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ABSTRACT
In the IMAGE PROCESSING SYSTEM , the imlormation of image thal can
be process must in numerical signal form or digital signal form , but in general the
composite signal is analog signal , this signal must to be converis fron the analog
signal to digital signal . The devices thal use to convert analog signal to digital
signal is called DIGITIZER , The DIGITIZER must to operate with computer in

many way.
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two-dimemsional pictare TASMI1F digital computer. Tun138T1BBEWAT 4 S0 digital
processing of any two-dimemsional dita.  H7UNM digital image ¥5itht arvay B4 seat #T0
complex namber TMATASYS a finito mamber of bits.
n13)/53U70HD digital imago processing 3551519418819 519921 19U 3TUY remote
scasing TWFamariion ( satellites ) UBTETUOINM ( spacecrafls ) , medical proocssing , radar,
soner , imego trensmission and storage MFUMYTIEMMNYINe
TRt RnTan Inod1ss besic classcs of problems. 9311214 Wiy
1. Image represcatation and modeling
2. Image enhancement
5. Srar roonaiion
4. Imagc analysis
5. Image reconstraction
6. Image deta compression:

IMAGE REPRESENTATION AND MODELING

Ty image reproscntation §iNMUAETSOIRNUBANME charncterivation of tho quantity that
cach picturc-clement roprescats. ($430031 pixcl 138 pel) Tumsriuaniolusl

Taswa 4 M two-dimemsional function wifivdoyniies WReaveen i image 3¢
image model HextThiN38511009 logical 176 quantitative description ¥eSGNVAIZMITRYD
fmaction BV

M 1.1 uanedenansanves image represcatation 4Bz IlgMINTT modeling

Image reoresentation anad modeting

LPerceonon mogels Local mogels ! Global moagels

= Visual perception of contrast, -Sampiing ana reconstruction +Scene analysis/artificial
snatiat frequencies, and color «irmage quantization intetligence models

lmage fidelity modeis «Deterministic models -Sequential ana ciustering

* Temporal perceotion ~Series expansions/unitary mogels

-Scene perceotion transfoems *Image unagerstanaing models

*Stausucal moageis

Figure 1.1 Image representation and modeling.

Bafl ey lun1sRe15an I imege ropecscntation 48D Aode 1% (fidelity) #30
anuvgemalaerudmivmsinifinuvesnm imsge nTomsinlsctninmyounnaiia
mydszunnn



nmyndannadefolRInsueathmmsmsesolumieenin image scasar
myihimsvendedunisite: Ivhanalkesrunivmuniusnunn

TEMIRURY (classical methol) ¥B4 signal roprescutation M3 1¥oynsy
orthogonal scrics  cxpansion 3NAIOHI1UM Fousicr setics  SHMIUAN image T ms
represcatation fithi W18 ludnuarndiandiait InaNinm two-dimemsionsl orthogonal fanction
éawqmtanim basis image thN3UAIB81AIN image Wy besis image szitlumsRersanein
usitery matrices 343001 image transform fionn 49 image AN TunyoumRUh
weighted sum Y04 besix image (U1 1.2)

g =a, , ' .1.3112 ‘ 4....4.au,N ‘

Figure 1.% Image representation by orthogonal basis image series 8. ..

TinomNaER (statiscal model ) iThnsRNIENAN image TuthusumnSn (meaber)
vosmnTnetusay Taslnesmidnuae chacaized Tasldmgemnnikigandnsdas
outhuiueiy (meam) tnsWmamntsnantasan (covariance function ¥eath Sazeulinrs
R algorithms ez WifudmSushianam (cntrice class) N3DNIWIRSHINITIVYOL image N
and

iy single imsge thtiNAND nm’iaanmfngnﬁnwnﬂu stationary A4
AT¥DS mean ISR covariance fanction 92 1FTUMIMANBNIIY stationary model 5Em1s
ﬁsz'ﬁmn'lw?mﬂqmwemsﬁué’afayn (data compression problem) , 18303 transfer
coding , restoration problom #204191%H Wicacr filtering 0z Tumy1$ilsz Tomidnidy vfinaey
URAMING (global propertics) ¥oINM TRBINMINITINTBIND

H0¥9m131$ modet 1 image proccasing iunsmI Tithy spatiaily varying 130
piccowisc spatially invariant

hidnuarphnnmwes shortterm 1130 Jocal properties Y94 pixcl v SEnswilehme
1BonteaIE NN ITNUAL charactorize ¥OUIARS pixel #TnsnsniSowfoudy pixa fieg
TIn&iRseiufuduns #3881 520U lincar systom $SMITAVE charactcrized TAOYS (low-order)
differcnce -cqualtion 12 814 white noise M50 random ficld 81 qFnFBIrMMUNNINYEY
power -spoctram dessity ez WIumnlszanuimsums represcating AN 1RSI



(a) Causal model. (b} Noncausal model, {c} Sernicausal model,

Figure 1.5 Three canonical forms of stochastic models.

319 1.3 ermaidl stachastic model 3 vilni W lumswidnyar image pixel characterized
Tumouves pixcl foglndiRssiufuiniiuos

WA image FuAUNUYINUNDIEIE 910818 T1¥1 modd gl 130 seidsndy
cansal model Shithurms1z i1 pixed A ve1ENWELY characterizod WTns18RmMa pixet flogluefn

moded ¥0471/i11.3b 11t noncamsal modet 1if0en pixet AioglndiReein pixet A §
A lusanufouduluenatuns 2 finve

hephl 13c sl scmicansal moded tifoann pixet Aoglodifsaiy pixet A T

Antioglutinn j diroction e TuoRATuTiMMA i dirction semfloufufvluowinn

uAas model s5gMiIISlums WM algorithm AANWINANIWDY hardwars Tl
0833 #7001 cansal model emnyath W8t realize rocumsive fitters Tnodoeniamiag
nrwirlion varsi Iivosthy infinite impnlsc response (IIR) TUNMYOS noncansal model
un5015TUMIBONUNY fast transform-base finito impolsc response (FIR) filter 11t
scmicansal model e11501kutht two-dimemsionat algorithmn TaoidumisiSondausmaush
(recumsive) Tufismianite unzithy nonrecursive hiBnfimmenite

UNIIUYDY stochatic model 30 1ETNIARBE1%S 1984 onc-dimemsional
sundom processes xcprescnicd 1A8 aulcecgressive (AR) URS autoregressive moving average
(ARMA) model

45210 global model 11 AT image selémyivanilutnin 4 weetag
nA19 118U (socn) 920 detected (FI061USUTE segmentation tochmiques) UNS moded i
whingdmumanBemiinuunos Ing (defining the relationsbip among varions objocts)
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IMAGE ENHANCEMENT

TuFunou image enbancoment SymjamnsiAoRoIM IS HFI¥DII imags
am i unmsliaseluddudiudo niolddmnians image display #20619 image
enbancement 19U MIRIMIMIANAT (inclnde contrast) , mydaveulTady (cdge cahanccment)
, s Idhifiny (pseadocoloring), MINATHYINIUNIY (noise filter), MIMITHIIALSA
(sharpcaing) UDSNISVOWVHIANIN (magnifting) Sunou imago cobancemeat 231 1Y 19uinlu
nsusnodnvesiifinouasuhivinums insge anysis o Wimsweedoyaiiuanna
(visval information display) 'luémmmﬂi’mhm‘lﬂ"a%: (cobancoment process) 1M
Tnefavewuaumuosss limunsaidudoyavizmsanegulsz 1daTuam image 340
'm'mmrﬂ’mﬂunn'munmsfuﬁeqmé’amzﬁuﬁuau’tué’num:'mmn (image characicrized)

IMAGE RESTORATION

image rostonation MBS muhdnuusi hifvewnmenn uis mavh ¥ Snwas A LA
Y0 image Wilnnalosiign sm‘o'qmsﬁmméeﬁtﬁwﬂm“m'lunm image v
SNV YOIMIEnUTIDINNFOTIHRYOY scnsor NIBTNTMINARONBEN JUNINS noise
flier uavmsufhinuasAnfoumsgimaainionnslithuBudines scasor

1 1.4 ermeBentavitensly image restoration

fla, g) gix, v}
hix, yia. B
!
J Inout — "MW L Outout
sysiem
¥ N .
0| ol
Figure 1.  Blurring aue to an imaging system. Given the nowsy and blurred im-

age the image restoration problem is to find an esumate of the wnput image f(x. ¥ ).

? o Az 4; ' c‘
A image MNMBsRUANTTRsTIRAMNInO N TAMATIUSDHIIONNIIN noise $1N5T

VY imaging systemn NSV imaging systom 1ThuSaudu image voaTagdumassomnsoutme
Whuerunis Wiy

gx. ) = f f bix,y:ia.B)f(a,p)dadp + nix,y)

- =

il nfx , y) 15ht noise AtFndIN

fio , B) 1l IngAuma

g% » ) 18U image

o hix,y;a.p) éaqm?an‘h point spreed fanction (PSF)
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( TWO-DIMEMSIONAL SYSTEM AND MATHEMATICAL PRELIMINARIES )

11104910 images Tnowa q el ontpat 88NUNTUIZYY two-dimcnsional system
ﬁ'n}"uuu'm'mﬁﬂnnnn‘mmmfﬁwﬁum'hﬂﬂumsﬂnmﬁu:u fafinnusuihe

NI MNAianm ( NOTATION AND DEFINTTIONS )

ﬁqquﬁ‘ﬁmwﬁmﬁm 1 SiAszuarae Aty fenction 1 Atds 19U £x) , w(x), s())
uioludnuasiindandeiu

U1 sampled signal z1¥81 1K TN 14A1¥OM single index scquence Auts
u . o) nishudnuasRndenteiy

MR costinoms image g g fanction 2 AauntyexiSen1dith uix , y)
JVx,y) L fix,y) OIUSYYI samplod image AnziVouTnslFdRuvounvse3e 2
RUNY 0gy ,V(m, 1) , ui,j,B)

win'hittonsithiosndy dygdoued i, j, £, 1, m,a, . e ¥tmunioumns
09 array 103 voctor  egeyfinwel j 1Summmatte v :

12U complex conjugate WD complex variablc I%W z w2i¥ouihy

Tumnit 21 Bu5103989 cnc-dimomeionsl faction ATSHUTANN

dauinNUEYBS two-dimomsional vemicn fiszifht function oglg1ves scparatic form

x, y) = f1(x) £20) (21.1)
A79819 %W two-dimemsiona? delta function sxi¥en Wiy
Direc : 8(x,y) = 8(x) &(y) (21.20)
Kronecker : &m,n) = &(m) &n) (21.2b)

e fguiquinnA (satify the propertics)

fix,y) $x-x\y-y)dx'dy = fx,y)
. (2.1.3)
fim j | s, oy = 1

m,n'=

21.9)
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TABLE 2.1 Some Special Functions

Function Definition ) [ Function Derinition
Dirac delta 3(x)=0.x=0 Recrangie rect(x) = {6 i: i Z:
« 4
. ' _ | 1, x>0
. ‘lx_rr‘l)‘l‘_‘ﬁ(r) =1 Signum sgn(x) = l 0, x=0
Sifting . -1, x<0
property | f(x)3(x ~x7) dx’ = £ (x) inmx
- Sinc ‘sinc (x) = —==
Scaling "
property d(ax) = SE 2) =
al Comb comb(x)= 2 8(x —n)
Kronecker 0 =0 e
delta 8(n)={l' ZT—:O
' Triangle  wi(r)={: &l xl=1
Sifting = g : 10. x| >1
property 2 fm)d(n—m)=f(n)

LINEAR SYSTEM AND SHIFT INVARIANCE

A ANV TUMS imaging systcm T30 model 111W two-dimensional incar
system 18 W x(m, n) UBS y(m,n) UEANMUDS inpat HOY ouiput AMHIAUVBISZUL two-
dimemsional system (hugahd 2.1) SarSou it

yom,n) = X]x(m,n)] (21.5)

UM tlincar WindiUvEs 2 inpat x3(m , 8) HOS xp(m , #) Minooenywuihy
ﬁﬁuﬂ output miteumuthy yi(m , n) #0 y»(m , n)
n.0. tmivdmmelisver (arbitrary constants) a; 1IO% ay

X[ ayxy(m , ) + apxp(m , n) ] = 2y X[ X4(m, 0)] + 2, X[ x3(m, n) ]

= ayi(m, n) + ayy(m, n) 2.1.6)
éu‘s'un’h lincar supeaposition
il input 114 two-dimemsionsl kronccker delta fanction RIS @', n) 214 output
Fhumia (m , o) Admun &t

bm,n;m',n) =X8(m-m',n-n)] 1.7

& - e
YUIBON impulsc responsc of the system 032572
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AmIussI image system 921thin T image W cutput plane Herun1018e ideat point
source ARMMIS (o', ) TH input planc TumsiSorsiis i36aMINg scmicoton (;) wléie
UTAIAINLIANAIYOSE input pair of coordinates UNT § owtput pair of coondinates

impulsc respoosc Y3809 point spread function (PSF) (10 input 1A% output INfTan
fshan (positive quantity) .8, IFuRTISIVBRIT TS Y imago system

INDUWLY impulsc rospomsc fmﬂu;ﬂunm‘;"z'hl usseeuhinffaudusinioy gake
negative) wuReafiy complex value

YOLIWMMILTNY (rogion of support) ¥04 impnisc responsc ABVONYATIATIINGEN
03U m , n plane UBZHIMUBARAN impulsc rosponso dhigud szuvssgniSeniuth
fisite impulsc rospomsc systom (FIR) M impulso respouse #30 infine impulsc responsc
system (IIR) W03 infinite region support Myt

outpu ¥BY lincar system WIATUNN impuiso response VBT inpet 1iJ01I3TY
MARUNG supcaposition rute TUMINTS (2.1.6) outsINIy (2.1.4) Tnsies 1ty

ym, 1) = X[{x(m,n))

= x[z:,z, x(m',n')&(m-m',n—n')]
mn

]

ZL x(w', 0) X[§(m-m',n-n)])

y(mp) =Z¥ x(m',n)b(m,n;m', ) (21.8)
xtm, nj i y{m, n)

Figure 2.1 A system.

TPUNEQNEONTY scpatially invariant W30 shift invariant WINMTINIOY (ransiation)
84 input Y1 IHIRANINIOY (translation) ¥D4 outpat M hMYBITUMS (21.7)
110 impulsc AN origin 3314

Hs(mvn)] = him,n;0,0)

Faifutuszan shin invariant system figndoaszithy
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m,n;m',n) = X[8(m-m',n-n"))
= bhm-m',n-n';0,0)
Mm,n;m',n) = bkm-m,n-n') (21.9

M1 impulse response 1 function Y89 two-dimemsional variahle (Y]
AnrgiYes impulse response v laiinnAeuninuite impuise e hiduszin
m, 0 planc FPUVEGUTONG spatially varying (il oums (21.9) 1il&gndneg (maid)
11 22 uensisdansreves PsEs vesssuy image system 18} scparablc H38 circulary
symmetric impuisc response SIS shift invariant system %216 ontput 13y

ym,0) = IE bm - a0 - ) xl', o) @1.10)
donlfduihimsmembsverm (convolution) ¥64 input 1) impulse response  Tugaift (2.3)
urmAsBenisAnINMuIs]Y (graphical interpretation) vosmsrensil impulsc- response armay
ssmunIngatiniin (rgin) 11l 180 o unzgmiien ki) Tneviia (m , n) iudoudu.
amay x(m', 1) HOUINYBINIARIVES ammay { x(-,) } UOZ { b-,-) } Tuworuwasimudouin
(overdapping region) WHASHET (m , n) 1510 Wdygdnual @ Asuumasdenisasalssent
(convolution opcration) hlﬂ.{! discrete case 0T continnous casc #reme

gx.y) = bx,y)®fx,y)= j [ hx-x,y-y) fix',y) &' dy

y(m, n) = h(m,a)@x(m,n)=n§;7/ m-m', n- o)x(m', n) (211)
wa .00

ajb
Figure 2.2 Examples of PSFs € 14|
(2) Circularty symmetric PSF of average
atmospheric turbulence causing small
biur; (b) atmospheric turbulence PSF
causing large blur; (c) separable PSF of a
diffracuon limited system with square
aperature; (d) same as (c) but with
smaller aperture.
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THE POURIER TRANSFORM

nmndnatugthiuy 2GR (twodimemsional transforms) AWYY Foorier transform
U0 Z  transform tﬁuv‘fupwfoduﬁﬁﬁqum\u image processing

1 one-dimemsional Wil Fowier transform Y84 complex funcfica f(x) MWISOHINT RN

K= [x) = j f(x) exp( -2xEx ydx (21.12)
17 inverse Fourier transform 909 F( ) i

= §1 RO = S F&) exp( j2xbx )db (21.13)

-
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»
W two-dimemsional W Fourier transform UNC inverse Fourier tramsform

Yo RUNIATMY lincar transformations

'

F&y .8 =

-

3

88\——ﬁ
—3

fix,y) =

B~ —
SV‘\g

fx , y) cxpl 2n(xly +y8p ) Jx dy @1.14)

F&1.82) expl j2x(x5; + y&p ) J45; dip (2115

' s ot
FI05NUNEINYDY two-dimcasionsl Fouricr transforms 934 14810 M1319% 2.2

TABLE 2.2 Two-Dimensiona!l Fourier Transform Pairs

fx y)

F(& &)

8(x, y)
3 (x =x0,y =ya)

1
exp (=j2wxo £1) exp (=j2wyo &)
3(&i=m, &7 )

exp (=j2mxmy) exp (2j2wym)

exp[—m (x* +y)] exp(~w (& + &)]

rect (x, y) sinc (&, &)
tri(x, y) sinc® (&1, &)
comb (x, y) comb (&, &)

M3 2.3 utnetegaieniiiAves two-dimemsionsl Foarier transform S0t IHY04
numninssesineneh

TABLE 2.3 Properties of Two-Dimensional Fourier Transform

Property Function f(x, y) Fourier Transiorm F(%,, &)
Rotation f(=x, =) F(=g, =¢)
Linearity afi(x, y) +a:fa (%, y) @A (B &) —ar B (&, &)
Conjugation  f* (x. y) F (=&, ~&)
Separability filx) fa(y) F (&) F (&)
Scaling flax by) ﬂ-g’/%f:—/b—)
lab

exp (=2 (X0 &1 + yo E)IF (&, &)
FE =M, &)
G(&n &) = H(gn 9] F(&, &)
G, &) =H(E, Q)@ F(5, &) -
Cl&, &) =H(~&, &) F(&, &)

d =£f,f("'y)"' (x.y)dedy I =fjJ:F(Eh&z)H' (8., &) d&, d&,

Shifting . flx =20,y =yg)

Modulation exp [ =j2% (nix +m2y)]f (x, y)
Convolution 8(x y)=h(x, y) Of(x, y)
Multiplication s(x y)=h(x, y)f(x. )
Spatial correlation c(x, y) = hix, y)*f(x, y)

Inner product
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1. Spatial frequencics ¥ f(x , y) 11! luminance 40 x , y 13t spatia? coordinates
fufu gy, &y il spatinl froquoncies HTMIMINAOMINIDG Tuminance TRedususdy
spetial distancos MUIBWDS &y UAZ Ey UMMM x HOT y MINERY 1enda coordinetes
x,y Thlnd  Tnomsesssasmeves image fix , y) Aatfumioeves 2, & Suihy
cycle per degree

2. Unigueacss (MMTOGHiIINASY) tindy foaction WBNIBY fix , y) DS Ry ,&)
* mique  Tasfuniudduaay Suebilinsgyiisdeyofi umimmsinunivimege winlé
0138 Fousier transform w1 Joyal anundeazthnlsz Tamfinnhudssmsiludadoya
mmwmwm)ﬁu‘imﬁmfmm

3. Scparability (M3usniunkisonninfiulf) MINMNAANIY Fomier transform e}
qm«m‘sﬁmmsmné’wﬂseon01ns‘;’u‘lﬁ(wpmun)ﬁ'ufu‘immsm%uog"lugd scperable
transformation Y x (0 y A8y

F& .8 = ‘ [Jf(x,y) w’(-.fhzi Xix } exp(-j2xyE)) dy
-0

-~

MNsANNINEINY  two-dimemsional tramsformation tNsaviihithieSe 1 Taamsdu
ADYDY onc-dimemsional IMUATE spatial coordinates

4. Frequency response and cigenfonctions of shift invariant systems.

A48 cigenfunction ¥BISTULAHUATESIN input fonction #ign seprodaced fi output
Suthunrsnifemnioehudn amptitode imi qmmﬂ?nifmﬁuwa Encar shift invariant
system A0 cigenfonction TIANIN complex cxponcntial  cxpf 28(E1x + Egy)) oy
11 24 dmiimn 9 MRIINOWYDS Sixed ;.80 3181 outpput $04 lincar shift invarariant
system it

oo ¢o

s(x.y)=5 Sh(x—x',y-y’)cxplibv(éxf%zf)}dfdy'

~00 -09

iﬂ;ﬂ‘lﬁémgu'iﬂoﬂuui'lﬁ x=x-x, y=y-y (519 inndwiilu
gx , ¥) = H&) , &) expl j2Gyx+ &2¥) ] (2.1.16)

Irs HE;, &) tih! Fourier transform w84 impulse responsc #982138071 frequency response
voerzay Fufhimseng complox amplitude YOIITUY system response MMATIRUMYA spatial

frequency (§1, &)
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é *J[ hi{x, y) I[ Hé

Figure 2.4 Eigenfunctions of a linear shift invariant system.

