =Mx2¢ (2.18)

3 1
08 e Wudwuay uay 55|M|<1

M uag e \S8n31 wuunaan (Mantissa) Laziong Iniuuy

(Exponent) mINa1AY A298190U 97u7U 0.00110101 wag 01001.11 arursauvule

as ] o

Iag 0.110101x27 wag 0.100111x2* aruddu drusurudiadvavividlusnuus

Wiy sUnuuInaudmssilaunsauanddddegui 2.6 Tnaudadu 2 dru Aodrunils

dmsulnuiiaan wazdndludmsulanglniuun

UALAIDININY (2 UnLAsaanuny
ition

el

[e—— uauiigan ——>|+—— ndlnuui —

UM 2.6 mdaguuuuiuudanssuil (8]

PoRvrDINslTI LB ssiifeunuivesdyyinliasdennii
wazudiudindmuvinnulagnss uinisuan au wieguazgisannimin 199sdedudeu
wazuwInuuviwulasnsann uenandaruilunisussmanadatiniife faiuy

diunsUszIanNawUUNaNase (Real Time) Fstisuldszuusdiavnuusiulaensy
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2.3.2 Mu)avANANTEANY

MAflanaMNIMAIIATETLaYANANTE B TNUFIUBLULNITAMUUULAY
duLRusuaea G'ﬁﬁ'u’l,uﬁ'ﬁaﬁ%slﬁa%maﬁmé’nms‘uaami@mLasna'amﬁmﬁnam

Tiavduiudiuaswss X Jwunudie X waztorumuaunisn 2.19 lag

A X 20
z{ (2.19)

2-|x],—X <0.

T X Wwaeifuirwain (Fractional Number)

A w o

lussvuavdrudniindssazldinnddbdrAgasgn (MSB) Wulnuans
wieanruie lnednduuinunuaie “0” wazanduavunudie “17 6219 X unuale

wuguaarua L+1 dn dugiuuvvesavdiudiuinaessdoulddaunisi 2.20

W Sseteed 1) | _ . (2.20)

i r = v < s Y
fAves X Tugrenavgmduanmnsavmlanisaunisn 2.21 dall

L
X=—X,+> X2 (2.21)

i=1

INTUAITUINAAMVBIAUNTN 2.22 fipluil

Y =Xm {222
WY, X wae m 1Wuavdiuiiuduanives ¥, X was m siuaieu

PINTUNINTUIIINAUNIST 2.21 wazaunsn 2.22 azlaaunisy 2.23 wagaunisn 2.24

L
Y=-F+) 12" (2.23)

=1
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L
Y=-Xm+> X,m2" (2.24)

i=1

ﬁw;w,ﬁav‘hn'ﬁﬂszmaaunﬁﬁ 2.24 Yl@aunish 2.25

Y fodupusinanives (—X0m+2'1X1m+2_2X2m+2_3X3m+.-.+2_LXLm) (2.25)
vnsdaguanmsii 2.25 Iiaunsii 2.26 Kol

Y fodnihuiinansues (—Xom +2 (X,m+ 27 (X 42 (XLm)))) (2.26)
soluinsandumuivasses 27U aumsi 2.27
(7=U0.U1U2...UA; A | (2.27)
dmiu U0 Mo U, =0) alfaumsil 2.28
dudndiuaeses (27'U)=2"0 (2.28)
wardmsu U <0 (w3e U, =1) a¢leaunisii 2.29
ddduaowes (2'0)=2-[27U|=1+2"(2-|U))=1+27'T  (2.29)
Fafuaguldauntsii 2.30 $1

i U, =0,

_ (2.30)
1+27'U, U, =1.

AuAuLALaD DY (2"U):{
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aun1si 2.30 duanslwuiuladn drufufiuasseg (2"U) Wunisidau

toyaves U Tumern 1 On dnuasuliluaunisi 2.31
- dududuaeses (27'U)=2;,'0 (2.31)

Nnaun1si 231 25'0 wamiamsidoutoyares U lunienn 1 9a uwy
iavdRnNaesddydnval 2;' @ilaeilufendoudy 27) Humsuansiilunsdd
U Wuavuin fsdnesemmnsazifiuasgud Tnovanidsutayaluneun 1 nuda
Iniuunitn inSemneiitsnadiuaugud dwlunsdi T Huavay ndmnideuteya
lWnevn 1 O ud Seinunudaedomneanduaamis @in1+270) Fdumsata
wieldamais Sududeeiisesildlunisnsivdeuinaiomns (Sign Digit) v\mm%ﬁﬁms

ideudioya
PNURIISINENNIST 2.26 Wazaunsi 2,30 aeldaunisit 2.32
Y ==X m+2"' X,m+272 X,m+27 Xym+.. .+ 27" X, (2.32)
vhmsdngUaunsi 2.32 Ifaunsi 2.33
V=—Xgm+27" (Xm+. 427 (X, A+ 27" (X,7))) (2.33)

INANNIIA 2.33 %Lﬁulﬁdwaqmmnaumﬁﬁ 2.22 gwnsamlalagnisly
wann1sIdeuLazyIn (Shift and Add) Tﬂamaé’wéﬁlﬁmnﬂﬂsquLUULawdauLﬁuLﬁuaaq
annsamlgmuduneus

1) wndgsmdayalunenfimaineiilanes
2) vin X, fudrieglutendnganesisanes
3) tﬁauﬁnﬁag‘luuaﬂﬁm&amaﬁ%amaﬂﬂmwm 1 Om

4) yhende 2 uas 3 dwmsum X, ,.... X,
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5) auA X,m sennneneglukeriayamessdame’ @uuuuavdiu

-, [
LELLAUED)

freghamsyhaumusaneTsul ¥ = Xm=0.8125 (~0.390625) lneainmln

liuanfiyamesiiawmesvunn 12 On

m=-0.390625 X=08125=X - X {Wuavuin
i =2~|m| wom Wuavay | X =0.1101= X,.X, X, X, X,
m=2-0.390625

m=1.609375

S m=1.100111

1RBdTunBUNITNNIY MIR1SNT 2.2 soluil

o ) ) - [
C AN 2.2 YUABUNTIAULAVEIULAULAUFTDY [8]

nsadung JoyaluuenMuameisvanes
\Ades ACC 0.000 0000 0000
ACCH+X, 1,100 1110 0000
deutoyalu ACC lumarn 1 On 1.110 0111 0000
ACC+X, 1110 0111 0000
deutayalu ACC T 1 in £.111 0011 1000
ACC+X, 77 1.100 0001 1000
deudeyalu ACC lumaun 1 T 1.110 0000 1100
ACC+X 7 1010 1110 1100
deuteyalu ACC T 1 9n 1101 0111 0110
ACC—X,i7 1101 0111 0110
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~¥=1.10101110110=Y,YY,...Y, (2.34)

NAUNIST 2.30 2vlA

=—1+(2“1 I V4T LG0T 450 +2*‘°)

=-0.3173828125

@ o L2 ' o 1 23 Ve A
NBVANBDIDUANINANIEINITODDNLUUNITNINULASHITNNWTLLE ﬂ\ﬂ.ﬂﬂ\ﬂgﬂﬂ 2.7

i register

X register

[TT T AND sates

= s

Control — id/&j—btrait- Add/Subtract

You =2 = S TTHRASE)

Accumulator

register

5U 2.7 nsauuuuiardudiuduassingldiavadinnszaie (8]

A unndundnnsgunuuiavdnfufuass dunquijlavadanszaisn
prfenannIAenaNulY lngvinisnszaeaunmsieglusunavinvemanalviunnaanin

agluszsutn (Bit Level) HITUHAVINVBIHAAMYBIANANTA 2.35 faluil
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N
Y=>mX, (2.35)
i=0 .

'
£ o

Ty m, Aerduusyansngalumiag

=L

X, Antayadunn

M X, wiazAnduavdudusivass lae [X| <1 awnsouans X, usiazanls

Maunsi 2.36
L Y
X, ==Xo+> X, 27 (2.36)
J=1

loe X, fednvedoya X, fidndu 0 vie 1

A A -J
Xo POUALAAILATEINNE

- ar s

X, Aelinifitoddysiian (LSB)

& o a o v a
L+1 Ag9uuuanunuuayasunn

unue X, luaunisi 2.36 adluaumsi 2.35 aldfaunsi 2.37

N

L
Yr=Ym [-X,O +> X, 2,] (2.37)
=0 Jj=1

i

Wednmanvsanavinlyivzlansaumsi 2.38

Y=—iX,.0m,. +iiXUm,2" (2.38)
i=0

1=0 j=1

Pnunseweanliiusyauln 1daun1si 2.39 fail
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Y =—(Xoomy + Xgm, + Xygm, + ...+ X ygmy, )
27 (Xoymy + X my + Xymy +..o+ Xy my,)
1272 (Xoomy + X om, + Xpom, +...+ XszN)

L (XOLmO + X, m + X, m, ;'.“'+XNLmN) (2.39)

9Inaun1si 2.39 dgnnszatsesnlieglugunavinvesnanmsening
duusravdiudeyadunslussavindaduiommamssmnuuuiatadaniyae uazile
Wisuileuaunisit 2.32 fuaunisit 2.27 anstudinisdunamen ¥ Aldiavadansyae
TueaiisausiiAmagugos (Partial Product) idunnlidrmihudadmiuusasenii
aeandesiuuiay Dnvestoyadunaluifivlilumsaing Fadumtiieanudr EPROM
uazlddoyadunmiuueniasavemiranmdniiodmlussadaguiinduseunis

Aumuineanaisugsdlumnalagansauandumsen 2.3 i

= ] ' P : a o v a
mM3h 2.3 Amagudesiiiulilunsalngidvunlnedeyaduns (8]

v

Bit Pattern ¥aalauadunm NI |
X, AT o 00 nanugonulilunisalog

0 Bo) Ony O 0

0 0 0 1 m,

0 0 1 (% m,

0 04 1 m, +m,

0 1 0O O m,

0 1 0 1 m, +m,

0 1 10 m, +m,

0 i 1 1 My S0

| Q| i | I T P R
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2.4 N158BNKUUINIIAINDARIENTYY VHDL [7,8]

Tumspanuuuisasidnea (Digital Circuit) tu Tudagtuinaniluegann
lagnslin1wiusseren1sueeaeas (Hardware Description Language: HOL) @aiiu
nwwa’?‘é‘l%’ﬁm%’uaanuuuaﬁmmﬂﬂammﬁ'tﬁumms‘@mmna LU Verilog n38 VHDL
(VHSIC Hardware Description Language (VHSIC: Very High Speed Integrated Circuit))
w%amw’lﬁlmﬂummﬁ’lmﬁu AHDL (Altera Hardware Description Language) %38 PHDL
(Philips Hardware Description Language) tUufu 21US5818015%197U99 2199591 141
ponuuuly dvlulaseruiiléldnw vioL UMIINTDBNWUUINIINTDIA Y LAV
Wianmmuganlumahienguasaliniendelifuams siiaanarifléluns sonuuy
uaznaaeuM Y Fadmuunndaiuegranniflewssuiisuiumseenuuy Tuednii
Hunnfegeanuuuazfsniiergunsaiudaziifiiinisesnuuuly uhnisde neaedy
ARSI MAzIIMsRdaUesen It eRinwatn Sedadldinanunuiunsud Uymusiay
ptinTy wilun1seonuuuiIenIw VHDL Hoanuwuutisaualsuvaalan (Source
Code) U33818N1591UY892995 s ntuivinisreulng (Compile) ud $rasanis
M9 (Simulate) Q'hlﬁﬁaﬁﬂ'}’umsﬁwﬁuﬁaﬂwﬁﬁa (Timing) M ufidesnvse Ta aantu
fheealAniildluvinisdauanesidelusunsudansies (Synthesis Tool) gnvineni
29957lFMnMsFaaselUinusiu (Map) aalUés FPGA (Field-Programmable Gate

Array) weLiudu (Chip) fiuluudmsunisinlunaasumsineu

2.4.1 N1399NLUVIINVUAIAN

lumsfiamauduavelvgifinnududeu foonwuusinzuesnis

v o 1 v & a Vet ot < " =
E]E]ﬂLLUU‘LWBQ‘L‘UEU‘UBQUaE]ﬂlﬂﬁ]ﬁLLﬂ‘i!Jﬂi‘J‘lJ '\]'lﬂ‘uu’i]d’]Lﬂi’]:ﬁ‘lﬂﬂaﬂﬂﬂi'wﬁﬂL?JEJ?W’IEJIU U

o

nw1 VHDL tueygaliaduismahnuresusiasudonuariiassinisyauudlouas
Uiuupimsiaueneaiiitnse e lildnisiusniidesnislaonisesnuuuly
dnwaril Fondwmdnnisesnuuuainuuasans (Top-Down Design) fa3U7l 2.8 Fain
WisuiisuiunisesnuuuINas iUy (Bottom-Up Design) azwiulainniseanuwuy
9naeduvuarlfiaanlunisesnuuuuinnii n31210uN13919799 50 89UnsalR199

(Schematic Capture) fiUsznauiuLilu4951RBINTR0NRULTIABINTITYINIUATI9dBY
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Amgnaes dsldannnuariniasiinesniseanuuuiinududeufanduisesiionn
winlumssenuuudnuwaei faiunasldniw VHDL Aundnn1seenwuuannuuaandsy
uAsnsAivun g audImsunIseenLUULAEW A9 SRS UT aLINNTY TS san

nanwazalranelunisesnuuy

| |

[ System Specification & Analysis I
I |

I Modeling & Simulation l
I l

| Logic & Test Synthesis —[

Pre - Timing Verification

| l

Physical Design & Analysis

| I

\ Post - Timing Verification /

Systern Level Verification

e e

35U 2.8 Tumpumseanuuy (8]

1NgUTt 2.8 wamdliifuBstumeuniseanuuuanuuasans ﬁ"qf':’lumaﬂ;‘jﬁﬁ

a9vziideunnsslunniitradndes Tnedumeuvesnseenuuuanuuasasiiseaziden
i

1) funeunisairedarmunvaninudeanisuaginse iz uy
iemuauRawasudns (dea and Concept) Tunsuntleymn

2) ‘ffumauﬂﬁLﬂE}UE‘ULLUUﬂBﬁiSUUﬁﬁaGﬂ’ﬁaaﬂLLUUIGIEJ‘L‘ﬁ’ﬂWUW
VHDL dwsuussorenginssunisvineu wiaussiassnsinuiiewsouisunas
M9IRABUANUNABIT TR MR

3) fumsunsdauaswidsdenimsimuameluladiiazinsasiu

WIIMBONUUY UBETEUUTIBNUULIBIINIANATIS R TIldangUuuudsudulieg

v
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Tuguvenarsiusznoudmegunsaldidnmseiing vienaslusyiuinm (Gate Level) wazms
\Wouseiuvasgunsaimadunislifeglugureadindas (Net List) fannsotlundnas
vugunsnidule

w ) P a - a ¢ v ow P
4) nasnmsdauaiiiasiieglusediuinseiiindasuds deyad

y

@ =

LiuenanezidutdeyadmivrasinmaiiluSeweamgniomesilaiduuda il
Joyatiigfunaise Fanmwaieiiigunsaidinnseindnniueriinamiweans
\wApusiTu (Propagation Delay Time) wue Asusiasidunaniitosmnlusssuuluiuai
widhnelursenilasenaudennussiladdusiuau 10,000 wn ulunading ey
avaufunniusueseshlimahnuressesimunialy wieliaunsovheulug
Pmddyaoaniinigald

5) funouvaintsuanduleesase (Technology and Device
Mapping) Iﬂaﬁ"n-ﬁ'a:‘;aﬁlﬁ'imnm‘aﬁ’qmﬂxﬁmmﬁm %‘amm%ag’lugﬂﬂaqa‘ﬂﬂmﬁ FPGA %39
299579 ASIC "

6) waaandildnsasaianuda saasiinnudniiuiisdensivaey
mﬁﬁ’muﬁﬁﬂﬁaﬁaLaa'w’f’sEJLﬁammgnﬁawEmwsﬂ%v’aqﬂﬁwdauﬁ%ﬁﬂﬂswL'zT’iﬁU
gunsaiduliiduszuy Lw*sw:,’lu%"umauﬁwsﬁaamwwsﬂizﬂauﬁwﬁuwmLz,ammcﬁwm
una (Pad) 3’6'\1ijuqﬂﬁiad’m%’U%’ULLazeiqﬁfgtyﬂfuﬁ’umﬂuan

7) waniinasieenuuusaniiiugunsaisuliiduszuuuda
iy wwdemagnunsThuissuusniugUniaiaudnads uduntsnaasunis

YURTTUFAYE

2.4.2 2191 VHDL wagdauusenauvainiel

Fmuinisvesniw VHOL duisuduussuiad a.a.1981 Taofinssnsag
nalnuanigowiing wie DOD (Department of Defence) ldvinnnswalasansiddedn
VHSIC %atﬂumsﬁ’mm‘[ﬂmﬂm%ﬁﬂLﬂummsxﬁ’uqa \Wuieaiun1wl C 5o Pascal us
ANIDUTIIENGANTIUNTIUTBRTTIaY ialassadiavasieesld deiliield

AN115000NKUULAEAST1919955 AT IS 9T
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Tums@suunuuussoreszuudaarludnynresinsoonuuuINULaEa
%s'facﬁflmwm'f'flafl.m%‘awaqiﬂsaa%’wLtazd'auﬂixﬂaumsﬂ 993Ul UUAIYY VHDL
enou %'aﬁauﬂisnavﬁﬁ’uﬁmuasLﬁu“?;ugwuwaanWiL%auﬁ 4 mihefe

