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Th2 Signals And Systeas Laboratory in the Electrical

Engineercing Deq;:tnahi at’ the University of Windsor has con-

ducted reseacrch in the arda of-Dijital_Image Processingy for

the.omst savaral” years. As® result >f = these“research—ef-
focts, - an Image Processing Systenm has baen developel for

gquality control- probleas., Tnr2 first requirement for‘ani In-
age Proz2ssing System is the ‘capabil ty to Jigitize and
storce the‘meqés in'computec‘ 1ea>cy £or further processing.
At present,. the Digitizer that is beiﬂg uséd for<this‘pu;-;
pose is capadble of digitizing a 256X256 image, in about 1
ée:oui. Th2 slos speed »f tha Diqitizer.essentiallv linits
‘the averall performance 2f the systen. .

This thesis zovars the design and.:oﬁét:uctibn' of a
hija épeeﬁ Vida; Digitizar. The proiject qoal,jhowevér, is to
develoap an 2lectronically sophisticatad hardware and soft~
ware systen aroand the exiétinq hardware of the Image Pro-
cessing Systaa. Tae effort is to listribute the deéigh em-
phasis ovacr th2 analog, "digital and_ sbftwarg disciplines
utilized in th2.system, The dz2siga is structured to meét the
requifemants of the imaje processing 2xecutive apnd also to

enabls easy operation of the Digitizer.
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Chapter I. :
INTRODUCTION o .
; : : i

1.1 DIGLTAL- T#AGE- PROCESSING

It is estimated taat 75% o>f the information recsived.

[N

by a human 1is visual. Th2 proca2ss of ‘receiving and usind

visual} informatian is . referred to as siqgat, perception or un-

i
\

derstaniinq; Wnen a conputar rezeives and uses visual in-
. _

formation, this process is called :ompﬁter Image Processing
And R2cognition.Inxge rather than picfdte 1s used in the ti-

tle bz2cause computers store numerical images of a picture or

A sc2n2.Prd>z2ssing and racognition refer to two broad class-

es of technijues that have evolved in this field.dany compu-

ter picturz2 procazssing té:hniques have been developeil and.

applied only  in taoz last 12zade.Tae nddern advancement in

this field is mainly due to the recant availability of‘image

scanning and display hariware at a ceasonahble cost and rela-

tively free usage a2f computer.

Digital Image Pro-essing has got applications in such

‘diverse fiells as astronony,biology,niclear wmedicine, law

enforsement,industrial applications etc. All these fields

.

share a common neei for mathods capable of enhancing picto-

rial information For hunan iaterpratation and analysis.In
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[

pedizine for instance, ohysiciads ' are assisted by computer

pracedufes that -enhance ' the contcast:pc code th2 intensity

-,

1evéls—inta :olpﬁr for aasiéc iiterpratatibn of x4Rays and
other Bip-n;diéal-'iméqeé.lmaqe enhaﬁcémgﬁt an&'réstoratipn
procedures have begd'uséi to 'procass iegraded'images'depiét—
linq ﬁnreﬁovecable obie;ts or experiﬁehtai Qobks - too expen-—
sive to duplizata.Digital Iinaqe Pracessing is dsed fof ma-
" china perceptioﬁ , alsa.ﬁachiﬁe pecception - réﬁers —to
extriction 6f information from imayes in a forﬁ suitablz for
computer‘pco:assin;.$ypi:al pca>blexs Ln -machine percep;ibn
eﬁpl:vinq imqqe ppacessinq ta:hniqua§ can be found in auto-

matiz Chara:tet'ra:oqnition;iu@gstrial robots for product

aésenbly and inspection and finger print identification etc.

1.2 AN ISAGE MODEL o R |

=

A monochcome imagz (1) rc2fers to a two dimemnsional
-liqht intensity function.F(xtvf whete x and y denote spatial
coériinates and the waluz >f F at any.point_jx,y) is propor-
tiaﬁal‘to the bEiqhtness(or jrey leVel} of ﬁhe image at that

point.

Thg;imaqés that are perceived ian everyday visual ac-
_tivit} norually consist of light reflected from objects.The
basiclnatu:e of P(x,y) Ls :ﬁara:terized by two cogponentsi -
On2 zomponzat is 1is the-aﬁount of source light incident.on

the sce2ne be2iny viewed, while the other is the amount of

S L}
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light reflected by the objects in the scenme.These combodenfs

are called illemination and reflectance components anihafe Ny .o

denoteivby'i(i,v) and c(x,y) raspa:tivély:rhus ) " -
0 -" * . - - ;a . -

’ . : ‘ A . ‘

F(t,y) =1 (X, V) C{X,¥)

. ’ <

4

o

‘The axturz2 of i(x:vT'is—TetecniiSi by the light sBurce.while
ci{x,y) is i2terained by the <characteristics of'thg objects

'S

in a scemne.” ' / ‘ :

Th2 intensity of mandcarome inmage F at Coordinates ~°

(x,¥) 15 called the qreiinﬁgel *1' of the image at that

point. | - . .

*1' lies in the cange ‘ ‘ o
L <1< L | ‘ o .
zin - 13X T R
The interval {L,L } is called th= grey scale.It is common
) e, WA . . H
practice to shift this interval numerically to the intzrval

(0,L} wh2rz 1=) is coansidar21 black and 1L is couside:ed

‘white. in th2 scale.All 'intermediate vaLﬁes; are shades of ) . ;H

grey varying continuosly from black to_white;

i

e




1.3 DIGITAL INAGE -
In the form in which -they usuyally occuz, .iraces are
Lct directly amenable -to computer. analysis. Since conputers

werk with mumerical rataer thap  piftoriel data, B0 1maye

rust be cobverted to numerical: form berore frccessihg. A di- .

* - e
-

‘yital imaye 1s an-imadge F{X,y) ’‘which _ has becn discretized

rcth An sparial cecordinates and in brightness. A digital in-—

ade Ccan be considered as a Matrax whose row and. cclump ind-

1ces identify a point in tne iumage and the corresponding ma-—

trix value ldentiries the yrey level at that point.

1.4 SAMPLING AND QUANTIZATION

For digitrzimy an ihage, the voltage waveforla trat 1s

Jeherated Ly the camera to represent (2) the Lrightress ¢t

4 picture element is meazsured ( or saapled ) millicns ct

Tipes @acin Second.sdach sapple is then quantized @ 1t is as-
. _ p .

z1yned the nupberl ot the nedarest step: that tae systen can

resolve,Digitization of tne spatial coordinates 1s reterred
. o _ -~ | _

tC as l@ade sawpling while awplitude digitizaticn 15 called

Jrey level'quantLZdtlbn.

A continuous imdqé Fi{x,Y) cal, .e approxicated ¢ty

«Gually spaced sawples arrangyed in the rerm cf a i * N ar-
* -
Lay,where eachrelemnent of "the array is a discrete

-




F(0,)) F(0,1) —~=———=F(0,5-1) |
(1,2 F(1,1) —-==----F({1,8-1) | =
L . : o ]
l
. |
11} I

l
I
l
1 . . .
F{x,y}) = SR I L L n
. | ' '
|
i
|

N . : ' |
F(N-1,0) FP{¥-1,1) ---P(H-1,N-1})]

. ——

grzy levels allowel for 2ach pixel. It is a common practice

in digital image ptocessinq to let these quantities bz in-

‘teger powers of two ;

where 3 d=ndtes th2 numbar.oﬁ grey levels.