¢ iexp {2mw(x + €0} H = H(§,, &) i Founer transiorm
of hix, y).

| 5. Convolotion theorem 715111049 Fourier transform ¥84013 convolntion ¥4 2 fonction-
SSUAUMHLUNGGU Y Fowicr transform YOSARILDS AIDH1S

gx.y) = Mx,y)®fix,y) <=> G(;,&) = H(E; , )R, &) 217)

ngufiieh convolntion 94 2 fanction =M1 1RTABNS isverse Fomicr transforming:
HOGO  ¥3 Fouior transform ¥0eiuos msfinsarmaugilhinniiu fast Fousicr trasaform
base convolntion algorithem In#AsaAuENMOVY convalmtion 1M Foutier transform ¥64HA
HOQUYB 2 fnction 7t convolntion Y09 Fowsicr transform ¥04FIBY
HOAWEYOMYYG convolntion mutsoifudiN (extcndod to) i spatial comelation
Y919 2 real function bix , y) 102 f(x , y) Ieedmun i@ty

od 00

o(x.y)=h(x.y)‘f(x.y)=j s b(x', Y)x + X',y + y) dx' dy’ (2.1.18)

-00 =00
manfimuninevsednnlsiumne o(x.y) 18U convolution b(x , -y) @ f(x', y) $eWwmily -

C&r .8 =HE L) ME . &) (2.1.19)

6. Inner prodact preservation quﬂuﬁiéu 1 ﬁﬂ‘mqvaomictmfmm fifto inner
product ¥64NUIDY AID819

© oo
I= [ (f(x . Yb® (x , y)dx dy = j { F(&1 , &) H' €y , &) &y & (2.1.20)
~00 - -0 ~

Wi = £15105 14 Pamsevat cacrgy convolution formuta

5 S |fx, 92 dx dy = SSIF& &2 &y & (2.1.21)
) ~00 -0

HESIUNWAIN (totel encrgy) W fonction Hnunilousulunisurns Forricr transform
v83AT1BY
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7. Hankel transform  14n15143}04 Fouricr transform %89 circular symmetric fanction e
it circmtarty symmetric #30 11021617 TnoRsli38n71 Hankel transform

Fouricr transform of Sequence (Fourier Serics)
iy onc-dimemsional sequence x(n) 1 real H“;ﬁfh complex Fourier transform voui
BassAmuUmMBY DYN3Y (scrics) 1Ty

X(®) ="§§(n) exp( -jno ) <O (21.22)

fh inverse transform mﬂu

T
x(n) = 1/2% J X() exp( jnom )do (21.23)
HUIBNA X( o ) Susumidamui 2= dshahduumsissnefseimuauy 1
AMRDINT510? Fourier transform §H1A1¥9Y two-dimemsional sequence X(m,n) frmua 1ty

X{0wy,09) = L x(m,n)exp] jimoy +ng) ] =< 04,00 <% 2.1.24)

mna-o
(9

x(m , n) = aml)J X(@y , @) cxpl j{(mmy + neng) ] devy deoy (21.25)

- -

vzl Xy , eihnnmiiitanmnutu 2luudse sguaca #26613
X(mi2r , 00128 = X(@y £2n,m3) = X(og , 02127 = X(oq, ®7)

4
> ™ "‘
WNATINNAY sequence x(m,n) 'lumgﬂsuwmumm 2.24) lﬁu absolutely summable
FUAIDE1

(o]
52 |xmo) | <o 21.26)

mn « -0

ad10AAINY continaons case H(®) , @) Fouricr transform %04 shift invariant
’ <&
impuisc rcspomsc é«?mm frequency respomsc Fousicr trapsfosm of scxics wﬁ'nmoqu
munfAiloudll  Fouricr transform ¥89 continuous fanction A4fTIu3 B lumsed 2.4
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My 2.4 unanaorAunsA20819¥84 Fourier Transform %94 Two - Dimensional Sequences

TABLE 2.4 Properties and Examples of Fourier Transform of Two-Dimensional Seguences

Property Sequence Transform

x(m. n), y(m, n), hA(m. n), -+ Aoy, w2), Y{wy, wa), H(wy, wa),
Linearity alxl(m, n)7‘03X3(m, n) GlX\ ((x)|, Q)z) +03X1((1)1, ’u):)
Conjugation x" (m, n) £ (~wy, —w,)
Separability Xy (m) X2 (n) 4¥| (Qh) Xz ((.l):-_)
Shifting x(m =mo, n = ny) exp(=j{mowi = nowa)] X (w4, wa)
Modulation exp{=j(wa m + wenn)]x (m, n) X (@) = wor, w2 = wi)
Convolution y{(m, n) =h(m, n)@x(m, n) Y (w1, @2) = H{wy, W) X (01, )
Multiplication h(m, n)x(m, n) <4%> H(wy, w2) ® X (wy, wa)
Spatial correlation c(m, n) = h(m, n) *x(m, n) Clwr, w2) = H(~wy, —w2) X (w1, wa)
Inner product 1= 2 x(m, n)y*(m, n) =Z;1T—f f_ X (wy, w2) Y™ (w4, wa) dwy dw,
Energy conservation %= 2.2, |x(m, n)P g = 4—l—fﬂ jm X (w1, w)|* dewy dws

m, nme - NSRS ) )
22 exp(i(mon + nwm)] 4778 (w1 — wor, w2 — wo2)
8 (men) %f_ f_ exp[—j({wm + wan)] dn dews

THE Z-TRANSFORM OF LAURENT SERIES
A lgMunnesiataives Fourier scrics R0 Z-transform TAstH3Y two-

dimemsional complex scquence x(m,n) t:ﬁmun'l&ﬁu

X(zy .2p) = ZX x(m,n) zy0 pp 0 (2121

mNe -0

tﬂﬂ z), 2 il complex variable

s @ I: A -4 $
7 sct YOI 29,22 ﬁ'lﬁi“lli)l{ﬂﬂﬂl% convezges uniformly ¥4361177 region of

conveIgence

Z-transform Y99 impulsc rcsponse WYBIITUY lincar shift invariant discrcte system iftz
230091 tramsfor fanction Y0ARTHIBY irorlssan@$1 Mg convoltion thoorem M

Z - tramsform (W31 2.5) 13S0 transform SUNS (2.1.10) Waths

Y(z1,z) = Hizy, ) X(z1, )

__HEZ L,m) = Y ,m) 1 X(ny,m) -
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ﬂ'{!ﬂ"i'l transfer fomction ARSSATIHNY Z- transform Y09 ontput sequence UL inpnt sequence
13 inverse Z-transform 1114 1001% double contour intgral

x(m,n) = 1 j2x)2 %mzwo)xzm" 71 d) dzp ]

(2.1.28)

(il8 contoars Y0NS integration wpmainnitnuaregd veuvaved region of
convergence fiD¥OUYAYDY region of comvergence WHAMMITEINTY (unit circles)
7 =1,2 =1 dwiihimamines Xz , ) AR 2y = apiog ), 2 = ap(jo)
= VAneiThunsinlos Fousicr trassform ¥04 x(m , n) S0Nnia Xezy , z) A Remivezity
finite scrics (RIB8MI%Y transfer function ¥09 FIR filtexs) Fau x(m , o) ANSONIMIR
Teemsnsaecreriismnisznon (cocfBicicnt) MDD £y 7y 8

TABLE 2.5 Properties of the Two-Dimensional Z-Transform

Property Sequence Z-Transtorm
x(m, n), y(m, n), h(m. n),--- X(zi, 22}, Y(z\, 22), H(zy, 23), - -
Rotation x(—=m, —n) Xzt Y
Linearity a x (m. n) = arx; (m. n) a Xi(z, 22) + @ Xa (24, 22)
Conjugation X*(m, n) X (zf, =3
Separability xi{(m)x2(n) X (2)) X2 (zn)
Shifting x{m =mq, n = ng) 277X (24, 2

Modulation

Convolution

Multiplication

a™b"x(m, n)
h(m, n)@x(m, n)

x(m, n)y(m, n)

L
& (a i) )
H(zi, 22) X(zy, 22)

() fx (a3 ot
fars) -t a2 E4 e

CyC:
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Cansatity and Stability

211 one-dimemeiosal shifl invariant system ¥5138071 canesl §1 outpat ¥YOUTHYN 9
na BilkansznuaIntMuouIAe (futurs inpu) MINBAIYI impulse response hin) = 0
M3 n < 0 UNS transfer fanction ¥8eez 1 onc-sided Lamrent scrics #1081

H(z) = 2_0 h{n)z 2 (2.1.29)
mstiuAuM$iAan RS $1dY scquence x(n) 8530031 cansal 1 x(0) = 0,0 < O
itht anticansal §1 x(n) = 0, n >0 1N noncansal Srinshilovie camsa Wilovia
asticansal 3YUNZQNITONIUNDES (stablc) T outpas vosTuReTEGITUNilIvBIVAGMSY
¥OLI¥A input 1A o
dmiussuY  fincar shift invariant system Tunadled14iifoams impulso responso
#Qﬂﬂﬂ absolutely summeble A28

09

I bl < w (2.1.30)
Ne=-cO
fiwnsanudh He) Tierunsoflegyn 4 poles UM wnit circle z = 1
mnssriuy camsal uns stablc  umATH convergence ¥OIMUMI(2.1.29) YR
z =1 wmngnwif‘:: converse HANFININ 4 2> 1 BNAIBBIHUNY ploc ¥89 H(z) x‘fmzaé‘m
1uvos unit circlo
1t two-dimomsional 14 SYANI tincar shift invariant system sudonilo

T | mm)| < » (2.1.31)
mn

thimsunaldinfuieomenves region of convergence ¥99 Hizy , 22) ¢ hlifty nit circle



OPTICAL AND MODULATION TRANSFER FUNCTIONS
| 4
thMFUISUY spatially invariant imaging system WM optical transfer fonction (OTP) %99
14
arthuenivsygafinsamiiouiuthusy nomalized frequency responsc ¥0IRABY AIVHW

OTF = HE; .8 / HO,0) (21.32)
31 modulation transfer fanction (MTF) WuimunléAedu magnitndo Y04 OTF

MTF =|OTF| = |HE, , 8| /I H©, 0)| (2.1.33)

msul's'omﬁ'ouf'inﬁmﬁ'umﬂmnqunﬁni’mzuuﬁ'lﬁcimﬂm {discrete system) g\h‘% 25
witlhinsuaasds MIF (modulation ixansfer fanction) VO43ZUN PSF (point spread function)
firanetupif 22 hmalgidduses MIF Sascihuirdesgmimsdn dmIy phase
¥4 froquoncy rosponse HSEM IRV IMMTRY IR IAA MO (physical considcrations)
uasmIUSTUY optical system fusves OTF vesdaoniussdosiinuthinn

Figure 2.5 MTFs of systems whose
PSFs are displayed in Figure 2.2.
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MATRIX THEORY RESULTS
vecior and matrices
4
TassimMdAuve one-dimemsional scqueace 0D two-dimemsional scguence 8%

tnsnuaaalnglnentsld vectoms 40z matrices Wniuth#y W column vector a Arlsnoufie
N clement szivay 18It

- -

(1)
w2) 7

un={fun)} = . (21.39

oN)

. -

%0 4 nth clement Y09 vector u $TRBUIATAY uin) , u, , [ul, UM iFaudss

. s . - P
dmuaiduotisBu M0 9 vector AiouiTszithi column vectr ST columa vootor Al
| 4 0]
1R N Tusi3onit N x1 vector (MII0UM row vector RN N 22130091 1 x N vectar
-~ e Py P °
tHH3Y matrix A AliviIA M x N A935 M row 1828 N coloma teifmun1dihs

a1, 1) 21,2 ... 51,0
2, 1)

A={am,n} = d . p 3 (2.1.35)
LD M N

MN¥N (clement) 14 meh row 1N sth column ¥DY matrix A si¥ou 1dithy

[Almp = a(m,n)= ap,
nth columa Y09 A w1Vl o

mth clement szi%u Tty ap(m) = a(m, n)
MIiToRYTIENBI¥0S matrix 'hi'l#ag’# €1,1) 13719180uUTA RN TUIN 8819

A={am,n) 0<m,n< N-11}
sziihunsutas N x N matrix it lmniTaail starting index (0,0)

y \d
tm3uly two-dimomsional siksziima it iannlumyuesgnin imsge Tugl
{IYYI¥03 matrix
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Tumsei 26 yrusauts 6161MW;1uwmqu§ matrix AN 9

TABLE 2.6 Matrix Theory Definitions

Item Definition Comments

Matrix A={a(m, n)} m =row index, n =column
index -

Transpose AT={a(n, m)} Rows and columns are
interchanged.

Complex conjugate * = {a*(m, n)}

Conjugate trinspose  A*” = {a* (1, m)}

[dentity matrix I={8(m —n)} A square matrix with
unity along its diagonal.

Null matrix 0 = {0} All elements are zero.

Matrix addition
Scalar multiplication

Matrix muitiplication

Commuting matrices

Vector inner product

Vector outer product

Symmetric
Hermitian

Determinant
Rank [A]

Inverse. 47!
Singular
Trace

Eigenvalues. A,
Eigenvectors, &,

ABCD lemma

A + B ={a(m, n) + b{m, n)}

aA={aa(mK, n)}
c(m, n) a 3 a(m, k)b(k. n)

-

AB = BA
x D Ex Ty =S 2 (n) y(n)

xy" = {x(m)y(n)}

A = AT :
A=4a"T
Al

Number of linearly indepen-
dent rows or columns.

ATTA=AAT"=]

A~ does not exist

Tr{Al=2 a(n. n)

Allroots 1A = A Il =0

All solutions A & = A de,
b =0

(A ~BCD)™' =

AT'+-A7'B(CT' - DAT'B)'DA"

A. B have same
dimensions.

CL 4B, AisMXK Bis
KXN, CisM xN.
AB # BA.

Not true in general.

Scalar quantity. If zero,
x and y are called
orthogonal.

XisM X1,yis N x1;
outerproduct is M X N,
is a rank 1 matrix.

A real symmetric martrix
is Hermitian. All
eigenvalues are real.

For square matrices only.-

For square matrices only.
Al=0

Sum of the diagonal
elements.

A, C are nonsingular.
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Row and Column Ordering
sendersBnmeinihilumson  matix uglinnves vectar Wa08199u
flodosiinsifunin (sioring image) 08 TuNY diskottc 70 magnctic tape W

% = 8{x(m, n)}
1Tt oncto-onc order VOINMBAVOY array. {x(m,n)} a3l vector 4

o ° P ]
ftmiy M x N matrix M91M7 mapping 95 1653M3NT807 1exicographic ni0
»
dictionaty ordering A9WN row arderod voctor SETNIHIIANTHUA 1RO

W =(x1,)x(1.2 .. x1, N x2,1)..x2,N) .. x(m, 1) ... xM , N} }T
= Gix(m, n)} (2.1.36a)

»
aoiu 2T Aeziu row vector 1AB00IBY stacking ¥BUMBS row T TN 19V3IWS vectar
. r LN/ L,
foundtil  dmSuny mapping nIBu 4 A$FUNAR0 column by-column stacking (Thimy
W coluom order vector lﬁﬂ

1T =1x0, )X2, 1) . x(M, D x(1,2) .. x(M, 2) .. x(1 , M) .. M, N) JT

(%1
x93
= = ixm,n)) (2.1.360)
| N
(o xpy 1 nth columa 89 X
Transposition and Conjogation Rules.
1. A'T - ATy
2. [AB)T = BTAT
3. [T = (aTH
4. [AB]" = A"B*

MINBING conjugate transpose txtfon IR lugthiuy AT

Tocplitz and Circnlant Matrices



»-F

Tocplitz matrix T 1 matix HlinInfiifrneinmeusaulunIved min
<d - : J 3 i
dingonal 100 subdiagonals SIMNBTIMNSN (cloment) t(m,a) WUFHBFIMIMUANANYES
[ 4 » .
m-n WA RI08N m, )=ty , BN M x N Tocplitz matrix sxtilu

to t-l ‘-n-!-l
ty to ta L.N+2
T= |ty ) i (21.37)
ta
t N-1 ty t1 tg
L. 4

unsmsdanmiftysol TReTMNSN (2N - 1) clemeat {tg,-N+1< k < N-1)

Tocplitz matrix ¥ITMTAYITNN inprt-outpnt transformation Y09 onc-dimemsional
lincar shift invariant system (S HRIUANUENY matrice ¥99 stationary scquences matrix C
N30T ciroutant $UIAGT row (H3D colume) vosRausaTuMsRouIenOY
(circular shift) 989 row feuminiu (130 colomn ﬁmﬁnfu)

S
0 € € - N1
N1 S0 © C°N-2
C = . y (21.38)
2 €1
¢f €3 .- - ON1 @
wung C 1iht Tocplitz 10

o(m,n) = of (m-n) modalo N) (21.39)
Circulant matrix (TMIIANIMGRANITY input-output YBITTUY onc-dimemesional
lincar periodic system U fin WIS NY matric ¥89 peridic seqnences
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Ortbogonal and Unitary Matrices
» o A \d L. @ o
orthogonal matrix 1311 inverse matrix YOI ANUDIFSTIAUNINY transposc ¥BIRNNNOY
#2081
| g -1 T
AN orthogonal 118 A1 = A

nie ATA = AAT = | (2.1.40)

| &
real orthogonsl matrix 92ith unitary matrix IO (14 nnitery matrix 1 T Suihidouthy
orthogonal INMIIANMINIAMISIARIE BTN coloma (3 row) ¥89 N x N unitary

matrix 93 cethogonat unsiigrhinuths a completc sct ¥84 basis vectors 1 N-dimeasional
vector space
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2.2 IMAGE TRANSFORMS

A1 imago transforms Wnes W¥na18148430155111909 unitary raatrices # 19dmy
dhmfunsuenaint image 193 foyej10t onc-dimensional signal mmImaiuue 1R Tnems1foy
1051 ortbogonal sexics W04 basia fanction HMW imago FUNIBRSIAVILIUINOUYES
discrete sct Y0 basis array $U30031 besis imagos 100 basis imagos Femnsatissadiety
18108 usitary matrices n38lumunduAuam image vu1w Nx N eunsorhiusseglugives
vootor FIWHIA N2x1 1§ Image transform 1Shszn1s8ANTON sct of coordinates 130
basis vectors for vestor space

i3y continnous fanction 14 orthogonal scrics cxpensions WIUMISANTBUBYNIY
scrics cocfficient  fiszarnnsoth W ¥chuumsdszuronandenshinsziiafSuiuso)
admiuthAY one-dimensional sequence YO {u(n) ,0 < n < N-1) ﬁ‘!!tﬂ!b’ﬂﬁ‘h{]!hm
voctor u of size N @4 vnitary transformation w21%ew Wiy

v=An = v = b ak,um) O0< k <N-1 (221)

il Al = AT (onitayy)-
. N~}
wll w=aTv => un) = kz vik)a'k,n) O < n < N1 (222
-0

Tueumisii(22.2) e & uthimniumioeynsues scquence oim) 1 #9 cotumn
91 AT dhivector a% = {a%k,n) ,0 < n < N-0JT e5qnif809 besis vectar of
A 1u;1h‘§ 271 utaddsf20819¥09 basis vector Y03 osthoponal transform LIVUAI qHszY
o1 image processing

oynsudilssfing (serics cocfficicnts) v(k) v Iimsriueno Iniives onginal sequence
ofn) 10z esms1¥RuuInudod filtcrng , data compressing , feature extraction 1oz 19y

.4
myanse Ao o
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TWO-DIMENSIONAL ORTHOGONAL AND UNITARY TRANSFORMS
TudoaMIsI8I0¥8e imagr proccssing Taeviahi axthogonal scries expansion
A image w(m , o) ¥41A N x N {ii0g¥84ns transformation fiog ugrhiuy

N-1|

v(k]l) = I u(m, n) 8 m, n) 0 <k,] <NI 2.23)
m|n=0
N ;

wmn) = kﬂlzov(k,l) a*gym,n) O0sm,n < N-1 (2.2.4)

tﬁﬂ {au(m )} éqgm':'an'h image transform xﬂu sct ¥93 complete orthonormal

discrote basis fanction ez HIARmNA Wi

&k-k',1-1) 2-2.5)

~1
Osthomormality : "‘EZ o‘k.l(m-’)“k',l'(m"‘)

m,n:

N=-|

Completencss : m=c.)k’l (m , 0) a*p j(m’ , 0)

mn

&m - m', n - n) (2.2.6)

1909 v(k , 1) $9921380T1 transform coefficients
o4 - s
HaT V = { v(k, 1) } 982150071 traneform image
IngaeA Orthonommality property syt linsuiniasoynsussaglugilivy

0
wpom, m) = I vik, D) afm,m) P< N, Q< N 2.7

Taaiz'lé’fhﬁanﬁqmomasanmwmwaawaﬁauﬁﬁmc (minimize the sum of squarc cror)
1ty
2 N-l
oc=$‘:§o[n(mvn)"“l"Q(mvn)]2 (2‘2-8)

& 4 . -

Wothnlssting vk , 1) s Idnneunish (2.2.3)

fuietunid Completoncss property vonldninuninoun mwammm‘wumﬂumxﬁ

fle P=Q=N



| Scpratic Unitary Transforms

‘ . [ d ‘. & ©

# TUMNBINIGAUIDZNITUINTARBIMIND 1S TUNIIANIINN tramsform cocficients
|

vk, 1) Hee 1F it (5.3) Ao oavh Fathsmmuimnin Widmivite 1S hmalfsh

wnavosilgmitisavuilesemmonameunathy onvd) iiems transform gnirinvemymiy
uunuenA1ils 14 (scparabic) Yufe

ag(m,n) = a(mbin) = ak, mbd,n) - (22.9)

@0 tag(m) Lk=0,..,N1),ity@ .1=0,..., N-1} 1M onc-dimemsions!
complete orthonormal set Y849 basis vector

prsdmualumimsi 2.2.5) waz 2.26) ustaslAin A ={ a(m)} UOE B= { bila) }
Tawezithy unitary matrices ¥oafates thife

AA'T = ATA® = | (2210)

[ 4 | 4 ]
Tungafuniey a1 B fiduriiin A Aniueumail (22.3) oz (2.2.4) flesgnaamouauihy

vk,) = an(k,m)u(m,n)-a,n) <> V = AUAT (2211)

mn

wm,n) = é{.’ oa'(k,m)v(k,l) a®1,n) <> U= A"TVA* (2212

d'm3u M x N rectangular image 0301351110931 (transform pair) Ho
; V = ApMUAy (2.213)
U = Ay"TVAE'T (2219

1o Apg 1Bz Ay 181 M x N B3 N x N Unitary matrices authf Ssesgnilonty

two-dimemsional scperablc transfosmations I5MiFouANeDINEBY q 1szvsneanuils
: K .
scparahility Suneyumiii :ﬂomnnn‘éq two-dimemsional separablc transformation
o5 4 e
Turumisi 2.2.11) annsonssiVan i

vT = AjaurT (2.2.15)
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o2 » e - o o a
Fammeanunmumsh (5.11) ssimsantiums lnmSudunsurlns tansforming

uans column ¥84¢ U ufaseiinnnsluunes ow vosnadnindoiuihi ows voe v

Basis Images

W 2g® [@ouumu kth columa ¥89 A®T Seszinnn matrices TRy

App'=m" T 2.2.16)

10T matrix inner prodoct ¥99 2 matrice F UOS G Alvie N x N i

N-L N1

<F,G> = XX f(m,n)g(m,n) 2217

M=0n=0

o
Aninaums® (5.4 1oz (5.3) Aeiflumsnniueuo W serics reproscatation M3

image i1
U= IZ vik,DA," (2.218)

vik, 1) = <U, A% (2.219)

AU (5.18) UTASINNTIVOS imago U ThiSn¥aIzIREIM) lincar combination
04 N2 matrices A%y ,k,1=0, ... , N-1 8988071 basis image 1 5.2 nrmede 8 x &
besia image fmFumamnspihuozplivufieglugit 5.1 dundszinfmsuriaagy transform
cocfficicnt vik , 1) 113110814418 9 ¥93 inner prodnct ¥89 (k)th basis image AUNI image #9
dneziFen3ullums projection 499 image QUM (k , ih besis image INFERTINN 9 Nx N
image SEUNsQANYE6WOYRIALE complotc sct Y83 N2 busis image 1110 U g2 V