1) MeMIoenuuuLouia (Entity Design Unit)
2) mhenseanuuuaniaenssy (Architecture Design Unit)
3) MhuMIRNWUULRNLAR (Package Design Unit)

4) vihemseaniuulAsauy (Configuration Design Unit)

2.4.2.1 WMiIgNT00NLUULOUNR
wihgniseanuuuililudiuilddmsuanneseninnisuendu
o o & ° & ' o a ar
wuuidsuiulasdumsdmusgaidonsavesguiuu fuuaiianianisinavesdyga
uazdszinvasdriamnsanmualifudygiuniuganiieg vesdeyailnakiuande

WA %awﬁgﬂuuum'ﬁauﬁagﬁﬁ 29

Entity component name is
Input and Output ports

Physical and other parameter

5UN 2.9 Taseasulaealuvesmiionsesnuuulauiis (8]

v

n5UN 2.9 drutiazununisdin Entity Wa is 5ENIAIMIADY

Wudmdmivieguuuuiifiesnsesdeu component name ndawiniussmudiediuii
v o ' v v o a = do o a

liimuadesmadiuaresnvasioya (Input-Output) samiswisiimasau uasiidWaie

NUIBN108NLUULBUTARIA 8IUAMNERAIEAIT1 End LagiASaevunesmnia BRGHE!
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2.4.2.2 wiheniseanwuuantnenssy

mirgnsesnuuvanidnenssudediuildifouusseronginssy
voaguuuvluyuiesweinsirassmsiaumgAnssuiivssegludiuiiauegfutoyaiiko
\iuazeenaswem aassuns e i mualumienseenuuueuin

'meﬂﬁﬁgﬂLmumﬂﬁuuﬁagﬂﬁ 2.10 d@ureamiign1seanuuy
an1UnenssuENAUSIER1In Architecture uasmudede identifier Asfidaatmunasly
efun defiuanaliiifiuda Architecture Juldusseronitonisesnuuuiaudiilala

of<entity design unit> is @uNBE5¥MI19 Architecture uaz Begin Wuiuidulsznia
wievesanInenssuimun (Architecture Declaration Area) Miudruiiiaidan (Option)
Tuusnutausalfifoudszmaimuamiesihlgneluaatinenssuuld ey
Uszian (Type) A199 (A298199u Bit, Bit_vector), &y (Sienal), A1A99 (Constant),
lsunsudes (laA Function waz Procedure) wazgunsa (Component) dauildussens
0o w ¢ W H %) " et %o, o as
AU sz nTayailvariuasvasenvesguiuy @yaaidvusluyamds Port)

Tuaggnussegluuimiiefiseni19d171 Begin AU End 1841128115090 LU

'
o as ¥

anilnenssu wazusnantiun ﬁﬂé"w!nﬁhé"’aﬁaﬁﬂﬂu'luu'%nmﬁ%mﬂwqﬂmmuumw
YU (Concurrent Statement) whﬁuﬁann statement AgvinunsauiuaIRUNBUNSY
azhifinasanisviwesguuuy mihomsesnuuuaninenssuarsoslavinesds End
wardavesaninonssutiu Iﬂﬂﬁﬁl}ﬂmﬁuugﬂmexum‘?maﬂuﬁwmm VHDL @158
Feuldludnumesneg fil

1) dnwaznisivavesteya (Dataflow Style)

2) anyaEngRnssu (Behavioral Style)

3) anwzlaseada (Structural Style)

4) anuaizean (Mixed Model Style)
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Architecture identifier of component name is
[declaration]
Begin
Specification of the functionality

of the component in terms of its

JUH 2.10 lassadalaemiluvesmizsmseenuuvanitinenssy [8]

2.4.2.3 Yen1seanLuULNnLia

doyan11q aasadulusunsugos Midudszloninenindey
Jlwuuusseesruudiaavannsanuliluduvewiniald uazdeyamariiannsasen
Wigls lnevuasniseanuuulouiin wirsmseaniuudadnenssa niaanntienis
Bl =l a a v o ' : ) - ™ - e &
sonuuULANIRdY lneUndualuiniinazuvssenidu 2 dwu As n1sUszniauiniia
(Package Declaration) Lazn135Uszn1Avefufiniin (Package Body) tiasnnuiniiingn
afiuluduuensitmnesnanguuuuiifrdadouey azdumsiesuiadaluldy
wissinsiroulewieddadenouddunv VHDL annsanseyhlddheyadds USE
Package Declaration d@3uiiimnudidgyfigauauiniin @uaaluud
malldanaieuen) ldundunisusenmiausinde inszasdudiunidvundavesdad
Uszmasgagluwinindmivihldldnsuensiveuiniinies ddalaiignusznnelily
[] o o [ [ M v " @ [ ] o [
dmvoweiuiniin wilildgauszmaliludiunsussmauiniinazliansagniie
wazwgAnssululddruuenlifeannsasSeuiiouldtudeise maliludiuveanisusena

' s

louhid Aegaeusensenesviininfareiulannisuen agtulagmalunduiniie
aunsoadiiulalaghiduiusesidiuvenfuandugui 2.11 uazdiawnsogmirluld
nnguuwvunisuenla 1y lodmsuusenasia (Type) wiadymin WwuRerfuivaiu
& o 2 Hw e & w  oa ¢ & a2 2 & .
veiwininilidniudes fiduvesnisdszmauiinia uiuiinifiniuesbiannsogn

lldnguuuuduld
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Package package name is

Package_declaration_part

Ui 2.11 Tassadalaevinlugesdunisussnmausiniia (8]

Package Body aaguil 2.12 iulassasreivsznaumemdasiieg

f
Qs o s

lugyvesdrdedrny (Sequence) Mldussensiladidunisviisuveslusunsuges

(Subprogram) vianane Wigaveslusunsugestugnusznialuludiurenisusznia

< Y < ' i Bt / feAA s, Nt & o ' a4 w vy g o
LLWﬂLﬂmLta'}]ﬁ):ﬁgﬂlﬂUl’ﬂua’JuuaﬂLLWﬂLﬂﬂ VIRUITIUNINTITATUUAAIAIN au1ﬂLLﬂﬂ7ﬂQWWﬂn

e &

Uszniavenauludiurainisuss mManinuie wAgnimuaAludIuTsIuaRLRNAR azliy
i :? (] g o I o i a v 1 o - = a' al' [
druvsawiniindsludnduseslidrludiuaesnisusemauiiniia liiinisuseniadadi iy

TUsunsugasvsoanai

Package body package name is

declaration part

Ui 2.12 Tassadalneviluvesvemuiniin (8]

2.4.2.4 wiheunseaniuulasituy

v o -

mwmwﬁuué‘uiﬂguLLuwﬁwaﬁxUUL%aLa‘th'iwmf}uaxls udl

€

mihen1seanuuulelflaieiafenvity uanuign1seenuuuLeLRfniauI 8

p1vvzdamUngnssumduniiesesldnareniie daiussdesiiviisnisoanuuulass

ar ]

wounnnemuuanslalaseuuu (Configuration) Usgnautaufindunulsnisesnuuy

antaenssumielmiiieiu fijuuuunsidsusegui 2.13
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Configuration identifier of entity name is

Configuration_declarative_part

JU# 2.13 Tassasnlagyialuvesnihnisesnuuulasawuy [8]

2.4.3 N30DNUUVRTTUAYAEaUNTAl FPGA

gunsnl FPGA (Field-Programmable Gate Array) Lﬂuqﬂﬂmiﬁ“lﬂuﬂ’l‘i
Wsunsnsesitldesnuuvadluiiteligunsal FPGA fiterdunisihaumuiiesnuuuly
Tun1s¥i FPGA FafuABnnseenuuu IC (Integrated Circuit) WUy Semicustomn 333w
iawfinuifun1suia ASICs (Application Specific Integrated Circuit) ud2dufiiiadoruay
Taidefian15¥1 FPGA ariifedialumuruinvensssmsznieslugunsal FPGA vzil
Jmuan (Gate) Wldmaudana waznsin FPGA filvungdmiunisvinnan fausiduuuy
vieiitondn Tusunasdutodvesnsm FPGA Aesseziaillsluntsyindausmion
3Wa (Code) aBurwaninmaaunseianiivan (Download) sutfsenitnisvih ASIC 1n
uazN1InTIvdaUNIBLAlunseenuuUivhldazen

n3vi1 FPGA lutlaquuiiussavs nmuagamuazmnunniiu saiifilasannni
uitnguangunsal FPGA ldifiumuannsnvasgunsal FPGA Tasiiinsuauesdusneu
melunseuiuuglassainaniinenssuniely uasdsldiiuyssansamvossensuasild
v PPR (Partitioning, Placement and Routing) dm3ugunsaiiu Tun1sldaugunsal
FPGA anansaluussgnaldauls wu n1suszunanadyginudaay (OSP: Digital Sienal
Processing) n1sesnuuvlulasroulnsaiaesidusu dnwnsvessa FPGA Lcaﬂqlﬁﬁagﬂﬁ

2.14
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SU 2.14 Snwigressia FPGA [11]

Tunseanuuuanesduaviiegunsaiituneuseluil

2.4.3.1 mseenwuulasldniwasuianisyianueessnsauns

lunrseenuwuvras@aavduvinlalasnisa1a1995v5 0190197

= « L2 3 4:? [ n‘; a' i ' ar 1 v
25U18813A175 TUTUABUTLTUTUABUN BILANAITUTENININITEBALUUAIE FPGA Lay
ASIC Tunsdlildnrwiasursanfawrs uilunsaifioonuuulanedsn19119299598 uAnsnafiy

lnainsvinisiiaedasriletaunaluladnezlddudazimaluladfiiniuuanseiuly asidiu

v
aal Al

laimseenuuulngldniwiaduisensanifinlaazainnin wsign1siiale3stlides

1
o =

friafianaluladfiozld (Technology Independence) uasfidgdyni1seanuuusiedad

annsaizudlaluma (Model) viawdsuulaunalulagldazanninnszliseninies

Tmi vufemseenuuulagldnwesuiseniaunsasinlilumanils itusunalulad
Tumadeuldndaiidewihdeisfodousgnalsianzannsodunsien

< v 2 wa a o ar o o Y
Whnsaslauagbinuaudfivensssmuiifmuamszdnyuznsdouldnsiinalaonseiu



21951l nlunsdaaseisstureni ST AT E999s (Synthesis Tools) ag¥i
nsdupsisimulAaidou dreSurenisieuvenasierfuwiideuldaludnuusi
AU Weduasizviudazlieesidedunazainleesiisnety Wt luvduiuudas
FPGA #38n15%11 ASIC LLﬁﬁﬁ}ﬁlﬁlﬁ%ﬁﬁ@mauﬁ'ﬁshaﬁ’uﬁ’q‘iuﬁwwaa‘umw?aﬂamL§1 (Area

z ] =l v oW al 1 v cddad & aX (7] L3
and Time) dumsdsulananvaslaielilduadwsinfigaiuivusgiuussaunisel

lun1seanuuy

2.4.3.2 M391894n15%1N9140899995 (Simulation)

r

Tunouildutuneuiiddgunssduiunouiildnssaeuiiandunis
Wmuﬁuaﬂwsamﬂmaw‘salﬁmammwmmmolwu mamﬂmmnw*sur‘ﬂﬂmnmaa Tu
?Jumauua}ul‘usaaﬂmmsawiummsmaaam‘smmumanms U V-System wag

ModelSim ¥84U58n Model Technology

2.4.3.3 MSANATITINNAT

Tudunauilesldsenduridnnmeiins (Synthesis Tools) i
ndaiaseilanielildidursasium widesmsinaoudednsensus avuayy
walulad FPGA (FPGA Library) #igiaanisldudolai Tng FPGA fitiuldeuiguvasusom
Xilinx wuazu3¥m Altera saWsiuIsdunszrsazuvaslannazyiinisesvilug
(Optimization) telilésasmunaluladimdenliuenainissamisafuundetany
dmivaeeslaitu dethiuiTasaaaan (Time Constraints) niatetaduludovasiiud
%aﬁaﬁaﬁ’ummumvmnmm Tiludunaussudludiitelsasilaiduluauiitmun dau
dAglunisesudlugfonisiiieu (Mapping) 239slidrfumaluladiilsiioliléreesi
wnzaniulassaiianitnenssunislugunsal FPGA Tunsdives Xilink asifioulnglds
LUT (Look-Up Table) iiiavinisdansisiieasiadaudigeniuisdansisiieesiosinig
seunainasisenuuuluiuduegils wu e (Delay) winls Tansnennslu

FPGA o213 1Tudy
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2.4.3.4 N15UU92995 (Partitioning)

dumeuiifumsunnsildnnasdaaseilddumhedes dmiu
aslu CLBs, 10Bs vi3oasfusznevdunislugunsal FPGA dmsuinasildlunisuvsdels
waasei’mﬁﬁmwnaaﬂmfiﬁ'uﬁ{hmué’nujfymﬁl,%amiaswdwaﬁ'uﬁaﬂﬁqmmﬁ%ﬁ'ﬂﬁ
iotsanauvuwinlunewiinadeudedygios (Routing) Tutumeuiiseldsewsiuas
W Ingganswlsaziiisudiulssnoureees wu h (Gate), Waunasy (Flipflop) aslu
n3wenseineg fifleglugunsal FPGA (CLBs, I0Bs, BUFT was Edge Decoder) %dtw1n¥in
fumeuiliataudrannsaiivsruineaslisuauminensnislugunsel FPGA Tl dau
‘ﬁaw&uﬁm‘tﬂu“ﬂzumauﬁyfguaséﬁux?f’s FPGA 7l ity FPGA vaeu3tm Xilink a¢14 Xilin
Foundation Series 2.1i #awosiuasiaiisvsamarvensuaidosiusn ielinisvi PPR
(Partitioning, Placement and Routing) 1iulUsgamaiiies @ FPGA vasuitm Altera 9z

14 Altera MAX+II

2.43.5 m3219gunsnd (Placement)

TunauiiiiunisidonyiansivelmasaIue999sNNIUNIS LU

2995 (Partitioning) anuarinasaseglusiumislalugunsel FPGA ielvlanadwsnafian
i 2esdmlmumsegindduiieazlanumidunis (Route) lndevistivanainuming ay
] v ] ¥ ' 3 =1 o @ VoW o V-
wiladndumianislugunsal FPGA duiinuddginsizdndninnsesasludundi

lwnzauudrssviliimumihafiu@uvses Router vinmsaumidumesdyanalaliug

2.4.3.6 ms\iouns Aeuy1ad (Routing)

’lu%umauﬁl.ﬁumsLﬂ?’iauﬁaﬁ’fgnpmwdwaqﬁﬂwnaum’wf| nelu
qUnsai FPGA 19U 53w3 CLBs wipsewing CLBs U 10Bs Tumauiiazvirdeiiioninnis
213gunsal lunsaliivinisnsgunsaililifsenduad Avsinindendedyninldli
yuavIaiinau wihaiumidualudediiulaeannsavduneviildlagldvenduas
Uiy nisagvinndensedymiudiedaies (Manual Layout) Alé wanisfidadsld

gansdwHianIlagliiinisAunidunimaisaSufieniaseififign yenainiunis



ivuadadifiumaia (Time Constraints) asthelinaiildannisvimsieusedyaad

ule

2.4.3.7 nslusunsugunsal FPGA (Configuration)

wa”aa]'mﬁ"nam'"lu*fumaum”mq JUNTEVIHIUN15 PPR
(Partitioning, Placement and Routing) wdadu feneuifaiunsafiazaiayinan
(Download) aslugunsal FPGA 1dud Tun1sanalnaniineusudssuvatuuuiens
saitlalidudeyaisns (Configuration Data) Feagluguinandu (Bit-Stream) riou
udrdanmillnanadluiieligunsal FPGA fiftsfFumsyinunnnaasiiesnuuuly

Mndlesureuimuaaziiuldiinisesnuuuiie FPGA th vh
ldazainniinisvin ASIC urnuwsizldnanieeninnn daudifgiildlunisi FPGA Ae
ﬁiaﬂﬁtn%ﬁl‘&'ﬁmm’mn%au‘[ﬁﬂa%mam{ﬂLn's'founssﬁqmaﬂwamaﬂuqﬂﬂiﬂi FPGA

FagarawlsnlTRaatugendiisnldnunadoaiy

2.5 Field-Programmable Gate Array (FPGA) [10]

FPGA 1ugunsalanshsiatheialusunsuléfilasenisidendenelunuy
weIng lassaseneluves FPGA u'umminIU'mﬂsu'lmmmwmsmmumuauaa%nmm
wuﬁm \u AND, OR, XOR, NOT #3a5ufiunatesiin (Comblnat:onal Logic Gate) Lwa'lw
mwumwm’mmwaummu 19U Decoders 3aHandunteadinmanilu FPGA wald
uanIINUTENBUMBEILTaRTaniInkuUlUsunIulauWd) faludenvesmiieanusi 34
219zasNIINHAUNaUBE Y w?alﬁﬁuﬁwaamaﬁaﬁaﬁwa%’wLﬂwﬁmmmﬁw%aaeg
Aeludle