-

Th2 number of bits raguired to store a digitized im-

~agqe is given by :

b=HN%*UHN#*n
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. . k] ) . . . .
-The rasolution >OF the'im;qe is strcongly dependent on hoth N

e HF

and n;_ The more these parameters are increased, the closer
the diqitiied'acray will qpbcaiimate.the orignal image

-

: AY
The aumber of saamaples and grey levels requirel to

© produc2 g faithtul reproiuction ofl an orignal image dépeﬂds

on th2 image itself.As a basis for ‘zomparision, the require-
: - .

ments to-obtain a guality couparable to that of monocﬂtome

i
5
n.'
.
o
Y
0
v
cf
!

TV pi:tQEes aver a’'wide range of.imiqe types are on the ord-
--er of 512 * 512 pixeis with 123 grey levels. As a rule, a
mininam system for general ima.ge processing should be able ' ; o

to Qisplhv 256 X 256 pixals witn 64 gcey levels.

1.5  ELEMENIS QF- AN- INASE DIGITIZEE-

. »
A iigitizer is a ievice which convects: (3) an inmage

r.

ints 3 nuazrcizal repcesanéitian saitable for input into a
digital computerc.dn imag2 digitizer mast be able to divide ’

. . T—— . ' ' '
an imig2 into pizcture el2a2nts and adiress each individual-:

-7

'
L
1
1
i
|

1y, neasure the grey leval o5f the image at each pixel,'quan-

tize that continuous measur2aent to produce an

e intejer, " .and write asut the set of integers on a data

storage davize.
To accomplish this,” a digitizer must have . five élemgnts.
The first is a 5ampling apecture which allows the digitizer

to access tna picture elen2ats individually while ignoring

. the remainler of the image.The second element of an imaje is
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a mechanisa for scinninq tha image.' This process consist of

moving the samplinq_ aperture over the image in;a~bredeter-

maiizel pattaraz. Scananing allows the sampling aperture to ad-
dress pixels in orier onz at a time,
¥

Th2 thirdl element is 3 seansaoc, which cap measure the

brightness of .the image at each pixel through -the samplinq

aperture. The sensor is commonly a traasducer that converts

light inta2nsity into a elactrical voltage or =urrent.The
fourth elem2nt, a quantizer =coanvacrts the continuous output
'oi_tha s2nsorC into an itnteqgarc valae,Typically, the quantlzgr

is an elecztronic circuit called an ‘analog_to_digital con-

vertar. rhis produces a1 nuaber that Ls proportional to the-

inout voltig2 or current.

. The fifth element of an image digitizer is the output

mediaim. Fh2 ' jrey level values pcbduced by the quantizer

must be stored im an approaoriate formatk for subseguent com-

puter processing.lechnically, the output medium could b2 om-
ittedl if thalimaqejuere being processed “on line".Image di-

Jitizinqg 1is frequently done woff-line"” from the _maig

‘computar system, however, and the output medium is na2ces-
. . " .

sary. The meiigg can b2 nagna2tic tape »r maganetic discs etc.

RN
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1.6 DIFFERENT- TYPES- OF- DIGITIZRRS- - .

Among -th2 mdost conmosnly used ( 3) digitizers arz mi-

c:odansitomatérs, flyiny spot scaunecs,ipaqé dissectors and

-

TV camera'iiqitizers.u‘ The first two ievicas require that
' the image ko bz 3igitized b3 in the form of a transpecency

or photogqraph. - Image dissectors and TV camerasjcan accept

"
.

images rezardel ia this nénner, but tha2y have the additional

advantaqe':f bzing able to diditize-naturgl ihaqes that have

suffizent light inta2nsity to excit

w

the detector.

1.6.1 Hiccodensitometegs : S

) In wicrolznsitometers the'tcaﬁsp;cendy or the phroto-
qraﬁh i% mount23 on a f£lat-bsd or wcaéped arbund a drum.
Scahning is accomplished by focussing a beam of lighnt oﬁ the
imaqgz and translating th2 b=23 or .Eatatinq the drum‘in rela-
_tiln to the beaz. In case of transpacencies the beam passes
* through tha filno ;iﬁ photographs. it is reklectéd‘ from the
sucrfaze of ihe image.In both cases thé beam is focussed on a
photoiztestor and grey levzl a2t any point in the imagye is
recordad by the letector baséd on the inténsity of the beanm.
A digital imigs is obtainmed by allowing only disc;ete values
of intznsity anl pasitiosa in Lthe outﬁut. Although microden-
sitoreters are slow devices, they are capable of high degree

of position accuracy duz the assantially continuous nature’

of mechanizal translation used in the iigitization proczss.

8




1.6.2 : . :
: Flying Spot Scaaaeg

Flyiag. spot SGanners_also operale on the principle of

ifacussinq a-transmitted or reflected.sourcs beam on a photo-

a

detector. - In tais case,“hauaver th2 inage is stationary and

the light soarcz is a Zathode Ray Tube in ihich a beam of

' electrons, deflectad by the a2lectromajnets, impringes on a

fluorescznt phosphor surface. The beam thereby produces a

spot of liqht that moves in a scanaing pattern' on the face

of the tib2, The fact that the beam is moved electronizally

L B
allows hign scaaning spe2is. Flying spot scanners are also

id=ally suited_ﬁor-appli:atians in which it is da2sirable to

contrpl th2 pean scimhingy pattarn exterdally. This flexibil-
T

ity is afforded by the rfact that the position of the elec-

-

tron bzam is gquickly and gasilv established by-external vol-

tage signals -applied to the 2l2ctronagnets.

1.6.3  Laage- Dissectors- aad- I¥- cameras-

. In image dissectocs  and TV camesras the image is fo-

"cussai iica:tfr on the surfaze »of a photosensitive tube

/

whose vesponsa 1is proportional to the incident light pattern.
D;SSector“apération‘is bised sn thea pciuciple of electronic
emission, wher2 the imige 1incii=2at on ﬁhe photosensiggve
surface produces an elactronic beam whose crossaction is
roudnly th2 sam2 as th® geom=2try 2f thz tube_surface. Image

pickup is accomplished by asing electromagnets to deflect

the entire beas past a pinhﬁle locataﬂ in" the bazk of the
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disse¢ctor tube. The pinhole lets through only'a:snall creces’

scction of the beam and thus looks at one point in the irage
at a time. . Since photoeuwissive materials are very inefii-

cent, 'the_‘;ime'thdﬁ the piﬁhole. has to look at the pcint

.

scurce in,:éfder tp‘collec; renouqh‘electrbhs tends tc make
r;maqc diqipizers r&thur slﬁw‘digitizers.“ Mest devices i1nte-
Yldte ;ﬂ;‘émission‘or_edcn input poiht'over a specitieé tiroe
-”Elk;rvai before yiclding .a}siqnal‘uhich is p:opqrticnal te
the Lrightiess ol the point; This integration/capatility is
tunerlﬁiul in ﬁerms di noise :eductions,' thus raking igage
dilssectors attraciive 1n applicacions where high sigral té
nCLsE Tatl10s are reguircd. As,in flying spcoct scanners, cco-

trol or tne sScdahing Pattera in image dissectors 1s «<a

i

1ly

vacicd by eXternal voltagesignals qpplied to the alectrorag- .

nets,
-
1.6.4 . 5
Vidicon Tube -
Hany general purpose TV image digitizers emplcy a vi-
dicoun tubwe, whose operation is based orn the princirle cf

ptotocondﬁctivicy. AD 1dige focused on tane tube surface fIC-
duces 4 'patteru“of _varyiné cuoductrvity which matches tlhe
JlStLlautLon oif brightness in tbe optical imagjo. A inde-
Lthdéﬂg, Iineiy focussed electron beam scans the Leéar sur-
" Luce 0f the photocondpctive targei'dud by «¢harye neutreliza-
. tion this bean creates a potegtlal difference and Escduces

cn the collector a signal proportional to the input kright-
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ness pattern. A liqital image is obtained "by sampling and

.quantizing this signal.