(] t 4 .
1himMs mapped 091 vector TMBAMAIY row ordering  ANTUMIMISH (2.2.11) |, (2.2.12) uee
22.13) sz nadwdiiiu

(A®A) = Au (2.2.20)

<
1]

(ABAYTY = AV (2.2.21)

=
]

iile A = A®A (22.22)
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[]
il unitary matrix fnduein umtary transform A 11411 two-dimemsiona scparahle
4 o . o4
wnitary transformation SSENNSONETAMUA IR TRBMSHMNUNSH (2.2.20) 3D (2.2.13)

2 4
dimemsiopality %94 imago transform 1139i304{ 1A 111599909 Kronockor Prodvuots
soparability
W arbitary onc-dimemsional transformation

y = #= @223)
mewiFoniuiht seperatie S
A = A,04, (2.2.29)

fihunsheuni 5.23) munyofieammeounath scparablc two-dimemsional
transformation
Y = AXA,T (2.2.25)

J 2 " o & «
e X oz Y 1 matrice 1 map 0411l voctor x 0 y amdiduludnuas row
4 »
ocdezing M U N2 x N2 une A1, A2 Nx N safuswounsduiiunisiidosidu

15 implemerting AUNIST (5.25) 920809910 N 0amlo 283 unssmnuvosmsduiiums
mnsafzammeunsddamn A1 uns A2 huthay scparable

image transforms 1MIVUAIY ) 19U discrete Fousier , sinc , cosine , Hadamard , Hear
4bs Stant tnsoafsziiluosilssnoy dactom) RN Kronocker prodacts ¥DY matrices
vuwmibindy 4 Asci W ith algorithms AsradTuthniums implememtation

Dimemsionality of Image Transforms
o
MuntsAaRl 283 afathiuiy v annsoaameuns A Inemsninamaiienyes A
100151 fast-transforms 93 TAse0r10989 matcix AoNYIANY factonization vosF ol

A = Aphg). - Ag (:226)

iile Ag i=1,..,p(p<< N) il matrix Wiudunhifisuiugus

» k4
dinn r Jan r ce N S0Tun1sansng tune v = Ax afhunisduiivnis i uFaldNe . nds
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. | 4
w31 Fourier , sine , cosine , Hadamard , Stant U0SN1Y transform BANBY 9 11 p logy
N unsarsasmeumsAuiiumseslisuthi Niogy N (138 N2 logy N thtd1 N x N image)

[} b 4
#usqﬁ’ums transform A 0ge3s  lumsduiunsasamilsdmualfiulumsgounsnsy
J : b ‘ J : «» »
nie msnymitnTafnruly Fourer transform  u¥mtlumsuanTenrsnumitensesayuly
Hadamard transform

-

Transform Frequency B

tm3y FY0l ono-dimemsion signal f(x) AN (froquen) ¥ 18910 Fousier domain
variable #48zUAISUARISISNIUYDS zero crossing ¥BY real put.ﬂgﬁ imagin part Y04 basis
fanction explj2 x} wnedaiiumsntesnde 9 lumshnun onitary transform

¥ rows ¥84 naitary matrix A 1Thinsm3euWiTEINYB zom crossing ArivInTns
$1UY04 row AT traneformation

Yy = Ax

mnSnves y&) sifhumomIodwuii Wiy wave anmber #39 tranaform froqueacy
fait W annrite 198195484 frequency suiteme ihiile tramsform froquency WURS discrete
Fowrier froqueacy , cosine frequoacy 10650Y 9

1UNBUYDY sputial ficquoncy TAENA 9 Tilez 198148488 continuous Fouricr transfurm
frequency #45 WHNIFOURY discrete Fourier frequency  UNYi¥04 Hademard transform MO
TN scquency suilumorfigminnd Fsmsemnemadh momndemwine s
{1V relative basis 1113 particular transform ity

The Optimum Transform

Falidedu fidhdgannlumnlszoeumsfinrsanunisifienld tamfom fliisy
fninmhudosveans fhcring uns dxta compression Y89 image w'ﬂugmwa mean squarc
citcrion  NSHYRAY Karhunon Loove transform (KLT) 15ufinsnrinthy optimum #ifuwus

) critezion
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PROPERTIES OF UNITARY TRANSPORMS
Eocrgy Conservation and Rotation

lunisuriosuing onitary transformation

vll2 =llull 2 " (@227)
fislumstigmiosneim q Inshifecinomeil

- Nl
vll2 = N}.}‘lv(k)lz = vIiv = o'TATAn = o*Tu = 3% lu(n)l2 = |lall2
k=0 n:z0
| 4
AU onitary transformation fieztihumsImmianmdyan (signal cncrgy) Mnseg
émummwima 9 unitary transformation mﬁummapamiu ‘] ¥83 basis coordinates LIS
P o g s
osflszaouves v Hezithinis projection ¥09 u UM basis 14l
ludnuarsadionfiefiyt two-dimemsional unitary transformations A28810uvUTINIH
(223), (2.2.4) DT (2.2.11) 14 (22.14) csomsTigai Ay

N-l N-i
T |umn)[2 = IZ |vac) |2 2:2.28)
Wl'n =0 &, =0
Energy Compaction and Variances of Transform Cocfficients
» [ (]
nnitary transform Taeanniuesina s IiuBsafissysse (pack) tnvdruniivinalugives
. 7w ] o ‘d
avoruge coagy Y03 image TaosTUNUETU T ulEnoUs M IUHITIY09 wansform
»
o M J s g
cocfficients DT HNTINYDY energy ﬁ‘azqnmnﬂﬁnmg FINWBATIUIITUIUYDY transform
cocfficicnts SZIN cocrgy WOBUIN MM u UBE Ru (RSUUNMAY mean AT covariance YD
» [
voctor n AsHNUSINAITOAARDIIUEINIUMT tansformed vector v 85H11A91N

My = E[V] = ElAn] = Ap, 2229

Rv

B(v - p Xv - u)*'T)
= AB[(m - p)m - p) TH AT = AR AT (2.2.30)

[
__ armndsnuenlsees tansform cocfficicnt. SWHIA1 RS0 daconal clcments 491 Ry Yuds
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?® = Ry = [ARATh, (22.31)

riloawinir A i unitary Seriawnl

-1 N-

:é} ®I2 = u, Ty, =p, TATAp, = n!_}j Hu(o)]2 (22.32)
-1 N-t

0% = TARAT) = TR, = X o - @2.33)
N-l N-)

kzolsllv(k)l% = I Eflv@)l? (2.2.349)

¥umunds (average cacrgy) E[ 1 v(k) 12 ] ¥09 transform cocfficicat v(k) w31t hilg
granssvsitiimhrefudivhsihimanszawesemiimon inpet sequence ofn)
17 two-dimemsional random ficld u(m,n) NSSHAY mean 1M w(m.0) tnz ATMYsNUIsIN
(covaziance Yozttt 1(m , 0 ; m' , oY) SINIVOS transform cocficiants v(kl) ssiigarenn’a
stheihivenle

ik, = ZZ ak, m)al, 1) py(m , o) (2.2.35)
o2 ) = Eflvicl) - p G2y (2.2.36)

= IZZT ak,m)al,n)r(m,n;m',n)a’k,m)a"q,n)
mymn

Winfnndsnuls 330908 oim.o) 13 soparatle Wit
(m,n;m,n) = npim, m) r(n, n) (22.37)

4 o :
23UUN 5Ll YOY transform cocfficients NBINsORTIVOU TG IULLVDY scparbic
product

-+

o2k, = o%)(k) o)

[ARyA Tl y [AR,ATY, 2.2.38)

u‘fa R; = {[n(m,m)} U Ry, = {r(n,n)}
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Decorrelation

1% input veotor cloment HAIMAAE TGN traneform cocfficiont s lifRATY
Tidoafududimaneanud oft-diagonal teem ¥4 covasiance matix Rv idadlumsnlSeu
ouvindn q f diagonal clements

Other propexties .

anitary transform SqgimuiAT e 88k q Bvu determinant 10 cigenvalues Y09
nnitary matrix 71 unitary magnitnde TABMAR cntropy 494 random vector sxgninw1hinesgnm
1% uoitary tramsformation 1148990 catropy $uiiHNI5 YO average imformation FsMG
AT imformation $2gninwineen1814 woitary tansformation

THE ONE-DIMENSIONAL DISCRETE FOURIER TRANSFORM (DFT)
discrote Fouricr transform (DFT) 8304053 {u(n)n = 0,...,N-1} srunsadmua iy

v(k) = :2‘.; oW , k=0,1,..,N1 (2.2.39)
o Wy = exp (2% /N) (2-2.40)

Un inverse transform 114910 o
wn) = (1/N) ':2; WWy® | n=0,1,..,N1 2.241)

gussnums (2239) uas (2.241) nilsvinnlnasgndosfieniih mitary transtormations
Tt image processing stitlunistzalnuInunIsHe1saN anitary DFT Tasfidmusith

N-t
v(k) = (1 /VN) Z nmWpk® | k=0,1,..,N (2.2.42)
-\
o) = /N) b ow¥n  n-0,1,..,N1 (2.2.43)
k=0
fwhu Nx N unitary matrix F 851114 1a8

F = (1 /VN)wyke 0 < k,n < N1 (2.2.44)
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Tun13619848¢ DFT uas unitary DFT die hiéhamhezunmenfunisiannuves
UMY (22.39) MBS (2.2.42) MWHIRY  DFT dihmitaluénums tanaforms ?;thﬁq‘lu
digital signal (0% image proccssing 4UNME 9 AaeniATivI I ens 181 imago proccssing

ot

Propeatics of the DFT/Unitary DFT.
W o) tﬂuounswmi":mﬁa‘;"zwzﬁ'mnun‘lm n=0,1,.., N1 mmdewih
2D (circuler shift) ¥03 u(n) Tao 1 exi¥ou 1A a(n) . Thimsdmusnfnaiy

nf(n-1) modulo N} felugy 223 W01=2, N=5

ulni u{{n - 2} moduio 3]
0 1 2 3 4 0 1 2 3 4
n— 8 . f— Figure Circular shift of u(n) by 2.

4
VIMMIAANY matrix F 230 10008T A3U

Fl =fF (52.245)

The cxtensions are periodic.

MISNUNGIO¥OS DFT 0% woitary DET YRIBHNTIING inverse transforme YBSUAD
Munaiiiannii N fotutu Wdddasnvssouns 2242) 511 & S iteger
values HaMuR ﬁm‘:’um;mu v(x) wrkngrntleninm yufe v(®) = v(k + N) ftmiimn q
1k

The DFT is the sampled spectrum of the finite soquence w(n) extended by zeros outside the
interval [N-1)

s mualdoYnsY zero-extended sequexce

wn) , 0<n<N-1

wn) = (22.46)
o , Yunstidu q



!119::1‘ Fourier transform mca’x'wﬂu

o

~ Nt
Uo)= oo} el jon) = I ulo) oxp( jom ) 2247

A=z-0

diovimmBoufouirmms 2.2.39) e 18
(k) = U( 22N ) " (2248

MBI wnitary DFT 831803 (2.2.42) suiilu U( 2=kN ) 1 VR

The DFT and usitary DFT of dimcasion N can bo implameated by a fast algarithm in ON
logoN) operstions.  §1¥iAY0Y algorithm OENHINBNTONT fast Fourier transform(FFT)
Frkoamammhamaitss o logz N) afetmiumaih DFT uie unitary DET truyysd
Trohmilndevoemmhmziumsquénsinusionilends une Smanefasinminds
nitands msﬁmwsﬁwmﬁ‘uﬁuemfuwduoﬁﬁudm N sssumInsunudn FFT
algorithm UR0IMS N = 2 iiie p iduménmudmnn

The DFT or usitary DFT of roal seqmence { x(n) ,» =0, ... , N-1 } is conjugate
symmctric about N/2

MNEUMS (2.2.42) 15195 14

vIN-b= :Z.E; o (W (N-Kn = ’:ga W)WpER = v(k)

v(!_'l_-k\) v’(l%l+k), k=0,...N1 (2.2.49)
2

|
2
;ﬂﬁ 2.2.4 LA 256-sample scan line of an image YHA magnitnde ¥D$ DFT ¥84i1M

vaummalupiii 22,5 Tasummeiennumnnnnsiigs 128 mmnRvsenSmunmARLTIves
v(k) 15818

1t

v(%{+k) l (2.2.50)

v(-k) = v(N-k)

mqi’fmwﬁ (nitary) DFT N2 +k, k=0, ..., N2 - 1 821 nogative froquoncies 7199

® =(2%/N)(-N/2 + k) 1 Fourier spectram ¥04 finite scquence { wn) ,0< n < N-1}
thigiledisig q dnfu  ewnema (2.2.39) une (2.2.49) 1578218 w(0) unz v(N72) 11 rcat
_ #ohieunn Nx 1 el soquonce.
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V(U),[RC{V(k)},k=l....,N-l1,{Im{V(k)],k=l,...,N-1],V(N) (2'251)

Aumsmnua DET of the rcal sequence u(n) sfaysal msrsasiusendn ¥4 DFT ule
usitary DFT %84 N x 1 real soquence 3 N degree fithideryztes uezdssmynnanmyiiiy
VA TUAVBYNTUYBINABY

The besis vectoss of the waitary DFT are thoasthonormal cigeavectors of any circulant
matrix. Marcover, the cigeavalues of a circulant matrix are given by the DFT of its first column.
I 1 63ht N x N circnlant matrix fvi danisznosvoaiscy¥nn

Hm,n = m-n) = hf(m-n)moduloN] , 0 £ m,n < N-1 (22.52)

o
#2 basis vectors %04 nnitary DFT Aift® colnmn %94 FT = F* TUAB

O =1 Wy ,0<n0sNIT | k=0,....,N1 (2.2.53)
Mterrantaeiined
H®y = 1 I bim-nWy*™ (22.59)

Taons¥ou m - n= 1 usshmsdagiuundebsisites@on iy

HO), = 1 Wk I bW + 3 W)W - T m1)Wlm (2255)

- o gt &
T Waumsii 5.52) uasaamuiluedafiin wN-1 = WNNa gifessin WNN = 1)
Tument 2 uns moui 3 hillnmfteznual WK cigenvatue equation 13

HOJ = 2 Pxem) 3o
HOk = 20, (2.2.56)
e A 1M cigeavaine ¥oe H swimualfithy

A = %E'n(l)th ; 0 <k < N1 (2.2.57)
=0
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fithuuesedradng q 183uily DET ¥e9 first column ¥04 H

Circular convoluntion thcorem.  Yhe DFT of the circular convolution of two scquences is
cqual to the prodnct of their DFT's

xx(n) = %.:.‘ h(n - K)xy (k) , 0 < mn SN-1 (2.2.58)
0
i’nfu
DFT{xy(n)hyy = DFT{h{m)}NDFT{x;(n)hy 2.2.59)

e DFT{x(2)ly {10 151881iMY DFT 484 scqueace x(n) AiTWia N Jewsnsanuh
Isrsoiles AN circalsr coavolution TRESHAUUSAAIIIY DFT ¥84 x,(m) Taold
MUMST (2.2.59) unz TN invemso DFT vosdaiu do i Taonis 1 FET Sees s
MIANRUINY ONlog,N) nfaonBomisutumssuiivem N2 afah5Ents Tnonseii Wnn

MRt (2.2.58)

A lincer coavalution of two scquences can also be obtained via the FFT by imbedding it
into a circular convalution. 'lami"z-] 1ﬂline:rconvohﬁon1m€two-seqmncc {h{in) ,n=0,...
,N-1} 05 { xi(m),n=0,...,N-1} w213t sequence { x2n),0 < n <N+ N2}
SN e IR IR 1n01F algorithm dail

$uft 1. WM N+ N Duiswouduileah Wl Fer algosithm

Fuit 2. fouah o) 10z @ L0 S n < M tShegud (Fuvemm sequence
rreandeain h(n) unzx, (o) mthdn

#uA 3. W y1(&) = DFT{Z;()}M , k = DFT{ h(n) hy

fmun 5,0 = 45,0 .k=0,..., M1
it 4. MM inverse DET ¥04 ,(0) oM 5, A0l <2 = %)

téoo <n<N+N-2
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o
Any circolant matrix can be diagonalired by the DFTfumitary DFT., Wufie
FHF* = A (2.2.60)

o A=Disg{ 2, k=0, ..., N-1}nz & wwmWlnooumsfl 2.257)
Foezinarihi ¢, c1, 02 1ihw cirentant matix
1. CCy = C,C; UMD circulant matrices TOUANINMSTA -

- . 4 [d o 3
2. ¢! 1l circalant matrix 110w anofissAn IR THMIAUTINGY ON logN) A3

¥
» - &
3.CT, C; + G s £(C) wiilu circolant matriocs M4HUA
& : .
o f(x) iy arbitary fonction of x
200 =
150 =
o2 w”\
ufn) 2
50
0 ! 1 L L L,
5 [¢} 0
° 0 3 % o T Figure A 156-sample scan line of an
—i— 1) image.
89 -
70
T 58
vik)
42 b
28
19 5
0.01 )
0 50 100 150 200 250
Figure Unitary  discrete  Fourier

K — transform of Fig. 5.4.



THE COSINE TRANSFORM
N x N cosine transform matrix C = {c(k;n)} $2QMFBNT discrcto transform (DFT)
duhlmudedmun
1N , k=0,0 £ n < N1
ok,n) = (2.2.86)

/ngzaﬁig,1 <k <N1,0 Sns NI
N

-

ﬁ‘)ﬂowdimnsionalDC’I'mﬁﬁﬂseqncnoc(n(n),o <£n £ N1 }ﬁ'muﬂ'lﬁﬁu
VB = B T o) cos(?_:(Zn+lE\, 0<k< NI 2.2.87)
ns0 7N
P
1o
o0 =/1, afk) = (2 1 <k <N1 (2.2.88)
R e

9% inverse tansform 854114910

N-1
wn) = 3 a(k)v(k)oos(g(Zn+l);), 1 <0< N1 (2.2.89)
k=0 2N

basis vector 484 8 x 8 DCT veutiae gt 221 dnrluglil 2210 unafle cosine
tranaform ¥04 image scan linc e T lupf 5.4 mwmmn dnlzdnimantos)
( tramstorm cocificicnt ) TRONNSEIRMTO0 WUAD cnctgy of data snenannszguinu iy
transform cocfficicat ST

17§ two-dimensional cosine transform pair HivzTINTEW A 1K TRBN AN
A= A% =C Tumums® 2211) uas (2212) 69 basis image Y99 8 x 8 two-dimensional
cosine toansform Wt Wlugalil 222 Tugilil 2211 umAeBei20619904 cosine transform

YOININ image AN 9
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822 r—

633 P

443 b=

"~
g
|

>
o
|

7{k)
- 125

*
3
L

¥

_503 —

1 30 100 150 2C0 250

Figure Cosine transform of the im-
—r—_— X age scan line shown in Fig. 5.4.

Proocxtics of the Cosine Transform
1. cosine transform i1 real X orthogonal WHAD
C=C* = Ccl=(T (2.2.50)
2. cosine transform 119U resl part ¥04 unitary DET S9munsofissasie

1ATA0g0 matrix C 40T DFT matrix F #0614 138M14 cosine transform ¥098AY scquence ¥
fuMuinY DFT woe symmetric extension YOINW

11/
7/

SNSRI

\

(b} Cosine transform examples of binary images.

(a) Cosine transiorm examoles of monochrome im-

ages;
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3. cosine transform 1§ums transform ﬁ!g'i TN cosine transform Y04 vector A
| 4
1A N clement s2emnsant 18 InanysAMIsu#ise O( N log, N ) n341A0NIMN4 N-point

y \d
FFT Tumsieaadenmunisnsoil 15793 MUuadnY now scquence i TA8 reordering cvea 10

odd clemeat Y99 ufn) 11l

wn) = u(2n)
0 sa < N1 (2.291)

-

WN-n-1) = u2a+1)
istiimonornTumimsh (5.87) eomihy oven terms 1S odd terms 10218

st (2.2.91) Tumsmim

/2)-1

(
o® I o2s) eos(ﬁ 4n+1 g\

2N

v(k)
(n/2¥1
+ Z uw(2a+ 1)eo;(ﬁ4n+3g)
Rg ZN

NigH

k) (Lz w(n) ooc(g 4n+1 )_15)
ZN

=0

/
+(N£:ln(N -n-1) cos(g 4n+ 3 Zk)
= 2N

Uz imsnliou index Y04 summation T mesfiBuily o' = N - o - 1 uatviins

squmensy fe1k

N-|
) = ). f_ou(n)cos(g a1 g\)

) -l
= Ref a®cTWN 3 a2 VN ) = RefaWo2DFT(imly 1 (22.92)

[] } A - ]
Taonsfigoinadndi @il 18Ta01% inverse cosine trassform 151921 F0umuntsi

(2.2.89) FMFY cven data point 161

N-1 . .
uw2n) = w2n) = Rel & Ja(kv(ecI™/2N Jjmk/2N ], 0 < n < N-1 (2.2.93)

k=0

sy odd data point e1saMIAT 18 10 Tideeres 1y Tas
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un+1) = )[20N-1-n)], 0 < n < N1 (22,99
2 ‘ o g

INTIENSUUMINFITTUIRN - point inversc FFT Y8381 scquence (K) vik) expl jk/2N )
IIIEMIAL fnverso DCT Tun1sAnmouios OQN 1ogy N nfs Tl dircct algoritho shulis
fioanty FPT Aauvuly intcrmediate stop FrfuSomawidos complex arithmetric W18 M7
MR IHgNNY complexity w09 direct 925IATIMAIBATANY FFT bese methods

4. cosine transform Snmemuianasouhutes caczgy compaction tim3NSoyn highly
corelated data Fasziims i aiunumniatodohl

5. basis vector B cosine transform (S97A® 1NT¥04 C ) ¥t cigeavector ¥09

symmetric tridiagonal metrix Qc #MHUA TR

Q = :\1\\\ (2.2.95)

L b |

6. N x N cosine transform 021 1nGiA0efiYl K1 transform ¥83thAY first order
stationary Markov scquence FBYHIARIINGTI N TA0 covariance matrix 321 1AWINGuA1SH
(2.1.68) 188 corclation parametcr  Diufled 1 moueuitoanin R (M symametriic tridiagonal
mm'xﬁ'gngmé"w 2= @- 2/(1+2)um = [+ 2)

=
1-pa -« 0
BR! = | & 1 (2.2.96)
\\\
0 1 -

- 1-pa

- J

Savvmm Iamyzine 18t
PR = Qc e p=1 @.2.97)

v )
il cigenvector ¥94 R NS cigenvector Y84 Qe HIfAD cosine transform v igInfifseduunn



THE SINE TRANSFORM
N x N sinc transform matrix ={‘I’(k,n)}1=l‘§6ﬂ’i‘l¢h'mdmmiumﬂ1ﬂﬁé
gy

Wk,n) =2 sin k+1¥n+1) ,0 € k S N-1 (2.2.98)
N+1 N+l

ﬁﬁ’lﬁu sinc transform pair Y09 onc-dimemsional scqucace szintualfiily

-1
vik) = /2 T un)siexk+1Xn+1), 0<k<N-1 (2.2.99)
N+ n=0 N+1
N-\
wn) = (2 I v(k)sinnk+ 1)n+1), 0 k<N-1 (2.2.100)
N+ k=0 N+1

g two-dicacmsional sine transform pair AWVHIRAIN image N x N w14 Tas
NTIMUA A = A* = AT = P Woumsii 2211) Ue (2212)  besis vector URY basis image
B4 sine traosform timaseglugii 221 une g1 222 fianlugai 2212 1R984 sinc
transform YOI image YWIA 256 x 256 FUTUMS transform BAUVUMTITIMMEIMATVINA
Mg (arge fraction of total encrgy ) twgminn 1211 trassform coefBicicat UMM

Propextics of the Sine Transform
1. sinc transform 9231 real , symmetric , uaziilu aathogonal nufio

LA R e (2.2.101)

FeiuRa forward (02 faverse sino transform wiShuondnudiy

2. sine transform ' 1SEMNINY imaginary part ¥09 antisymmetric cxtension ¥8IAN0S

3. sino transform 1UMS transform M3 sino transform 994 vector 1) N clemncnt
aunsafe 18 O( Nlog, N) afs Tavsin 2 + 1)-piont FFT

Taoris q N sinc transform #DINIIM N + 1 = 27 Wufte fast sine transform Fn1dRY
ariismua N = 3,7, 15, 31, 63, 255, ... fest sine transform algorithm yurhikeams
complex arithmetic ( #30 FFT ) Maemnihahld  Tunonsthissads algorithm nenion
finauus21n0d FFT 402 fast cosine transform algorithm A28
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4. basis vector %89 sino tmasform seithy cigeavector Y84 symmetric tridiagonal
Tocplitz matrix

1 -« 0
Q = - - (22.102)
0 - 1

5. sinc transform a7 IndiRosiY KL transform ¥041AY first onder stationary Markov
sequonco #4% covariance matrix MY e MTUMSH (1.1.68) 131D corelation perameter M INTE
Wine (-05,05) Taows q N sine transform finaronia lussAuRtenisouhutes
cacrgy compaction property ¥0ININ image

6. sine tramform #=TNMUTNNNNT fast KL transform algorithm it Ty iy
Mackov sequonce #41R1 boundary valne 31 sine transforn St W 8enstunnTumsud

Tuilgy1114 image processing

Figure - Sine transform of a 255 x
255 portion of the 256 X 256 image shown
in Fig. 3.6a.