TumseanuuuIsiBuardidnnsaindfia FPGA agwuwﬂc%ﬁwﬁ’u 278
Lifaonuuuaiunsnanuuinveuseins suaunsasenuuulasings Lisemaaou
swazidsanslulilaiaauysalieu fawnsoeentuuunnsasld deldfuunnsasuay
Usgnaugunsniingg w@iauds Sedessmunmiiiinisieuves FPGA Idlunewds s
mnm‘saammuﬁ’waaﬁnmmmmLé’nﬁﬁaaaamwuwmﬁuwaaawwamm'l,ﬁl,a%%auuuitﬁ

nou wazldannsoudlolalunievads uenandmsldau FPGA auisalusunsunisyingu
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IWlunnvaszwitdvasidahiumuud fdensoutlvinsidlaeie Suluiiueadi
“Field-Programmable” Famnefislusunsuldlunaaumieivinautues sgralsfan
JULUUTBI995TId A1 (Configuration) w89 FPGA ssmglundsanialwidss day
szdeinieauginteuen (Flash) niAuguuuuresnasidanseivu FPGA 15 &

FPGA 9ziinsyuiumssuguuuuransasidaasisiiulagsaluiindaannladulaes

2.5.1 Yssinnuad FPGA

TutlaqUuil FPGA ag ¢ vllafineneegluviesnaialsiun Symmetrical Array,
Row-Based, Hierarchical PLD wag Sea-of-Gates @eusiazaiiafianwuynsideusaniely
uaznsTUsWNTuAiuaneely uenanilunsueUssanees FPGA anautsldmumalulad
ldlunaslusunsy %qﬁag 2 wuuAenistusunsulagnisvinliifianiswasuulamia

NEAMNVDIAITN LaznislusunsulaensldniiegaIugn

2.5.1.1 mstusunsulaemsyitlminnisidsunyamianignin

1) Fuse wWudsnislusunsuianuisaninliiesns e 39
WINALUTUNTUUEIIALTBURADZI NN Y
2) Anti Fuse Wuisnislusunsurindtefuwuy Fuse ua

' T Y ° 1Y o ' < = w
V’]'Nﬂu"l’]‘iﬂﬂ\ﬁnﬂ'V]']ﬂ'ﬁIU‘iLlﬂﬁuLLﬁ?QﬂL?f@ﬂlﬁ@ﬂgL“ﬁauﬂQﬂu

2.5.1.2 mssunsulasldvuisainusn
1) EEPROM Based FPGA

FPGA #ildnstusunsuuuisinGenin CPLD danaluladi
TH9gmilouiu EEPROM ﬁﬂﬁﬁmmq‘ummmﬁw Tnevhluasiasnin 20,000 1nm usdefues
EEPROM Based FPGA ﬁamm'ﬁaLﬁuian“aﬁmmnmaalﬂlﬁ’ﬂﬂﬂlﬁﬁ%ﬂuﬁaqﬁlﬂtﬁyﬂa Lay
TulusunsuagldnsmuBawmes 1 fsie 1 In FansTusunsuaimisavinléuszuna 10,000

A54
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2) SRAM Based FPGA

FPGA wuuiislfinaluladlumsiusunsumilouiu SRAM

(Static RAM) Yhlsfanunsalusunsugilalaglisriasaunde uanniisafirugoann
lusgAuurunatedisgenin (Ussuna 10,000 - 1,000,000 tAs) FedoRv09 SRAM Based

FPGA AalgiianTunisliusunsudas (s nanosecond) nstusunsuvinladedisuldiu

Msi@ipu SRAM vilU wasmunzdmsunisesnuuuiesitinududiou dudeideiel

annsadvTusunsulunesAliiflvide s faiu FPGA “Uﬁﬂﬁ%'qﬁn'l‘%'muﬁﬁ’u ROM iitoldf

nulusunsusasyimsivaslusunsuaslusdwlusaeiisuduldiy

2.5.2 YalawIsvvaanisiy FPGA

1) c:{aaﬂLLUUlﬁﬁTWLﬂuﬁ'aammﬁa‘EﬂNa%'wma'l,u‘uaaﬁﬁwLﬁﬂmm'ﬁmm'g'
eatuduneuniseenuuvasdnfifeamends adunislslalasluswaisesds
Tutusesdnuilaseainnslusadiniviueauriud (Assembly) veslulaslusiaied
‘e 7

2) nmseanuuulasltniwiluniseSuranisinauvesavsaesiuea (u
wieaieluniseanuuy Fuduisnsiiiaudanguas mildsndnarlisniuses
nIUiENvErewTIReIms I asdeurenuagals iewAi mundnuEn1svel
fusniuigeniuafasduassiliianun uenninmwniildgaduinsgudivatu
annsaldlafuingnsuwasynuiem '

3) mslsunsuannsaildiesnagldiaihiun eswddedoyaniauning
Traanane snveIneuinesiau salusunIuaITw wmzﬁag‘lmxuuh’ﬂﬂalﬂiwLﬂuéfaa
nomlusunsudauenuazidAyannsalusunsuldvarsads Sohbiinelunsusloas

wannlnglidaadealdemuwsogdla

2.5.3 \aseediod1nsuniseanuuy FPGA

szwiulddiniseanuuuiieyh FPGA tiwinldiazainnda ASIC uanwsizldinan
desniunae duddiildlunisih FPGA fevenduisnldnuadeulinesuisasauis

yunseianiulvanaslugunsnl FPGA Fwwandusilddealurendursivihausaidety
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© N139NRULLAZNITIAVINUS ey inus

Tuunilasiauemsesnuuuiasmsadidlasiadmuenian Svosiame s
Tngazldaduussanivasianges COF 9/7 Huaduuszaniliiuaasnsesdymadaan
WUUNBABUAUBIBUNAdYIIAR (Finite Impulse Response Digital Filter; FIR Filter) n1elu
Hawesuuei uarlilassairiaradanszarsuvuunannasateg senuuulaeussoy
NOANTITIEN I VHDL udnimsdanieiiasuy FPGA Fslunanisidoud 1 szeenuuy
Wudtawmesuusiuuy 1 9% (1D Filter Banks) wazlumanisSoui 2 avesnuuuiiuilawes

WUSNKUU 2 3R (2D Filter Banks) FIUNIFAIUAIUANNTUAAINAUUDBUAAINATILD

3.1 N1399NLUUTIAINTNTINAVRUUNANDUEUDIDUNATINNG

o J s ﬂ‘ af at g
3.1.1 nsurAdNYszANSveIAINTae COF 9/7 uldiuaeasnsasdymyin

L ILAVUUUBANDUEUDIBUNAFINNG

as =

Iuﬁaﬁaﬁm'saammmaﬁﬂimamcy'm.xL‘UdLa'uu,'uuwamauauaaﬁuﬁaéai’wﬁmz
Anduussaviaindanses COF 9/7 [5] uildudsdnsvesinses H, (z) was H,(z)
famn519it 3.1 Tne Ay [n] Aoduvszavivesiansasnanudimen H,(z) uag h[n] fie
duusvansueatansesnuiigerinu H, (z) Ssswuiiridulssandasnuantaiiiaom

3 ar
Wuauussnu

A159 3.1 AduuseAndussdanses COF 9/7 vas Hy(z) wav H, (z) [5]

" ] Al
0 0.026748757410810 0.0912717631142495
1 -0.016864118442875 -0.057543526228500
2 -0.078223266528988 -0.591271763114247
3 0.266864118442872 1.115087052456994




p3197 3.1 AdudseAnBuesianses COF 9/7 vee H, (z) was H,(z) [5] ()

] ]
0.662949018236358 -0.591271763114247
0.266864118442872 -0.057543526228500
-0.078223266528988 0.0912717631142495

7 -0.016864118442875
8 0.026748757410810

dmsuduuszdnsvesdinses F(z) war F(z) awrsanildain
s ar « Y ' o dl' as ] § al
mmauwuwmﬂama%tmasmmmaaulwaemsrjnauamaﬁwﬁmmaumw 2.11 wae

- o v a & ) @ -
dunisn 2.12 wﬂﬂﬂauﬂszawﬁmaqmnimmmﬂm 3.2

AN5107 3.2 AdasAnsuesanges COF 9/7 wes F (z) uaz F,(z) (5]

filn] 417

-0.0912717631142495 0.026748757410810
-0.057543526228500 0.016864118442875
0.591271763114247 -0.078223266528988
1.115087052456994 -0.266864118442872
0.591271763114247 0.602949018236358
-0.057543526228500 -0.266864118442872
-0.0912717631142495 | -0.078223266528988
0.016864118442875

0.026748757410810
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N5t 3.2 £ [n] Aeduuszandvesiinsesninuinriiy F,(z) was
A7) ﬁaﬁ’uﬂizﬁw‘éwaaﬁ‘msaammﬁqqmu F,(z) Faswuiidduyseavsasiinaaus
AU SIGUNY aTm%"umsma;ﬂaaummgnﬁaqmmﬁauﬁmsﬁné’vaeiwauuuiﬂiﬁ’amiﬁﬁﬂ
mMsteuiv uagn1susmInmsaaveusznanluiidedaly

ethenduszavisvesdansests 4 smnifeunsinanauausadamnud Tne
fmualiiidnanuiguiiegeegi 20 kiHz Fanzuanmanovausadsmudldfgui 3.1
uaz3Uil 3.2 uaznaneuausadanaldfigui 3.3 uazguil 3.4 Inefideulumssoniuuin
Mnsesreiidnvmusdudiingosuy Half-band ﬂ"’u'«azv‘hmimwaavmmqﬂcﬁ'awa:m'rs

panuuumnsasluhvadaly

Frequency Response in Analysis part
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Phase Response in Analysis part
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Phase Response in Synthesis part
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d L. - Q‘ a H =
M50 3.3 MdudsvanSuesiinses COF 9/7 luguiaugudeauuuduiiuiudes

n | Al an fil] A7)

0 00000001 00000001- 11111111 00000001
i 00000000 11111111 11111111 00000000
2 11111110 11111000 00001000 11111110
3 00000111 00001111 00001111 11111001
4 00001111 11111000 00001000 00001111
5 00000111 11111111 11111111 11111001
6 11111110 00000001 THLI1 1 15141 11111110
7 00000000 00000000
8 00000001 - 00000001

3.1.2 MInTRdaUANgnAonuieulunisinduatieauysal

Tunsmsesoumugndsnuieulumsindustauysalasigailagendy
auniseulunisiidansdeuiiuannsil 2.7 wazaunisdeulunisusiAainnisanney
aunIi 2.10 Ferduyseavsiiunldniumeed 3.1 uay 3.2 azgnifsusglugunyuiy
2 Tasfimduszandvesnsasnsifuddulsyanivesdauds ndmniuiaunuas
aumsiidastnsdiuievmsnsaaoy

naumsiteulunisiinnisdouivaunsi 2.7 vamsman F, (z) H, (-2)

way F(z)H, (—z) WWaunisuadwdaaunisn 3.1 uag 3.2 auainy

Fy(2)Hy(~z) =-0.002z7" —0.0032™" +0.022z7"? +0.069z ™"

—0.05127°-0.24727° +0.032z% + 0.363z”
+0.03227° -0.24727° -0.051z7" +0.069z*
+0.022272 = 0.003z™ —0.002 (3.1)
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F(z)H,(-2z)=0.002z™" +0.003z7" - 0.022z™" - 0.069z ™"

4+0.051z7"° +0.2472z7° - 0.032z* - 0.363z”7
—0.032z7°4+0.2472z7° +0.051z7* = 0.069z°
—0.02227 +0.003z" +0.002 (3.2)

INNULIDUINAANSNIEDIAIUNTWAUAINAUN TRBULIN1TANTANITT DU

axldaunsi 3.3
F,(2)Hy(=z)+ F(z)H,(-z)=0 (3.3)

INAUNITN 3.3 FnuTmWadwsNIgod i lideulunisida
nmsgewiuiliuais dmsudeulunisusiaainnisaaveutuazyiinismdn K (z)H, (z)

H. v a ar A o e
way Fi(2)H,(z) auaunsi 2.10 ldaunissadnsaannisi 3.4 uag 3.5 audsiu

Fy(2) H, (2) =-0.00227" +0.024z™% ~0.12027° +0.5982 ™ + 27

+0.5982"° —0.1202~ +0.0242z% —0.002 (3.4)

F(z)H,(2)=0.002z7" -0.024z7 +0.120z™'° = 0.5982z"* + 2
~0.5982 +0.1202~ —0.024272 +0.002 (3.5)
'(l']ﬂ{?ULﬁaﬁ'lNaﬁWéW']Hallﬂ'ﬁﬁ 3.4 uay 3.5 :J’]i'mﬁ’um'maum‘iﬁau'l“unﬁ‘i

Uﬂﬂmﬂmiamwaua}ﬂﬁanmsﬁ 3.6

-1

() Ho o)+ (2) H, (2) =22
22—7 - 22—.' (3.6)

NANNITN 3.6 ITNUINIIE@IWITanIA [ PvirlieulanisusiAannnis
aavaulluasala AsrAt 7=7 wazludionirn 1 lavinlvnsivansaednardudsednsa

dnnldasilmawnwanlaninnisussnanafinnisiadly 7 dumus
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wiavesilainasuading (Product Filter) Iiagud 3.5 uaz 3.6
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9NUR 3.5 iliwudrdnduussansminnldileairaduilamesuaazdl

dnwauziiu Half-band demsenuidaulumsesnuuy wasuananiaingui 3.6 villinsu

MAawesNeanwuuiwaduLuudaduniy

3.1.3 lasead19urun ldAua999n509d Y Y 1T UAYUUUNANBUEAUD Y

dunadannm

AMFUNIT0BNLUUNTINTDIT YT ILATUUUNANBUAUDIDUNAA TR

meluilawesiuan sgldlassasrnavadinnszaeuuuunaainaisaiag (LUT-less DA

Structure) [6] B49zuudlassaiimdneeniiudauuuonuu 9-Tap uag 7-Tap laguumny
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3.2.2.1 WA NdYIuAUAL (Control Signaling)

nasai iy IumUaIsaidyaailiauauisssuy Tneas
AYYINAIUANINRINIDIFY YIUTUATUUUNARDUAUDIDUNAFIAA (FIR Filter) 2993
AIUANNTTIEN (Reset Controller) 293AUANMTTIUTBIMIBAIMTUULEsA (ROM
Controller) 4a¥2993ATUANNITHNNUTDIMNIBAIINTITIAT1I (RAM Controller) @1insa

uaneTdaATIeilaidu Schematic Diagram fagui 3.38
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2) 1993PUANNS3LTR (Reset Controller)
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3) 2995A7UANNISTIILTDIMNEAINIIVLUDSA (ROM

Controller)
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4) 2393AIVANAITHINUYBINUIBAINTNTIATIY (RAM

Controller)

MATATVANNITNIIUVBINUIEAUNTIITIAT1ITY
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d1115Un13971U (Read RAM) 114 2 Naﬁwv‘hwﬁwﬁa%’"Nﬂ'ws‘hme%msgn'[‘ifl.ﬂurﬂhﬁwﬁa
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3.2.2.2 MUAINIUUUA (ROM On Board)

wiremmduuvesaszeanuuulidaiiudeyanimuuin 256 uaa
256 apdul uiasinwasua 8 O Mldmssnisnuinavuayssuna 65 Alalud awise

Weuunuisdydnualaugui 3.46
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3.2.2.4 1935U5%na0an15ALe7 (Row Processor)
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Row_processor:1
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3.2.2.5 2995U5zanananisAIuaaauil (Column Processor)
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3.23 m‘saamwmqmmuﬂummamna%’a;&a (Display Controller)
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3.2.3.1 29saindyaauniininnea (Pixel Clock Generator)
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3.2.3.2 2995ATUANNISUARAIHAUNIDUARINGILE (VGA Controller)
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iHS(:0) |
Linput(7:0) |
LLAMO) |
PLHATOY |
LATD) |
iSOy |
iRE(:0) |

pixel_clk

h_sync

RESET_| |V sync

A 4

@ ar «

sUfl 3.55 dydnualueeeasmUANMILARINAULTBUAAINAIIL
9n3U# 3.55 3vseziudeyanimiiuiy 8 Inanmiteaanuidn
FIATIINIUNNYY . HA, i HHA, i HLA, i HS, i_input, i LA, i LHA, i LLA,i LS uas i_RE

Wihdaeannen VGA ilnanmsinasimsaiedyindenlanigui 3.56

1% pixel_dk

1& reset
1% h_sync

1% v_sync

(n)
13 pxel_ck o A A O S S A S 8 e S S o A L T
13 v_sync e R R N R e e Lo

(%)

U 3.56 namsdasansaiedyanded (n) dyanmaugu HSync

() deyyuAIuAN VSync
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3.2.3.3 2995AIVANNTSITULALBIUMINEAIINTITIATT)