1.6.5  Evaluatioa: |

Although stand;rd vidicoa iiqitizec; i?e'in general less ac-
curate than the systems iiscussed abog;, they have numerous
advantages which in many applicafiongloutueiqh théir'fela-
tive. lack of pra2cision. Vidizoan sysfans are the most inex-
pensiva systenms {nfthe mafket. They also h;ée the distinct
advaﬁtaqe that tha imag2 being digitized can be viewed in
its éntiretv on a IV monitor. This capability not available
in any of the systams diszussed an:ve i5 ideal for general

purpase apdlications. = Sinze vilicon systems enploy 2lec-

tronic scanning and photaconiuztive tubes are reasonably ef-

fizeat, these digitizers are much faster than microdensitom-
etzars and 1imagez disseztors. Thay arz  nat as flexible in
terms of b=2an z>ntrol as flyiag spot scanners because of the

scanning constraints regquired to produce a video image which

can be viewed on a standard TV monitor.
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1.7  PROBLEN STATEHPT‘HT.

Tue §i§nais And Systémé" Laboratory in the Electrical
tryineeriny department at the Uglvérs;ty oL Windsor hLas de-
vulopgd'an Image I[rocessing Sysﬁem.; The organizaticn cr—the
lEd Ju. processing -system 1S shown in fiqgure 1.1 It censists
cf the main coﬁputatlonql eleqent {SEL 3Z/27) a high speed
ccﬂvolution filter, a video cancra épd a diﬁitizer, -colcur
irage display ;YStem uith-tou;ﬁ gcreeﬁ”input. colouz frinter
plotter, 32 O Byte hard disk and a 1.2 # Byte floppy disk-

vtte, EPKUMN Prugrauger and systcw console.

-

The work was accolaplisaed as a yroup effort. EFach -

rewpel Or. the qfoup was assigned a'ﬁniqua jolk, such as tlLe
deslan of the video diqitizer; lhtEELdCing.tHC colcur prin-
Tel tOo SEL Computul,, Lntet:d&inq the inage display =ystern,
Gusign of tae vonvolution :iltér eﬁc. Finaelly the individual
GLits werpe iuteqrdtcd to rora the total'imaqe preocessing
system. dore detarls’about this ;maqewproqessind system arLc

given 1n the uext chapter.

This thesis deals win tue desiyn  and iwpplementaticn.

ci the video digitiger. IThe Video digitizcer is the frerc €nd
i Lhe system. A Hamawmatsu C1000 camera is used as the 1rnput
medium tor supplyiﬂu tihe analog laage. The runction ce the
Lroposed video drgitizer . is to wuiygitize the siqgrnal sé;plied

Ly the camera and stolre the digitized image into tie SEL

i
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The block diagram of the Diqitiéer sysiem ig giver fn

the lLigure 1.2

‘Prom tne Dblock diaqgram it is -clear“that the desiyn c¢f the
Viaseo Digitizer can ke divided into three parts:

.

{4) 1nterfiace between the TV camera and the analoy

to-digital couverter.

(h)-']hterlace between the analog to digaital ccnverter
and SEL 32/27 computer.

- e
(¢} Soitware drivers Lor. controliing the operation c¢i
the digitizer.

The interidce Lbetween 'TV camera and a/tC c;rvaL{Et
contains ha:ﬁdﬂre " which controls thé‘shmpliﬁq precess. it
sclects the instants or tiwe  waen sanpling should start and
alen 1t should stop. ?arious qlocx pulses 6:@ also qenétatei
whiclh control the A/D caﬁverter.

Tue interface between AsD converter and the SEL 32)21
ccaputer has got nardware whiqﬂ heips in storing .the aigi-
tized image into tné SEL 32/27 computer memory. ‘ bigitized
ddata 1s transrerreé to the host computer through the High

Sreed Data Interface.
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Video - L . : . o
Signal - . : . .
amera : .
Control ,
Unit _ : )
. | | SEL' 32/27
,interfacu ' ) A/D . Interface::::t> Computer
Converter -
Terminal =
Fig. 1.2 ' Digitizer Block Diagram '
- \
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1.8  THESIS-ORZABIZATION -

Chapter II, deﬁécibes the working - of the Image Pro-
cessilg Sysqgm. A brief lescription is given about the .vari—.

ous periph=ral i2vicas iaterfaced t> the host computer.

:ﬁgptac-III;_qivgs tha da2scription about the Hamanmat-

su canera. TI'he special featuras associated with the camera,

the worxingy and tha coatrols of the camera are discussed.

~

Zhaptar IV, " deals with thz Vidao rate A/D convecter,
The Flash Conversion Technigue usel for conversion purpose
is descibed in d2tail. [

-

“hapta2r Vv, <contaias the datails_about the;Camera / A
\ to D converter interface. Impoftant design considerétions
are i}scussai. The2 ;or:iuq >f the interface —is desc;ibed
with the aelp of plock diagram and the timing diagram of the

interface.

Thaptar VI, descripes the transfer of digitized data
from the digitizer to th2 SEL Computer. A brief description

of the HSD, interfazz is inclulal in this chapter.

‘Zhaptar VII, gjives th2 summary and conclusions of

this worke.




-

Chapter II

INAGE PROCESSING SYSTEM

2.1  INTRIDOCE

[ ol

Q,!_ L A
In tois zhapter, fhe details of the image processing
system davelopel oy tha Signals And Systems laboratory at

The, University Df Winds>r, are outlined. THe aim éf this:

systam is to devalop ths solutions to guality control image

proc2ssinj problaams. Th2 zantral element of the system is a
SEL 32/27 pracessor, which was chosen because of its large
direct memdry acc2ss, high speed pqgsessinq poswer ‘aad in

pacticular its high input/output through put rate.