THE HADAMARD TRANSPORM

ernnsform §1 BAMTOURNMS tramform AR q 1 fnlizneafithy element Y03 basis
vecior Ta63E015 Hadamard transform 85 WA binary valacs +1 W ldlanuazainng
nnfuUMIAY digital image processing Hadamard transform matricc H, 111 matrice

13 L 4
AvnaNxN s N = 2, a=1 2 3 Femnsonde matice Sun¥lashe Tnon)d
COre matrix

1 -1 (22.103)

UOSHNQAI¥EY Kronecker product rocursion

Hy, = Hg,®H) = H1®H,,;, = 1 [ Hy; H,,
Hyy -Ha (2.2.104)

IS

« A\ . ‘
AV IUYH O n = 3 Hadamard transform ﬁwﬂu

H; = H,®H, (2.2.105)
H, = H,®H, (2.2.106)
% _ Sequency
1111} 1 111 /]
1-11-1[:1-11-1 7
111111 114 3
12-411,1-111 4
Hy = 1 e __:l___ﬁ_.“__“__,_, (22,107
1111 |- - - i
1414 14111 6
11-1-1i-1-111 2
Ll-l-ll{-lll—l | 5
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basis vector ¥89 Hadamard transform emsafisssimyed1e18Taon s sampling a class
of function 38NT) Walsh function ¢ fanction 54z WA16BMNEWA1 binary value +1 102
g i1y complcte orthonormal basis T3 square intergrable fanctions n‘s'mnmuaum‘f
1849 Hadamard transform $45n1590i38131 Walsh-Hadamard transform §28

$1UINUYDY zero crossing ¥ Walsh fonction HIDSMIMYBIMINIZAY (transitions) T
basis vector V0 Hadsmard transform 353N 3uilu sequency vouin Hinase idmsy
Feyoy10t sinusoidal signal Y aod frequency tegnimua T limouves zao crossing 1y
Hadamard matrix AQNE19 TAEMINSH (2.2.104) 114 row vector ¥ i 1¥AY sequency ordered
soqucacy arder TITIBYNIIVDA vestor $5QMN30N31 Hadamard order
h Tun151804 Hadamard transform Y04 voctor u AR N x 1 suiFowWiih

v = Ha (22.108)
" a »
{0Y inverse transform nmmsmrmﬂé'nn
u = Hv (22.109)

& - ’ .
B0 H = Hy, n=logN TuoynsunlAving transform peir sziilu

N-1

wk) = 1 zo a(m)(-1)bm) , 0< ks N-1 (2.2.110)
/N ™
-1
nfm) = 1 Eﬁ_ﬁ v(k)(-1)bl.m) , 0<m< N-1 (2.2.111)
/R
iifo bk, m) = E'm; k,m = 0,1 (2.2.112)
1 =0

UOS (%) , {my} (SR AOY tinery 7180 & 10T m Mty shifle

»
il

kg+2k +...+ 221k

mg + 2my +...+28m (21.113)

two-dimcasional Hadamard transform pair ¥840MMMNA N x N v 8 lasmsunus
A = A® = AT = H lumumsi 2.211) uns (22.12) 819 basis vector INT basis image
-4
¥94 Hadamard transform ¥D1IW image vuans 1 ugi 2213
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(a) Hadamard transforms of monochrome images. (b) Hadamard transforms of binary images.

Propertics of the Iladamard Transfoim
1. Hadamard transform H (i real , symmetric 110 orthogonal Y1A®
H=H =HT = gl (2.2.114)
2. Hadamard transform (14 fast transform  M1311/89 onc-dimeasional transformation
uasH (2.2.108) wwhna i O(Nlog,N) afaveemmnnuazntIoy
TA0tMAT Hadamard transform tsznoudaes +1 mivifu b hidiawsuihiiies Ao
MRt HNIAMIIBINT transform BaninfusnmuvesmsmaunsmsouRdosmsmInsaitss

o A o 2 N F A ¥
DANDUDININ N2 MidDifies Niog,N FAAReINAMIaNN H, annsofissiSousgluginagu

Y09 n sparsc matrices Hufo

H=H, = H, n=1og2N (2.2.115)
do - /
1100
0061100
N rows
00 3 1 | 1
H=1 (22.116)
1.1 00 ]
001 N rows
00 T
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} 4 N .”
ANl 4 ﬁwﬁuéﬁtﬁu two fonzero terms per row INTUU éam: transform

v=Hmu=HH..... He , a=logy N (22117)

femitde i Taennmdiun B dhsmmanfne  unmsdmusdeTnseadievss
H $ume N sfwesmsmmienauiidosmshusasaisveamsduiiums 1 # vecior 214
fNndNEsIU¥0s Nn = Nlog, N vosmisuInuiemsny

3. $hAY natural order %09 Hadamard transform coefficicat 1AM bit roversed gray
codo FRIITAUMY scquoncy s YOIFABY MM soquency s MR Tnsth binary
roprescatation by, by . . . by HOSHING gray code Hooandeamuile g, g,y - . . g FeH bt
roversed representation gy g9 . . . 8y Nes1AY natoral order

TABLE Naturzl Ordering versus Seauency Ordering of Hadamard
Transiorm Coetficients fer V =8

Gray code of s
or

Binary reverse binary Sequency binary
Natural order  representation representation representation Sequency
h h;}l-_rh[ 338: 5 =h|h3/13 b;bjb\ 3 ’
0 000 000 000 0
I 001 100 111 a
X 010 010 011 3
3 011 110 100 N
4 100 001 001 1
3 101 101 110 6
6 110 011 010 2
7 111 111 101 3

<t - ot . »
Tumaan 22.1 uaastananiasy (comversion) scquency s uhﬂu natural order h
v v & o
wislumenduiuilon=8 Tasiaq W

& = By ., k=1,....n-1
ga = by (2.2.118)
By = Ba-k+1
uns 8 = By_x42
by = gBby 3, k=28-1,...,1 (2.2.119)

4
i
£
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~a, -~

serthigasnranfRouves forward conversion formala 8 roverse conversion formals M3y
sequency IO natural ordering

4. Hadamard transform SifarniiAfanenin 13309 cacegy compaction dnumm
highly comrclated image W {u(m) ,0 < n < N-1 } 13ht stationary random scquence #i
sntacorelation 1(n) ,0< n < N-1 s’ lRiMUNIIUvDS expected energy 11NITIY Tty

HINYDA N / 2 sequency ordered ¥99 Hadamard transform cocfficicat 11 18 108

2

(n/ad-1) Zj"

= / -4\ uk
. 2 > )
e(y) & Lo De  _ ¢ k-‘g 1’)”"{2.2.120)
T Dk 2
k=0
Dy = [HRHk, 3 R = {1x(m-n))} (2.2.121)

tiie Dy ThisiaM1150¥84 N / 2 sequency ordered cloment ¥4 Dk
winemg Dk Tugilinuws19618 4 7 1RMUR mean squgre valoe ¥99 transform cocfficient
(I

anuthAgyowntntife NN/2) a:iuoq'ﬁ'mhuumm % corrclations MY 19U
e § = 1 ¥4 fractional encrgy waniu Ut usnYes N / 2 sequency ordered coefficient
Taaszdlu (1 + 51) /50 7 2 uazs:#uag‘ﬁu onc-stcp comelation = (1) / 1(0) ey
fafule = 095,97.5% v04 totat cncrgy Aezgmit by undenileves wanstorm
coofficicnt  NOBWE¥O4TUMST (5.120) sxiimah I 1EMunn Tunmsmmmnlszdnsnmes

cacrgy compaction cfficiency Y899 Hadamard transform
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HAAR TRANDFORM
A ° s s ’
Hazr transform SU¥SMIMUALS hy(x) MUSOMHUATAIIBYSTNIN continnous interval

A ‘; A * L4 -4

x[0,1) unzi® k=0, .. ,N-1 fi N =20 SaWunesauiy k innuan ldily
k= %+q-1 @2122)

4. A 4 N

Mo0<ps<nl;q=0,1 148 p=0 O 1<q<2? D p = 0~

Fethe dfle N = 4 91021

k 01 2 3
p 0011

q. | 0. 1 /12

diotiuenie k Wyl U (p, q) fseAMUART Hasr fanction M

@ = bpp® = 1, xef01) 22.1232)
/N
Mkix) = 1 422, AR x o (2.2.123b)
N 2! 2

o , otherwise for x  [0,1]
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NTSH1 Haar tranform $3M1 1R 1R8M3 10 x tNMUAT discrete valne 7
m/N,m=0,1,...,N-1
wiuflo N = 8 921161 Haar transform 110

Sequency
1 1 1 1 1 1 1 1o

1 1 1 1 44 a1 aft
2 2 -¥2 -2 0 ¢ o o0 |2

Hr = 1 0 0 0 0 Vv ¥v.V2-v2| 2 2129

/8 2 -2 0 0 0 0 0 02
6 0 2 -2 06 0 0 02
0o 0 o0 0 2 20 0|2
o 0 0 o 0 2 2|2

timeiihy basis voctor 103 besis image ¥04 Haar transform Mtoraehuergalid 221
uos 1 222 GIMRI9819984 Haar transform ¥BAAIMN image Witeas I ilugii 2214

vinTnssadisvos He | Q'Mﬂnzmmn‘% ( 2.2.124) ] 1571821114 1391 Haar transform a2
ATNAIANAIIYDS samples NIB ANBUANAIIYO local average of the samples ¥4 input veetor |
#20M9] two-dimensiobal Haar transform coofficicat y(k,1) MONWM D k = 1 = 0
32 AT MUAGAIACEA sows (15 column ¥ local averages of pixcl AN image iy
mstternal¥iitd * cdge oxtractions ™ 418 4 YBINMN original imsge wiiludeftiiusniousn
31 2214

Sahamunesisiinscsh Whileld Haar tansform Tuilyn3os image data
compression problem gptiitelsognratuvaethstuides featare extraction tazileyint image
antysis problem 92 1y Tdiuon Tl 1éHersondne



Propertics of the Haar transform
b 4
1. Haar transform (T1A1 real 402 orthogonal NS RIY

Hr = Hr*
Hrl = T (22.125)

2. Hasr transform (M3 transform A3IMENND  veotor ATVINA Nx 1 szaunsom
waldly o) nda

3. basis vector ¥89 Haar tmasform 11 sequency ordered

4. Haar transform  SnareiAnusnnludes cocrgy compaction dhuiy image

Figure Haar transtorm of the 256 x 256 Figure Slant transform of the 256 x 256
image shown in Fig. 5.6a. image shown in Fig. 5.6a.



5.10 THE SLANT TRANSFORM
slant transform matrice UMM N x N %11 18 Inem3si3ountl ( recarsion )

1 0| 1 o | Y

I o | [ ¢ |

a, b, | | -a, b, l |

L-.._.—_—.!_.——_——-l —— e s e sy S,._[; 0

0 i Tivmy - l 0 | Ly - l

sn=\—/lg | | | !
0T 0 -1 f‘ T
0| |0 0 |S.-,

~b, a,] | b, a. | |

— I

L 0 ! linry -2 ! 0 !‘I(,wz)—_i] !

do N = 2 1, w15 Bomumu Mx M ideatity mateix u10z

11

$ = 1
Vo
! (22.127)
12UAY paramcter a, HOS b, WA TREMSABUNTY (recuion )
by = (1+4a2 Y42 a =1 (22.128)
2 = 2y g
ssudflgn 1A Tastd
i/2 2 /1 n
Unes = 3N2 ) . bn+l=( N"-) ,N=2
qNE-| 4NT-)
| 4
Tnems1Sgasmani Stant transform matrix MR 4x 4 szmmesnun iy
— - Sequenc\/
T R B °
i T U i
. | |FEEE
=3 I 1
1 2 L
5 FE F B3
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; Tugah 2.2.1 1019988 basis voctor 111 8 x 8 ¥DY Slarit transform

Tugafit 2.2.2 100AAD basis image ¥1IA 8 x 8 ¥BY two-dimensional Slant transform
Tugiit 22,15 (6AIBY Slant transform YBININ image YUIA 256 x 256

Properties of the Slant Transform
»
1. Stant transform (1IMA1 real (102 orthogonal INSIERIM

S = §*, §1 = ¢T (22.13)

2. Slant transform $2iUMS transform i3 Trefimusomar I8 umsdunaniios

O( Niog,N ) nfdumﬁuﬁumw vector Y1 N x 1

3. Slant transform s fiREETAWT04 cocrgy compaction ¥ENIN imago

Tushmanndenidsy

4, basis vector Y94 Slant transform matrix $ 924 sequoacy ordered (8 o > 3
a5, 1 sequency ondered Tutteafl i w84 row seqacacy %84 S, o el

]
[y

i=1, sequency

2515 N1, sequency

2+1,i=o0dd

i=N+1, scqueacy = 3

2i-N)Y+1, izeven
N+2 < N1, scquency =
2i-N), i—odd
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. -

umuszionTEmmumnaiesznina Insimid uoz Tnsiimivisnfuegasenin
Tnsluundiiludhiy  aaTastiususimihiin/Roudyg e TnsSunisSwegamdymu
R-VAUG-Y) ynnussed 443 woidsad ( uamnssosiiddannstiug Iwduuud )
Woghiplvosdganed R , 6 uns B usterRvehmidindrsiom 3 Tusndygo
Tnsfinvudosnnvindyg oy Indufsnou

FnsamndygunouTnda Widdyeguginnd Tnsfinmd uasdonty ifleuld
Talon  wdnmsamnfife orfenumuinuouBiiles (montinear) woelnloarimiiisimwed
(mixex) 10T IR0 n TaTonsanmadhmnare (unewasa) vosnnudveadygnaditniy
Qﬁiz‘ﬁ'qqw‘lﬂsﬁuuu«ﬁwnaomﬁﬁmalmﬁuuui (chrominance iskeoff) DI98ZBEABUHIN
nionfsmsamngiinnei 16

asusndaygnosTasiuuuseonnindaigIns ( color composite signal ) Hiaunszi
fu 2550 il 3.1)

0. usanderesgiituudamamod nio 2eesverogiunnd

Y. UANABUIINSYTHIUSANMADT (split camrier)

3.1 mausndggnaTariiuuududesergiinmsamnand .

doggpar 7 swsgnilowdrgrevagiinmsdammmed Fevrimiiinlddgermdien
eoMNASH

- dggapaTnstiuvud 443 wozisad S MMendgegrugiunud IF 389 minsiBsad
Hadudyg o insiinnd IF 34.47 Wi sad (38.9-34.47 = 4.43)

- fogoines FM 5.5 munziBsasae emdagnaglinmd P 389 mnsiEsadil
afudgyoandos IF 33.4 wnsiBsad (38.9-33.4 = 5.5)

- dondgenegiiuuuy IF 389 wnzidsad ssgnamnbhidudygnagliuuud
Atlranddous 0 - 5 wziBsad fssemsglinnsuidnlowdguoonee

- dygpnaTasBuund 4.43 wnuidsad FuthladuuudSvinadnmn sulludes
imsvmeateneumiloududgeranites FM tm:fiauf';sz&«inj'xaesﬁmgmmef
figgopaTaslinmd 4.43 nziBsad wApainneesme PAL ifisnou weszudTuanufianme
vosititiSeudos
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N £u af
1F . ¢
MNNURY T WITVL
1
LATUT IF 34.47 mmz ? AT IF 223 Muz 1
QBuNUT IF 289 Mnz | (RUY FM S5 bnz
ARG I 334 Mz ! Foyinagiusud s wni -
\
Aty .
Fovw duuug / 335780 alunud —
= .“ - < TN H pl
! finnag? gluxut i LAt A =
H ! — 1 \ N\
g ——— —_——RT T \
. ; —— = .
‘ AIUALATIIUTLS ! alguistuviune s i
| 4
. 1aTMUNe s -
WITYWIATUMN | | 1 L "l IVIVU PaL T NN PaL
\n7m 2 4 3
; ¥ f
| A W |
- twig
e - ————
] \DaeRang? [
{ (m) usnesnudaeesgiiusammney
P Fm AT
L S P s B
= aMnmaas .
; . Ruy 1F aageag ER
RTINS L LR
UL 1P S.5mMmz I
\ i
WTTL e LSRR I .
- b IMMAGT AT i WNTUM 2
4 : i
i i i
. 5 d .
) - |
AT IR 3a.4TMmz ]
!

.

a ra <
BILU LT

\
== N
l \
! I s R gy
1 SIVITUIL ] 0 AlLRuTaNn-
= juwugt e AT L -
v IF T3 P
ot
)
J

(v) usneonfounesgiitmsammned

i 31 nsusndyonaTasluwudesnnindygnal IF 52y



58

hanosdumanniogene Tasfiuumd 443 oz sanunzdgeenties FM 5.5
nzidsay goilowdigreeswmmginmshifsiuivdyeagiinmd ovnohiivinangvu
udrvaiamsusn (ko off) uwidygaTasiiuud uazdygraudaseonliigressvns
Tasfittuud 4.43 uniBynd unsdgggnaniios 5.5 insidad awrddy
quenlassunsuglit 3.1(n)

32 ﬁ'vaénwtsi\‘lwmnnﬁqgﬁuuuiﬁmmms'

'ms;ﬂ'ﬂ 3.2 iﬂuﬁménmunﬁsn‘lmzmm{ﬂ# 3.1(n) ﬁqu:(mﬁuuwi 443
mnziBsnd gauonsenuivesvsngiiinme TasuyudmaNomes Sta uns Cla st
iludrddy ussdouiu 1 WhguavesisssvmedounaunuTnstiuuud Ts1 (was 51 gn
nIuquNIsYsIe Alause i AGC FuSonnnvoin TS i";'irmwmuﬁ*mmnqn'lnsﬁnum”)
2993 TS1 ﬁwﬁmi“nsﬁmwmmuﬁummam1 Tz Audyanadummitingiim
woa Ts1 axliieson  wiauseian dAnhsssuiludosiiussinnimaens ace
unhnisaTugy Tstiused Ace s QUM RS , R4, R3, R2, C2 1o R1 giud
w0I TSI  C3 fisoynsuiy Re huaeesdiimanives TS1 hiiatlostunyflovasinnmy
(C3 unz R6 i';domgnsuﬁ'mfuﬁmﬁ'ﬁnaa"mnhixmi'szn'iwuuﬁuﬁﬁmms'um TS1) Farhu
mavaedygpaudlasawsfinnudgessvewlda 52,53, 54, 55 uns s6 thunmsma
RmePimilriidinnanineguenmionnanuivesasiinmd mnsanuivenmilonn
mwidiRoemsudnevsite: lisou T

ifosnn Ts2 vimihilveedyanaTasfiud afaft 2 uasildasvesgaunnsell
TonriisuifanmseonFamnin iz ninnononmefinsmmens Ts2  Se18TEdeaiy
msoondtinn  Tasordoanudaumilivmeoed sa floundurudnimiszyaiiiu
(ncutralize capacitor) C8 WIBIVTINOY TS2 ﬂmfuﬁquﬁﬁwdwm'm S5 fu $6 Tilge RL7
Falfurit 18 saturation control Al urnuduvesth

29959810 TS3 59091 29959 PAL findhiiveredgana Tasfine 15 iitoesdudy
i (9152993010 PAL t‘humme975%:9nmuqn51mws ACK (antomatic colour killer)
ifonganIsIT (Mock) 2995 TS3 Wunsdfidgganiuliindeialed viensdi
Jusiggnnnmoridenam nawehiiamiiin il 200s ACk szdansedn
o‘mfmm‘famnqamsﬁmu'ms TS3 VU

dygnandedinsmndudygudishaownded Tuvasmdanfuma
egunntintevoedadignuaninsnsed s6 unz c11 et himununrSefvesit (cotomr
synchronization) RSN WM THITARAB RS 29881 iR
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3.3 nsusntigggnerInsindiewrevsglinmsamnaed