2asmvANNMEITsuLazsumbsANTITIAT W sIlTRIUAY
m3sufuLasganslsuwazsumbisanufinsnaglnesausunsuantataya

v W . v =
aansalsudanualunulasinimwg 3.57

Write_Display_RAM_controller Read_RAM_Display_Controller
- o RS AN
Ir ;mlm (15:0) . clk 4 ‘ read1{15:0)
addr2(14:0) read?2(14:0)
iz add(3(14.0) read3(14:0)
W 4 addrd(13:0) read4(13:0)
addr5(13:0) read5(13:0)
RESET2 addr6(13:0) read6({13:0)
addr7(13:0) read?{13:0)
RESET3 addiB(14:0) reads{14:0)
2ddr9(14:0) read9{14:0)
2 3ddr10{15:0) feset read10{15:0}
| d AnanAs A 4
U2 815
(n) ()

o ar ar L3 =l ] o w
U 3.57 () AYanuavaINnITAIVANMSLYURUIEAINIITIAT

s @ &

(v) FydnvaluesansMIUANNTBIUMNEANLTIITIATN

9In3U7 3.57 1IIAIVAUNMTEEUMINIEANINTITIATIITLYINILAIY
Famedanm U, r2, resetl, reset2, reset3 uaz sc Ingdsdeyeyraasmumislusmumish
Fpanmaivlumiisamuiifiasmudazil iNIAIUANNITEUNIBANTITIATIY
sy reset uag clk Avaunaud 40 MHz Insdedryrnadiumiaui

AULNUINABINTEUIUNUIEAINITIATILAAEA?
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3.3 gUnsainldlunisvaassiamasuuan

Juapuniseanuwuutssiudunisesnuuulagldniyn VHDL wagdranans
vieu ludwreluazfugunsalildlumsmeasssiuilaweswuiiignasadueniauag

Usenaumie 4 dunannail

3.3.1 29959819352udyeY10d (Summing Amplifier)

asveneudyyrudulasnudygradmeliidudygraduna ity

Hawasuusiuuy 1 I8 anunsauanieasiafsgui 3.58

10K 10K

Vinl

Vin2 Vout
O

10K

JUN 3.58 199598195 QYR 0

3,3.2 qeasulasdygrandeguuruiludyyrandaay (Analog to Digital

Converter)

[ =

ar a [ 1< ¢ ar
3sudasdygrendeguuuiudygraduasidugunsunwuadyyin

o
[

surdenliifudyniuiinea luuSyayinusiezidenldled ADCO820 Fuilaulastaya
] v v @ aa = a [ LY ¢ '3 aa =i
swdonudezlddeyaiuidnea 8 On ieleudigilaweiiveiuuy 1 8@ lasiheesuan

ﬁ’qgﬂ'ﬁ 3.59
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201

7 2 X0 LSB
12 X1
20 qp— X2
Analog Input 1 sh— x3
-_—19 14—xXa
Clock Input =14 ADCOBZO 15— X5
8 16— X6
10 17— X7 MSB
11 g
13 19—
e

JUN 3.59 asuvasdyaadeuunududygroduay

3.3.3 295wlasdyranduaviludyyiandeguuiu (Digital to Analog

Converter)

as

ar a v ) a‘a'
'm)iLLUaaazycgwmL'zjaLa*uLﬂuammﬂmmqﬂmutﬂuqﬂnmmﬂaa ey

as [ [V 4

Adnealmdudyyrueurden luuSygniinusiiazidenldlod DACOBOOLCN Faasiuteya

a ]

aa a 3 (2 aa a L7 o ) as
AImaasIniamasuuaniuy 1 8 unluveya 8 Uniwauinuwlaatudygineuiaen lng

fhavsuansfagun 3.60

2K 2K 1K
AAA AAA AAA
yy y ‘,IL'
+12V
4.7K
o—Ay—]
N B —o0\/out
15 2 +
40 Fa7K
MSBo— 5 g ' -12v
o—56 -
o— 7 DACOB00LCN
o—i3 13 © 412V
b 0.01uF
o—110 16—} 0 -12V
o—11
LSBo——112 3

Uit 3.60 nsuvasdyaondaaundudyyrandguun
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3.3.4 guUnsnl FPGA

gunsal FPGA Tudigygriinusiazidenldvesuium Xilink nsena Zyng
Zedboard w5 XC72020-1CLGA484 Tasldasaiamasuvanidusisawisduiunisideu
191 VHDL 9nnfieenuuulusiadensuntiasuy FPGA e livinauduilaimesiuanig

aa aa Y ¢ = P>
WUy 1 58 uay 2 3R ausieens dnvurvesgunsnl FPGA liguuuumugui 3.61

5U#1 3.61 gUnsni FPGA

ar = o 4 3
3.4 NFIALNUNANITNARDINALAD UGN

Tudiuilaziduannsihgunsalimuaundeusedimeiu dwivilawmes

o

wusfuuy 1 ddaunsasanaduvdenlaszunsuladezun 3.62 lngasiinisnadyyin

s "

muAx sc :ngunsal FPGA uiludyaadusnagraliivisesudasdygrandeguinudu

dyaradve uasiudygruduwaainileiidueisines 2 d1 Jggniamiunaume

v

15 Uiy uednvandudygradaaviensuUasdyyrandguanudy

ar L3

ar - g 14 [ s a b
SRUUULYILAUNBULYY FPGA LLﬁ%E’ifoU"lmLS’W]T!W{lSQﬂLHJENLUUﬁEUuinEU’QU'}ﬁEﬂﬂ’JU’Nﬁﬁ

o

wlasdyaandaanudygradeuuuididaiuna wangunsaisuwuulanugui 3.63

9



Signal Generator

x,(t )

Sienal Generator

x5(t)

A 4

Surmming

Amplifier

x(@)

U7 3.63 gunsalfunuuilameiuuinuy 1 if

A 4

Signal Generator sy ckin
Y
*{n) .Zedboard
A/D >
XC7Z020-1CLGA84

{ 5C

Al

D/A

U 3.62 vonlazunsuvesnisveasuiainasiuaniuy 1 3
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w1

Summing

Amplifier

dwiuilawmesuusiuuy 2 fdansananuduudenlaesunsuladaguin 3.64

spihmsiendeyaiiulilumhsaudwuvesmhluvssuiana udinzdinimiendng

wioudyyraumuaulunanmavursuansidieminisresedyyiunwivgunsal FPGA

W aansouansgunsaliuuulanugii 3.65



Data 8 bits

RAM

o DD,

On board FILTER BANKS | Pixel clock Controller

VGA

40 MHz

Address
16 bits

|
|
|
|
I
: 2D Data (RGB) VGA
I
|
|
|
|
|

\_‘ Controtled by FPGA Xilinx Zyng

Zedboard XC7Z020-1CLGA84

U7 3.64 vaeanlnezunTLIaINIINAAaUTALABSWUANWUY 2

B A BT TR

3U# 3.65 gunsaldunuulawesuuadiuuy 2 OA

iR
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’LuehumﬁﬂLﬁuwamswmaawxgnu‘daaam*ﬂu 4 @UMIUNITNAADIADANT

naaedasldnisdasamaiuvesilameswusinumgud (Software Simulation) K

TUSUASHLLIALEY N1SVAaBIN1sIIaeINsTvinurenRstaungluilamesiusnnasnuuy
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$180191 VHDL ®rulusunsy ISim 14.6 A1510a89n13531a89n15% 1914089815015

(Hardware Simulation) Lagn1INAasINIsinuaswasiamesiusnuy FPGA

3.4.1 N15NARBINTINARINMIINUYasiamaiuunaumg el (Software

Simulation) HIUTUSKATURUALAY

] -, L3 L3 o e © ar =3 a‘
Tudruvesnismaassiawmesuusiuuy 1 6 ssvirlaenisUeudyyindunnd

@ o

aSadudyyrundusdleddadunismuadusuled 2 gnidwneiu Tagiimud 2 A1AD

L U v

AINARNBET 200 Hz uagAI DGy 8 kHz Whdilawesuusineenuuuly udniinis

i v

TuiinwaiielfiuSsusuudazqaiiseansiinuiludiuvoinimaassais laolAndldluns
veaestiavaglunanuan n
dusunmmeassiiawmeiuueiuu 2 33 avilaensioudyradunmiy
2 =l as ¢ &
YoyanImuuualnadind (Grayscale) ¥un 256 a7 256 ABANY mugunaasuniy
v ) o a 4 v 1a ¢ ¢
UINTFIUAUNITUSEIIANATYYIUAN TONMAB lena_gray 256.1if LlurgaimaIuun

-:na.d' 2/ ;% o = ' n‘ =t d. =i @l
wuv 2 Aaneenuuuld wdninistuiinnaudazaangaanisanviiieldiuSeuisuiuns

9

=3 °

$1899N139191U289875 AUSHIUTUSUNSHLLALEY LasnanIsReuTwasflatmeasiuen

Inglannldlunismeaesiiazeglunianuan n

3.4.2 N1SYINARINITINAINITHI9UVRIsERen e luNamasuueny

2DNLUUA8N1ETY VHDL eulusunsy ISim 14.6

mseenuuuiamaswuanmenw VHDL luiige 3.2 ihlAnussenengingsy
29929957 luTUswnsy Xilink ISE Design Suite 14.6 11%1011531809015%197UHIY
Tusunsu ISim 14.6 Tneldn1sa¥alAn VHDL Test Bench vinnisnaassluusazi9asees
LLé"J'ﬁ'lm‘sﬁ’uﬁnwatﬁamu%aaummg}nﬁaﬂumiﬁ’mumaﬂwiazd'autiaariauﬁﬂﬂﬁ"u.flu
299sTmeseuy FPGA daldndildlunisusserengiinssunasiililunissrasanisvieny

undnazeglunanun ¥
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3.4.3 ANSNAABINITINADINITNINIUYRITISAWIT (Hardware Simulation)

ludiuresmmaassilamasiuaiuuy 1 If UlAAUTIEENgANTTUVDIITS
1iIn1331aeen1siurulUsensy ModelSim SE 6.5 Tngldin1sashaldn VHDL Test
Bench Yn1avaaessaenstoudyyradunaiimiiousuludiuveinissiassnisinn
rlusunsuuanduAedudygueduguled 2 anud fifiaudiFeaiu udvhmstudin
natieldwisudiouludiunsiianueie Sadaildlunmsusseronginssunasaldlunis
TaesmainuusdazegluniauIn v

dmsun1svnassfamas Uiy 2 iR 981a09n15%191UTBI8TANISHIY
Tsunsuuunudu nageuiiendasiinuesansauas (Hardware Limitation) lnan1sasna
HafdulunisuusauasBonvesnisateulad (Quantization) MviliAaxanszues
AINNB1IA181A (Finite Word Length Effect) uazifiod1asA1A21uAANaIA Y0NS
moulad (Quantization Error) lumsdunniusasfunou drensitaifuiiufunae
sewinen1sfmamnuney wdinmstuiinualuudesgadideanisinu antuily

Wibuisuiunanismnanseild deilaiduiilslunsdiassdnidasedludnmanan n

3.4.4 N1INAADINITHINUISTIVDINANDTHUINUL FPGA

manassludiuiisdliavsseienwgingsuflawesuuaiinaadauniisiass
nMsinuR LN TEuaIuY FPGA asasiinmsimuawaindunauaziaidnaliiuaens
noudielusunsu PlanAhead 14.5 uaadaviinisilisuasuu FPGA aaelusunsa iIMPACT
Hunedn JTAG (J17) dmduunuiinasneluaes FPGA Tuansdnumgnesnnisldauay
aglunianuIn A iloflawesuusiwiouldanuudavinisdesingunsaisieg mugﬂﬁ 3.63
uaz 3.64 udriwhnstuiinaaiielfiviouiisuiunamsdasanisviauvesilamesuuar

MNIUTUNTULUALAY



uni 4

NanN1INnaay

(3 o

anlpseadidlawetuuasitiauslindwiniiniseenuuues AL SAENI
VHDL uazduasnsauu FPGA Tuuvi ssuanamansnadeuIans AenamsdansIenieg
HANSYIAARIVBINAWBSIUILUY 1 T uaznanisvnassvesiawmesuusiuuy 2 {6 lny
aw3suiisunamsvhausssiunanssiasamaiaumumgeiunlusunsuuinuay uas
HanIIaRINITTeILTeENALLS Yenantitdinan1ssaesiamosuueivarsang Fail

NANISNAADINIL

4.1 HANISEUATITNINDS

9nnsesnuUULAYsuTUsuATUATY VHDL Wedansiziilamesuusiud
ansoaTIdsuamantivai e wunslinineinslunsdansiziang A
Fynnanniinigagaimastannsaiand Fapnuantfmaniiiudnienysyavnmues
Zeasiosnuuy Tnsrarasmsdanseilasiadmanian ivesiamesuuaiisaeuuui
pankuunlI8lusunsy Xilinx ISE Design Suite 14.6 uugUn 508 Xilinx Zyng Zedboard
XC7Z020-1CLGASA dxuanmamsdainsevifiagui 4.1

| DevieUtiiation Symmary (estimated values)

Logic Utilization © |Used Available

Number of Sice Registers 443

Number of Skce LUTs 884

| Number of fully used LUTFF pairs 315

Number of bonded 1085 127 200 63%
Number of BUFG/BUFGCTRLS 4 32 12%

(n)
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Logic Utikzation Used Available Utitization
Number of Slice Registers 1263 106400 1%

" {Nomber of Sice LUTs 2150 53200 4%
Number of fully used LUTFF pairs 1094 2319 ) [ a7l]
Number of bonded 10Bs 2 200 14%
Number of Block RAM/FIFG 128 1% 31%
Number of BUFG/BUFGCTRLs 11 32 34%

g‘dﬁ 4.1 wan1sdaasigineasuulusunsy Xilink ISE Design Suite 14.6

(n) Wawasuuanwuy 1 7 (1) Nawaswuanuwuuy 2 R

N5UN 4.1 agwuimsduasieinamaswuan

[

ar i 2 as [
vadasuuulaniwennslata

ATmilsvetgunsnl kaznistindviumbelssaanasnfamesuuasuuy 1 87 Ju

Wawesuuanuwuy 2 {7 Lildhlinsldniwensiviudunigu Mmenavesnisldlasaing

LATALIANSZLRUUUTIARINANTINTAR

TunsdaiasiziinasanasouanIfIn Ul dY IR 1gIEAT8I9R TN

-3 [ i IA:J o v e o oa ai
aursavinanule mummmﬁagw 299.892 MHz dmiudatnasuuenuuy 1 46 waza

AN 380.373 MHz dwmiuflawmasuuaiuuu 2 I dwandugui 4.2

P [8) “Synthesis Messages

1 - [) Translation Messages

b [ Map Messages

i b ;:] Place and Reute Messages
[ Timing Messages
=[] Bitgen Messages

| Lo [E) Alllmplementation Messa...
2} Detailed Reports

| - [E] Synthesis Report
=[]} Trenstation Report

i+ [) Map Repert

i e [} Place and Reute Report

i D) Pewer Repont
i [ sitgen Repont

i b [ Post-PAR Static Timing Re... | 41

i Synthesis Report

i+ Top of Report

i Synthesis Options Summary
i HOL Parsing

~ HDL Elaboration

- HDL Synthesis

i L~ HDL Synthesis Report

| Sl Adh AHDI_Sunthes

Timing Derails:

All values displayed in nanoseconds {(ns)

Timing constraint: Default period analysis for Clock 'Ul/U2/1r'
Clock period: 3.335as {frequency: 299.892MHz)
Total number of paths / destination porcts: 25570 / 454

Source Clock: Uir/U2/1r falling
Destinacion Clock: U1/U2/1r fealling

Delay: 3.335n3 (Levels of Logic = 3)
. Source: U4/U1/Ul/counter 1 (FF)
Deatination: U4/01/01/counter_ 31 (FF)

Data Pach: U4/U1/Ul/counter_l to U4/U1/Ul/counter_31

Logical Name (HNet MName)

Gate Het

Cell:in->out fanout Delay Delay
FDRE:C->Q 4 0.282 0.759
0.083 0.739

LUT6:10->C 1

r

U4/01/U1/counter_1 (U4/UL/Ul/count:
U4/U1/U1/GND_131_o_counter[31]_equ...

(n)



Translation Messages
Map Messages
B Flace and Route Mescages
b Tirning Messager
=[] Bitgen Messages
2 [3) Altlmplementation Mestages.