2.2 SYSEEY ORSANIZATION
Figurce 1.1 shows the orjyanization of the intelligent
imaqg2 proca2ssing systenm. It consists of the main comguta-

tionil elem2nt (SEL 32/27), high soeed convolution filter, a
vide> camera and illumination contral, colour image display
system with touch screen input, colour printer/plotter etc.
The SEL 32727 is the' pcimarcy conputatioﬁal element of. the
imags proca2ssing éystém and the high speed convolution £il-

ter is usel for pra-proca2ssiag the.imaqgsu
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Th2 ,apération of. thea inaqa‘_pcacessinq'.sys;en ié_
céntolled through systenm consolé. The fouch‘screeﬁ input can
alsolbe-usai for_sbecifyinq various fpﬁctioné~likejdigitiz--
ing, Eiltering, 4isplay stc.. By ;Q;;vatinq_ the digitize
function f;om'tua touch s;reéq ar the. sysﬁem.congsle,.'tth
imaga of the_pact-undér inspecion is digitizeﬂ.'Tﬁe cﬁn}oldé
tion filter is us2d to> pre -proc2ss the imaga anﬁ. is aléé
usad for t=2mplitz matching iﬁrinq flal"detectiop bro:eﬁs.‘--
The‘ourpose of ;he imaqgqe display system is té cqévéft aﬁtiﬁlu
aqe-storeﬂ‘in a sestion >f th2 SEL 32/27 memory ipto e;thgr
a black ani‘_uhité compgsite videﬁﬂfoc a grey level display
or t» qenerate B, 3 ahd B signals for a pseudo 5olohr dis- s
plzy. The 1isplay of tha'pracassed imaqes of the parts undef
inspaction is of great importa&ce for the- devélop%mént and
ﬁerificafiﬁn of‘various' inage pcacessing alqori;hms. An
AYDIN 5216 Inaqe'disﬁl;ylcomputer has been acquired for this
purpose. It has got the éapability of displaying a 512*5124
imaga. The iispiay systan alsd> has a t:uch‘écreen input dev-
icanuhiph allows even a untpained~ personal. to use the image

.+

proca2ssiny systam.

The plottar is used ta :qenerate hard copies of the

imagzs of different parts. A TRILJG 100 colour plotter/prin-
ter has bza2n acquir=2d for this pucposz. The plotter/printer
system can plot images in colour oa ordinary paper and also

can b2 used for geaeral purpose printing. |




v v

‘The interface between the Data General NOVA - 84) and

-1

the image pro sznq systen Was -ﬁhilt‘to transfer‘aifféreht

-

imaga pr 2sing alqorithms that were- developed on NOVA to

the maqe pro,eSSan syst=m. The EPROH Programmerrls usad -to.

proqram.tha EPRDH*gs requ;reiAEOE lmplementat;on'-bf resldue

arithnetic operations within the convution filter. : .

2.2.1  SBL-32/e1 BinizComputer S S

The SEL 32727 is the basiz comoutational element of

the Imaqe Processing System. It consists of a‘32—bit étoces-J

sor, 512 K Bytz2s 3f HNOS uen:rv, an‘inpui/ohtput Processor,

32 M Bytes hari dlSc drive, 1.2 n Bytes - floppy disgette

drive, a hiqh'sneed data‘lnterfacé, interfaces for the Line

Printec/ Floppy Disc, [mage Display .System and a gemeral
purpassa comnunl,ntlon mutlplexer. To fazilitate- the devzlop-
ment of diffarent image proc Sblﬂq alq:rlthms a Hultltaaklnq

Executive (MPX-32), Foctran 77 'compller and an Assgmbler

have also ba2n incorporated into the image processing sys-

‘ten.

The SEL 32/27 conﬁonents arg ihterconhectedi via “two

buses, the SEL Bus .and the HP Bus as shown in Eiqure 2.1..

The SEL Bug'is a high spezi 32 ~-bit synchronrsus bus that can

" transfer data at the rate of 26.67 4 Bytes per sec. and each

moiule conneztel to the SEL bus is assigned a unique
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pbiocity. JThe Hultiputpose_(uP) bus is.a medlum speed 16- blt

asyachronous bus that can tcansfer I/ dta at the rate of

1.5 # B#tes per sec.

2.2.2 High- Spzed Convolution- Pilter

The high speed convo;ution filter {4) 1s the 2nd”/,'”

computational elem2nt of the image Dco:essihq systeaz. It is
used to pra2-prossss the imagz of the opart under inspection
ard is is also used .for tamplatz wmatching durin& the flaw

~

detection proceiur2s. Tane 32sign ‘af-the-convolution filter

_is b;sed on thaAsiqnal and syétem's group researches into
Nﬁmber Thearz2tiz hardwar2 te:huiques_ and is implementel via | iﬂ
a 2-D, radix=-2. NTT "omputqtlonal element. :The entire f;lter
has been ,onstru"t=d wita EPBBH S, adders, registers, tvo

128 x 128 word a1endry buffers and 2 128 x 128'u6rd‘cbeffi—

rorep e e faren T
Pl LAt D et -

cent memory. Ia2 filtering oparation is performed by taking

the NTT of th2 image, aultiplying tnis by the NIT of the

-filtar impilse respouse and then taking khe inverse NI'T of o

the b:oduqt.

The Conv51u£ion Filter Hardware is organizzd to com- o

pute the circular comvQlution >f 3an 123 x 128 1maqe with 128
c

x 123 spatial filter kernel. The linzar convolutlon of the

ey AT e e e g

differant sizes of the images and the filter kernels have

been implament2i via s3>ftwace by using tae overlap-save

»
ey ey ———]

techpigue of seztioned convolutions.

LA




22

' The sonvolution filter has bzen interfaced -to the SEL.

32/2?\via thz Aigh Speei Data Intacface (8SD) . Taking into
account the I/Ozrates of th2 BSD.f3.2 % Bytes per sec.j- the
filter caa prd:ass-an imaqe_section_‘of 128 xl128 Bytas in
8335'ms.‘ This time doeé not incluie the overhead of fhe asﬂ
softuare:handler. Taking.this overheai~int6 account and ﬁhe
sof tuare overhead >f the overlap save algofithm a filtaring

time of 9.8 sec is réquicei.t?'filter a 256 x 256 -image by a

17 x 17 qu,s'ial"filte: karnel.

2.3 VIDED- DIGETIZER
The basiz function of the video digitizer is to 1igi-
tize the image of the oart uader inspection., A Hamazatsu

ci002 spezial parpose canera is usad for gathering the ana-

-1nq image. Th= camera is specially designed for use vith

digital computers anﬂ-inaqe;procassinq hardware. The number

of scanning lines in a fieli is in povers of two i.e. 255,

512 or 1024. Th2 inzoningy signal from the camera which

reprasents the brightn2ss of the sicture at different
points, is sampled and quantized. The opetation of sampiinq
and quantizing Ls perfafnei by the A/D con;érter within the
vide> diqitizef. Fhe output of the A/D converter is 8 bit

digitized data.

. Phe 12sign of the vided digitizer 1is based on the ba-

sic principle that sampling is done only during the periods

ST L

AT —— T
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when the astual video siynal is presemt, and it is stoppéd
"dut;nq the blanking pecioié.‘rhe sircuitry éoqsists of coun-
tec;, ‘comaaraters, déc:ders and memory buffe;s.etc. biqi-
tizéi dﬁta is transferréijta. ﬁhe‘SEL 32/27'§omputer through
the HSD interface. Couvo}ution filter and the digitizer
share the same HSD interfacze. This is ofl little qoncerﬁ
‘since.the Eiltecinq. and ;hazimaqe anherinq .operations can
be mutiplete§ without any loss in the-:omputational spead of

the SEL 32727.