11 3,109 TRunmednuazvssuionlesunsy vesmsusndgga Tnstinne
fowrsssqluuniamaian SaiiEmsmioudy spiit camier TudoswoaTussimiviad
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#define bBLACK 0

#define bBLUE Ox10
#define bGREEN Ox20
#define bCYAN Ox30
#define bRED Ox40
#define bMAGENTA Ox50
#define bBROWN Ox60
#define bBWHITE Ox70
#define bBLACK_BLINK 0x80
#define bBLUE_BLINK  0x80
#define bGREEN_BLINK 0xa0d
#define bCYAN_BLINK Oxb0
#define bRED_BLINK  Oxc0
#define bBMAGENTA_BLINK 0xd0
#define bBBROWN_BLINK 0xe0
#define BWHITE_BLINK OxfO
#define fBLACK 0

#define {BLUE 1

#define f{GREEN 2

#define fCYAN 3

#define fRED 4

#define IMAGENTA 5
#define fBROWN 8
#define \WHITE 7

#define fDARK_GREY 8
#define {LIGHT_BLUE 9
#define f{LIGHT_GREEN 0Ox0a
#define fLIGHT_CYAN OxOb
#define LIGHT_RED  OxOc
#define fLIGHT_MAGENTA OxOd
#define f'YELLOW OxDe
#define fBRIGHT_WHITE Ox0Of
/tttttt""t"t't""f't"t'tf/
#define BORDER 1

#define MAX_FRAME 15
#define REV_VID 0x70

#define NORM_VID 7

#define NORM_THAI_VID OxOf
#define INTN_VID 9

#define BLINK_REV_THAI_VID 0xi8
#define BLINK_REV_VID OxfO
#define REV_THAL_VID Ox7f

#define REV_COLOR bRED+WHITE
#define NORM_COLOR  bCYAN+BLACK
#define INTN_COLOR  bCYAN+IRED
#define SD_COLOR bBLACK+fBLACK

/*** Define printer function ***/

#define SIZE_COMMANT 20 /" 21 byte per line for comment ~*;
#define SIZE_ESC_CODE 16 /** 15 byte pre line for esc code **/
#define LINE_TOTAL 9 /" number of founction iine **/



struct color{
char color1;
char color2;
char color3;
char color4;
char colors;
char color6;
char color?;
char color8;
char color9;
char color0;
char colort1;
char color12:
char color13;
char colort4;
char colori5;
‘char color16;
Jeattr;
struct help_for_f1{
char “data_help;
char *aray_heip{30);

int have_’ﬁle;

Thlwme




r COLORH o ¥/
#define bBBLACK 0

#define bBLUE Ox10
#define bGREEN  Ox20
#define bCYAN 0x30
#define bRED x40
#define BMAGENTA  Ox50
#define bBBROWN  Ox60
#define BWHITE ~ Ox70
#define bBLACK_BLINK  0x80
#define bBLUE_BLINK  Ox90
#define bGREEN_BLINK  0xa0
#define bCYAN_BLINK  Oxb0
#define bRED_BLINK  Oxc0
#define bBMAGENTA_BLINK Oxd0
#define bBROWN_BLINK  Oxe0
#define bBWHITE_BLINK  Oxf0
fdefine fBLACK 0

#define fBLUE 1

#define (GREEN 2

#define [CYAN 3

#define fRED 4

#define IMAGENTA 5
fdefine BROWN 6

fdefine IWHITE 7

#define IDARK_GREY 8
#define fLIGHT_BLUE 9
#define fLIGHT_GREEN Ox0a
#define fLIGHT_CYAN  OxOb
#define fLIGHT_RED  OxOc
#define fLIGHT_MAGENTA Ox0d
#define fYELLOW  OxOe
#define fBRIGKT_WHITE OxOf
/Q""""'."""‘ """""'/
#idefine BORDER 1

#define MAX_FRAME 15

#define REV_VID Ox70

#idefine NORM_VID 7

2define NORM_THAL VID 0x0f
#define INTN_VID ©

#define BLINK_REV_THAI_\VID Oxf8
#define BLINK_REV_VID Oxi0
#define REV_THALVID Ox7(

#define REV_COLOR  bRED+WHITE
#define NORM_COLOR  bCYAN+BLACK
#define INTN_COLOR  bCYANfRED
#define SD_COLOR = bBLACK+BLACK

/7 Define printer function "**/

#define SIZE_COMMANT 20 /** 21 byte per line for comment **/
#define SIZE_ESC_CODE 16 /** 15 byte pre line for esc code **/
#define LINE_TOTAL 9 /** number of founction line **/
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struct color{
char color1;
char color2;
char colo3;
char colord4;
~char colors;
char color6;
char color7;
char color8;
char colorS;
char color10;
char colori1;
char color12;
char color13;
char colori4;
char color15;
char color16;

Jeattr;

struct help_for_f1{
char *data_help;
char *“array_help{30};
int index;
int have_file;

Jhip;



l‘t'

* NAME

* extkeys.h — header file for

* DESCRIPTION

' The BIOS keyboard input functions add K_BASE to the scan code
* of the PC's extended key functions. This header file defines 'abels for

* some of the the special keys.

'l

#define K_BASE 0 /*256*/

#define ESC 27
#define BKSP 8

#define K_F1
#define K_F2
#define K_F3
#define K_F4
#define K_F5
#define K_F6
#define K_F7
#define K_F8
#define K_F9

(59+K_BASE) frrr** SCAN CODE'KEY SPECAIL ** v/

(60+K_BASE)
(61+K_BASE)
(62+K_BASE)
(63+K_BASE)
(64+K_BASE)
(65+K_BASE)
(66+K_BASE)
(67+K_BASE)

#define K_F10 (68+K_BASE)
#define K_HOME (71+K_BASE)
#define K_END (79+K_BASE)
#define K_UP (72+K_BASE)
#define K_DN (80+K_BASE)
#define K_LEFT (75+K_BASE)
#define K_RIGHT (77+K_BASE)
#define K_PGUP (73+K_BASE)
#define K_PGDN (81+K_BASE)
#define K_INS (82+K_BASE)
#define K_DEL (83+K_BASE)
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#define CTRL_A OXO01
#define CTRL_B 0X02
#define CTRLC 0X03
#define CTRL_D 0X04
#define CTRL_E 0X05
#define CTRL_F 0X06
#define CTRL_G 0X07
#define CTRL_H 0X08
#define CTRL_| 0X00
#define CTRL_J OX0a
#define CTRL_K OXOb
#define CTRL_L OXOc
#define CTRL_M 0XOd
#define CTRL_N OXDe
#define CTRL_O OXOf
#define CTRL_P OX010
#define CTRL_Q 0X011
#define CTRL_R 0X012
#define CTRL_S 0X013
#define CTRL_T OX014
#define CTRL_U 0X015
#define CTRL_V 0X016

#define CTRL_W 0X017

#define CTRL_X 0X018
#define CTRL_Y 0X019
#define CTRL_Z 0X01a

/m'tt"t""""""""*QQQ'/

f**** CONTROL WITH KEY-A -Z PRESS *****/
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ff ————MENUI.C

#include "stdio.h”
#include “dos.h"
#include "stdlib.h"
#include "graph.h”
#include “bios.h”
#include "string.h”
#include “ctype.h”
#include "conio.h”
#include "malloc.h”
#include “color.h”
#include "extkeys.h"
char *header_menu=" SetUp File Working
struct head_menu_{rame{
int old_choice;
int count;
char *keys;
char *disp;
Jhframe;
char “bhip{j={
"Set up the system, resolution and type of camera”,
"File for record data image file”,
"Get data image to file",
"Group worked™,
"Exit to DOS™
I3
char far *vid_mem;
char yn_color;

About Quit

void save_video(), restore_video(), pd_driver(), template();
void gato_xy(), write_string(), write_char(), make_menu_bar();
void dispiay_popup_menu(), draw_border_popup_menu(), clear_video();

void convert_popup_menu(), display_help{(char *);

int get_resp_popup_menu(), is_in(), make _popup_menu();

struct menu_frame{

int startx, endx, starty, endy;

unsigned char *p;

char ""menu;

char **help;

char "keys;

char *disp;

int border, count;

int b1, b2;

int old_choice;

int active; :
} mframe{MAX_FRAME];
int max_menu;

char "select[]={
"Select Resolution™,
"Type of Camera "
I
char *hip_sefect[}={
"Select Resolution”,



"Type of Camera "
L
char *filef}={
"input file name”
X
char *hip_file{]={
"Enter file name”
2
char *workf]= {
"Read data to file”
5
char “hip_work{]= {
"Read data to file”
3

char "about{}={

"About ... "

3

char "hip_aboutf}={

“Group worked”

b

char “quit[}={
"Exit to DOS”

|3

char *hip_quit}={
"Exit to DOS”

3.

i

char *freqg]={
"1.Select 512 x 574",
"2.Select 574 x 574",
“3.Select 768 x 574

|5

char *hip_freqf}={
"Select 512 x 574",
“Select 574 x 574",

"Select 768 x 574"

5

char *camer{]={
“Color camera =,

"Black/'White camera”

5

char "hip_camer{]={
"Color camera "

1

"Black/White camera”™
I3

struct videoconiig ve;
void make_menu_bar{keys, disp, count)
char *keys, “disp;,
int count;
{
hframe keys=keys;
hirame.disp=disp;
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hframe.count=count;
hframe.old_choice=0;
)
int index_help;

void template() -
{

charx, y;
write_string(0, 0, header_menu, yn_color7bCYAN+{BLACK:R EV_VID);
clear_video{22, 25, 0, 80, yn_color7TbCYAN+BLACK:REV_VID);
for(x=1, y=0; x<22; x++, y=0){ '
while(y<80)
i{y==0 || y==79}
write_char(x, y, ™, yn_color7bBLACK+BLUE:NORM_VID),
y++;
}
eise{
write_char(x, y, 't', yn_color 7bBLACK+fBLUE:NORM_VID);
y++;
}
)
}
for{x=2x<79x++)
write_char(1,x,"” ,yn_color?bBLACK+BLUE:NORM_VID);
}
int pulidown_bar()
{

union inkey{
char ch[2};
inti;
}¢i
int arrow_choice=hframe.old_choice, key_choice=0;
convert _popup_menu(afrow_choice,yn_co{or’?REV_COLOR:NORM_VID,O);

for(:X
display_help(bhlp{arrow_choice));
while(tkbhit();
c.i=_bios_keybrd(_KEYBRD_READ);
convert_popup_menu(arrow_choice, yn_color?NORM_COLOR:REV_VID,0);
hip.index=arrow_choice;
if(c.ch{O]X
key_choice=is_in{hframe keys, tolower(c.ch[0))); #* check short key */
if(key_choice){{
hframe.old_choice = key_choice-1;
retumn key_choice-1;
}
}
if(c.ch{O}{
switch{c.ch[0]}
case ' hframe.old_choice=arrow_chaice;
retun arrow_choice;
case '’ : arrow_choice+~:
break;
case 27 :hframe.old_choice=arrow_choice;



-

retum -1;

switch(c.ch]{1]){
case 80:hframe.old_choice=arrow_choice:
return arrow_choice;
case 72:hframe.old_choice=arrow_choice;
return arrow_choice;
case 75.arrow_choice—;
break;
case 77:
arrow_choice++,
break;
case 59:
break;
} }
if(arrow_choice>hframe.count-1) armow_choice=0;
if(arrow_choice<0) arrow_choice = hframe.count-1:
convert _popup_menu(arrow_choice,yn_color’?REV_COLOR:NORM_VID,O);
}
)
int popup_pulldown(numy)
int num;

if(!mframefnum).active){
save_video(num);
mframe{num).active = 1,

}
if(mframe{num).border) draw_border_popun_menu(num);
dispiay_popup_menu(numy;
retum get_resp_popup_menu({num);
}
int make_popup_menu(num, menu, h=ip, keys, disp, count, x, y, border, bt b
int num;
char *menuf}, *helpi);

char “keys, “disp:
int count;

intx,y;

int border, b1, b2;
{

register int i, len;

int endx, endy, choice, vmode;-

unsigned char *p;

if(num>MAX_FRAMEX
I*printf("Too many menus\n™);*/
return O,

)

if{(num+1)>max_menu)
max_menu=num+1;

len=0;

for(i=0; i<count; i++)
if(strlen(menuli]) > len) len = strien{menuli]);



endy=len+2+y,

endx =count + 1 +x;

if{{endx+1>24) || (endy+1>79)) ¢
I printf"menu won't fit™);*/
retum O;

}

p = (unsigned char ")malloc(2* (endx-x+3) * (endy-y+3));
if(!p) exit(1);
mirame{num].startx = x; mframe{num).endx = endx;
mframe{num].starty = y; mframe{num).endy = endy-1;
mframe{num].p = p;
mframe{num].menu = {char **} menu;
miframe{num].help = (char **) help;
mframe{num).border = border;
mirame{num].b1 = bi;
mframe{num].b2 = b2:
mirame{num].keys = keys;
mframe{num].disp = disp;
mframe[num).count = count;
mframe{num].old_choice = 0;
mframe{numy).active = 0;
retumn 1;
}
void display_popup_menu(num)
int num;
{
register int i, x;
char n_disp;
char "disp;
char "*m;

x = mframe{num).startx+1:
m = mframe{num).menu;

for(i=0; i<mframe{num).count; i++, x++)
write_string(x, mframe{num].starty+1, m, yn_color?NORM_COLOR:NCRM_VIDy;

n_disp = strlen{mframe[num).disp);
disp = mirame{numj.disp;
x = mframe[num)].startx+1;

for(i=0; i<n_disp; i++, x++}{
int y = (mframefnumj.starty+1) + (*(disp+i)-07);
write_char(x, y, mi}{(* (disp+i}-'0)), yn_color?ZINTN_COLOR:INTN_VID);
}
}
void draw_border_popup_menu(num)
int num;
{
register int i;
char far *v, far 't;
int count;
v = vid_mem;



t=v;
for(i=mframe{numj.startx+1; i<mframe{rium].endx; i++)
v += (i*160) + mframe{num].starty*2;

'v++ = 179;

*v = yn_color?NORM_COLOR:NORM_VID;
v=t

v += (i*160) + mframe|num).endy*2;

‘v++ = 179,

*v = yn_color?’NORM_COLOR:NORM_VID;
v=t

)
; for(i=mframe{num].starty+1; i<mframe|num).endy; i++}
’ v += (mframe{num).startx*160) + i*2;

v+ = 196; ,
‘v =yn_color?NORM_COLOR:NORM_VID;
v=t

) v += (mframe{num].endx*160) + i2,;
v+ = 106;
*v =yn_color?NORM_COLOR:NORM_VID;
v=tl

}
for(i=mframe{num).startx+1; i<=mframe{num].endx; i++}{
v += (i*160) + (mframe|num).endy+1)*2;

'y:y;_c’olor’?bBLACK+fBLUE:NORM_VID;
::a 160) + (miramefnum] endy+2)°2,

' ':.':y:\_c'oloﬁbBLACKﬁBLUE:NORM__VlD;
\- ¢

for(i=mframe{num}.starty+2; (i<=mframe{num].endy+2); i++}
' v += ({mframe[num].endx+1)*160) +i*2;

vt ="
‘v = yn_color?bBLACK+BLUE:NORM_VID;
v=t,

}

write_char(mframe{num].startx, mframe{numj.starty, 218,
yn_color’NORM_COLOR:NORM_VID);
waite_char(mframe{num).startx, mframe{num].endy, 191,
yn_color’7NORM_COLOR:NORM_VID);
write_char(mframe{num].endx, mirame{num).starty, 192,
J yn_color’7NORM_COLOR:NORM_VID},
write_char(mframe{num).endx, mframe{num).endy, 217,
yn_color’NORM_COLOR:NORM_VID);
for(count=0, i=mframe{num].starty; i<mframe{num].endy+1; i++, count++}{
if{count==mframe[num].b1 || count==mframe{num].o2)}
v += (mframe{num].startx"160) + i*2;
‘y+ = A"
v = yn_color’/NORM_COLOR:NORM_ViD;
v=Y
}
}
}



void convert_popup_menu(choice, attrib,make)
int choice;
int attrib;
int make;
{
int count=0,
int y=0,
dof
while(* (header_menu+y)=="") y++,
if(count==choice){
intflag=1,
while(" (header_menu+y)l="" && yl=80}
if(flag{
if(make)
write_char(0, y-1, , yn_color?NORM_COLOR:NORM_VID);
else
write_char(0, y-1,"*, yn_color?NORM_COLOR:REV_VID);
= 0;
}
write_char(0, y, *(header_menu+y), attrib);
y++,;
)
if(tflag)
if(make) i
write_char(0, y, ¥, yn_color?NORM_COLOR:NORM_VID);
eise
write_char(0, y, '*, yn_color?NORM_COLOR:REV_VID);

}
else

while(” (header_menu+y)i="") y++;
count++; \
Jwhile{count!=choice+1);

int get_resp_popup_menu(num)
int num;
{
union inkey{
char ch|2];
inti
}ei
int offset_index;
int arrow_choice=mframefnum).old_choice, key_chaice,
intx,y; '
switch(num)}
case D:offset_index=0;break;
case 1:offset_index=3;break;
case 2:offset_index=4 break;
case 3.offset_index=10;break;
case 4.offsel_index=15;break;
case 5:offsel_index=17;break;
case 6.offset_index=19;break;
!
x = mframefnum].startx+1;
y = mirame{num).starty+1;



write_string(x+arrow_choice, y, mframe{num).menujarrow_choice)},
yn_color?REV_COLOR:REV_VID);
for(;:H :
display_help(mframe{num}.helpfarrow_choice});
while(lkbhit();
c.i=_bios_keybrd( KEYBRD_READ);
write_string(x+arrow_choice, y, mframe{numj.menuja:row_choice),
yn_color7NORM_COLOR:NORM_VID);
{
/*** write hot key intend in pull down menu ***/
char *p = mirame{num)].disp;
char n_p = *(p+amow_choice)-'0";-
char *pp = mframe{num].menularrow_choice]+n_p;
write_char(x+arrow_choice, y+n_p, *pp, yn_color?INTN_COLOR:INTN_VID);

)
) if(num i= 6)
hip.index=7+offset_index+arrow_choice;
else
hip.index=arrow_choice;
| if(c.ch{OlX
’ key_choice=is_in(mframe[num).keys, tolower(c.ch{0}));
x if(key_choice}{
| mirame{num].old_choice = key_choice-1:
| if(num != 6)
hip.index=7+offset_index+key_choice-1;
else

hip.index=key_choice-1:
retum key_choice-1;
}
r switch(c.ch[O]¥
case v mframejnum).old_choice = arrow_choice;
return arrow_choice,
case '’ arrow_choice++;
break;
case ESC : return -1;
}

elsef
swilch(c.ch{1]X
case 72: arrow_choice—;
break;
] case 80: arrow_choice++;
break;
case 75: retumn -2; /***Amow lefR***/
case 77: return -3; /***Arrow right***/
case 59:
break;
}
}
if(arrow_chore==mframe{num).count) arrow_cheice=0;
if(arrow_choice<0) arrow_choice = mframe{num].count-1;



write_string(x+arrow_choice, y, ‘ ‘
mframe{num].menufarrow_choice],yn_color?REV_COLOR:REV_VID);
)
}
void write_string(x, y, p, attrib)
intx,y,
char *p;
int attrib;
{
register int i;
char far *v;
v = vid_mem;
v +=(x*160) + y*2;
for(i=y; "p; i++X
Wi+ = DAt
‘v++ = attrib;
}
}
int is_in(s, c)
char 's, c;
{
register int i;
for(i=0; *s; i++) if{*s++==c) return i+1;
retum O;
)
void save_video{num)
int num;
{
register inti, j;
char *buf_ptr;
, char far *v, far *t;
buf_ptr = mframe{num).p;
v =vid_mem;
for(i=mframe{num].starty; i<mframe{num).endy+3; i++)
for(j=mframe{num].startx; j<mframe{num).endx+2; X
t=v+("160)+i'2;
‘buf_ptr++ = *t++;
“bul_ptr++ = t;
}
}
void restore_video{num)
int num;
{
) register int i, j;
char far *v, far *t; .
char *buf_ptr;
buf_ptr = mframe|num).p;
v=vid_mem;t=v;
 for(i=mframe{num].starty; i<mframe{num).endy+3; i++)
for(j=mframe{num].startx; j<mframe{num]).endx+2; X
v=t;
v+=(j"160) +i*2;
*v++ = *buf_pir++;
v = *buf_ptr++,

Lk




}
mframe{num).active = 0,
mframe{num).old_choice = 0;
}
void write_char(x, y, ch, attrib)
intx,y,
char ch;
int attrib;
{
register int i;
char far *v;
v =vid_mem;
v+= (x*160) + y*2;
‘v++ =ch;
*v = attrib;
}
void clear_video{startx, endx, starty, endy, attrib)
int startx, endx, starty, endy;
char attrib;
{
register int i, j;
char far v, far 't;
v =vid_mem;
t=v;
for(i=starty; i<endy; i++)
for(j=startx; j<endx; j++X
v=t
v+=(j"160) +i'2
'v-._+ = ] ';
‘v = attrib;
}
}
void display_help(str)
char *str;
{

int x_coordinate;

clear_video(22, 25, 0, 80, yn_color?bCYAN+BLACK:REV_VID):

x_coordinate=40-(strien(str)/2);

}

write_string(23, x_coordinate, str, yn_color?bCYAN+BLACK:REV_VID);
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r WINDOW2.C */
#include "stdio.h”

#include "dos.h™

#include “stdlib.h™

#inciude "bios.h”

#include "extkeys.h”

#finclude "color.h”

void save_window(int), restore_window(int), cis(void);

" void display_header(int), draw_border_window(int);

void window_gets(int, char *), window_cls(int,int);

void window_cleol(int), window(int), deactivate(int);

int make_window(int, char * , int, int, int, int, int, int);

int window_puts(int , char *, char ), window_putchar(int, char, char),

window_xy(int,int,int);

int window_getche(int), window_upline(int), window_downline(int), window_bksp(int);
int get_special(void);

int getnumber(int, char);

int getstring(int ,char * char );

extern char far *vid_mem;
extern char yn_color;
struct window_frame{

int startx, endx, starty, endy;

int curx, cury;

unsigned char *p;

char *header;

int border;

int border_attrib;

int active;
Jwframe{MAX_FRAME]);
void window({num)
int num;
{

int vinode, choice;

intx,y;

if(lwframe[numj.active{
save_window(num);
wiramejnum).active = 1;
}
if(wirame|num].border) draw_border_windaw(num);
display_header(num),

X = wirame{num].startx + wirame{num).cun+1;
y = wirame{num].starty + wirame{num].cury+1;
_settextposition(x, y);

int make_window(num, header, startx, starty, endx, endy, border, border_attrib)
int num;

char *header;

int staitx, starty;

int endx, endy;

int border border_attrib;