Translation Repon

i ] Place and Route Heport
+ =[] Post-PAR Static Timing Report
P ke[ Power Repont

; 6 Timing Summary:

i Speed Grade: -1

Minimum period: 5.047ns (Maximum Frequency: 198.137MHz)
Minimme input srrival time before clock: 2.191ns
Maximum output required time after clock: 0.695ns
Muximuom combinationsl path delay: No pach found

'} - Timing Details:

| A1l values displayed in nanosecands (ns)

91

Bitgen Report '3

= - Timing constraint: Default period analysis for Clock 'U1/U2/lacc’
Snthests Report Clock period: 2.629ns (freguency: 380,373Miz) il
| Top ef Repert Total nusber of paths / destinacion ports: 2628 / 94
i« Synthesis Optians Summary i i
{HDL Parsing Tay! T.o20ns Levels of Logic = T3]
| HDL Elabaration Souzce: U2/U2/U1/01/04/02/acc_signal 0 (FF) }
£} HDL Synthesis Destinacion: UZ/U2/01/U3/U4/02/ace_signal 7 (EF) b
T 5 HOL Synthesis Report I i e sy
1 Ad o 0L Sunthasic bt L0 PR g [

(V)

UM 4.2 Aranuddynnniinigean (n) Naweswusiuuy 1 87

(%) Wawasuwuanuuu 2 I

4.2 NANISNAARIVAIHAMDSILUSALUY 1 3R

MlaTeasesansvasilamesuuaiiuy 1 SAvunugIuYe995NTen

dyaranfaavuuunanavdussdunadinnalaeldlaseasvavsaninnszaiswuuysiaan
a P o v o = v

msruagluniseanuuuauiinanuiluund 3 liinisesnuuunasdeulusunsudie

i o

A1 VHDL 4avinn1391a89n15%neuielusunsy ModelSim maonistoudmyaimsis

'
—* s

e = o a 1 o8 1
ﬂ']'?ﬁJﬂF]'lLLﬁﬁﬂ'J']lJﬂQd YITEYUIUAIUDAIUAT 200 Hz T,ﬂHaq.luEJ"INﬂ’)’]i.Iﬂ{F}’IN'WU‘UﬂQ'N’iﬁ

L

L7 )

N39IAILARINIL uasﬁmmmmmﬁqqﬁm 8 kHz T,mEJaq’tusjmﬂmuﬁ"qamwamwsnsm
mm?{gamu iuTlawesuunfioeniuy udvhnsisuiisunanissasenisinuues
813au371#In ModelSim funssrasamsvhauuulusunsuuumuduiitonsisaouniu
gndies Aswthluvinduaifauaiads udwinsiisunaisany Tasfiyaneasuusazgnuy

vdenlaezunsuasgnimuatuuniieWielunswSsudisusgui 4.3
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|
— H(2) 2 @» T2 (12 F,(2) @
? ! ®
i i : j—nr[n}
I
L H@© @): 2 :(@)- T2 @2 F(2) @
Analysis : Synthesis

UM 4.3 vdenlaezunsuganageuuuilawmesuussiiuy 1 14 [9]

nudenlasrunsuyanadoy dayyInuiganiag zgniieuiiisuiine

v

ATIvEUALYNRBITBN MBS UUAnTeanuuY dygraduwnidudyausaunnubm

£

ar = g i 2 | 3 ca a
uardey1ununge (Composite Signal) asgnﬂaumqﬂamammnmm A @Ry

as

WnidiansesnudnE 2, (z) lidyaaige B luvasiiisrfudygiuntoufagtin

&

) d 1 } !ﬂ' ar d 1 s a 1 H

mnsenmiigei H (z) Wdgoiuiyn C dygruidumnseaisdenzgnanaidy
etwasaes ladynraeinnnaiwseiiludygiuin D waz E audidu dwlu
mAduAsIidy g nignandduiieg wassgniiuAduiedene i lddya i

[

9 F uaz G mindudgaanan F astlnuddinsasaidirin £ (z) idyaradige
' ar P Y ] ' var e %) &
H audgaaiign G wwgnleuginsatmiuiguinu F (z) ladyayruige | dygrumis
[~ 3 v e =1
aanazgninnlueinalddyyiuiyn J
PINNTIBYAUMIIAINIUN 4.3 vuvdonlaezunsuinlilinanismaass

Wawauuaiuuy 1 87 augauwvantdusiialyil

1) dyqyrunyn A

v

Tumamedeunsyhanuvesitawesuueiuuy 1 SRdwmiugaiozadedyaio
ﬁuvgmﬁLi‘Juﬁtyﬂpmqmw’iwﬂmnf‘iﬁfmazmmﬁqau‘m’iaﬁqnﬂsﬂau'lﬁﬁuﬂama%umﬁ Tng
whnsaiedyarailasldilidulafiulusunsuunuduitonsisasunisvhan flagui
4.4 udnihmsuwlasenliegluguvesavguasauvudunduiuass ieriasimildluldly

n3tdeududygyradunaldiunisdiasinisiauesasawsieonwuululusunsy
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VHDL uazdnasan1siiauvulusunsy ModelSim leinanissrasanisviraudssui 4.5
mnﬁ’;uﬁﬂﬂﬁ'uﬂuaﬁﬂm% L%uﬁﬂmim‘.aa‘uNfa'iﬁ'samsﬂaué’msy”nmmmﬁﬁ?masﬁmuzmm
mmﬁqwwnﬁaﬁ%’umuawLmai‘ih’mmmEmuﬁ'cyfgmﬁasamﬂuﬁfymnmwau 2 pud
lddyaaesing Ch.1 dewiinsteudygruduwnidrgiawmesuuaiiin A lduants

Y

NAEDINITVINIUDTY mugﬂﬁ 4.6

(a) Low Frequency

T
-.2 1 i H
0 50 100 150 200
(b) High Frequency
2 T 7 T
o ! i
e
= b |
£
E 5
S :
_2 1 1 1
0 50 100 150 200

(c) Composite Input Signal

A
100 150 200
Number of Sample
JUT 4.4 Fygunan A inmsdassmsihauilawmesuuiuuy 1 G
v [
Ml TUNTUUUALEY
A
foast_Frerbanke/zn

L N N N N N R N NN TR R R RN R NN R YRR N R RN R R
2ms 4ms 6ms Bms

SUT 4.5 dyqamyn A nmsdhassmsyihnuilamesiueiuuy 1 7

selusknsy ModelSim
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L S R T oo vciscmcemre | FORR 8
[ T ; - : % " , o)
.......................... e ]
A + :
. : i .
AR ey LRI ey . - L 4
A il
A el ITHL A | A
n t ! frirod v ok E RN 0 L S B R B S S S S O R ot t

~ M[1.00ms Al Chi & 4.28V

20 Aug 2013
- f+v[=5.08800m 17:37:57

=i ar o] o < oy 3 (3 o e
E‘LJ‘V! 4.6 UEUUNYM A NN NIUIFNVDINAR B TUUINLUU 1 TR

fyywiga A szgnieuliiuiinsesainudaiou H, (z) deasinimiea

AMYBIBUNANUENUSLENEU8AINTBY (Convolution) ladgygmtarnwnaanaindinses

9

ar

Wudygruign B linanissriassnisiinumelysunsuuunudy fguil 4.7 dhan
Wisuiiguiuwanisitaasn1sviremuulysunsy ModelSim faguii 4.8 uagludiunis
19UAFWB92995 vAIINdIURaNNYA A (Ch.1) iudhginsesnnudatn H, (z)

whlidyananawzlugwammismesnui Ch.2 Fadldnvazauguii 4.9
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{a) Composite Input Signal

4 ) T ! ;‘
% N S ) i .
A 0
T ]
4 { I 1
0 50 100 150 200
(b) Output HO
2 T + ¥

wel
Amplitude

0 50 100 150 200
Number of Sample

P [ P ° ° a, ¢ ¢ aa
UM 4.7 dyiniign B annsSiassmsiuilamesuusnuuy 1 G4

felUSHNTULUALEAY

T e T
e J/ TRE—— | [N

IIIIIIIlllll}IfIlllsg";lllliIililIlI(II];'{"IIIEIIIII'IIPIIII

et bvedb v bnteny lll?llll‘lllllilfli
ms 2ms 41

JUN 4.8 deygyrauniyn B :nmisdnassnisinnuiamesuusiuuy 1 66

salusunsy ModelSim
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...........

Ch1 Freq

it 8.186kHz

Low signal

(1Y amplitude
4 chi pk-pk
; 4.44 Y

Ch2 Freq
199.8 Hz

Ch2 Pk—PkK
3.08V

R

IM[1.00ms|

Al Chi 7 —120mV|

+v|-10.0000m

29 Aug 2013
15:03:46

P ar < o b= - L3 13 e
IUN 4.9 dyunga B 91nn15vinnuasvasilamasiuinwuy 1 46
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Tsunsuulasavgiuaauuy 2’s complement

clcs

clear all;

N=7;

h=[-0.0912717631142495, -
0.057543526228500,0.591271763114247,1.115087052456994,0.591271763114247, -
0.057543526228500,-0.0912717631142495] ;

hd=round ((h.* ((274)-1))/(max(h)));

% Covert into 2's complement binary syntem
for i=1:N;
if hd(i)>=0;
hb=dec2bin (hd(i),7):
else hd(i)<0;
hb=dec2bin (mod ((hd(i)),2°7),7);:

end;
hbs (i) =cellstr (hb);
i=i+1;
end;
TUsunsuula9dasanIsnIurasiamasuusuy 1 38
clci
clear all;

% Lowpasss Filter Coefficient in Analysis part
h0=[0.026748757410810,-0.016864118442875, -
0.078223266528988,0.266864118442872,0.602949018236358,0.266864118442872, -
0.078223266528988,-0.016864118442875,0.026748757410810] ;

% Highpasss Filter Coefficient in Analysis part
h1=[0.0912717631142495,-0.057543526228500,-0.591271763114247,1.115087052456994, -
0.591271763114247,-0.057543526228500,0.0912717631142495] ;

% Lowpasss Filter Coefficient in Synthesis part

f0=[-0.0912717631142495, -
0.057543526228500,0.591271763114247,1.115087052456994,0.591271763114247, -
0.057543526228500,-0.091271763114249);

% Highpasss Filter Coefficient in Synthesis part
f1=[0.026748757410810,0.016864118442875,-0.078223266528988, -
0.266864118442872,0.602949018236358,-0.266864118442872, -
0.078223266528988,0.016864118442875,0.026748757410810] ;

Fs=20000; %$Sampling Frequency

% Sine wave Gennerater

£3=200;

£4=8000;

N_point=200; % Determine point for ploting
t=[0:1:N_point]/(Fs): % Determine time vector

XX=sin (2*pi*£3*t);
xxx=sin(2*pi*f4*t);
x=(sin (2*pi*£3*t) )+ (sin(2*pi*£4*t)); % Generate input signal

L ARTNEAR Analysis; Part-~o7n
% Lowpass Filter in Analysis
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xl=filter(hO0,1,x);

%$Down Sampling of Lowpass Filter in Analysis
x11=x1+(-1*min(x1));

yl=downsample (x11,2);

% Highpass Filter in Analysis
x2=filter(hl,1,x);

$Down Sampling of Highpass Filter in Analysis
y2=downsample (x2,2) ;

e Synthesls Part----

$Up Sampling of FO
ul=upsample (yl,2);

% Lowpass filter of Synthesis
vl=filter(£f0,1,ul);

%Up Sampling of F1
u2=upsample(y2, 2);

% High filter of Synthesis
v2=filter(fl,1,u2);

%$----Display Result----

¥plot in analysis part

% Plot input

figure(1);

subplot (5,1,1);

plot(x):grid on;

xlabel (' (a) Composite input signal');

axis ([0 N_point -2 2]);

% Plot LPF Output

figure (1) ; subplot (5; 12}

plot (x1);grid on;

xlabel (' (b) Analysis Lowpass Output');

axis ([0 N_point -2 2]);
% Plot LPF + Downsampling Output

figure (1) ;subplot (5,1, 3);

plot(yl);grid;

xlabel('(c) Analysis Lowpass Output + Downsampling'):
ylabel ('Amplitude');

axis ([0 N_point/2 -2 2]);

% Plot HPF Output
figure(1l);subplot(5,1,4);:
plot (x2) ;grid;

xlabel('(d) Analysis Highpass Output');

axis ([0 N_point -2 21);

$Plot HPF + Downsampling Output

% tl=[0:N_point/2]/(Fs);

figure (1) ;subplot(5,1,5);

plot (y2);grid;

xlabel('(e) Analysis Highpass Output + Downsampling'):

axis ([0 N_point/2 -2 2]);:

%$Plot Synthesis Part
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$Plot Upsampling in LPF Synthesis

% yuu=yu(l:N point+l);

figure(2);subplot(5,1,1);

plot (ul);grid;

xlabel (' (a) Upsampling before LPF in Synthesis Part');

axis([0 N_point -2 2]);

$Plot LPF Synthesis
figure(2);subplot(5,1,2);

plot(vl):;grid;

xlabel (' (b) Synthesis Lowpass Output ');

axis ([0 N_point -2 2]);

$Plot Upsampling HPF

% yuul=yul (1:N_point+1);

figure(2) ;subplot(5,1,3);

plot(u2) ;grid;

xlabel (' (c) Upsampling before HPF in Synthesis Part ');
ylabel ('Amplitude’);

axis ([0 N_point -2 2]);

$Plot HPF Synthesis

figure (2) ;subplot(5,1,4);

plot(v2) ;grid;

xlabel (' (d) Synthesis Highpass Output’');

axis([0 N _point -2 2]);"

%Plot Filter Banks Output

data=vl+v2;

figure(2);subplot(5,1,5);

plot(data) ;grid;

xlabel (' (e) Composite Output Signal)');

axis([0 N_point -2 2]);

%Result of A point
figure(3);

subplet{3, ¥, 1 ;

plot (xx);grid on;
title('(a) Low Frequency');
axis ([0 N_point -2 2]);

subplot(3,1,2):

plot (xxx);grid on:

title('(b) High Frequency');ylabel('Amplitude’);
axis ([0 N_point -2 2]);

subplot(3;1,3);

plot (x);grid on;

title('(c) Composite Input Signal');
xlabel ('Number of Sample'):

axis([0 N_point -2 2]);

%Result of B point

figure(4);

subplot(2,1,1);

plot (x);grid on;

title('(a) Composite Input Signal');
axis ([0 N_point -4 4]);

subplot(2,1,2);
plot(x1);grid on;

title('(b) Output HO');xlabel('Number of Sample');ylabel{'Amplitude');
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axis ([0 N_point -2 2]);

%Result of C Point

figure(5);

subplot(2,1,1);

plot(x);grid on;

title('(a) Composite Input Signal');
axis ([0 N_point -4 4]);

subplot (2,1,2);

plot (x2);grid on:

title('(b) Output 11'),xlabel ('Nunber of Sample'),ylabel('Awplitude’),
axis ([0 N_point -4 4]);

%$Result of D point
figure (6);
subplot(2,1,1);
plot(x1):grid on;
title('(a} Oufpuf HO'):
axis ([0 N_point -2 2]);

subplot (2,1,2);

plot(yl);grid on;

title('(b) Output Analysis Part Low-pass Branch');xlabel ('Number of
Sample');ylabel ('Amplitude');

axis ([0 N_point/2 -2 2]);

%Result of E point
figure (7):

subplot (2,1,1);

plot (x2) ;grid on;
title(' (a) Output H1');
axis([0 N_point -2 2]);

subplot(2,1,2);

plot(y2);grid on;

title('(b) Output Analysis Part High-pass Branch');xlabel ('Number of
Sample') ;ylabel ('Amplitude’);

axis ([0 N_point/2 -2 2]);

%Result of F point

figure (8);

subplot(2,1,1);

yl=yl+(-1*min(yl));

plot(yl);grid on;

title('(a) Output Analysis Part Low-pass Branch');
axis ([0 N_point/2 -1 3]);

subplot(2,1,2);

ul=ul+(-1*min(ul));

plot(ul) ;grid on;

title('(b) Upsampling');xlabel ('Number of Sample');ylabel('Amplitude');
axis ([0 N_point -1 3]):

tResult of G point

figure(9);

subplot(2,1,1);

plot (y2);grid on;

title('(a) Output Analysis Part High-pass Branch');
axis ([0 N_point/2 -4 4});

subplot(2,1,2);

plot{u2) ;grid on;

title('({b) Upsampling');xlabel('Number of Sample');ylabel('Amplitude’);
axis ([0 N_point -4 4]);

%Result of H point
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figure (10);

subplot(2,1,1);

plot{ul) ;grid on;

titlg(‘(a) Output Low-pass Branch Expander');
axis([0 N_point -1 3]);

subplot(2,1,2);

plot(vl);grid on;

title('(b) Output FO0');xlabel ('Number of Sample');ylabel ('Amplitude’):;
axis ([0 N_point -1 3]);

$Result of 1 point

figure(11);

subplot(2,1,1);

plot (u2) ;grid on;

title('(a) Output High-pass Branch Expander');
axis([0 N_point -2 2]);

subplot(2,1,2);

plot(v2):grid on;

title('(b) Output F1');xlabel ('Number of Sample');ylabel ('Amplitude');
axis([0 N_point -2 2]);

%Result of J point
figure (12);
subplot(3,1,1);
plot(vl) ;grid on;
title('(a) Output FO0')
axis ([0 N_point -2 2]);

subplot(3,1,2);

plot(v2);grid on;

title('(b) Output F1');ylabel('Amplitude');
axis([0 N_point -2 2]); ’ Y

subplot (3,1, 3);

plot(data);grid on;

title('(c) Sum Output Signal');xlabel('Number of Sample');
axis([0 N_point -2 2]);

figure (13);

N1=0:8;

subplot(4,1,1);

stem(N1,h0);grid on;

title('Coefficient of Low-pass filter in analysis part');

N2=0:6;

subplot (4,1, 2);

stem(N2,hl) ;grid on;

title('Coefficient of High-pass filter in analysis part'):

subplot(4,1,3);
stem(N2, £0) ;grid on;
title('Coefficient of Low-pass filter in synthesis part'):

subplot(4,1,4):
stem(N1l, fl);grid on;
title('Coefficient of High-pass filter in synthesis part');
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clc;
clear all; .
% close all;

%% Get image

% get a 2-D uint8 image (size 512x512)
¥Xread = imread('lena_gray 256.tif');
% uint8 to Double Converter

¥ = im2double (Xread) ;

% get size of image

[z,z1l]=size(X);

% uint8 to Double Converter

X = im2double (Xread) ;

col = zeros(256,10);

X1 = horzcat(X,col);

%% Reshape image to 1D
b = reshape(X',1, (256*256));

%% Filter Coefficient

% Analysis LPF Using CDF9/7 as Filter Coefficient
h0=[0.026748757410810,-0.016864118442875, -

0.078223266528988,0.266864118442872,0.602949018236358,0.266864118442872, ~

0.078223266528988,-0.016864118442875,0.026748757410810] ;

% Analysis HPF Using CDF9/7 as Filter Coefficient
h1=[0.0912717631142495,-0.057543526228500, -