Thea dbqvarsion rate o2f the A/D converter_'gepenis'on
;hé maximum rate at which digitized data can be transferred
to SEL 32/27 conputer, m2ndCy. This cife_is 3.3 th- To keep
the >utput digitized data rate bélow'this' val&e; the sam-
plianberi)i has been set to> 300 nsl At this sapplinq fre-

quenzy, 31 256 X 256 imiqe.:an be diqgitized in two viiicon

scans of the camera dr'gpqut 33 ms.-

2.4 COLOUR PRINTER

The TRILO3 ZJOLORPLOT is 3 unijie colour pcinter (5)

capagle of plotting in multicolour oC Black, & Whi te on a
plain papar without anv‘toﬁers.it‘ uses a cdlour'ribbop madé
up of thra= :oiour zones Magenta,Cyan ahd Yellow.The various
colours are achieved by interspersing the colour Jdots and

controlling thé dot d2nsity by software.A typical example

s et ik nabe e h b SN

e
L

b
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would be"the the intgrsparinq of the yellow and blue dots to

r

produca a 3rz2en tone.Th2 shala of Greea(light st dark) thaf

-

can’ be produced ' dapends.on the dot density of the two pri-

mary colours.

The TRILO3 COLORPLOT is'pcoqcénneﬂ ltolplot all the

vellaw dois first follosed by red and biue.rhe form-is re-
versed aftér plotting altl tne‘ v2llow dots and again after
plaotting all tha red dots.This ar:anqamenﬁris quita pricti-
kal aﬁi it avoiids :ontaniﬁi&ian of‘colours especially yel-

low.

]

Pprinting is done by a bank of hammers mounted on a

moving shuttle. As th2 shuttle sseeps across the hammers

are a:tivated slectromagnetizally at ,aa:h‘position at which
a dot is to be printed.  Th2 shuttle slows down towards the
end of the line and accelerates in the reverse direction, the -

paper feel moves tha papa2r by >ne vertical dot row.

2.4.1 Charaectgc Brinting-

The ;ppér case characters are p;inﬁed byl the
COLORPLOT aé a 7x9.da§ matrir.It 1is passible to plot upto
132 sharasters per inch.. A standard set of 36 character
ASSII is stocei in a PROM,2rl is accassed by the recazived

charaster coles.

s BT S
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'2.4.2  Platting- ' r

7 fhe plot moda is ;élected by fhe PLOT command aﬁd.by‘
opmitting this the printer hili_:ontinue to be in PRINT
node.In the Plot mdode bits 1 through 6 of each data byte are
interpreted as sik qonﬁi;uous dot positions in E dot-row.The
: 7£h bit is always prograzned as '1' t> identify the byte as
printible dagazand it is possiblé to print upto 100 iots/
inch.It shohid I E) n;tei aéra that 1t is not possible to mix"
.chaca:ter anl plat data,2xc2pt by reversing the form to per-

forn the second speration.

k]

2-4.3  Colour Blotting

The ZOLORPLOT 1is éapablg of producing éttra:tive
plats kn cpl:ur.rﬁe colours can be proqfammed by thé user.
Befocg beginniny to plot in -alouc the ribbon drive system
initializes_bv mavinq the ribbon throuyh a colour boundary
crossing.The drive than raverses _the difeqtion and during
-the-sécond pass 6f the ribbon bohndary,the colour cole is
Treal' ani t&e :oiour zba2 in .fcbut of the print siatiap is
deternined.rhé drive th2n searches for the .colour to be

printed as specified by the usa2rc's projrab.

When th2 rajuirel colour zone is in front of the

print station, printing proceeds according to the programmed
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. dot iensitv.In':aﬁa of multi zolour.plotting the form is re-

vezsad‘to Top of Form after comgletaly platting one col-
our.h2 three caloufs (yal}ou,maqédta Or cyan) can Le speci-

fied by the prograa by their'Hax codes.

YELLOW 10

' §ED 114

- BLUE 124

The ~alouc selection is proqtammed as a single byte
line immediately_preceeding the plot data'fo; tke first line
to be printei ih that zolour.S5ince th2 colours printed‘are
opagque the various colouré can quly be . generated by inter-
spersinq tha‘,iots of th2 thrae pfimarv colours.The_shades

that can be abt;ined cﬁn'be dbntrolléd by the dot density."
2.5 AYDIN- 52156- DISPLAY-

The AYDIH,5216 Display uuit.is a sophisticated compu-
ter with 1its prozzssing ability ‘built around thé'powerful_
INIEL 8086 16-bit microproczssor.The standard Firmware pro-
videi ﬁith the iiépiav has ;n instruction set of (6} lgrqef
ly alphdnumeric and graphic instructions which azcepts and
proca2sses instruction for display. Ths standard firmware is -
a powerful iisplay instructiosn set,but it does not provide

its own opetatinq sySten.The'521ﬁ display computer can be
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provided uLFh ﬁ second pco:assar_cacd,uiﬁﬁ an AYDIN supplied
or usear sﬁPPliai operating systém.Oné bt?cessor card coﬁ-
tains the Spératinq svstem and the other has the standard
_ficmu;telalphanumetic ani qraphic ;isplay instruction set.In

. this configucration,the 5216 is a stand alonme computer.
- V)

Altarnatively'the‘opecatinq‘svsfem may be Suppliadlby

a host computer which caﬁmunicatgs with the 5216.as if it
‘were z peripheral device oﬁ the host.The AYDIN.5216 display
conputer we are using is interfaced to the SEL 32/27 compu-
ter.The stanilarl firmware ;nsttuétian azcepts codes from the
hdst computer and then a2xecutes ;ll'the ne:essafy coie to
generate alphana2mercic or qr?phic iafé on_.thel display moni-‘
tor.This monitor has a picture resolutioniof‘SIQ by 512 pix—‘
els.Depenling on the disolay hardware configuration upto> 256
célours miy be istliyei on th2 caloar monitor simultanedus—
ly. In additiou to computer <coatrol throudh Acoa;d instruc-

tions,another wiy the 5216 iaterfaze with the Teal world is

throizh 1ts key boacd inouts.

2.5.1 DISPLAY COMPUTER SPECLFECALIORS-

INTERFACIN3 :Tuo serial interfaces pernmitting 9630bps

L ) N . .

data transfer for keyboard or lov-speed modems.Ope 16 bit
parallel intarface for graph tablets orC other devices asper-

ating in the programmed I/0 moade. ' .
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"PICTURE STORAGE :Pixel loading into refresh ‘mamory
.'vialthefpra;assor upto 8 bits pef pixel in ; 512 b§ 512 fdf—
ﬁat.Less than o:é miécosadond accass‘tim;-to any pixel or 16

bit raster word.

-t

ALPHANUMERIZ PEATURES :5 by 7 or 10 by 1u'chare7£e;

fraonts, spesial chracters prdgcamued in RAN.

. GBAPYLCS GENERATION :Special graphic symbols and pat-"

terns genecrated via the procassor under sof tware conotrol.

 COLDUR J3TRUT :Individual red,green and blue compo-
site outputs having 8 la2vel intensity providing a total of
256 _uniqué colour éomhinatio;s.rhe pseudo Eb;éﬁr-:apabilitf
.and gray lava2l trauélatiop i3 nad2 possible by a RAM iaqkup

tablea.

I3

SCROLL ~# BOLL : 5imultaneous rolling or scrolling of

all selected menory channels by page 2C within cectangulac

limits (pestcuctivelv or Non-Destructively)

2.6 TDOCH - SCREEE-

The touch szreen ligitizer i3 a new concept in Man /
Machine interfaza that enables untrained personnel’ to gain

‘access to :omputar'data simply by touching the screen of the
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Jispiay systen uith a tingér{fO]. This éliminates thLe need
tc nave keyboards, ‘liqhtpens or joysticks,r‘énd_permifs al;
BCLT untrdiﬁed person to WOrk owu thu‘éystqm.