{
unsigned char *p;

if{num>MAX_FRAME) {
printf("Too many windowin™);
return O,

}
if{(starte>24) || (startx<0) [{ (starty>78) || (starty<O)X

printf("range error”);
return O;

}

if{{endx>24) || (endy>79)K
printf("window won't fit™);
return O;

}

" p = (unsigned char *)malloc(2* (endx-startx+1)* (endy-starty+1));
if('p) exit(1);

wirame{num).startx = startx; wirame{num].endx = endx;
wirame{num).starty = starty; wiramejnum].endy = endy;
wirame{num].p = p;
wirame{num).header = header;
wirame{num].border = border;
wirame{numj.border_attrib = border_attrib;
wirame{num].active = 0;
wirame[num].curx = 0; wirame{numj.cury = 0;
retum 1;

}

void deactivate(num)

it num;

{
wirame[num).curx = O;
wirame{numj}.cury = J;
restore_window(num);

}
void display_header(num)
inl num;
{
register int i, lent, len2;
len1 = strlen(wframe{num).header);
len2 = (wirame{num].endy - wirame{num).starty) - lent - strien(™/**"F1=Help "**/);
write_string(wframe{num.startx, wframe[num).starty , wframe{num).header,
cattr.color16);
for(i=0; i<=len2; i++)
write_char(wirame{num).startx,wframe{num).starty+len1+i,’ " cattr.color16);
write_string(wframe{num).startx,wframe{num).starty+ten1+i , ™/***F1=Help "**/,
cattr.color16);
}
void draw_border_window(num)
int num;
{
register int i;
char far *v, far 'g;




I

}

v=vid_mem;
t=y,
for(i=wirame{num).startx+1; i<wframe{num).endx; i++}
v += (i*160) + wirame{num].starty*2;
‘vi+ = 179,
*v = wirame{num).border_attrib;
v=t
v += (i"160) + wirame{num].endy*2;
v+ = 170;
*v = wirame{num].border_attrib;
v=t;
}
for(i=wiramefnum).starty+1; i<wframe[num}.endy; i++)}{
v += (wirame{numj.startx* 160) + i*2;

*v++ = 106;

*v = wirame{num}.border_attrib;
v={i

v += (wirame{numj].endx*160) + i*2;
v+ = 196;

*v = wirame{num].border_attrib;
v=t

}

write_char(wirame{num.startx, wirame{numj.starty, 218, wirame[numj.border_attrib);
write_char(wirame{num].startx, wirame{num).endy, 191, wiramefnum).border_attrib);
write_char(wframe{num].endx, wirame{num).starty, 192, wirame{num].border_attrib);
write_char(wirame{num).endx, wframe{num].endy, 217, wirame{num].border_attrib);

int window_puts(num, str,attrib)
int num;

char *str;

char attrib;

}

if(*‘wframe[num).active) retumn O;
for(; "str; str++)

window_putchar(num, *str, attrib),
return 1;

int window_putchar(num, ch, atirib)
int num;

char ch;

char attrib;

{

registerint x, y;

char far *v;

if{wiramefnum).active) return O;

x = wirame{num).curx + wframe{num).startx + 1:
y = wirame{num].cury + wirame{num).starty + 1;

1*if(y>=wirame{num].endy) retumn 1:
if(x>=wirame|num).endx) return 1;*/




if(y>=wirame{num].endy && x<wframe{num].endx){
X+,
y=wirame{num].starty+1;
wirame{numj.curx = x - (wirame{num).startx + 1);
wiramefnum).cury = y - (wframe[num].starty + 1),

}
if(x>=wiramefnum)}.endx}{
x=wirame{num].startx+1;
y=wirame{num].starty+1;
wirame{num).curx = X - (wirame{num).startx + 1);
wirame{num).cury =y - (wframe{num).starty + 1);
window_cls(num, attrib);
}
v = vid_mem;
v+= (x"160) + y'2;

if(ch=="n"{
X++;
y = wirame{num}.startx+1;
v = vid_mem;
v +={x"160) + y*2;
wirame{numj.cun+;
wirame[num).cury = 0;
}
else{
wirame{num].cury++;
v+ =ch;
*v++ = attrib;
}
window_xy(num, wirame{numj.curx, wirame{num).cury);
retumn 1;

)
int window_xy{num, X, )
int num, X, y;

{
if(x<0 || x+witame{num].startx>=wirame|{num].endx-1)
retum O;
if(y<0 || y+wiramefnum].starty>=wframe{num].endy-1)
retum 0;
wirame{numj.cunx = x;
wirame{num).cury = y;
_settexiposition(wirame{num].startx+x+2, wiramejnum].starty+y+2);
retum 1;
}
void window_cis(num, attrib)
int num, attrib;
{
register inl Lj;
char far *v, far °%;
v = vid_mern;
=v;, .
for(i=wiramelnum).starty+1; i<wirame{num).endy; i++)
for(j=wframe{num).startx+1; j<wframe{num].endx; j++)%
v=



v+=(j*160) + i*2;
'v++ = ’ I;
*v = attrib;
}
wiramefnum).curx = 0;
wirame{numj.cury = 0,
}

void save_window(num)
int num;
{

register int i, j;

char *buf_ptr;

char far *v, far *t;

buf_ptr = wirame{num).p;
v=vid_mem;
for(i=wframe{num].starty; i<wirame{num}.endy+1; i++)
for(j=wirame{num].startx; j<wiramejnum).endx+1; j++}
t=(v+("160)+i*2);
‘buf_ptr++ = *t++;
*buf_ptr++ = °t;
M) ="n
}
}
void restore_window{num)
int num;
{
register int i, j;
char far *v, far *t;
char *buf_ptr;

buf_ptr = wirame{num).p;
v =vid_mem;
t=v;
for(i=wirame{num].starty; i<wirame{num}.endy+1; i++)
for(j=wirame{num].startx; j<wframe{num].endx+1; j++}
v=t
v +=("160) + i"2;
v+ = "buf_ptr++;
*v="buf_ptr++;
)
wirame{num).active = 0;
}
void cls()
{
union REGS r;
r.h.ah=6;
r.h.al=0;
r.h.ch=0;
r.h.cl=0;
r.h.dh=24;
r.h.di=79;
r.h.bh=7;



int86{0x10, &r, &r);
}

int getnumber(int wnum,char attrib)
{
union inkey{
char chf2};
int i
}e
int count;
char strnumi4};
intx,y,
strnum({0]=0; strmum|[1}=0; strnum{2}=0; strmum|3])=0;
count = 0;
x = wirame{wnum}.curx; y = wframefwnum).cury;
while{1X
c.i=_bios_keybrd( KEYBRD_READ);
if(c.ch{O]X
switch{c.ch[O]X
case '\’
stmumicount}=0;
retumn atoi(strmum);
case \b":
if(count 1= 0}
stmum{—count}=0;
window_xy(wnum, X, ~y);
window_putchar(wnum, *°, attrib);
window_xy(wnum, X, Y);
}
break;
case’!’:
case'Z :
case '3 :
case'4’ .
case'S :
case '§ :
case 7 ;
case '8 :
case'd :
case'0':
if(count < 3}
strnum{count++} = c.ch|0);
window_putchar(wnum, ¢.ch[0}, attrib);
window_xy(wnum, X, ++y);
}
break;
case 27:
return -2;
)

}
else{
swilch{c.ch{1]{
case 75:
if(count 1= 0}



W

strnum{—count)=0;
window_xy(wnum, X, —y);
window_putchar(wnum, **, attrib);
window_xy(wnum, X, y);
}

break;
)
)
}
}

int getstring(int wnum,char *buf,char attrib)
{

union inkey{
char ch{2};
inti
rc
int count;
intx,y;
count =0,
x = wiramelwnum).curx; y = wiramejwnum].cury;
while(1{
c.i=_bios_keybrd(_KEYBRD_READ);
if(c.chlO]X
switch(c.ch{0]X
case '\[';
buffcount]=0;
retum 1;
case "\b";
if(count 1= O}
buff—count}=0;
window_xy(wnum, X, —y);
window_putchar(wnum, ', attrib);
window_Xxy(wnum, X, y);
}

break; " N
case 27 :
return -2;
default :
if(count < 15}
buffcount++] = ¢ ch|0);
window_putchar(wnum, c.ch[0], attrib);
window_xy(wnum, ¥, ++y);

break;

)

}
else{
switch(c.ch{1]X{
case 75:
if(count 1= O
bufl—count)=0;
window_xy(wnum, X, —y);



window_putchar(wnum, *°, attrib);

] window_xy(wnum, X, ),
}
break;
)
}
)
}
]
]
i




r MAIN.C

#include "stdio.h”
#include "dos.h”
#include "stdlib.h™
#include "graph.h”
#include "bios.h”
#include "string.h”
#include “ctype.h”
#include "conio.h”
#include "malloc.h”
#inciude “io.h"
#include “direct.n”

#include "extkeys.h”
#include "color.h”

int card type; /***1is VGA, Ois EGA **/

/'"Q.'".""."""."I

union REGS inregs, outregs;
struct SREGS segregs;

/itt'.'mittﬁ'it'tf'tt/

extern struct head_menu_frame {
int old_choice;
int count;
char ‘keys;
char “disp;
Jhframe;
extern struct menu_frame{
int startx, endy, starty, endy;
unsigned char *p;
char “"meny;
char **heip;
char *keys;
char *disp;
int border, count;
intbl, b2;
int old_choice;
int active;
} mframe{MAX_FRAME];
extern struct window_frame{
int stastx, endy, starty, endy;
int curx, cury;
unsigned char *p;
char “header;
int border;
int border_attrib;
int active;
JwiramefMAX_FRAME],

extern char “bhip{];
extern char far *vid_mem,;
extemn char yn_color;



extern int max_menu;
extem char *select[};
extern char *hip_select];
extern char *file]];

extemn char *hip_file[);
extermn char *work{];
extemn char *hip_work]];
extern char *about]);
extem char *hip_about]};
extern char *quit]];
extern char *hip_quit]];
extern char *freq];
extemn char *hip_freq[];
extern char *camer]);
extern char *hip_camerf];

it resolution = 0,
int type_camera=1;
char file_name{80];

unsigned control_word;
unsigned long addr_count_max;

extern struct videoconfig v,
char name_root[80);
void pd_driver();

void main{argv,argc)
int argv;

char *arge]);

{.

int i len;
strepy(name_root,arge(0));
len=strien(name_root);
for(len;name_rootflen)!="\"len—);
name_rootflen}="0';
cursor_hid();
initialize();
template();
file_namei0} = 0;
about_name();
window(1);
status();

} pd_driver();

void pd_driver()

{
int choice1, choice2,
union inkey{



char ch{2);
inti;
e
do{
while{ (choice1=pulidown_bar()) != -1}
pd_driver2(choicet);
}
display_heip("Exit this program. (Y/N)");
c.i=_bios_keybrd( KEYBRD_READ),
c.ch{0]= tolower(c.ch{0]);
Jwhile( c.ch[0] I="YY);
back_to_dos();
} :
void pd_driver2(choicet)
int choicet;
{
int choice2;
int cho3;
convert_popup_menu(choicel,yn_color?REV_COLOR:REV_VID,1);
while((choice2=popup_pulldown(choice1))l=-1}
convert_popup_menu(choice1,yn_coler?NORM_COLOR:REV_VID,0);
switch(choice2}{
case 0: switch(choice1}{

case 0;
cho3 = popup_pulidown(5);
restore_video(5);
if(cho3 > -1}
resolution = cho3;
if{resolution == O}
addr_count_max = 87381;
outpw(0x300,0x81f4),
)
if(resolution == 1){
addr_count_max = 109825;
outpw(0x300,0x0114);
}
if(resolution == 2
addr_count_mayx = 146844;
outpw(0x300,0x41f4);
!
}
status();
break;
case 1:
window(0);
load_file();
status();
deactivate(0);
break;
case 2:
work_read();
break;

case 3:



about_name{};
break:
case 4:
back_to_dos();
break;
case 5;
break;
case 6:
break;
)
break;
case 1: switch(choice1}{
case 0:
*cho3 = popup_pulidown(6);
restore_video(B);
if(cho3 > -1)
type_camera = cho3;*/
status();
break;
case 1:
break;
case 2:
break;
case 3:

break;
case 4:
break;
case 5;
break;
case 6;
break;
]
break;
case 2: switch({choice1}{
case 0:
back_to_dos();
case 1.
break;
case 2:
break;
case 3;
break;

case 6:
break;

}
break;

case 3: switch(choice1){
case 1:
break;
case 2:
break;



case 3;
break;
case 6:
break;

)
break;

case 4. switch(choice1){
case 1.
break;
case 2:
break;
case 3:
break;
case 6:
break;
}
break;
case 5: switch(choice1}
case {:
break;
case 2:
break;
case 6:
break;
}
break;
case -2:restore_video{choice1);
(—hframe.old_choice<0) 7 hframe.old_choice=hframe.count-1:
hframe.old_choice;
choicel=hframe.old_choice;
break;
case -3:restore_video(choice1);
(++hframe.old_choice>hframe.count-1) 7 hframe.old_choice=0:
hframe.old_choice;
choice1=hframe.old_choice;
break;
}

convert_popup_menu(choicet,yn_color?REV_COLOR:REV_VID,1 %
}
restore_video{choice1);
}
void back_to_dos()
{
char mode;
cursor_norm();
_Clearscreen( GCLEARSCREEN);
exit(0);
}
void initialize{void)



char far *pmode = (char far *)0x00400049;
_getvideoconfig(&vc),
switch(vc.adapter){
case _MDPA: vid_mem=(char far *)0xBO000000;
yn_color=0;
break;
case _EGA: card_type=0;
if(* pmode==
vid_mem=(char far *}OxBOO00O000; yn_color=0;
}
elsef :
vid_mem=(char far "YOxB8000000; yn_color=1:
)
break;
case _VGA: card_type=1;
if(*pmode==7} _
vid_mem=(char far *)OxBO000000; yn_color=0;/** monochorm monitor ***/
}
eise{ ‘
vid_mem=(char far *}0OxB800000O; yn_color=1;/** color monitor **/
)
break;
default;
curser_norm(); \
exil(0);
}

i#(yn_color
cattr.color! =bGREEN+RED;
catr.color2=bRED+WHITE;
cattr.color3=bWHITE+BLACK;
cattr.color4=bWHITE+{DARK_GREY;
cattr.color5=bGREEN+BLACK;
cattr.color6=bBLUE_BLINK+BRIGHT_WHITE;
cattr.color7=bCYAN+{BLACK;
cattr.colorB=bWHITE+RED;
catir.coiorS=bBLUE_BLINK+{WHITE;
catir.coloriO=bWHITE+{BLUE; —
cattr.colort 1=bWHITE+{LIGHT_RED:;
cattr.color{ 2=bBLACK+{WHITE:
catir.color13=bBLUE+WHITE;
cattr.colort4=bGREEN+{LIGHT_RED;
cattr.color15=bWHITE+BROWN:
cattr.colort6=bBROWN-HBLACK:

else

cattr.colort =NORM_VID;
cattr.color2=REV_VID;
cattr.color3=NORM_VID;
cattr.colord=NORM_THAI_VID;
cattr.colorS=NORM_VID;
catir.color6=BLINK_REV_THAI_VID;
cattr.color7=REV_VID;
cattr.color8=NORM_VID:



cattr.color9=BLINK_REV_VID;
catlr.color1 0=NORM_VID;
cattr.colort 1=NORM_THAI_VID;
cattr.color12=REV_VID;
catir.cobort3=BLINK_REV_VID;
cattr.color4=NORM_THAI_VID;
cattr.color15=NORM_VID;
cattr.color16=REV_VID;

}

max_menu=0;
make_menu_bar("sfwaq”,"00000",5);

make_popup_menu(D, select, hip_select, "st™,"00", 2, 1, 1, BORDER, 1, 7Y,

make_popup_menu(1, file, hip_file, "","0", 1, 1, 12, BORDER, 3, 8),

make_popup_menu(2, work, hip_work, *i","0", 1, 1, 26, BORDER, 1, 9);
make_popup_menu(3, about, hip_about, "a™,"0"; 1, 1, 40, BORDER, 2, 8);

make_popup_menu(4, quit, hip_quit, "q","0", 1, 1, 53, BORDER, 2,7

make_popup_menu(5, freq, hip_freq, "1237,"000", 3, 3, 18, BORDER, 1, 1);
make_popup_menu(B, camer, hip_camer, "cb”,"00", 2, 3, 18, BORDER, 1, 1)

make_window(0, " Open file", 9, 20, 13, 60, BORDERcattr_colort);
make_window(1, " Status”, 15, 23, 19, 57, BORDER bWHITE+{RED);
make_window(2, * About™, 5, 15, 18, 65, BORDER, bWHITE+RED);

control_word = 0x6114;
addr_count_max = 87381;
outpw(Ox300, control_word);

)
status()
{
window_cis(1,bWHITE+{RED);
window_xy(1,0,0);
if{resolution == O}
window_puts(1,"Resolution = " bWHITE+fBLUE);
window_puts(1,"512 x 574" bWHITE+RED);

if(resoiution == 1}
window_puts(1,"Resolution = " bWHITE+BLUE};
window_puis(1,"574 x 5747 bWHITE+RED);

)

if{resolution == 2}
window_puts(1,"Resolution = " bWHITE+RLUE);
window_puts{1,"768 x 574" bWHITE+RED);

\

i

window_xy(1,1.0);

if(type_camera == O}
window_puts(1, Type of camera = " bWHITE+BLUE);
window_puts(1,"Color™,bWHITE+fRED);

)

f{type_camera == 1}
window_puts(1, Type of camera = " bWHITE+fBLUE);
window_puts(1,"Black and White" bWHITE+{RED);



}
window_xy(1,2,0);
window_puts(1,"File name: " bWHITE+{BLUE),
window_puts(1 file_name bWRITE+RED),

}

load_file()

{
window_cis(0,cattr.colort);
window_xy(0,1,0);
window_puts(0,"Name: " catir.colort);
cursor_big();
getstring(0,file_name cattr.colort);
cursor_hid();

}

about_name()

{
window(2);
window_cis(2,bWHITE+RED);
window_xy(2,2,20);
window_puts(2,"DIGITIZE" bWHITE+BLUE);
window_xy(2,4,6);
window_puts(2,"Mr.Jarin Jitsakul. " bWHITE+BLACK);
window_puts(2,"ID. 34131147 bWHITE+RED);
window_xy(2,5,8);
window_puts(2,"Mr.Prasert Wongbunkiat. " bWHITE+BLACK);
window_puts(2,"ID. 34131118" bWHITE+fRED);
window_xy(2,6,6);
window_puts(2,"Mr.Monchai Kamjanokas. " bWHITE+HBLACK);
window_puts(2,"1D. 34131124" bWHITE+(RED);
window_xy(2,8,6);
window_puts(2,”  KINGMONGKUT INSTITUTE" bWHITE+{BLUE);
window_xy(2,9,6);
window_puts(2,” OF bWHITE+{BLUE);
window_xy(2,10,6);
window_puts(2,” TECHNGLOGY" bWHITE+{BLUE);
display_help("Press any key to continue™);
getch();
deactivate{2);

}

cursor_big()

{

cursor_type(C,4);

cursor_hid()
{
cursor_type(20,20);

B

cursor_norm{}

'~

cursor_type(3,4);
}

cursor_type{char a, char b)



_asm{
mov ah,1
mov ch,a
mov cl.b
int 10h

}

}

work_read()

{
FILE *stream;
unsigned long addr_count;
unsigned backup;
int ch; ,
stream = fopen(file_name, wb");
if(stream == NULL) retum O;
backup = control_word & Oxf{7f:
outpw(0x300, backup);  /** protect ***/
backup = backup & Oxfeff;

outpw({Dx300, backup); *** read dram ***/
backup = backup | 0x0100;

outpw(0x300, backup); /*** read dram ***/
backup = backup & Oxffdf;

outpw(0x300, backup); ["** clear addr ***/
backup = backup | 0x0020;

outpw(0x300, backup); /*** clear addr ***/
backup = backup & Oxffef;

outpw(0x300, backup); [*** sampling -> read """/

addr_count = 1;

for(; addr_count < addr_count_max; addr_count++){
backup = backup & Oxffbf;

outpw(Ox300, backup); " inc addr **7/
backup = backup | 0x0040;
outpw(Ox300, backup); [ inc addr ***/

backup = backup & Ox{ff0;
backup = backup | 0x0004;
outpw{(0x300, backup); " read 1 **%/
ch=inp(0x301);
putc(ch, stream);

backup = backup & Oxfif0;

outpw(Ox300. backup): /*** read 2 7**/
ch=inp(0x201);
putc{ch, stream);

backup = backup & Oxfif0:

backup = backup ; OxGC01;

oulpw({Ox300. backup}: " read 5
ch=ino(0x301);

-rr;
i

putc(ch, stream);

fer’

z)uipw(OxSOO, packup), /777 inc addr T



V4
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backup = backup | 0x0040;

outpw(0x300, backup); *** inc addr ***/

backup = backup & OxIffD;

backup = backup | 0x0004;

outpw{0x300, backup); F*** read 1 */
ch=inp(Ox301);

putc(ch, stream);

backup = backup | 0x0010;

outpw(0x300, backup); r** sampling -> read ***/

fclose(stream);
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DATA SHEET

O
FUJITSU

MB81C4256.70/-80/-10/.12

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM

CMOS 256 x 4 Bits Fast Page Mode DRAM
The Fujitsu MBB1C4256 is a CMOS, fully decoded dynamic RAM organized as
262,144 words x 4 bits. Tho MBB1C4255 hasbaendasignedior manframe memories,
bufter memories, and video image memories requiring high speed and high bandwidth
output with low powar dissipation.
Fujtsu's advanced three-dimsnsionai stacked capachor colf technology gives the
MB81C4256 high Q-ray soft error immunity. CMOS technology is used in the
peripharal cifcuts to provide low power dissipation and high spead oparation.

This specilication applies to the BC die revision that was developed to realize taster
access time. Faster speed versions (70 and 80 ns) are available on this chip.