0.591271763114247,1.115087052456994,-0.591271763114247, -

0.057543526228500,0.0912717631142495) ; ’

% Synthesis LPF Using CDF9/7 as Filter Coefficient
£f0=[-0.0912717631142495, -

0.057543526228500,0.591271763114247,1.115087052456994,0.591271763114247, -

0.057543526228500,-0.0912717631142495] ;

% Synthesis HPF Using CDF9/7 as Filter Coefficient
f1=[0.026748757410810,0.016864118442875,-0.078223266528988, -

0.266864118442872,0.602949018236358,~0.266864118442872, -

0.078223266528988,0.016864118442875,0.026748757410810) ;

%% Low - branch

%% LPF #1 (Low-branch)
L=filter (h0,1,b):

$ L1 = L(10:262153);

% Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1l:z
aL(i,]j) = L(m);
m=m+1;
end
end

figure(1l):
subplot(1,2,1);imshow{Xread);title('Input Image');
subplot(1l,2,2);imshow(al);title('LPF output Image');

%% LPF Downsampling #1 (Low-branch)
bbL = downsample (L, 2):

$Reshape data from 1D to 2D
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m =1;
for i=1:z
for j=1:(z)/2
bL(i,3j) = bbL(m);
m=m+1;
end
end
figure(2);
subplot(1l,2,1);imshow(aL);title('LPF output Image');
subplot (1,2, 2);imshow (bL);title('LPF and Downsampling output Image');:

%% Transpose
bLt = bL';

%% Reshape image to 1D
bLr = reshape(bLt',1, ((z)/2)*z);

%% LPF #2 (Low-branch)
ccLL = filter(hO,1,bLr);
%Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1:((z)/2)
¢cLL(i,j) = ccLL(m);
m=m+1;
end
end
figure(3);
subplot(1,2,1);imshow(bL);title('LPF and Downsampling output Image');
subplot(l,2,2);imshow(cLL);title('LPF #2 output Image');

%% LPF Downsampling #2 (Low-branch)
dLL = downsample (ccLL,2);

%Reshape data from 1D to 2D
m =1;
for i=1:((z)/2)
for J=l: (W(2)12)
LL(j,i) = dLL(m);
m=m+1;
end
end
figure (4);
subplot(1,2,1);imshow(cLL);title('LPF #2 output Image');
subplot(1l,2,2);imshow(LL);title('LPF and Downsampling #2 output Image');

%% HPF #2 (Low-branch)
ccLL = filter(hO,1,bLr);
$Reshape data from 1D to 2D
m =1;
for i=1l:z
for j=l:((z}/2)
cLL(i,j) = ccLL(m);
m=m+1;
end
end
figure (5);
subplot(1,2,1);imshow (bL);title('LPF and Downsampling output Image');
subplot(1,2,2);imshow(cLL);title ('LPF #2 output Image');

%% LPF Downsampling #2 (Low-branch)
dLL = downsample (ccLL,?2);

%¥Reshape data from 1D to 2D
m =1;
for i=1:((z)/2)

for j=1:((z)/2)
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LL(j,i) = dLL(m);
m=m+1;
end
end
figure(6);
subplot (1,2,1);imshow(cLL) ;title ('LPF #2 output Image');
subplot (1,2,2);imshow(LL) ;title ('LPF and Downsampling #2 output Image');

%% HPF #2 (Low-branch)
ccLH = filter(hl,1,bLr);
%Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1:((z)/2)
cLH(i,j) = ccLH(m);
m=m+1;
end
end
figure(7);
subplot (1,2,1);imshow(bL);title('LPF and Downsampling output Image'):
subplot(1,2,2);imshow(cLH) ;title ("HPF #2 output Image');

%% HPF Downsampling #2 (Low-branch)
dLH = downsample (ccLH,?2);

%Reshape data from 1D to 2D
m =1;
for/i=1:((z)/2)
for j=1:((z)/2)
LH(j,i) = dLH(m);
m=m+1;
end
end
figure(8) ;
subplot (1,2,1);imshow(cLH) ;title ('HPF #2 output Image'):
subplot (1,2,2);imshow(LH) ;title ('HPF and Downsampling #2 output Image'):

%% High-branch
%% HPF #1 (High-branch)
H=filter (hl,1,b);

% Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1:z
aH(i,j) = H(m);
m=m+1;
end
end

figure(9);
subplot (1,2,1);imshow(Xread);title('Input Image'):
subplot(1l,2,2);imshow(aH);title ("HPF output Image'):;

%% LPF Downsampling #1 (High-branch)
bbH = downsample (H,2);

%Reshape data from 1D to 2D

m =1;
for i=1:z
for j=1:1((z)/2)
bH(i,j) = bbH(m);
m=m+1;
end
end
figure(10):

subplot(1,2,1);imshow(aH);title ("HPF output Image');
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subplot (1,2,2);imshow(bH) ;title ('HPF and Downsampling output Image');

%% Transpose
bHt = bH';

%% Reshape image to 1D
bHr = reshape(bHt',1, ((2)/2)*z);

%% LPF #2 (High-branch)
ccHL = filter(hO,1,bHr);
%Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1:((z)/2)
cHL(i,j) = ccHL({m);
m=m+1;
end
end
figure(11);
subplot(1,2,1);imshow(bH);title('HPF and Downsampling output Image');
subplot (1,2,2);imshow(cHL) ;title ('LPF #2 output Image'):

%% LPF Downsampling #2 (High-branch)
dHL = downsample (ccHL,2);

$Reshape data from 1D to 2D
m =1;
for i=1:((z)/2)
for j=1:((z)/2)
HL(j,i) = dHL(m);
m=m+1;
end
end
figure(12);
subplot(1,2,1);imshow(cHL) ;title('LPF #2 output Image');
subplot(1,2,2);imshow(HL);title('LPF and Downsampling #2 output Image');

%% LPF #2 (High-branch)
ccHL = filter (h0,1,bHr);
%$Reshape data from 1D to 2D
m =1;
for i=l:z
for j=1:((z)/2)
CHL(i,j) = ccHL(m);
m=m+1;
end
end
figure(13);
subplot (1,2, 1);imshow(bH);title('LPF and Downsampling output Image');
subplot (1,2,2);imshow (cHL) ;title('LPF #2 output Image'):

%% LPF Downsampling #2 (High-branch)
dHL = downsample (ccHL, 2);

%$Reshape data from 1D to 2D
m =1;
for i=1:((z)/2)
for j=1:((z)/2)
HL(j,i) = dHL(m);
m=m+1;
end
end
figure(14);
subplot (1,2,1);imshow(cHL) ;title ('HPF #2 output Image');
subplot (1,2,2);imshow (HL);title('HPF and Downsampling #2 output Image');

%% HPF #2 (High-branch)
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ccHH = filter(hl,1,bHr);
%Reshape data from 1D to 2D
m =1;
for i=l:z
for j=1:((z)/2)
cHH(i,j) = ccHH(m);
m=m+1;
end
end
figure(15);
subplot(1,2,1);imshow(bH);title('LPF and Downsampling output Image'):
subplot(1,2,2);imshow (¢HH) s Lille ('HPF H2 oulpul Image');

%% HPF Downsampling #2 (High-branch)
dHH = downsample (ccHH, 2) ;

%Reshape data from 1D to 2D
m =1;
for i=1:((z)/2)
for j=1:((z)/2)
HH(j,i) = dHH(m);
m=m+1;
end
end
figure(16);
subplot(1,2,1) ;imshow(cHH) ;title ('HPF #2 output Image');
subplot(1,2,2);imshow (HH);title ("HPF and Downsampling #2 output Image');

%% Show image LL LH HL HH

figure (17);

subplot(2,2,1);imshow(LL) stitle('LL");
subplot(2,2,2);imshow(LH) ;title('LH");
subplot (2,2, 3);imshow(HL);title('HL");
subplot(2,2,4);imshow(HH) ;title('HH');

%% Synthesis Part

%% Synthesis Low filler #1 (Low-branch)

uuLL upsample (dLL,2); % upsample by 2 befor low filtering
ssLL = filter(f0,1,uull); % synthesis low filtering #1

%Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1l:z
uLL({j,i) = uuLL(m);
m=m+1;
end
end

$Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1l:z
sLL(j,i) = ssLL(m);
m=m+1;
end
end

figure(18);
subplot(1,2,1);imshow(LL);title('Analysis LL'};
subplot(1,2,2);imshow(uLL);title('Upsample LL');
figure(19);
subplot(1l,2,1);imshow(uLL);title('Upsample LL');
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subplot(l,2,2);imshow(sLL);title('Synthesis LL');
%% Synthesis High filter #1 (Low-branch)

upsample (dLH,2); % hpsample by 2 befor high filtering
filter(fl,1,uulLH); % synthesis high filtering #1

uuLH
ssLH

%Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1l:z
uLll(j,1) = wulLll(m);
m=m+1;
end
end

$Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1l:z
sLH(j,1) = ssLH(m);
m=m+1;
end
end

figure (20) ;

subplot(1l,2,1);imshow(LH) ;title('Analysis LH');
subplot(1,2,2);imshow (uLH);title('Upsample LH');
figure(21);

subplot(1,2,1);imshow (uLH);title('Upsample LH'):;
subplot(1,2,2);imshow (SLH);title('Synthesis LH');

%% Synthesis Low filter #1 (High-branch)

uuHL = upsample (dHL,2); % upsample by 2 befor low filtering
ssHL filter(f0,1,uuHL); % synthesis low filtering #1

$Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1l:z
uHL(j,1i) = uuHL(m);
m=m+1;
end
end

%$Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1:z
sHL(j,1i) = ssHL(m);
m=m+1;
end
end

figure (22);
subplot(1,2,1);imshow(HL);title("Analysis HL');
subplot(1,2,2);imshow(uHL);title('Upsample HL');
figure(23);
subplot(1l,2,1);imshow(uHL);title('Upsample HL');
subplot(1l,2,2);imshow(sHL);title('Synthesis HL');

%% Synthesis High filter #1 (High-branch)

uuHH = upsample (dHH,2); % upsample by 2 befor high filtering
sSsHH = filter(fl,1,uuHH); % synthesis high filtering #1
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%Reshape data from 1D to 2D
m =1;
for i=1:(z/2)
for j=1:z
uHH(j,i) = uuHH (m);
m=m+1;
end
end

%Reshape data from 1D to 2D
m =1;
for i=1l1(2/2)
for j=l:z
sHH(j,1i) = ssHH(m);
m=m+1 ;
end
end

figure(24);
subplot(l,z,l);imshow(HH);title{'Analysis HH');
subplot(1,2,2);imshow(uHH);title('Upsample HH").;
figure (25);
subplot(1,2,1);imshow (uHH) ;title ('Upsample HH');
subplot(1,2,2);imshow(sHH);title('Synthesis HH') ;
%% Sum matrix in Low-branch

SLLLH = sLL + sLH;

%% Sum matrix in High-branch

SHLHH = sHL + sLH;

%% Upsample in Low-branch
%sLLLHt = sLLLH'; %Transpose in Low-branch to row operation

rLLLH = reshape (sLLLH',1, (z/2)*z); % convert frome 2D to 1D

uLLLH = upsample (rLLLH,2); % Upsample in Low-branch

%Reshape data from 1D to 2D
m =1;
for i=1:z
for j=1l:z
uLP(i,3j) = uLLLH(m):;
m=m+1;
end
end

%% Upsample in High-branch

%$SHLHHt = sHLHH'; $%Transpose in High-branch to row operation
rHLHH = reshape(sHLHH',1, (z/2)*z); % convert frome 2D to 1D
uHLHH = upsample(rHLHH,2); % Upsample in Low-branch

$Reshape data from 1D to 2D

m =1;
for i=1l:z
for j=1l:z
UHP (i, j) = uHLHH (m);
m=m+1;

end
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end
%% Synthesis Low-filtering#2 (Low-branch)
yyLP = filter(£f0,1,uLLLH);

%Reshape data from 1D to 2D
m =1; -
for i=l:z
for j=1l:z
yLP(i,j) = yyLP(m);
m=m+1;
end
end

%% Synthesis High-filtering#2 (High-branch)
yyHP = filter(£f1,1,uHLHH);

%Reshape data from 1D to 2D
m =1;
for i=14¢
for j=1:z
yHP(i,j) = yyHP(m);
m=m+1;
end
end

%% Sum matrix to provide the output
Y = yLP + yHP;

%% Show image

figure(26);

subplot (1,2,1);imshow (SLLLH);title('Sum matrix between LL LH synthesis');
subplot (1, 2,2);imshow (uLP);title('Upsampled in Low branch');

figure (27);

subplot(1,2,1);imshow (SHLHH) ;title ('Sum matrix between HL HH synthesis"'):
subplot (1,2,2);imshow (uHP) ;title('Upsampled in High branch');

figure (28);

subplot(1,2,1);imshow (uLP);title('Upsampled in Low branch');
subplot(1,2,2);imshow(yLP) ;title('Synthesis Low Filtering output image');
figurey28) ;

subplot(1,2,1);imshow(uHP);title('Upsampled in High branch');

subplot (1,2,2);imshow(yHP);title('Synthesis High Filtering output image');
figure(30);

subplot(1,2,1);imshow(X);title('Input Image');

subplot (1,2,2);imshow(Y);title('Reconstruction image');
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function coarse = ftoc( x )

X8=ceil (x*6);
xdoub=x8/6;

coarse=xdoub;

end
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use ITEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD 'LOGIC_UNSIGNED.ALL;

entity PISO_HO is

port (xn : in std_logic_vector(7 downto 0);
clk,1r : in std_logic;
x1 : out std logic):

end PISO _HO;

architecture Behavioral of PISO HO is
begin
process (clk, xn,1r)
variable sbus : std_logic_vector(7 downto 0);

begin

IF (lr = '0') THEN
sbus := (not xn(7)) & xn(6 downto 0);

E1SIF (clk'event and clk='1') THEN
x1 <= sbus (0) ;
sbus (0) := sbus(l);
sbus (1) := sbus(2);
sbus (2) := sbus(3);
sbus (3) := sbus (4);
sbus (4) := sbus(5);
sbus(5) := sbus(6);
sbus (6) := sbus(7);

END IF;

END PROCESS;
end Behavioral;

i a . .
gunsalidaudianuuidreynsusenauns (SISO Shift Register)

library IEEE;

use IEEE.STD LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;

entity SISOl _HO is
port (x1,clk : in std_logic;
X2 : out std_logic);
end SISO1_HO;

architecture Behavioral of SISOl HO is
signal sbus : std_logic_vector (7 downto 1);

begin
pProcess (clk)
begin
if (clk'event and clk='1') then
x2 <= sbus(1l);

sbus (1) <= sbus(2);
sbus(2) <= sbus (3);

sbus (3) <= sbus (4);

sbus (4) <= sbus (5);

sbus (5) <= sbus(6);
sbus (6) <= sbus(7);

sbus (7) <= x1;

end if;
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end process;
end Behavioral;

gunsaliiafwandivas (Multiplexer)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD LOGIC_UNSIGNED.ALL;

entity MUX HO is

port (x1,x2,x3,x4,x5,x6,x7,x8,x9
Y. ¥2,¥3,v4,v5,v6,y7,y8,y9

end MUX_HO;

architecture Behavioral of MUX HO is

begin

yl <= "00000001"
y2 <= "00000000"
y3 <= "11111110"
y4 <= "Q0000111"
y5 <= "00001111"
y6 <= "00000111"
y7 <= "11111110"
y8 <= "00000000"
y9 <= "00000001"

end Behavioral;

when
when
when
when
when
when
when
when
when

x1
X2
%3
x4
x5

]

[}

]

X6 =

x1

1]

X8 =
X9 =

LR
i) )
Jeg ¥
1]
]
lll
e
e
e

else
else
else
else
else
else
else
else
else

: in std_logic;
i out std_logic_vector(7 downlLo 0));

"00000000";
"00000000";
"00000000";
"00000000";
"00000000";
"00000000";
"00000000";
"00000000";
"00000000";

gunsniuan (Adder)

library IEEE;

use IEEE.STD LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ ARITH.ALL;

use IEEE.STD_LOGIC_ SIGNED.ALL;

entity Adder_ HO is

port (yl,y2,y3,y4,y5,y6,y7,y8,y9 :in std_logic_wvector (7 downto 0);
data : out std_logic_vector(7 downto 0));

end Adder HO;

architecture Behavioral of Adder HO is

begin

data <= yl+y2+y3+yd+y5+y6+y7+y8+y9;

end Behavioral;
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gunsalidounazuandsau (Scaling Accumulator)

library IEEE;

use IEEE.STD _LOGIC 1164.ALL;
use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Acc_HO is

port (add out : in std_logic_vector (7 downto 0);
clacc, lacc : in std_logic;
acc_out : out std_logic_vector (7 downto 0));
end Acc_HO;

architecture Behavioral of Acc HO is
signal acc_signal : std logic_vector (7 downLo 0);
begin
process (lacc,clacc)
begin
if clacc='0"' then
acc_signal<=(others=>'0");
elsif lacc'event and lacc='l' then
acc_signal<=add_out;
end if;
end process;
acc_out<=acc_signal;
end Behavioral;

gunsnfudnuazaunislulsasidounazuinazay (Add/Sub)