.

The priHCiplérofﬁa Touci Scregn_wafkinq A7) is reléj_
tively simpie to explain.. The dlgitizet_measures the tcuch
jusitlion by ﬁeésucinq thé“?&oltaqe disttibution acrcss a
transparent conductive film. Tuu thin!transparent;tilns aLe
ccunted in Lron§ oL a CET but are kept seperateq by au in£u4
leting seperator at the edges. Wion this sandsick 1S tcuctea
¢re CODd;Cthc layer is Eorce& in tkhe othcf yiuiding an cut—
put voltaqé proportlondi tu the touch pgsition. The veltage
is convelted to a biﬂary number, combrned with sirilar data
LLud the oﬁbux dxis( tiltered, Lofmatted intg aASCII gpdxac-
Lers ;and'trdnsm}ttud as a serial RS232C- nessage cr'-uaag

Cavailable as two & bit biunary words for rparalled interfac-—

1.

There aLe 5 operating modes of the Touch SCrLeen
1. Mode O 3 Inactive
The touch screen does not do output any.intecr-

mation when toucnzd.

2. HMode 1 : Corntinious output ‘
Tne ‘screen outputs position data contipuously
as long as tne screen 1is touched. The cutput is vp=

dated approximately 69 times per second.
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3. Mod2 2 : Output on initial tauch

_Ti2 screen 3u£put§ data only on the.,initial
touch. The screea touch must be released befo%a ﬁnj
othar output is pcadu:ai. This feature is vevagseful

'in the MENU selection Ihére continuous output would

‘overload the host counputer with useless data. : -

4. Moda 3.: ADS regeat %) aligoment
This mode is usad to a;iqn the touch film to

an Ad92S raja2nt 40 terminal.

5. Mod2 4 : Fixed array of B0 touch pais

This modia islnat'of much significance to us’
becaﬁse it uses up the full screen. In this wmode the
screezn is divided ia 80 fixed touch pads and only a

single ASCII character is.tranSnitted for each pad.

In nddes 1, 2 and 3 the touch system produces ASCII

AR A
BTy RN
e e

chara-ters at tae speed set by baud rate.

e
LN

iy

The 22ssije . tormat o>f the data sent to the host is

o .
WE e

jependent on the mode selected by the user.-

]
-
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Zhapter III

VIDICON CABERA

3.1 | INTRODUCTION. °

The IV camera has found wiie appli:ation.fields'sudh.
as in the szietific sﬁuiies, iniastrial measurements, oh
liné :ontéols anl others becadsé of its ‘orignality in fea-
tures 3as an.imaqe infofmitidn'inputtinq eqibment. In ordi-
nacy T? cageras, however thare has been problems including
stability of svn:ncapization,'imaqé.distortion, drift, shad-
ing,. interfazingy with other devices etﬁ., due to the fact
that.thev have been deveiopéd for the purpose of imagz ob-
‘secvation and nat for precisisn  izage analysis. The
HAMAMATSO ﬁ1000 vidicon cam%ra évstemlis_jdesiqnéd specifi-
cally for us=2 with diqital and arnalog ;6mputers, high preci-

sion and axtarnally stabilizsd.

For thes2 r=2asons a- Hanamatsu C1000 camera was se-
lected as an input pedium for digitizing the pictures. Some

important featurss of this camera are 3iscussed next.
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3.2 EEATUEES- |
3.2.1 Timisg Zomtrol-With-Clock-
All zontrol siqnaLsAas well as deflectién frequeneies .

g .. _ _ _
ars :ontcollad 5y =lock freguency of the crystal oscillator,

whica allows stability in'svn:hronization:for high precision- K

and stabple nmaasurexzents.

s : o - ' R

3.2.2  Image- Stability: : ' . \ Q‘

' et . : LS

Within 0.2%. Teapratace stability +10 .C to +40 C is !;ﬁ-‘.
S | B

within 0.25, wanich includes thé effect of image shift "and - : %é

. . . > ‘x,"

- g : C L

. drlft. ‘. ' ) ) 1 h:-"“'.
‘ ‘ : %ﬁ

3.2.3  selection- f Scanaing Line Haabec _ o
selectable from™256, 512, and 1024 depending on the -8

' o i:'-.‘:':l\

" amount of information and processing speed. - » - F
S \ N

: . : b
3.2.4 - Tab2-pratection sieguit e
When the horizontal ani/or vectical synchronization i ig

fails the circuit ptovidas positive protection to the vidi- ‘_ﬁr
3.2.5 Level- Indicator- : &

A viiso level inlicatar is incorporated so that the. -

—TK-‘ e é";:fﬁ"

operator miy moaitor the quality of the sigral.

....
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3.2.6  PEpame-Blanking- = " =
b - S N . R ’
This is tosﬁimprove-the jeality of the image in case 7, =
. L o7 o d . Tz T - :
the” intensity of the'lmagz is not eng;qh. This is done-by . - =
controlling the storage time on ‘the- photbcathode of the-im=  “- 7
age piczkup i_:ube. ) - S o RS
3.3 CONSTITUTION- - .

The Hamaratsu C1000 vidicon camera system has got tmo . BEE

a

~main parts:
() Camera Heal
(b) Camera Contrsl Unit
i

The funztion of tae canera head is to produce the vi—(

deo signal. It uses a vidicon type Oof image semrsing tub2. _ _
_ - . . i o oob

; : i-‘.

‘Tha vidizon is a cylindrical:  (8) glass envelope con- %
taining an electron Jun at ona end And a target an@ facep- ?E-
late at the other. The tube ié surrounded by a vokg cpntéiﬁ- ,"  E‘
ing electromaqnatic‘ facus and deflection ':coil. . The L%

. . b

- L
faceslate is coated, on the inside with a thin layer of pho- " {

a

tozonductar Jveﬁ a thin-tfénspgrent petal film that forms

the titqet.‘ Benind the targyet 1is 2 pasitivelywcﬁarged fine

P

vire mesh. o K’




—

;i‘nhen the llght strlkes a small area cf pnotoccrauctcr

it allows the electxons to‘ flou ‘tirkough,-.. lQquly aeplet;ng

--

‘thé electron charqe layer. Thus, ~if an optical .imaéé‘iélj
rned on the tarqet, the paotoconductor will torn ak iden-
tical-plectron imaqeroﬁ the‘back_ot the taxgeti As the c¢lec—
tL)n peam scans the tarqgt 1t teplaces the lost clectrCcrs,
Lustoring the unllorm surface charge. AS the'elegtrcns are
‘replacea, a current: flows in the external’ tarqeﬁ circuit.
iuls.cutreﬁt is propértioﬂal_to the number of electrcnc re-
huttéd Lo restore the chdrqg and therefore to the 1ighkt in-
tensity ﬁt ;hak:point. It is also p;qportiohal to the Lean
v:iouic}? eaich in turn determiaes the time availakle tor

'txh Lhu[QL ‘to 1103. Lurrcnt variations in the target ClECth

- -

Jraduce thL video blqndl of the v1ulconp

The ulogn uldqrdm qi the camerd head is given ir, £cx."
ol e

() . Apart LLOL the lmaqe sensing tuuc it contairs scre

[

- .