Features

Parameter MB81C4256 | MB81C4258 MB81C4256 M881C§256
-70 -80 -10 12
‘mAcco“ Time 70 ns max. 80 ns max. 100 ns max. | 120 n¢ max,
Random Cycle Time 140 ns min. 155 ns min. 180 ns min, 210 ns min.
¥ (Address Access Time .43 ns max. 45 ns max, S0ns max. | 60nsmax. |~
UAS Access Time 25 ns max. 25 ns max, 25 ns max. 35 ns max,
E;SOP;_IQ":MMG 53 ns min. 55 ns min, 60 ns min, 70ns @in.
§|Low Power Dissipation
* Operating Current 413 mw B85 mw 330 mwW 275 mW
max, max. max. max.
! Standby Current 11 mW max. (TTL lovel)/5.5 mw max, (CMOS lovel)

v 262,144 words x 4 bits
organization

* Silicon gate, CMOS, 3D-Stacked
Capacitor Cell

¢ Allinput and output are TTL
compatible

* 512 relfresh cycles avery 8.2 ms

+ Early write or OF controfled
write capabulity

* RAS only, TAS-before-FAS, or
Hidden Refresh

* Fast Page Mode, Read-Modify-Write
capability

* On-chip substrate bias generator lor
high perdormance

"bsolute Maximum Ratings (see Nota)

Parameter Symbol Value Unit
‘otage &t any pin relative 1o Vss Vi, Vour <110 +7 v
fokage of Ve suoply relasve 1o Vss Vee 110 .7 v
ower Dissipation PD 10 w
gﬂCircuil Qutout Current —_ 50 mA
orage Temperature Ceramic Tsta 5510 +150 °C
Plastic -55 10 +125

it

DIP-20P-M03

ZIP-20P-4402

The 0mics COMaNE Ersrey 6 tvolect T nous aganst

CATA0E CL 10 NQh MANC vorages o slectrc leics However, 1
B a0V'480 INA RO ITE (/8CAUHGAE De 135N [0 2vOd a0oacation
o A%y voNage Mghe 1Nan rani~um rated volages © inig high

TOBCINCS Croun
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12
[
 PIN ASSIGNMENTS AND DESCRIPTIONS
20-PIn DIP ; 26-Pin SOJ: .
(TOP VIEW) (ToP Viewy
o ¢+ ~ 2 [ vss -oas g7 2P Vs
ooz gf 2 s [P oot
t:i g: 1w P oo W 4[> 2D o
e O o = g o|p =
N s 0. v v s 2{p =
M v s o 3o .
T el R 7
2, Qe Y =) Ay Deslg F e . ¥
2 g Wil s, 2o Ofe wib a DQ1 to DO4 Data tnput/ Cutput
A, s ) Ay, A, Qi ” A, WE Write Enable.
e ==
A, e 12{] 4 :: d :; :: A: RAS Row address strode.
Vcc[: 10 wil o, vmli 1 1 A, NC No connecuon.
AOto A8 Address inputs.
20-PIn 2IP: vce +5 volt power supply.
Y ¥ 3 Outout_enable.
TAS_ 004 DOt WE WG A1 A3 A4 As 4 €AS Columh address stroba.
2 4M 6M 80 W0 121 4 M M 18y 00
é LT T L U U T T T LT = Circuit ground.
TE 003 vgg D2 TRAS A0 AZ veg AS A7

RECOMMENDED OPERATING CONDITIONS

'»
I

el R . Ambiant <’
P:urrm-r Noln Symbol Min Typ Mlx Operzting Temp
Veo s 50 55
Suppty Voltage E] v
Ves 0 ) 0
Input High Voltage, all inputs D VIH 24 - 6.5 v 0 °Cto+70°C
Input Low Votage, atlinputs [ 1] viL -20 - 08 v
Input Low Voltage, DO ") VILD -1.0 - 08 v

* ¢ Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are accaptable.

-y
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

FUNCTIONAL OPERATION

ADDRESS INPUTS

lype; thus, address information appeanng after tasn (min)e tyis auomatcally reated as the column address.

WRITE ENABLE

The read or write moda is detarmined by the logic state of WE When WE is actve Low. a write cycle is initiated: when WE is High. & read cycie is
selectad, During the read mode, input data is gnored.

DATA INPUT

Inputdata is wniten into memory in evther of three basic ways—an earty wnie cycle, anGE (delayed) write cycle, and a read—modi ty-wnite cycie The
faling ecge of WE or TXT , whichaver s later, serves as theinput data-iaich strobe. In an early write cycle, the input data (DQ1-DQ4) is svobed by
TES and the setunhold times are referenced 1o TAT because WE goes Low before TAZS Ina delayed wnite or & read-modify-write cycle, Wi
goes Low aher TAS ; thus, input data is strobed by WE and all setup/hold imes are referenced to the wnte—enable signal,

DATA OUTPUT

The three—state buffers are TTL compatible with a fanout of two TT1. loads Polanty of the output data is identical to that of the input; the autout butters
remain in the high—-impadance state unt! the column address svobe goes Low, When a read or read—modity-wnia cycle is executed, vaid outpuls
2re obtained under the following conditions: -

IRAC:  from the laliing edge of AT whon taco (max) is satshied

ICAC :  from the falking edge of TAS when tacp is greater than 18¢D, tAAD (max).
1AA from column address input when taap s greater than tap (max).

tOEA from the lalling edge of OE when OE is brought Low aher taac, tcac, of tas

The cata remains valid until erther TAS or OF fetumns lo a High logic level. When an early wnte is executed, the outout butfers remain in a
high—mpedance state dunng the entre cycla,
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MB81C4256-70
MB81C4256-80
MB81C4256-10
- MB81C4256-12
{(Recommended operating condltions unless otherwise noted) Notes 3
VYalues . (
Paramier Notes Symbol Condgilions wn Tve Vox Unlt
Qutput high voitage Vou o = =5 mA 24 - -
v
Output low voltage Ve lex =42mA - - 04
OVEVINE 5.5V,
! 45VS Ve S 55V, - _
Input leakage current  (any nput) 118) Vss + OV, All other pins 10 10
. unoer test s OV HA
. 1 OVE Vours § SV, . _
Output loakage current o Dath out Beablod 10 ) 10
MB81C4256-70 75
Operating current MB81C4256-80 RAS 8 CAS cychng, 70
{Averago Powor - leet tac = min 7 - mA
supply Curront) MB81C4256-10 60
MB81C4256-12 50
Standby current TTL level RAS « CAS «V,, 20
(Power supply leca N, et - - mA
current) CMOS level RAS = CAS 2 V¢e 02V 1.0
MB81C4256-70_| 70
Refresh current 81’ | MBB1C4256-80 TKS & Vi, RXS cycling. _ » 85 "
(Average power sup- ICC: {ac « min 7
ply current) MBB1C4256-10 ss
MB81C4256-12 45
MB81C425%6-70 47
Fast Page Mooe MB81C4256-80 i HES «vit, TES cycling, 45 mA
current MBS 1C4256-10 cca toc » min e - 40
MBB81C£256~12 N 33
MB81C4256-70 70
Rolresh current 52 MBB81C4256-80 RAS cycling, 65
{Avorago power sup- tees m-bolmwm. - y 2 A
ply currenty E MBB1C4256-10 Theas ik 55
- MB81C4256-12 | a5
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

AC CHARACTERISTICS

(At recommended operating conditlons unless otherwise noted.) Notes 3,4, 5

No. Parametar Notes | Symbot MBB1C4256-70 | MB81C4258-30 MB81C4256-10 | MB81C2256-12 Unlli
Min Max Min Max Min Max Min Meax }
! Time Between Retresh tagr - 8.2 - 82 = 82 - 82 | mi
2 Random Read"Wnte Cycle Time tag 140 -~ i85 - 180 - 210 - 03l
3 Reag-Modity-Write Cycle Time Lawe 197 had 212 had 240 - 275 - A
_4 | Access Time rom RAS taae_ | — 70 - 80 — 100 - 120 | o
5 | Access Tima from CAS leac - 25 - 25 — 25 — 35 | &
6 | Column Address Access Time tax = 43 — 45 - S0 — 60 | ns
7 | Outout Hold Time ‘o 7 - 7 - 7 — 7 - s
8 -| Output Bulfer Yum On Oelay Time lon S - 5 - 5 - H) - s
9 Outout Buller Tum oft Delay Time tore -_ 25 - 25 — 25 — 25 T
10 | Transihon Time te 3 50 3 S0 3 50 3 0 [0
11 | RAS Prechargo Time tap 60 - 65 - 70 - 80 - s ‘
12 | FAS Pulse Wicth loas 70 [100000 | 80 100000{ 100 | 100000{ 120 | 100000{ =51
13 | JAS Hold Time tasu | 25 — 25 - 25 - 35 — | sy
4 | CAS 10 AAS Precharge Time terp (L Y. 0 — 0 — 0 ~ |~
15 | RAS 10 CAS Delay Time taeg | 20 45 22 55 25 75 25 85 | i
16 | CAS Pulse Wicth teas | 25 A 25 - 25 - 35 — | e
17 | CAS Hold Time esw | 70 - 80 - 100 — 120 = |
18 | CTAS Precharge Time (C-B-Reycte) (19 ] ooy 10 - 10 5 10 i 15 - EX]
19 Row Address Set Up Time tasn o - 0 — 0 - 0 - -5
20 | Row Address Hold Time Taam 10 — 12 - 15 i 15 - s
21 | Column Address Set Up Time Tase 0 = (] — [*] — 0 - s
22 | Column Address Hold Time tday 15 - 15 — 15 . 20 . s i
23 | RAS 10 Column Address Delay Time[13 ]| toup 15 27 17 35 20 50 20 50 | ~sf
24 | Column Address to RAS Lead Time Tog 43 - 45 - 50 - 60 - s |
25 | Read Command Set Up Time tocs 0 - .0 P~ (o] - 2 - s 1
ity ol D R e I R I S
28 Write Commana Set Up Time E tamsg 0 G Ogf - 0 - L} - ~%
29 Wrnte Cemmand Holg Time [ 15 —_ 35 —_ 15 - 20 - -5
30 | WE Puise wiom o 15 — i5 — ‘5 — 22 - |
[ 31 | Wnte Commangto R3S Leac Time ! aw 22 — 22 — 5 | ) - |
b2 { Wnite Commanc 1o CAS Lead Time towt 17 — 17 - 20 — 25 - ! 5
[ 3 | o servo e s | o _ ) — 1 _ X -
B 1 CIN riolo ~ime o s — 15 — 1s ] _ 2 | = |
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12
AC CHARACTERISTICS (continuea)
(At recommended operating condltions unless otherwise noted.) Notes 3,4, §
N P " Symbol MBB81C4256-70 | MB81C4256-80 | MB81C4258-10 | MBB1C4256-12 Unit
0. srameter \ mdo
rsme oles | oy Min Mux Min Mex Min Mex 3 Mip Mex
15 RAS Precharge nme to CAS ! aee ° _ 0 - 0 - 0 — ns
Acnve Time (Retresh cycles)
CAS Set Up Timeg lor CAS—-before— ' - —_ —_ ) - as
% RAS Retresh esa ° ° °
TAS Hold Time lor CAS-belore— l
t ' - - 1 - - ns
V7 | FRS Aehesn . Pfoe | 9 - 5 i
{\3 3 | Access Ti~e rom OE o tees | ~ 22 = 22 - 22 - 30 | ns
2 Outeut Bulter Turn OH Dolay toez P 25 _ 25 - 25 —_ 25 as
tfrom CE
40 |- OF 1 FiAT, 1 ioudd Tima tor Vatd Data frus 0 10 - 10 - 10 - ns
41 | CF Hotg Tee Rivterancod to VIE 16 1 e n 0 n = 0 - ne
12 | OF to Data ~ Calay Time | ot 26 - 2¢ o~ 25 = 25 — ag
43 | Ot 10 T35 Detay Time ! 17 i s o) — 2 = 0 — 0 = ns
48 | DIN1o GF Gntay Time O tom 9 - ° X o = o — ns
n Access Twne trom CAS tear _ 4 i 45 y 50 - 60 as
{Counter Tost Cycle)
Fast Page Moce ReaaWnte -
t — —_ . —_— 7 =
%1 ycle Time oc 53 55 60 0 ns
Fast Page Moce Read-Moaily-Wnte _ = - As
St Cycte Tea ! sawg| 105 x 107 18 130
52 | Access Time 'rom CAS Precharge JACUe 53 — 55 — 80 — 70 | ns
£3 | Fast Page “ode CAS Precharge Time teo l 10 —) 10 — 10 = 15 - ng
Noles:
1. Relorercod to VSS 9  Moasured with a load equivalent 1 two TTL loads and 100 oF.
2 lcc deonnds on the oulbut Ioad condiions and cycle rates. The 10 tore and logz 15 specifiea that output bulter change to high
specihed valugs are oblainead with the outdut open impeaance state.
lcc depends on the number of acdress change as RAS = Va and
2 Viw 11. Operanon within the tacp (max) limit ensures that taac  (max)
Iccr, Iccaanalces are soectied at hiree tme of acdress change can be met. taco (max) is specified as a relerence point only: if
—_—r=
aunng XS = Vi and TIS = v tRcD I8 greater than the spechied aco (max)himi, sccess tme 18
iccats soeclfied atone time of addres s change duning #AS = Vi 4
controlled exdusively by tcac of taa
ano TAS s Vix,
3 An 'minat pause {RAD «TED =VIN) of 2001s 1s requred aher 12, taco (min) = taw (min)e 2t7 - tasc {min}
pownr up tollowed by any eiIGht RAS -cntv cycies belore prooar 13 Operation within the taap (max) limit ensures that tac  {max)
devicn opuration 1s Achieved '~ €A15e Of using Aatermal reiresh canba met tran (max)is socahed as a referanca point onty il
countnr a minimum ot eght TES -belora-T1 55 imnahzaton od - e
cycins nsiead of 8 T3 ¢ycios are rocurod taap 18 greator man the spoahediap (Max) imit, accoss tmea s
controilnd oxclusivoly by Cac Of 1 aa
4 AC characternisucs assume tr = Sns
hod f ad cyclo
5 V. (min) and Vi (max) are reterance lavels for measunng 14 Eithor tran Of tagu musi be satishod for @ read ¢y
uming ¢f input signals Also ransiton tmes are measured 15 twcs 1s soecihed as a reterence pont only I twcs 2 'wes
betwacun V. {(min) and Vy (masz) {min) the data output pin will remain High-Z state hrough entee
cycle
' &  Assumas allaco € tac) (marn tnan < tnag 'mar tlacs s
greater han the manmum recommendes value shown i s i Assumes Tal tlwes < twis tmn)
tanre aag will be nereasec by the amaurt thal s 812eccs 17 Edher 1azc or 1520 must b6 sadsfied.
e va ue snown Relerto Fig 2 anc 3 ’
- . 18 lgoa ts access tme from De selocoon of a new column agcress
7 Assumes halRe32 1AC0 (Man) ma32 1R i usc 2 {mat 15 caused by changing TAS from "L 1o "H') Therelcre.
- iLag - 1T axcess bme s KAl 1co 18 shortened, icpa 15 Jonger Man SPA (max)
8 Miamaz21aan (Max)andtsc € laa - 12aC -1 ACCOSS IMe s 19 Assumes that TXS -betore-FAS retresh, TAS -bofore-RAS
taa refresh counter tost cycle onty
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

Fig. 2=t gag V8. laco

taac (nS) 160

140 -

120ns Version

Uaac (ns) 160 b=

140 j—

FIg.3 =1 qag v8. bup

120ns Version,

120 I~ 120
) 100ns Version . 100ns Version
100 [~ - : 100 f~
80ns Version : | ) _80n: Versior: i
80 1 ons Versro | 1 8 _(41—(——' 70ns Version
S | I
& - [ ok~ I I
- 11 | i -~ ot
| o N A I M ST 1 T it | 1 | .
20 40 60 80 100 120 20 40 60 80 100 120
= ! pep (NS) taap {ns)
Operatlon Mode Clock Input Address input Dsta .
HAS [CASTWE T OF Row Column tnput Qutput fptresh Note
Standby H H X X _ - - High-2Z .
Reac Cyde Lt HI L Vahd Valid - Vaiid Yos ° | tacsatacs (mim
Write Cycle e !
o {Early Wnte) L L t X Valid Valid Valid High-2 Yos ° tneszlwes (min)
Read—Modity—
Write Cycle L | L {Hol|t—H]| valid Valid Valid Valid ves °
m—oniy
Refresh Cycle L H X X Vahd - - High-Z Yes
CTAS-defore—
A3 Retresh L L X X — - - High-2 Yes lesaztwesh (min)
Cycie
Hidden Retresh H=l} L X L — - - Vafid Yes Previcus cats
is koot
X: "H or°L”

*. ltis impossiblé in Fast Page Mode
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

Fig. 4 - READ CYCLE

AAS v:- L 72

Yens

CAS

A::oA R

[s]0]
(Inputy

DESCRIPTION

e

4

Tolement a reac operabon a vahd acaress is taiched n by he RAS and CAS address strooes ang with V/E set
-
C:

$01 10 3 low wgvel, .M SUDULIS vaid onco e memo
RAC), CASicac), OF (TOEA) or column accresses 1tAA) under e lollowing conarbons

It 2RCD > tRCD {mas), access lumg = 1ICAC
I11RAD > 1RAD tmar). access time = AA

it 5{»: brought Low atter IRAC ICAG o wha

(which ever occurs later) access tme = (CEA
Homever il either CAS or OF

¥oes righ the cuzut retums 1o a high—mpedance state afer 1CH 13 sasshag

08 QN leval
ry access me has elapsod The accass 1Mo 1s dolarmimod

- A 8

%y
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

Fig. § - EARLY WRITE CYCLE ( OF = “H" or “L" )

Ts  Ym— 3& .

Ve —

-

teas

CAS

'an—ﬂ

Ny

YaaL

]

onoA.

il

[o]0]
{Input)

P

po Vou—

RIGH-2
(Output) Voo —

DESCRIPTION

the faliing edge of CAS and wriften into memory.

A wnite cycle is similar to a read cycle except WE is set 10 a Low stale and OFis a "M or *L" si
mented in either of three ways - early wnta, OF wnte (Gelayed wnte), or read-modily-write, Dunng all wnte cycles, iming parame-
ters IRWL. ICWL and 1RAL must be sausfied In the early wnie cycle shown above tWCS satished, cata on the DO pin is latchag with

ignal A wnita cycie can be imple-

D e
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MBE1C4256-12

Fl

a

6= O—E( DELAYED WRITE CYCLE)

oS

l

(¢
3
.

A:!oA .

'\C

DO
{tnput)

VALID
DATA INPUT

DO Vg — LT

oL =~

©Oupuy v s HIGH-Z

’HAc

H

’37‘?— HIGH~-Z
s & 1

Yy, —

DESCRIPTION

In tre OF ‘delayed wnie) cydle, IWCS 15 rot satished s Necs
wnten inio memory  The Ouut Enaoke 1S3 signal must be chan

B onire DQcrs s alches m‘t ‘he ta ~5 eoge ¢f ViE anc
9ed from Low 1 ~gr. setoro TE goes ,--l (t0ED - :LS)
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

Fig. 11 - FAST PAGE MODE READ~MODIFY-WRITE CYCLE

-Lr- RMD

RAS ’

—1
tere "—’“tuco

CAS

PRWC

0Q
{Input)

jole}
(Qutouly

DESCRIPTION

Ouning fast bage mode of operahon, the read-modify-wrnite cycle can be erecuted by switcring T

date appears at the 0Q ping cunng a normal cycle

from High to Low ahar nput
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MB81C4256-70
MB81C4256-80
NB81C4256-10
MB81C4256-12

Fig. 12 - RAS-ONLY REFRESH (WE = OE = “H" or “L")

lac
"aas f
Vi = X
mE N W -
:As:r-—— o  aam n—-ilnp»

X scwaoosess X X

Aa‘.DA ' Vg —

Vo —
lcap | l
TIT Ve —
AL W K
Yorr
o
[ae] Voc -
(Outputy Vo — RIGH-2Z

I
DESCRIPTION

Retresh of RAM memory cells 13 accomplished by performing aread. a wnte or aread-moaify-write cycle ateachol 512 row acdresses every
8 2-miliseconds Three relresh moces are svaslable RAS—only retresh, TXS.bslore-FAD refresh, ang hiaden refresh

RES-only refresh 15 pertormed by kaeping FIAS Low and XS High thraughout the cycle. the row adcress 10 be refreshed 13 faiched on the
falling ecge ot RAS During ARS-only retrash. DouT pin is koot in a high-impedance state.

Fig. 13 - CAS~BEFORE-RAS REFRESH ( ADDRESSES = WE = OE = "H" or “L")

tac

-

Na—JL

t Tesa t t .
r"- PN CHA [® *Reg .'l

Vq — \
lose |
et
20 Vou -
0G0 Vo — o il
DESCRIPTION

TXS-belore-~XS refresh 1s an on-cho rekresh capability mat eliminates e neec lor external refresn accresses 1 TES 1s neld Low for the
soocfied satup time (152 belere TX3 goas Low the on<nip refresh contral clock generaters and reresn adoress counter are eradied An
~remal refresh operaton automaiscally occurs anc the fetrash adoress oourier is irternally increme~tec n prezaration 'or me nert
TX3-batore-5KY retresh operaton

2-203
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MB81C4256.70
' MB81C4256-30
MB81C4256-10
MB81C4256-12

R et —. ..

Fig. 14 - HIDDEN REFRESH CYCLE

[ » 9%

CAS

AomA.

{Input)

[o)e) OH —

HIGH-2

VALID DATA OUT

HIGH-;
{Outpur) Vo — GH-2

DESCRIPTION

A hidden refresh cycle may be performed while maintaininy

' - Therelresh row address s provided by the on-chio refresh
required by DRAMSs that do not have CXS-before-RES ratresh capability.

.

g he latest vand data at the OUbULbY extending the actve tme of XS ang cychng
addresscounter. This eliminates e needfor the extemnal row address thats
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MB81C4256-70L/-s01/-10L/-12L
CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC BAM

CMOS 256 x 4 Bits Fast Page Mode DRAM
The Fujitsu MB81C4256 Is a CMOS, fully decoded dynamic RAM organized as
262,144 words x 4 bits, The MB81C4256 has been designed for mainframe memories,
bufler memories, and video image memories requiring high speed and high bandwidth
output with vary low power dissipation for battery operated applications.

Fujtsu's advanced three-dimensional stacked capacitor coll technology gives the
MB81C4256 high a-ray soft emor immunity and extended refresh time. CMOS
technology is used in the peripheral circuits to provide low powar dissipation and high
speed operation,
This specification applies to the BC die revision that was developed to realize faster
access time. Faster spoed versions (70 and 80 ns) are available on this chip.