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD LOGIC_ARITH.ALL;
use IEEE.STD _LOGIC_UNSIGNED.ALL;

entity Add_HO is

port ( data : in  std_logic vector(7 downto 0);
acc_out : in std_logic_vector (7 downto 0);
sa : in std_logic;
add_out : out std_logic vector (7 downto 0));
end Add_HO;

architecture Behavioral of Add_HO is
begin
process (sa,data,acc_out)
variable s_sub : std_logic_vector (7 downto 0);

variable sum : std logic_vector (7 downto 0);
variable s ¢ std_logic_vector(8 downto 0);
begin
if sa = '0' then
5 := ("O"&data)+acc_out;
sum(7) :=s(8) xor data(7) xor acc_out(7) ;
sum(6 downto 0):=s(7 downto 1);
else

s_sub:=(data xor "11111111");
s_sub:=s_sub+1;
sum(7 downto 0) :=acc_out(7 downto 0)+s_sub (7 downto 0);
end if;
add_out<=sum;
end process ;
end Behavioral;
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity Buff HO is
port ( 1r, RESET : in std_logic:
acc_out : in std_logic_vector(7 downto 0);

xn_1 : BUFFER std_logic_vector (7 downto 0));

end Buff HO;

architecture Behavioral of Buff HO is
begin
process (1lr,acc_out, RESET)
begin
IF 1lr = '"O' THEN
IF RESET = 'Q' THEN
xn_1 <= (others=>'0");
ELSE
xn_1l <= acc_out;
END IF;
END IF;
end process;
end Behavioral;

i d‘ 1] ar »
gunsalandinudduAangie

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD LOGIC_UNSIGNED.ALL;

entity control unit 2 is
port( syn_clk _in : in std_logic:
RESET : in std_logic;
1r2 : out std_logic):
end control_unit_2;

architecture Behavioral of control unit 2 is
begin

process (RESET, syn_clk_in)

variable s : integer range 0 to 63 :=0;

begin
IF (syn_clk in'event AND syn_clk in='1'} THEN
IF RESET = '0' THEN
s = 0;
1r2 <= '0';
ELSE
IF s < 63 THEN
s = s + 1;
else
s = 0;
end 1if;
if

(s=1)OR(s=5)OR(5=9)OR(s=13) OR(5=17)OR({s=21)OR(5=25)0OR(5=29) OR(s=33)OR (5=37)OR(5=41)

OR(s=45)0R(s=49)0R(s5=53)0OR(5=57) THEN
1r2<="'1";
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elsif

(5=2)OR(s=6)OR(5=10)OR(s5=14) OR(s=18) OR(s=22) OR (s=26) OR (s=30) OR (5=34) OR(s=38) OR (5=42

)OR(8=46)OR(s=50)OR(s=54) OR(s=58) THEN
lr2<='1";
elsif

(s=3) OR(s=4) OR(s=7) OR(5=8) OR (5=15) OR (5=16) OR(5=19) OR (s=20) OR (s=23) OR (s=24) OR (s=27) 0
R(s=28}OR(s=31)0R{s=32)OR(s=35)OR(s=36)OR(s=39)OR(s=40)OR(s=43}OR(s=44)0R(s=47)0R(s

=48)OR(5=51)OR(s5=52) OR(s=55)OR (s=56) THEN

1r2<="'1"';
elsif (s=11)OR(s=12) then
lr2<="1";
claif (3=59)0R(5=60) Lhen
lr2<='1";
elsif (s=61) then
1 p2eg =ty
elsif (s=62) then
lx2<='1"';
elsif (s=63) then
1r2<='0"';
else
lr2<='1";
end if;
end if;
end if;

end process;
end Behavioral;

a g o '
gunsalinnAIAuddufI081e

library IEEE;

use IEEE.STD LOGIC_1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC_UNSIGNED.ALL;

entity Up2 F00 is

port (RESET : inbstdillogic:
yn_1 : in std logic_vector (7 downto 0);
1r,1r2 : in std logic;
un_1 : out std logic_vector (7 downto 0));

end Up2 FO00;

architecture Behavioral of Up2_F00 is

begin
process (RESET,yn_1,1r, 1r2)
VARIABLE sbus : std_logic_vector (7 downto 0);
VARIABLE sbusl : std logic_vector (7 downto 0});
VARIABLE counter : integer range 0 to 1 := 0 ;
begin
-- Load data

IF (lr2'event AND 1r2='0') THEN
IF RESET = '0' THEN
sbus (OTHERS=>"'0");
sbusl:= (OTHERS=>'0"');
un_1 <= (OTHERS=>'0"');

ELSE
sbus := yn 1;
END IF;
END IF;
-- UP SAMPLING BY 2
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IF (lr'event AND lr='0') THEN
IF counter < 1 THEN
counter := counter+l;

sbusl := (OTHERS=>'0"');

ELSIF counter=1 THEN
counter := 0;
sbusl := sbus;
END IF;
END IF;
un_1 <= sbusl;
end process;
end Behavioral;

QUn'mimU@u (Control Unit)

library IEEE;

use IEEE.STD_LOGIC_ 1164 .ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity control unit is
port( syn_clk in : in std _logic;
RESET : in std_logic;
clk, sa,lacc,1r,clacc,sc : out std logic);
end control unit;

architecture Behavioral of control unit is
begin
process(RESET,syn_clk_in)
variable state : integer range 0 to 31 :=0;
begin
if syn_clk_in'event and syn_clk in='1' then
if RESET = '0' then

state := 0y
clk <=3Q';
sa = L0y
lacc <=, L0
i3 3 <="'Q';
clacc <= '0';
sC <= '0";
else
if state < 31 then
state := state + 1;
else
state := 0;
end,_ 1%
if
(state=1)OR(state=5)OR(state=9)OR(state=13}OR(state=l7)OR(state=21)OR{state=25)
then
clk<="'1";
sa<='0Q"';
lace<="0";
lr<='1";
clacc<='1";
sc<="'1"';

elsif

(state=2)OR(state=6)OR(state=10)OR{state=14)OR(state=18)OR(state=22)OR(state=2&

then
glk<="'1";
sa<='0Q"';
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elsif

lacc<="1";

lr<="1";
clacc<="1";
sc<="'1";

(state=3)OR(state=4)OR(state=7)OR[state=8JOR(state=15}0R(state=16)OR(state=19}OR(st
ate=20)0OR(state=23)0R(state=24) then

end if;
end if;
end process;
end Behavioral;

clk<='0";
sa<='0";
lacc<='0";
lr<="1';
clacc<="'1";
sc<="1";

elsif (state=11)OR(state=12)

clk<='0";
sa<='0";
lacc<="0"';
lr<='1"';
clacc<="1";
sc<='0";

elsif (state=27)OR(state=28)

clk<='0";
sa<='1"';
lacc<='0";
lr<='1";
clacc<="1";
sSex="1" ¢

elsif istate=29} then

clk<="1";
sa<='1";
lacc<='0";
LE$="11%
clacc<='1l"';
8 E <=Ml

elsif (state=30) then

clk<='1"';
sa<='1"';
lacc<="1";
lr<='1"';
clacc<="'1"';
Sas="1"';

elsif (state=31) then

else

end if;

clk<='0";
sa<='0";
lacc<="0"';
lr<='0";
clacc<="'1";
sc="'1";

clk<='0";
sa<='0"';
lacc<='0";
Te=tdr s,
clacc<='0";
scs="'1";

then

then
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library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;

entity Data_Buffer RAM is

PORT (WEA : IN
Ir;lx2 =2 IN
writeram y
readram : IN
yn_1 d
yn_2
rn_1
LngZ

STD LOGTC_VECTOR(D DOWNTQ 0) ;
STD_LOGIC;:

IN STD_LOGIC_VECTOR(14 DOWNTO 0);:
STD_LOGIC_VECTOR (14 DOWNTO 0);

N STD_LOGIC_VECTOR(7 DOWNTO 0);
N STD_LOGIC_VECTOR(7 DOWNTO 0);
OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
OUT STD_LOGIC_VECTOR(7 DOWNTO 0));

end Data_Buffer RAM;

architecture Behavioral of Data Buffer RAM is

COMPONENT RAM1
PORT (clka

wea
addra
dina
clkb
addrb
doutb

END COMPONENT;

COMPONENT RAMZ2
PORT (clka

wea
addra
dina
clkb
addrb
doutb

END COMPONENT;

begin
Ul 5

IN STD _LOGIC;
IN STD_LOGIC_VECTOR(0 DOWNTO 0);
: IN STD_LOGIC_VECTOR(14 DOWNTO 0);
: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
: IN STD_LOGIC;
IN STD_LOGIC_VECTOR(14 DOWNTO 0);
: OUT STD_LOGIC_VECTOR(7 DOWNTO 0)):

IN STD_LOGIC;

IN STD_LOGIC_VECTOR(0 DOWNTO 0);

IN STD_LOGIC_VECTOR{14 DOWNTO 0);

: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
IN STD_LOGIC;

: IN STD_TOGTC_VECTOR(14 DOWNTO 0) ;

: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));

RAM1 PORT MAP

(er,WEA,writeram,yn_l,lr,readram,rn_l];

U2

RAM2 PORT MAP

(lr2,WEA,writeram,yn_2,lr,readram,rn_Z);

end Behavioral;

gunIalAIUANNITEILMLIBAINITIAT1Y (Read RAM Controller)

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD LOGIC_ UNSIGNED.ALL;

entity read_ram is
GENERIC (

addr_1 INTEGER := 15; -- Length of Address (MxN)
TOWS :  INTEGER 1= 256; -- Number of row
cols :  INTEGER := 128); -- Number of column

PORT ( reset

in std logic;
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clk : in STD_LOGIC;
readram : out std_logic_vector((addr_1 - 1) downto 0)
):

end read_ram;

architecture Behavioral of read ram is

CONSTANT row_point : INTEGER := rows - 1;
CONSTANT col_point : INTEGER := cqls - 1;
CONSTANT matx_point : INTEGER := (rows * cols)-1;
begin
process (clk, reset)
variable addr: integer range 0 to matx_point := 0;
variable row : integer range 0 to row_point = 0;
variable col : integer range 0 to col point = 0;
begin
IF clk'event and clk='1' THEN
IF (reset = '0') THEN
addr :=0;
ELSE
IF(row < row_point) THEN
ow = row + 1;
addr := addr + cols; f
ELSE
row := 0;
addr := 0;
IF(col < col_point) THEN
col := col + 1;
“addr := addr + col;
ELSE |
col \ ¢ O
addr := 0;
END IF;
END IF;
END 1IF;
END IF;

readram <= conv_std_logic_vector (addr, addr 1);
END PROCESS;
end Behavioral;

qunsalAIuAuNIsITBumMiaeANTI9aAT17 (Write RAM Controller)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity write_ram is
Port ( reset : in std logic;
clk : in STD_LOGIC;
writeram : out STD_LOGIC_VECTOR(14 downto 0));
end write ram;

architecture Behavioral of write ram is

begin
cnt_process: process (clk,reset)
variable cnt:integer range 0 to 32767 := 0:
begin
IF clk'event and clk = 'l1' THEN
IF (reset = 'Q') THEN
cnt := 0;
ELSE

cnt := cnt + 1;
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END IF;
END IF;
writeram <= conv_std_logic_vector (cnt,15);
END PROCESS;

end Behavioral;

gunsalmufamiisausuuueda (ROM Controller)

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STDkLOGIC_UNSIGNED.ALL;

entity read rom256 is

Port ( reset : in std logic;
c€lk : in STD_LOGIC;
readrom : out std_logic_vector (15 downto 0)
)i
end read_rom256;

architecture Behavioral of read rom256 is

begin
cnt_process: process(clk,reset)
variable cnt:integer range 0 to 65535 := 0;
begin
IF clk'event and clk = 'l' THEN
IF (reset = '0O') THEN
cnt := 0;
ELSE
cnte: = dntEErts
END IF;
END IF;

readrom <= conv_std_logic_vector (cnt, 16);
END PROCESS:

end Behavioral;

gUn3niAuANNIT9n (Reset Controller)

library IEEE;

use IEEE.STD LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC UNSIGNED.ALL;

entity RESET_controller is
PORT (clk : IN STD_LOGIC;
RESET : IN STD_LOGIC;
RESET1: OUT STD_LOGIC;
RESET2: OUT STD_LOGIC;
RESET3: OUT STD_LOGIC;

WEA : OUT STD_LOGIC_VECTOR (0 DOWNTO 0) ;
WEAS : OUT STD_LOGIC_VECTOR(0 DOWNTO 0) ;
WEA3 OUT STD_LOGIC_VECTOR(0 DOWNTO 0)) ;

end RESET controller;

architecture Behavioral of RESET controller is
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begin
PROCESS (clk, RESET)
VARIABLE cnt INTEGER RANGE 0 TO 163840 := 0;:
BEGIN
IF (clk'EVENT AND clk = '1') THEN
IF (RESET = '0') THEN
RESET1 <= '0';
RESET2 <= '0';
RESET3 <= '0°';
WEA <= MO
WEMAS <= Q"
WEA3 <= "Q";
cnt := 0;
ELSE
IF (cnt < 163840) THEN
cnt e ont + 1;
ELSE
cnt := 1;
END IF;
IF (cnt < 65535) THEN
RESET1 <= '1l';
RESET2 <= '0';
RESET3 <= '0';
WEA e\ 7 "
WEAs <= "Q0";
WEA3 <= "Q";
ELSIF (ent > 65536 AND cnt < 98303) THEN
RESET1 <= '0';
RESET2,. <=."1"';
RESET3 <= '0';
WEA KSR -
WEAs
WEA3 H
ELSIF (cnt > 98304 AND cnt < 163839) THEN
RESET1 <= '0';
RESET2 <= '0';
RESET3 <= '1';
WEA <= "0";
WEAs <= "Q";
WEA3 <= M]ny
END IF;
END IF;
END IF;

END PROCESS;
end Behavioral;

aUNIalATUANNITUANINAULTDUEAINATIE (VGA Controller)

library IEEE;

use IEEE.STD _LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

ENTITY VGA_controller IS
GENERIC (h_pulse :
pixels

INTEGER := 128;

h bp INTEGER 1= 88;

--horiztonal sync pulse width in

--horiztonal back porch width
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in pixels

h_pixels : INTEGER = 800; --horiztonal display width in
pixels
h fp :  INTEGER := 40; --horiztonal front porch
width in pixels .
h_pol ¢ STD _LOGIC := '1'; --horizontal sync pulse
polarity (1 = positive, 0 = negative)
v_pulse : INTEGER 1= 4; —-vertical sync pulse width
in rows
v_bp :  INTEGER 1= 23; --vertical back porch width
in rows
v_pixels : INTEGER t= 600¢ vertical display widlh in
LOWS
v_fp : INTEGER i=1; --vertical front porch width
in rows
v_pol ¢ STD_LOGIC := 'l'); --vertical sync pulse
polarity (1 = positive, 0 = negative)
PORT (pixel clk : 1IN STD LOGIC; --pixel clock at frequency of VGA mode
being used
RESET : IN STD_LOGIC;
--SWO00 : IN STD_LOGIC;
i_input : IN STD_LOGIC_VECTOR (7 DOWNTO 0);
i LA : IN STD_LOGIC_VECTOR(7 DOWNTO 0);
i HA 3 IW STD_LOGIC_VECTOR(7 DOWNTQ 0) ;
i LLA : IN STD_LOGIC_VECTOR(7 DOWNTO O0);
i_LHA LN STD_LOGIC_VECTOR (7 DOWNTO 0);
i HLA SRl N STD_LOGIC_VECTOR(7 DOWNTO O0) ;
i HHA. : IN  STD_LOGIC_VECTOR(7 DOWNTO 0);
i LS i AN STD_LOGIC_VECTOR (7 DOWNTO 0);
i HS : IN STD_LOGIC VECTOR(7 DOWNTO 0);
i RE s IN STD_LOGIC_VECTOR(7 DOWNTO O);
h_sync : OUT STD_LOGIC;
v_sync " : OUT STD LOGIC;
VGA : OUT STD LOGIC_VECTOR(7 DOWNTO 0));
END VGA_controller;
ARCHITECTURE behavior OF VGA controller IS
CONSTANT h _period : INTEGER := h_pulse + h bp + h_pixels + h_fp; --total
number of pixel clocks in a row
CONSTANT v_period : INTEGER := v_pulse + v _bp + v_pixels + v_£fp; --total
number of rows in column
BEGIN
PROCESS (pixel clk,RESET)
VARIABLE h_count : INTEGER RANGE 0 TO h period - 1 := 0; --horizontal
counter (counts the columns)
VARIABLE v_count : INTEGER RANGE 0 TO v_period - 1 := 0; --vertical counter
(counts the rows)
BEGIN

IF(RESET = '0') THEN
h_count := 0;
v_count := Q;
VGA <= (OTHERS=>'0");
h_sync <= NOT h_pol;
v_sync <= NOT v_pol;
ELSIF(pixel clk'EVENT AND pixel clk = '1') THEN

--counters
IF(h_count < h_period - 1) THEN --horizontal counter (pixels)
h_count := h_count + 1;
ELSE
h_count := 0;
IF(v_count < v_period - 1) THEN --veritcal counter (rows)
v_count := v_count + 1;
ELSE

v count := 0;
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END IF;

END IF;

--horizontal sync signal

IF(h_count < h_pixels + h_fp OR h_count > h _pixels + h_fp + h_pulse) THEN
h_sync <= NOT h_pol; .