Ctuel circuits bUCh as video pre dmplllxer, cathodg tlaaking
uld tune protectlon pltCUltb, focus and alanemont circuits
«tc. The function of these circuits is to contrel the pcsl=-
tign oﬁ‘thé’eleﬁtronic beam: A More complete description cf

tlhese circuits is given inm cfei. (6)-




35

The function of tne camera control unif is to gener-

" -ate -the coupasite TV signal from the video signal generated

by th2 zam2ra h=2ad. Alsa, thi CCO controls the operation'of

ths camera heal. The block diagram of the cameré'confrél'"

unit \is given in ref.(3). It =ontains clack circuits, =

blankihg and sync mixing ciccuits, shading and landing circ-
cuits, powar supplvietc; "More complete description of these

circuits is given in (8).

3.4  OPEBALION-

. The cablz connection for the canera head, camera comn-
trol unit, and the monitor is yiven in the figure 3.1. - The
important points 1in the operation of the cagera are given

béloq :

A switch powers the gnit. The neon lamp will indicate

that the anit is pouered.'
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_ Camera cable

Carera Head

Female side

———

| S——tmr———

Camera mount

IMale side

Camera Control Unit

.~

-

-

VZOKD OUT

@

cdff

U' l%] L ‘ lm

cable

Monitor cable ‘AC cable
' Line
" Monitor

75 ohm - ON

SYNC - IKT

Fir. 3.1 Cable Connection for Carera.

(Ontion)
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3.4.2  RES0-COMTROL-switch-

Selects numpber of effective scanning lines.

The a-annluq line v#ill be adjausted to 256.
Inteclace-is 121

256

[ X

1

The scanning lines will be adjusted to 512
Interlace-is 2:1

512

1024z, The scanainy line will be adjsted to 1024.
Interlace is 4z1 - --

This canja is usel when the unit is equipped with
M999 T,/0 interfaca to contral the unit externally.

M99 9

M998

This range is used when the unit is equipped with
M998 I/0 buffer ti zonkrol the aait externally.

Adjusts the bean sucrent of the image pickup tubz. In
adjustmnent, this should be set t> the point just a little

after tha nz23ative image oo th2 poaitor changes to positive.

By turniog this clockwise, the sensitivity of the im-

age pickup tube is increasei. Thz camara should -not be used
with zuch tod sa2asitivity otherwvise it will result in making

burn-in in the tube due to th2 increase of dark current.
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3.4.5 Video .Level Indicator

The green side ot the LED will light wheu the amcunt
. : 3
ci input siqnall:o the camera 1s optinun.while the redé side
will light winen the amount is too much. Both will met light
wLel tne amount is 100 small. The camera should be ad-ugted

withil the ﬁanqe where only the yreen LED is lighting.

b

+ " Qtuer controls such as talget menu-autc switch, gic-
ture. nor —slice switch, threshold knok, slice fpcst-nega

switch, S. positicn Int-Ext sgitéh‘etq. are only used i1 the
SCdwera 1s equibped with some optiopnal modules.
. _ - .

‘For diqitizatiou puzposé the most important centicl

“is-tne resolution ccentrol.switch whicn sets' the " nusker ct

Lesoluton lines. Sifhce the desired digitized 1imaagé sheuld

havea d-ﬁimensisn'zbé X 256, tuis switch 1s set to 25¢.
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Chapter IV

VIDEG A/D CONVERTER |

4

4.1  INTRODUCTION

Accurately digitizing analog sSigrals ccntalnirg Ligh

LluGuéncies, " demands ultrahigh speed or video A/D ccnvert-

:

iL3. . Such a converter 1s essential to uiverse uses suchk as
vyigeo digitiziug, radar signal processing, a0d hi1lghk speed
1ite cormunications. Most video as/D  converters wors in the

1-to-20 Nlz range. But at tucese speeds, resolution car Le a

r1oclez. Fortunately, 8 wits and-iewer nost orten suriice iw

uitldiast A/D applications.

Tnere «oCe€ many Approdacaes to digitizing a analog

woVELOLMa That new devices are belny designed uéinq a varL—
1ety 0f tnese techniques (9) 15 evidence that each cflgrs
uuvantaqes under. certaiﬂ cxrcumsf;nces. The three cethcds
Gust often'cmplof&d_at conversion fates exceeding 3HSES are:
the successive parallel approach {also known as fphe 1leed
1crwdrd'desiqn), the staje Dy stage or grdy encoder) and t R

.-
1elly parallel or "Flash" converter.

. For the design of the video digitizer, a TEC1C07J

chLp was used for A/D conversion. in this chapcer, the flask

.

- 39 -




o7 : . o , ' 40
conversion teé:ni&ue, the “"zonfigiration of the TDt1007J
. - . -

chip, Convarsion errors assocziated with the chip, and a few

other vide> rate A/D convérters are described.

5.2 THE CONVERSIDN TECHEIQUE

The flash encoder is a dirsct implementation (10) of

the analog to diqital'conversion function. An W bit.rapre-
o A ‘

| ) . . . .
sentation of th2 analog signal —r23uires division of the al-
lovanle input ranqge into 2%*y dis:rete,'p:edetermined lavels
and davelopm2nt of an N oit digital wo:zd indicating to which

level the iaput signal 1s the closest. This is generally ac-

-‘'complished by dz2tarmining {2*#N):1 thresholds or cutpoints
édd-ﬂéfermininq between- wnich pairs~oE-wadjacentfthresholds-u

the iaput sigmal f£alls. Tha flash cencader provides a sépar--

ate comparaior zircuit and réfeéence for each threshold and
(2*=N) -1 digital outputsrare éoﬁbinad to produce the desired
N bit zoi=. Tais techoijue is extreﬁlv fast and inher=sntly
ponotonic, and a number »>f successful. parallei con#erters
have been built in discreté, bybr%d, and monolithic form.
Houéver, thalappraabh saffars Erah an axppnential'qrokth'in

complexity with each extra bit added.

Devalopm2nt of alternate conversion methods has been
a suczcessful effort to rejuce the ‘component count of the
converter bv. parforczsing encodiang in stages, adjusting the

anal>g input bised on tna r2sults obtained in the prasent

Yoam IR

¥

[
N

3
k
[
b
-
v
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staga such that it can be accepted by a° succeeding stage.

.Dramatic reductions in. circuit complexity are realized, but

it the expnse of :onstderaply moc2 analog circuitry and a
reiuction in th2 conversion. througput rate..

.

A saapIe '2f the time varying signal contains informa-

tion in the measur2d amplituie and in the time of sampling.

L3
Tizing ercorcs can be translated into amplitude errors by ex-

amininy th2 worst case condition of sampling a2 full scale
sine wave >f marximum input freguency at zero crossing, where

‘the slew rata is the hiqnest; The error in parcant of full

scalz2, E, Juz to an ercor ia timiag, T, is E=wT X 100%,

P

v

Timinq 2rrors ar2 called apartuce timel and aperture
uncertainity or' jitter. #With an rnput_siqnal of S 'NHz, total
apgrturé @rrars of onlv-.ﬁu.picasa:onds will reshlt in an
midscale leval.2rror of 1/2 least significant bit (LSB) at
8-bit cresolution in addition to static linearity errors. ‘As
encoding te:hniques othér than the- flash method often re-
guire tens 3f nanoaseondls for completion (aperture time),
these zonvarsion systens qeue;ill} include a sample-and-hold
.ciccuit ¥hiczh has suffi;entlv'small- apercture effects and

maintains 3 stasle output during the encoding process.