Features
. Paramester MB81C4258 | MBS1C4256 | MBI1CA258 | MBS1C425SE
’ -70L 80t <100 -12L
KES Access Time 70 ns max. 80 ns max. 100 ns max. | 120 ns max.
Random Cycle Time 140 ns min, 155 ng min. 180 ns min. 210 ns min.
Address Accoss Time 43 ns max. 45 ns max. 50 ns max. 60 ns max.
TXS Access Time 25 ns max. 25 ns max. 25 ns max. 35 ns max.
;m Page Mode Cycie | 53 ns min, 55 ns mm. 60 ns min, 70 ns min.
ime
Low Power Dissipaton
* Operating Current 396 mW 358 mW 303 mW 259 mW
max. max. max. max.
* Standdby Cument 8.3 mW max. (TTL levely1.4 mW max. (CMOS level)

» 262,144 words x 4 bits
organization

¢ Silicon gate, CMOS, 30-Stacked
Capacitor Call

* Al input and output are TTL
compatible

* 512 refrash cycles every 64 ms

+ Early write or OE controlled
write capability

RES only, TKS-before-RES, or
Hidden Refresh

® Fast Page Mode, Read-Modily-Write

capability

¢ On-chip substrate bias generator for
high performance

Absolute Maximum Ratings (See Note)

Parameter Symbol Value Unit
Voltage at any pin relatve 1o Vgs Vv, Your o7 v
Voltage of Ve suoply relative to Vgg Vee 11047 v
Power Dissipaton PO 10 w
Shot Cireuit Cutout Current — 50 1 ma
Storage Tempernture Coramic Tsra 5510 + 150 °c

Plasac 5510 +125
[ Note: Permanent device camage may occur if absolute maximum ratings are excaeded.,

Funcoonal operaton should be restictaa to he conditons as detailed 1n the operanon
secoons of this data sheel. Exposure 10 absolute maximum raang conditons for ex-
lended penocs may atfect device reliability.

Coopgm © 1000 by FUIITSU LIMITED ang Funsw Microsiecironc, Inc.

DIP-20P-4403

O1P-20C-A03

Z1P-20P-M02

The Gevice CONMaNS CYOUAsy [0 DROHECT the HOUS AQ8rH
damage due 10 Pgh BIRNC YOREQEE O 0:4CITC Q. HOwarver, &
§ ATV IhE] A D/RCAULIONE DA 13X8N 10 EVOD A00ACRION
Of any vORAGR Mgher IRAN MRXITUM Fated vOIAgSE © Nt PR
oscAnce crat,
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. MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12

PACKAGE DIMENSIONS (continueq)

(Sufflx : —pJ)

26-LEAD PLASTIC LEADED CHIP CARRIER
! (CASE No.: LCC-26P-M04)

*.575:.005
! 17.15:06.13)

'
.300{7.621 .3321.005 .2682.020

IO —
® o le & | | T

INDEX NOM  (8.4320,33) 16.81:0.51)
ol =)/ [
LEAONo.@—-«. OO gy i = =m=ma, =
.050:.005 T
1.27:0.13)
03210.81)
MAX

R
| .09812.501NOM

.017:.004
10.43:0.10)
Detasls of ““A” part
NOTE: ) + This dimension includes fesin orotrusion. (Each side: .006(0.15)MA X)
2. Although this Package nas 20 lesds orly, 113 pin positions are the same a1 that of 26-lead Dackage.

Demensiony in
©1088 FLIITSU LIMITED Co8084$.1C ’

-14013.551MAa X
; ’ .08812.25)NOM

i .02510.64MIN
1

inches (rmillimeterst
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MB81C4256-70
MB81C4256-80
MB81C4256-10
MB81C4256-12
PACKAGE DIMENSIONS (continued)
(Sufflx : -PS2)
20-LEAD PLASTIC Z!IG-ZAG IN-LINE PACKAGE
(Case No.: ZIP-20P-M02)
SRR T — .

[ INDEX

g

05001 271 020+ 004

O ‘ '953'%
it _—I__L

1

" 10002 541 TYP

TYP 0.50=0 10)

LEAD No 1,

(ROW SPACE)

%%%fﬁ

€ 1983 FUITSU LIMITED 2200025-4C

1BOTTOM VIEW)

Dimensions in
nches Imiimeters)
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A 1oA M

] (]

Vl
WE 2]
(Read) L
0Q Vi
{input) Ve
[al0] Vou
(Output) Vo
oF Vi

v

. [
e S - oz e s e Bk m‘ér'r‘-'tssw':.;
MB81C42556-70
MB81C4256-80
MB81C4256-10
MB81C4256-12
1]
Fig. 15 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
S | llisu I.,
CHA
t ‘Cm lw
ol ]
b TN
lnAL
e toan ——=
Tasc == b=
X COLUMN ADDRESS 1K
tew "'—'{
lxs b— lm ==
| .
7 {7 o NP |
Yoze twp
log o le-
b 1, —
>- HIGH=-2 VALID DATA INK
- Yoen ] s
HIGH-2

220

HIGH-Z
l Yoew .

\
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D Vakg Oata
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FUJITSU

MB81256-s0

MOS 262,144 BIT DYNAMIC RANDOM ACCESS MEMORY

262,144 Bit Dynamlc Random Access Memory

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access
memory organized as 262,144 one-bit words. The design is optimized for high speed,
high performance applications such as mainframe memory, butier memary, peripheral
storage, and environments where low powor dissipation and a compact layout are
required.

] Multiplexed row and column address inputs permit the MB81256 to be housedin
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform PLASTIC PACKAGE
lo the JEDEC-approved pinouts. Additionally, the MB81256 offers new functional DIP-16P-M03
enhancements that make it more versatile than previous dynamic RAMs. CAS-before-_
HAS refresh provides an on-chip refresh capability that is upwardly compatible with the
MBB266A. The MB81256 also features page mode which aliows high speed random
access of up to 512 bits of data within the same row. i
The MBB81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-layer Polysilicon process. This process, coupled with single-transistor memory PLASTIC PACKAGE
T T storage cells, permits maximum circuit density and minimal chip size. Dynamic LCC-18P-M04
circuitry Is used in the design, including the sense amplifiers. Clock timing
fequirements are noncritical, and power supply tolerance is very wide. All inputs are
TTL compatible. ! -~
(1.78)
Yp ¢ 262,144 x 1 RAM organization * High speed Read-white-Write cycle
5 ¢ Silicon-gate, Tripla Poly NMOS, * LA, twer, lona. tawp are elfiminated
f single ransistor cail ¢ Output unlalched cycle end allows PLASTIC PACKAGE
5(3,94) o Roas; Accoss T:(nae t two-dimensional chip select 21P-16P-MO1
TYP ns max. (MB 81255-80) * Common VO capability usi .A03: See Page 17
_‘. * Random Cydle Time {tnc Early Writa oporaﬁonw = 3'.:1}22.2832 P Page 18
3 175 ns min. (MB 81256-80) e On-chip latchas for Addresses and
¢ Page Mode Cydae Time 2&,‘% Data-in
100 ns max. (MB 81 ) ® Standard 16-Pin Plastic Packages:
008(0.201TYP * Single +5 V Supply, $10% tolarance DIP (MB81256-XXP! PIN? ASSTG NT
8PLCS) o Low Power sz[p mgzﬁxxpp IN ASSIGNME
tan 18-Pin Plastc Package:
2 e (D £1256-60) PLCC(MB81256-XXPV) Mal W,
Standard 16-Pin Ceramic Package: aw 2 wijeas
T ¢ 256 refresh cycles every 4 ms DIP (MB81256-XXC)
} o TKS-before-RAS, RAS-only, [T imp} 14{ J0n,
5(3.68) Hidden refresh capability Ininl A
Add TOP vigw
(s 4
Absolute Maximum Ratings (See Note) a nfdse
1.14) M i ] Ay
P )
P Parsmeter Symbol Vaive Unlt vee M
Volage at any pin relative © Vgg Vi, Vour -110+7 v -
. Voltage of Ve supply relative 0 Vgg Vee 11047 V' {L;Iq_q
:’('::,,':,‘m"i Storage Temperature Ceramic | Terg 5510 +150 °c ;"gz :EW
Plastic -5510 +125 DI
Y] Ny
] Power Dissipation Po 1.0 w g e
Shont Circuit Qutput Current - 50 mA TTEY
T s
Pin assignment for ZIP* See Page 22
Noe: ;onng:::t dew’c:o darnr;zlodng:y occwr if absg\lzto n':;x.imum ra':t’i:;wg,cl o‘é.l o;‘o:oded. )
unct operaon s restricted o conditions as detailed in operaton
soctions of this dat sheet. Exposure to absolute maximum rating conditions for ex- s s i e e e,
®nded periods may affect device refiability. & a0vaad that normal precauions be Lakan 10 avod acodcation
of any vorage higher than maximurn rated voRages © this high
Troscance CrouR,
Coygnt © 190 by FUIITSU LIMITED and Fufitsu Wiromactronca, ine.
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MB81256-80

|

D
>
)

|

(o]
b3
(%]

Ao

Ay
Az
Ay
Ag
As
Ag
Ay

Ag

L

Fig. 1~ M8 81256 BLOCK DIAGRAM

CLOCK GEN.
NO. 1
Cnglf?GEN. WRITE _
CLOCK [~ WE
GEN
REFRESH
CONTROL
cLock
INTERNAL
ADDRESS - NS —ou,
COUNTER COLUMN
- DECODER BUFF
SENSE AMPS
1/0 GATING
53 1 L
Lt ]
353 I
e DATA
ouT |~ D
BUFF our
262, 1da gIT

aBIY
LATCH
{ROwW)

ROW DECODER

STORAGE CELL

- V¢

————Vsgg

CAPACITANCE (7, - 25°¢)

/ Parameter l Symbol I Typ Max Unit
, Input Capacitance AgtoAg, D,y ‘I Ciny I ? pF !
Input Capacitance AAS, TAS, WE ; Cinz i 10 pF ‘I
Output Capacitance D,y , Court J 7 PF
1
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MB81256-80
{Referenced 10 Vgg)
Parameter Symbot Min Typ Max Unit Tcz‘r)ne;;::lar;lg;re
Vee 4.5 5.0- 5.5
Supply Voita
® Vse 0 0 0
Input High Voltage, all inputs Vin 24 6.5 v C°C 10 +70°C
Input Lew Voltage, all inputs Vi -2.0 0.8 v
{Recommended oparating conditions unless otherwise noted.)
' Value
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT®
Average Power Supply Current MB 81256-80 lees 70 mA
{RAS, CAS cycling; tag = Min.)
STANDBY CURRENT | 45 mA
Standby Power Supply Current (RAS, CAS = Vis) Ge2 :
REFRESH CURRENT 1°
Average Power Supply Current MB 81256-80 leea 60 mA
{RAS cycling, CAS = v, : tae = Min.)
PAGE MODE CURRENT®
Average Power Supply Current MB81256-80 leca 35 mA
(RAS = v, . TAS cycling; tpe = Min.) !
REFRESH CURRENT 2°*
Average Power Supply Current MB 81256-80 lees 65 mA
{CAS-before-RAS: tac = Min.) :
INPUT LEAKAGE CURRENT sny input !
(Vin =0V t0 5.5V, Vee = 4.5V 10 5.5V, Vgg = OV, TR | -10 10 pA
3l other pins not under test = GV) x
OUTPUT LEAKAGE CURRENT \ | 0 ‘ 0 A
{Data is disabled, Vo1 = OV 10 5.5V} otL) ! - | K
OUTPUT LEVEL i '
Output Low Voltage (15, = 4.2mA) Vou I J 04 v
| OUTPUT LEVEL | ! as v
Qutpul High Voitage (ig, = -5.0mA) | Von Jf :
NOTE- : lcc s depended on output leading and cycle rates. Specified vaiues are obtained with the output open.
1-27
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MB81256-80

AC CHARACTERISTICS

{Recommended operating conditions unless otherwise LIERENOTES 1.2, 3]

Value

Parameter [NOTES] Symbol o, Viax Unit
Time between Refresh ‘ner 4 ms
Random Read/Write Cycle Time the 175 ns
Read-Write Cycle Time tawc 180 ns
Access Time from RAS na thac 80 ns
Access Time from CAS og teac 45 ns
Output Butfer Turn off Delay tore 0 25 ns
Transition Time ty 3 50 ns
mPrecharge Time tap 80 ns
RAS Pulse Width Paas 85 100000 ns
RAS Hold Time tpgH, 50 ns
CAS Pulse Width y Tl 50 100000 ns
CAS Hold Time tesH 85 ns
RAS 1o CAS Delay Time 748} taco 20 35 ns
CAS to RAS Set Up Time teRs 10 ns
Row Address Set Up Time tasa 0 ns
Row Address Hold Time ThaN 10 ns
Column Address Set Up Time tasc 0 ns
Column Address Hold Time toam 15 ns
Read Command Set Up Time tacs 0 ns
Read Command Hold Time Referenced to CAS o] tack 0 ns
Read Command Hold Time Referenced to RAS o] tRaK 20 ns
Write Command Set Up Time 10 twes o] ns
Write Command Pulse Width twp 15 ng
Write Command Hold Time twem 15 ns
Write Command to RAS Lead Time tRwe 35 ns
Write Command to CAS Lead Time towe 35 ns
Data In Set Up Time tps 0 ns
Data in Hold Time ton 15 ns
CAS 10 VIE Delay 0] tewo 15 ns
Refresh Set Up Time for CAS Referenced to RAS
{CAS-before-RAS cycle) tecs 20 ns
Refresh Hold Time for CAS Referenced to RAS taen 20 ns

(CAS-betore-RAS cycle)
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|
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MB81256-80
(RAeSmr?eﬁﬁgﬁncnlgﬁ!oﬁl.llgihemiu noted.) '
Value
Parameter Symbol Unit
Min Max

CAS Precharge Time (CAS-before-RAS cycle) tesn 20 ns

RAS Precharge to CAS Active Time (Refresh cycles) taprc 20 ns

Page Mode Read/MWrite Cycle Time tpe 100 ns

Page Mode head-Write Cycle Time teawe 100 ns

Page Mode CAS Precharge Time tep 40 ns

Refresh Counter Test Cycle Time 11} taTe 330 ms

Refresh Counter Test RAS Pulss Width m T g 230 10000 ns

Refresh Counter Test CTSPrecharge Time 1] tepy 50 ns
Notes:

IR An initiat pause of 200 s is required after power-up.
And then several cycle {to which any 8 cycle to per.
form refresh are adequate) are required before proper
device operation is achieved.

It internal refresh counter is 1o be effective, a mini-

mum of 8 CAS before RAS refresh cycles are required.

AC charactenstics assume t = 5 ns.

Viw (min) and V,_ {max) are refrence levels for mea-

suring timing of input signals. Also, transition times

are measured between V,,, {min) and V,_ {max.).

B Assumes that tacy € tacp (max.) If trco is greater
than the maximum recommended value shown in this
table, taae will increase by the amount that taco
exceeds the value shown.

B Assumes that taep 2 taco (max.).

E Measured wvith a 1020 equivalent 10 2 TTL loads and
100 pF.

ﬂ Operation within the tgpep {max) limit insures that
taac {max) can be met. taep (max) is spectfied as a
reference point only; if tgeg is greater than the
specified tgep (max) limit, then access time is con-
trolled exclusively by teac.

ﬂ taco (Min) = tpay (min) + 2ty {ty = Sns) + tagc
{min).

E Either tqp)y of taeny must be satisfied for aYead cycle.

m(wcs and tcwp are not restrictive operating para-

meters, They are included in the data sheet as elec-
trical characteristics only. If tyes € twes (mind,
the cycle s an early write cycle and the data out pin
will remain open circuit (high impedance} throughout
entire cycle,
If towp 2 tewp {min) the cycle is a read-wnite cycle
and data out will contain data read from the selected
cell. tf neither of the above sets of conditions is satis-
fred the condition of the data out 1s indeterminate.

m Test mode cycle only.
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¢ Read Cycle
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AAS Vin-
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. [ RAM
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VALID
Dout HIGH.2 DATA
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= c
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. Vin— oG / / | .
Cas v & ﬂk
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MB81256-80 !
!
Read—Write/Read —Modify ~Write Cycle
p—— tRWC {
v - iRas
M=
RAS Vo=
=W i [csi N Y T e N Pl '
t RS Rp
c;s ' 'Reo fcas- - | '
Tas . _/ Li :f
M tRAH fasc - .
tasm —-T 5 tcam ,' ! l
Vin COLUMN l J
ADDRESSES Vi ADDRESS ]
tewt —=] .
lncst—-—] L——lcwo ‘HWL'—‘J ‘ i
Vin—
we y /. 7/ il V| I
teac { b ] — torF ”
Vou- = VALID i
Doyt Vor- I HIGH.2—] DATA i; i
! — !
1 | i
r RAC |D$!l_..J' ’».—-!lou ;
Vin- i
Din VALID !
N Vi~ x‘ DATA "
! G .
D Don’t Care )
i
4
B Page Mode Read Cycle ' !
¥ B
. RAS i
RAS Yim~ \ } l\ :
V- — t ' i
ters | ™ lesw - "‘——"C——“" : | RS H —— TRp =
"‘] —lRCO——— -tcag =tep= "“CAS""' L‘“CAS -— il.
= Vin= 2! :t f '4; ' '
CAS f N
Vig- ’ ItRAH : i : !1 '
-—— o | - —
1 car I‘Asc! can | , Ind tcam
ASR —— e l — ‘ASC i _...._.._ TASC =t =
RO coL. i coL. i
ApDRESSES | OQB»-I LA so5 L ;
) e i
. | ——teac— ]lou ~lcac— tcac K
——  -—trac —f— — toer -—1 —-t0F ¢ B
o Vou- l HES
— —-tres 7 —diRanie—
lncs—L VRACH —— .ih_lkc"—c_. .' |
V- i+
W "« ‘/ \_/
Vie- i
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D Don‘t Care
Valid Data
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MB81256-80
L]
Page Mode Write Cycle (Early Write)
} I
V-
H
RAS Vi -
tesH P
P cp
'C;;' b IR C Dttt A § —ed
) CAS Vin-
“ Vie- tRAH
- tasa ~{lcan
_-f tlasc tasc
Vin-
ADDRESSES fow o, X
V- ADC ADD
twek
twes ' wes:
V- %‘ [ ,; ‘
* WE VIH b
wY
bk tyyp et ¢
tos
- Din MEE VALID
ok DATA
VA=
Dour v°"
oL~
D Don‘t Care
Page Mode Read-Write Cycle
tRAs tap
N 3 Vip-
RAS Vi -
'cRs ICSH———a—
. — Rco tasH -
| tcas —=
\
— Viu= r
CAS Vi~ 7 /)
¥ tasal |tRaH i tcp
; bl CAH
thac Y —’—-{ Fe-tcan ' tewy
Vim= ROW coL. FCOL
ADDRESS V- ADD. ADD. 4 ADD, %‘
! tew tASC -t bot ! i
‘Rcs’-—-’ i AN [ = btowe ! tRwL
. Htewe tacs = b..anc', tcwp |
— [ et !
WE
ViL-
4
Oour
VoL~
! Vin=
N D|N VIN
N w-
. D Don’t Care
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MB81256-80

RAS-only Refresh cycle
NOTE: WE, D,y = Don't care, Ag =V, of V.
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MB81256-80

Hidden Refresh Cycle

Ly
a3
ADDRESSES
WE (Read)
Verree
Dour Vz:- HIGH.Z
WE (RescWritel :"'. {Shipipiiy
!
CAS-before-RAS Refresh Counter Test Cycle
n1c
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L vie N A N\
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MB81256-80

DESCRIPTION

Simple Timing Requirement
The MB 81256 has improved cireuitry
that eases timing requirements for high
speed access operations. The MB §1256
c€an operate under the condition of
trco {max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB B1256 has the
minimal hold time of Address (tcay),
(tWCH) and Dy {top). The
MB 81256 provides higher through-
put in inter-leaved memory system
applications. Fujitsu has made timing
requirements that are referenced to
RAS nonrestrictive and defeted them
from the data sheet, these include taR.
twcr. tonm and tawp: As a result,
the hold times of the Column Address,
D and WE as well as tewo (CAS 1o
WE Delay) are not ristricted by tRco-

Address tnputs:

A total of eighteen binary snput address
bits are required to decode any 1 of
262,144  cell locations within the
MB 81256. Nine row-address bits are
established on the input pins (A4
10 Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. TAS is internally
inhibited { or “gated”) by RAS 1o
permit triggering of CAS as soon as the
Row Address Hold Time {taan) speci-
fication has been sausfied and the
address inputs have been changeo from
row-addresses (0 column-address.

Write Enable:

The read moge or write mode 1s selected
with the WE nput. A high on WE
selects read mode; low selects write
mode, The data input s disable when
read mode 15 selected.

Data input:

Data is written into the MB 81256 dur-
‘NG @ write or reag-write cycie, The later
falling edge of WE or CAS is a strobe for
the Data In (D) register. In a write
cycle, if WE is brought low before

CAS, Dy is strobed by CAS, and the
set-up and hold times are referenced to
CAS. In a read-write cycle, WE can be
delayed after CAS has been low and
CAS to WE Delay Time (tcwo) has
been satisfied. Thus D,y is strobed by

, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is threestate TTL
compatible with a fanout of two
standard TTL loads. Data out is the
same polarity as data-in. The output is
in a high impedance state until CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
taac from transition of RAS when
tacp {max) is satistied, or after t_,
from transition of CAS when the
transition occurs after tacp  (max).
Data remain valid until CAS is re-
turned to a high level. In 2 write cycle
the identical sequence occurs, but data
is not valid,

Fast Read-While-Write cycle

The MB 81256 has a fast read while
write cycle which is achieved by precise
control of the three-state output butfer
as weil as by the simplified timings
described in the previous section.
The output buffer is controtled by the
state of WE when CAS goes low. When
WE is low during TAS transition 10 low,
the MB 81256 goes into the early write
mode in which the outpuys floats and the
common 1/0 bus can be used on the
system level. Whereas, when WE goes
low after tewp following CAS transi
tion to low, the MB 81256 goes into the
delayed write mode. The output then
contains the data from the cell selected
and the data from D,y is written into
wne celf selected. Therefore, a very fast
reaa write cycle is possible with the
MB 81256.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 81256
wrile maintaiming RAS at a low through-
out ail successive memory operations
in wnich the row-address doesn’t chan-
ge. Thus the power dissipated by the

falling edge of RAS is saved. Access and
cycle times are decreassd becsuse the
time normally required to strobe a new
row address is eliminated.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing 8 memory
cycle at each of the 256 row-addresses
(Agto A;) at least every 4ms, The
MB 81256 offers the following 3 types
of refresh.

RAS-only Refresh;

RA3-only refresh avoids any output
during refresh because the output
buffer is in the high impedance stats
untess CAS is brought low.

Strobing ‘each of 256 row-addresses
{Ag to A, ) with RAT will cause all bits
in _each row 1o be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation. During
RAS-only refresh cycle, either V., or
Vi is permitted to Ag.

CAS-befors-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81256 offers an alternate
refresh method. 1f CAS is held “low'
for the specitied period (tpeg) before
RAS goes to “low”, on-chip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform.
ed, the refresh address counter is
automaticaily incremented in prepara-
tion for the next CAS.before-RAS
refresh operation,

Hidden Refresh:

A hidden refresh cycle may takes place
while maintaining the latest valid cata
at the output by extending CAS sctive
time.

For the MB 81256 & hidden refresh is
a CAS-before-RAS refresh cycte. The
internal refresh address counters pro.
vide the refresh addresses, as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:
A special timing sequence using CAS-
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