ELSE
h_sync <= h_pol;

END IF; -

--vertical sync signal

IF(v_count < v_pixels + v_fp OR v_count > v_pixels + v_fp + v_pulse) THEN
v_sync <= NOT v _pol;

ELSE B
v_sync <= v_pol;

END IF;

—-- Show input image
IF((h_céunt>16) AND (h_count<272) AND (v_count>43) AND
(v_count<299) ) THEN
VGA <= i_input(7 DOWNTO 0);
--show output of LOW filtering and down-sample
ELSIF((h_count>272) AND (h_count<400) AND (v_count>43) AND
(v_count<299) ) THEN -
VGA <= not i_LA(7) & i_LA(6 DOWNTO 0);
--show output of HIGH filtering and down-sample
ELSIF((h_count>400) AND (h_count<528) AND (v_count>43) AND
(v_count<299) ) THEN
VGA <= not i_HA(7) & i_HA(6 DOWNTO 0);
--show output of LOW-LOW filtering and down-sample
ELSTF((h_count>528) AND (h_count<656) AND (v_count>43) AND
(v_count<171))THEN .,
VGA <= not i_LLA(7) & i_LLA(6 DOWNTO 0);
--show output of LOW-HIGH filtering and down-sample
ELSIF((h_count>528) AND (hwcount€656) AND (v_count>171) AND
(v_count<299)) THEN
VGA <= not i LHA(7) & i_LHA(6 DOWNTO 0);
--show output of HIGH-LOW filtering and down-sample
ELSIF((h_count>656) AND (h_count<784) AND (v_count>43) AND
(v_count<171) ) THEN
VGA <= not i_HLA(7) & i_HLA(6 DOWNTO 0);
--show oulpul of HIGH-Hl1GH filtering and down-sample
ELSIF((h_count>656) AND (h_count<784) AND (v_count>171) AND
(v_count<299) ) THEN X
VGA <= not i HHA(7) & i HHA(6 DOWNTO 0);
--show output of LOW filtering and up-sample
ELSIF((h_count>400) AND (h_count<528) AND (v_count>300) AND
(v_count<556) ) THEN
VGA <= not i_LS(7) & i_LS(6 DOWNTO 0);
--show output of HIGH filtering and up-sample
ELSIF ( (h_count>528) AND (h_count<656) AND (v_count>300) AND
(v_count<556) ) THEN
VGA <= not i HS(7) & i_HS(6 DOWNTO 0);
--show RECONSTRUC image
ELSIF((h_count>144) AND (h_count<400) AND (v_count>300) AND
(v_count<556) ) THEN
VGA <= i_RE;
ELSE
VGA <= (OTHERS=>'0"');
END IF;
END IF;
END PROCESS;

END behavior;
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Introduction

The ZedBoard is an evaluation and development board based on the Xilinx Zyng™-7000 Al
Programmable SoC (AP SoC). Combining a dual Corex-A9 Processing System (PS) with 85,000
Series-7 Programmable Logic (PL) cells, the Zyng-7000 AP SoC can be targeted for broad use in
many applications. The ZedBoard’s robust mix of on-board peripherals and expansion
capabilities make it an ideal platform for both novice and experienced designers. The features
provided by the ZedBoard consist of:

®

Xilinx® XC7Z020-1CLG484C Zyng-7000 AP SoG
o Primary configuration = QSPI Flash
o Auxiliary configuration options
= Cascaded JTAG
= SD Card
Memory
o 512 MB DDR3 (128M x 32)
o 256 Mb QSPI Flash
Interfaces
o USB-JTAG Programming using Digilent SMT1-equivalent circuit
= Accesses PL JTAG
= PSJTAG pins connected through PS Pmod
o 10/100/1G Ethernet
o USBOTG2.0
o SD Card
o USB 2.0 FS USB-UART bridge
o Five Digilent Pmod™ compatible headers (2x6) (1PS,4PL)
o One LPC FMC
o One AMS Header
o Two Reset Buttons (1 PS, 1 PL)
o Seven Push Buttons (2 PS, 5 PL)
o Eight dip/slide switches (PL)
o Nine User LEDs (1 PS, 8 PL)
o DONE LED (PL)
On-board Oscillators
o 33.333 MHz (PS)
o 100 MHz (PL)
Display/Audio
o HDMI Output
o VGA (12-bit Color)
o 128x32 OLED Display
o Audio Line-in, Line-out, headphone, microphone
Power
o  On/Off Switch
o 12V @ 5A AC/DC regulator
Software
o ISE® WebPACK Design Software
o License voucher for ChipScope™ Pro locked to XC7Z020

2 27-Jan-2014
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Pmods

FMC-LPC
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(Y]
LI 1]
L1
R
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GPIO (8 LEDs,
8 slide switches,
5 pushbuttons)

HdPhn Out
i Line Out

Line In
| MIC In

usB
UART

1 LED| oo 3
.»2- g

Type A
HDMI Out
VGA (12-
512Mb bit color)
DDR3 (x32) "
| Display
Reset |@——> F DONE LED
S PRO
33Mhz m_f—*% : joc
& A XADC
Primary JTAG
100Mhz
Figure 1 - ZedBoard Block Diagram
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The UART 1 Zynq PS peripheral is accessed through MIO[48:49] in MIO Bank 1/501 (1.8V).
Since the CY7C64225 device requires either 3.3V or 5V signaling, a TI TXS0102 level shifter is
used to level shift between 3.3V and 1.8V.

This USB port will not power the board. Therefore, Vbus needs to be connected to 3.3V though a
1KQ series resistor. The Wake pin, pin 22, connects to GND. A 24Q series resistor was placed
on each of the data lines, D+ and D-. .

Function

X, dataout | D11 s'}";gfa”k USB_1_RXD 23 RXD, data in
48:49
RX, datain | C14 (MO )Ba”" USB_1_TXD 4 TXD, data out

USB

1.8Vto 3.3y

Connector

Figure 7 - USB-UART Bridge Inte'rface

2.3.3 USB-JTAG

The ZedBoard provides JTAG functionality based on the Digilent USB High Speed JTAG Module,
SMT1 device. This USB-JTAG circuitry is fully supported and integrated into Xilinx ISE tools,
including IMPACT, ChipScope, and SDK Debugger. Designers who want to re-use this circuit on
their board can do so by acquiring these modules from Avnet.

htip:/fwww.em.avnet.com/en-us/design/dre/Pages/Digilent-JTAG-SMT1-Surface-Mount-
Programming-Module.aspx

The JTAG is available through a Micro B USB connector, J17, TE 1981568-1. TCK has a series
termination resistor, 20-30Q, to prevent signal integrity issues.

For the JTAG Chain setup, please refer to the Configuration section.

= 12 27-Jan-2014
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2.4.2 VGA Connector
The ZedBoard also allows 12-bit color video output through a through-hole VGA connector, TE 4-

1734682-2. Each color is created from resistor-ladder from four PL pins.

1
P GREEN Green video AB22, AA22, AB21, AA21
4 ID2/IRES formerly Monitor ID bit 2 NC
) GND Ground (HSync) NC
6 RED RTN Red return NC

_ _ NC
i GREEN_RTN | Green retum
8 BLUE RTN Blue return NC
9 KEY/PWR | formerly key NC
10 GND Ground (VSyncg) NC
11 IDO/RES formerly Monitor ID bit 0 NC
12 ID1/SDA formerly Monitor ID bit 1 NC,
13 HSync Horizontal sync AA19
14 VSync Vertical sync Y18
15 ID3/SCL formerly Monitor ID bit 3 NC

16 27-Jan-2014
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2.6.2 Program Push Button Switch

A PROG push switch, BTN, toggles Zynq PROG_B. This initiates reconfiguring the PL-
subsection by the processor.

2.6.3 Processor Subsystem Reset

Power-on reset, labeled PS_RST/BTN7, erases all debug configurations. The external system
reset allows the user to reset all of the functional logic within the device without disturbing the
debug environment. For example, the previous break points set by the user remain valid after
system reset. Due to securily concerns, system reset erases all memory content within the PS,
including the OCM. The PL is also reset in system reset. System reset does not re-sample the
boot mode strapping pins.

2.7 Userl/O

274 User Push Buttons

The ZedBoard provides 7 user GPIO push buttons to the Zyng-7000 AP SoC; five on the PL-side
and two on the PS-side.

Pull-downs provide a known default state, pushing each button connects to Vcco.
Table 12 - Push Button Connections

PL T18

BTNU
BTNR PL R18
BTND PL R16
BTNC PL . P16
BTNL PL N15
PB1 PS D13 (MIO 50)
PB2 PS C10 (MIO 51)

2.7.2 User DIP Switches

The ZedBoard has eight user dip switches, SW0-SW?7, providing user input. SPDT switches
connect the 1/O through a 10kQ resistor to the VADJ voltage supply or GND.

Tabl_e 13 - Dip Sitch Connections

SWO0 F22
SWi1 G22
SW2 H22
SW3 F21
SW4 H19
SW5 H18
SW6 H17
SW7 M15
19 27-Jan-2014
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2.9.2 Digilent Pmod™ Compatible Headers (2x6)

The ZedBoard has five Digilent Pmod™ compatible headers (2x6). These are right-angle, 0.1
female headers that include eight user I/O plus 3.3V and ground signals as show in the figure
below.

Four Pmod connectors interface to the PL-side of the Zyng-7000 AP SoC. These will connect to
Bank 13 (3.3V). One Pmod, JE1, connects to the PS-side on MIO pins [0,9-15] in MIO Bank
0/500 (3.3V). Uses for this Pmod include PJTAG access (MIO[10-13]) as well as nine other
hardened MIO peripherals (SPI, GPIO, CAN, 12C, UART, SD, QSPI, Trace, Watchdog).

The four PL Pmod connectors are placed in adjacent pairs on the board edge such that the
clearance between Pin 6 of header #1 and Pin 1 of header #2 is 10mm.

Two of the Pmods, JC1 and JD1, are aligned in a dual configuration and have their IO routed
differentially to support LVDS running at 525Mbs.

All Pmod data lines, 8 per connector, are protected with two 4-channel TE SESD1004Q4UG-
0020-090,

FPGA VO it
FPGA VD i 2 .
FPGAVOQ - 37

FPGA IO -~ 4
Fremi B
33V it

FPGA 1O d-i—b 7
FPGA O <——m 8
FPGA O -t
FPGA O ~a—t—pm 10
et S

33—t 12

v

Figure 12 - Pmod Connections

A couple links to Pmod examples are provided:
e  hitp://iwww.em.avnet.com/en-us/design/drc/Pages/Digilent-PmodWiFi-802-11
WiFi-Interface.aspx
« http:/;www.em.avnet.com/en-us/design/drc/Pages/Digilent-Pmod-RS232-Serial-
Converter-and-Interface.aspx

= 22 27-Jan-2014
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Zynqipin
W12
W11
V10
w8
V12

MO

et i et

2.9.3 Agile Mixed Signaling (AMS) Connector, J2

The XADC header provides analog connectivity for analog reference designs, including AMS
daughter cards like Xilinx's AMS Evaluation Card.

The analog header is placed close to the LPC FMC header as shown. Both analog and digital 10
can be easily supported for a plug in card. This allows the analog header to be easily connected
to the FMC card using a short ribbon cable as shown. The analog header can also be used
“stand alone” to support the connection of external analog signals.

The pin out has been chosen to provide tightly coupled differential analog pairs on the ribbon
cable and to also provide AGND isolation between channels. The plug in cards which will
facilitate a number of reference designs have not yet been designed so this pin out must provide
a reasonable degree of freedom while also keeping resource requirements as minimal as
possible.

= ) 8 27-Jan-2014
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2.10 Configuration Modes
Zyng-7000 AP SoC devices use a multi-stage boot process that supports both non-secure and
secure boot (note that secure boot is not supported for CES silicon.) The PS is the master of the
boot and configuration process. The following table shows the Zyng configuration modes. Upon
reset, the device mode pins are read to determine the primary boot device to be used: NOR,
NAND, Quad-SPI, SD Card or JTAG.

By default, the ZedBoard uses the SD Card configuration mode. The boot mode pins are
MIQO[8:2] and are used as follows:
« MIO|2)/Boot_Mode[3] sets the JTAG mode
»  MIO[5:3)/Boot_Mode[2:0] select the boot mode
¢ MIO[6)/Boot_Mode[4] enables the internal PLL
s MIO[8:7)/Vmodel[1:0] are used to configure the /O bank voltages, however these are
fixed on ZedBoard and not configurable

The ZedBoard provides jumpers for MIO[6:2]. These are 1x3 jumpers connected as shown
below. All mode pins can be pulled high or low through a 20 KQ resistor.

VCCo_MIoo

20K

Mode/MIO Pin

20K

Figure 15 - Configuration Mode Jumpers

These jumpers allow users to change the mode options, including using cascaded JTAG
configuration as well as using the internal PLL.

As noted above, the VMODE pins are strapped permanently to set Bank 500 and 501 voltages to
3.3V and 1.8V. These are not jumper selectable.

= 26 27-Jan-2014
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The PS boot mode selections are shown in the table below, defaull setting highlighted in yellow:

Tabl 18 — ZedBoard Configuration Modes
e

Xilinx TRM->

Independenl 1
JTAG L -
B e
JTAG
Quad-SPI
SDCard
‘PLL Used? & Jin it
PLL
Bypassed
S e TR e Bank.
MIO Bank 500 3.3V
MIO Bank 501 1.8V

Expected configuration time using a 50MB/s QSP! flash is 250ms.

PUDC_B is pulled high on ZedBoard but can be pulled low via JP5. This active-low input enables
internal pull-ups during configuration on all SelectlO pins

A push button labeled "PROG" is connected to the Zynq PROG pin, T11, and pulled up. Pushing
the button connects PROG to ground. Pushing this button will clear the PL configuration
memory, effectively resetting the entire PL subsection. The PS is responsible for reconfiguring
the PL. Zyng will not automatically reconfigure the PL as in standard FPGAs. The user software
application must reprogram the PL. An interrupt will indicate a change in the devcfg.INT_STS
register and the configuration pin status can be read from the devcfg.STATUS register. When
configuration is complete, a blue LED, LD12, labeled DONE, will light.

2101 JTAG

As an alternative to using the onboard USB-JTAG interface, the ZedBoard provides traditional
Platform Cable JTAG connector, J15, for use with Xilinx Platform Cables and Digilent JTAG HS1
Programming Cables. The JTAG Chain is constructed as follows:

Digilent USB » /ynq EPP » FMC —

B — - - - - - - - - - - -

-

XilinxJTAG —

o v o 7t 211

Cascaded JTAG Mode

I " o o S o

Figure 16 - ZedBoard JTAG Chain
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4 Jumper Settings

Open — No Electret

JP1 Microphone Input Bias Microphone

180

Voltage for Electret
Microphone. Right
Channel only.

Open - 5V

JP2 Vbus 5V Enable Disconnected

Short to enable 5V

output to USB OTG
Connector, J13, for
either Host or OTG
modes.

USB Vbus Capacitor Open - Device

3 Setting Mode

Short for Host mode
(>120uF).

Open for Device or OTG
modes (4.7uF).

JP4 CFGBVS Select Not Populated

Pre-configuration I/O
standard type for the
dedicated configuration
bank 0. Vcco_0 is 3.3V,
Connected to 3.3V
through a 10K resistor.
This jumper connects to
GND and should NOT
be used.

JP5 PUDC Select Not Populated

Active Low input enables
internal pull-ups during
configuration on

all SelectlO pins.
Connected to Vadj
through 10K resistor.

JP6 PS_MIOOQ Pull-Down Short

Install for SD Card boot
on CES silicon.

JTAG Mode. GND

JP7 cascades PS and PL
Boot_Mode[3}/MIO[2] GND 3 _[Qiécaded JTAG chains. VGG

makes JTAG chains
independent.

JP8 Boot_Mode[0]/MIO[3] Boot Device Select

JP9 Boot_Mode[1]/MIO[4] 110 - 8D Card See Zyng Configuration

JP10 Boot_Mode[2]/MIO[5] Modes
PLL Select. GND uses
PS PLLs. YVCC

JP11 Boot_Mode[4)/MIO[6] GND - PLL Used bypasses internal PS
PLLs
Short bypasses XADC-

XADC Ferrite Bead GND ferrite bead

e Disable Qpen connection to board
GND.,
Short connects JTAG

JP13 JTAG PS-RST Open PROG-RST to PS
Reset.

] Selects Vadj (1.8V, 2.5V,
J18 Vadj Select 1.8V or 3.3V)
== . 34 27-Jan-2014
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JP18
Figure 20 - ZedBoard Jumper Map
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. JP7-
JP11

JP4
JPS
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1. aeesnvesdgygandaavlagldlassairuavadanszarsuuuldnisialag

(Conventional LUT-based Distributed Arithmetic Structure)
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NM3asNvInIsdyyIandaslaeldlassadiraavadanszarsuuuldmsa
\Ung111995 VLS 1382995 FPGA didnuiugunsaling 4 ateluasasegud 1.2 lagas

WUNLNSIGIuDe 34 Wasidus

Logic Utilization e e Available L b

Number of Slice Registers 88 106400 0%

Number of Slice LUTs 198 53200 0%
SERN Y CF]

Number of filly used LUTFF pairs 73 213 = 34%| 1
as L]

Number of bonded 108s 45 200 2%

Number of BUFGBUFGCTRLS 3 32 9%
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2. 2snsesyIaduavlngldlassasiuauatinnszanguuulsAINASI9

L?Jﬂ@ (LUT-less Distributed Arithmetic Structure)
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