Proiuztiosn of a vilas sampls and hold .circuit that

doas ujt'excessively dejrade the input sigmal is difficult

Y

e Brse Ty T e

5 T 0 T e kY
e R e T T
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ani its inclasion adds another ercor source to the conver-

sion systea. A flash convertar with strobed comparators is i

in effect 1 typz2 of diqital sample and hold, uheie'thé input

4 :'@ -'_ d Fodes

]

. level is maintained .in the iiéitalléomparator outputs rather:

A
i

I A3
R &

YT R

X3

. than as a ﬁéltd&e on . th2 holding capacitor. The diffi-ulty
in implem=2nting th2 stroaeld flash conveftérs is in providing
a pi;osecgni matching betwe2n (2*;N[—1 differeqtial éompéra—
tors. TIhe small qeometries and . close component matching of

intejycated :ir:iutcy‘makafsu:h 3 d=253gn practical.

a TbC1DU7J organization is °illusttated-ig f;qure'
4.1. The analog volt;qé input is applied simultanepusly.to ‘ -?;
all comparators, h"hg'.le a separate refecénca voltage 1is de- ) .
veloped for =aca iﬁ the r;Sis£)ra'$Erqu between Vrt ani vrb | i
(kefarence top and Refefenge bottom). Vvrm, the_resistor mid-

‘~point tap is proviiad with a3 15-k ohm series resistor Rt t6 -

allow 1 sliyht adjustm=at >f tha nidscale point. The 255 _ : ’*

compacator outpats are translated into a binary code within

ey e
Sk .

r

A R TR AT T

the three stage encodsr zirsuitry. The cesulting B8 bits are
applied'ta a set of exclusive OR gates controlled by input
pins NMINV and NLINV. Idese_siqnals permit true or inverted T
binary or two's::omplement output coding.- the'ouﬁppt latch i

holds the 3ata until another conversionm is completa.
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Th2 comparatdrs are latched a shoft time (T delay)

after tﬁe_ rising a2dqge of the convert siqnalé shown in thé
fijure 4.2. Th2 255 'to 8 encoding is perfohmed at the fall-
ing edge, ani €n2 results are transfecced to the output pins

‘on the'pext risiag edde,, as thea n2xt qn@log‘sampla is
Yatcha2d ioto th2 zomparatacs. This pipglininq permits the

high2st possible conversion throughput.

~
I . ’
. H

The comparators g2nerate an N?iu—zss‘:oie, frequantly

referced to> as a "therasmstac® cada. .It presents all ones:

i1

below the threshold and all zeros aﬁova;'_The desired'ou£pht
code is tha total nuﬁbér of onéé-qadé:ited, Ibut such a 255
bit iaoput adier\c;ﬁ:uit islnat effizent from‘a la§out stand-
., point and would require several pipébine&';tages. The alter;
‘nate 1pproaza is ta locate thé;uuiéle'poinp vhere the 1-to-0
transition o:ﬁufs.and.mark this with a 1-iﬁ-25§.siqhal which
is readily eﬁcciad io‘ B bits iﬁ an grcay-of OB gates. The

first encoling stage is actually berfocméd by three input

T
e
E tr-‘_ Tl

od
g

PR

e
Al

Bl
o

)
5
!

.
o

T

S

ST AR A AT

X
el
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W1 PW
_ >a— 0

SAMPLE
CN+2

ANALOG|

INPUTI

]
]
o I
SAMPLE | sampLE
- L]l N+1
|
i

-DATA

DIGITAL DATA *  DATA
OUTPUT N-1 . N+t

Tout

e  Fig. 4.2 Timipg Diagram of the A/D Converter.
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AND qates ihlch detect a. 1 1-9 sequence to protect against

[

'randam comparator mlsflrlhqs _u;thxn the ranqe'of z2ros.

Thesa qata outpats are lat:haﬂ and held on the falllng edge

of the coavert signal, while cémparato:s are released,to ac—

quire ;he next sample.

OR enzoiing is pecforaed in t¥d stages: (1) Four 6

bit words are generated and’  latched on the “convert signal

rising edg>. 0n=¢o£ thas2 rapreseants the 6 least siqnificanf :

blts of ‘the elqut bit output while the other three are zero.

-

{(2). - The 2R functlon of these four vocd§ plus the two most o

Sanlflcant bltS Ludlcathq which u:rd is non zero appear at

o
. th2 2oatput and are held #bhen the convent 51qna1 agjain ralls.

4.4 SUPPORT C!EEQIZEI

Two auppart cictcuits n=ca2ssary for the opera?ion bf
tha A/D coavertar are a voltage refersnce and a buffer am~-
plifier. The reference is rzadily geoerated from a standard

fixeld oc ai1ustaale refecenca IZ buffeced with an operatlon-
al ampllfxe: anl =2pitter follower traansistor to sink 35 mA
from Vrb at -2 V. - This voltage <can be adjusted ® over the

rauqa of -1.9 ‘to- -2.1 V for full scalz calibration or gain

adjustment. Th2 symmetrical comparator design provides wide

refereuce_banduidth'if dynpamic range is_required.
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An input bnffer is tﬂjuirei because, though the‘input f

capacxtanc= of the comparator ,lc-uxt is only 1 pF,: the to- . .

- .

tal ‘hlp lnput loai 1nolud1nq other paraSLtes app:oaches 300

oF, As tth valus ;s»larqelv a nonlinear junction capqc1-

tance and ieries_as a function of ahaloq signal level and a

‘ couvert'signil state, it must bz drivenm by an'impedancefof'

1ess=than\10'ohn,aud cannot be employed as a component of an

input Eiltef. Fhe buffering cequiczneat 'is similar to that
;/”\shh,/ - . i

'of dbivinq 3'75 ohm cabla. The LH0233 hybrid amplifier-per-

-

focms quite.ﬁell'in this application.

digital converter that contalns 511 dlfferentlal ﬂomparators

and ECL :ontrol clrcults., rhxs A/D converter can operete at -

rates from dc ta 25 megasamples per -second, sampling large )

siqhal components - upto 7 MNHz juithaut sapple and hoid-cirr

cuit. The nain reason f£or seeklng hiqhef’.resolution ipn an
N ' ' 3 : ’ :

A/D zonvertar is to reduze the guantization error, the error
that occurs during ‘the dlqltlZdtlon pro~ess because each di-
gital output coida2 correspogis to a Einite lnput voltage

range.

In a flash converter, one bis of additional resolu-
“tion requires two times 3is many counpacatocrs. Extra resolu-

tion also @eans that comparator must have more accurate a.c.

Sy B

c 10133 ghib (1) is a9 bit flash analog" to
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-

‘éui-ddc.,paramatara. In addztxon nalse reyectlon must be at

least ﬂounlﬂ ea h the ‘1h=_casolutxon' is upgraded by_one
bit. The IDC 10193 §ontains 511 copparato:s;and-511:9 2nco-

.der. The an:oiar,proviias a 9 bit input to a latch that in

turn proviies a comalementary zlnal output of 9 bits. A con-

vert sanal ~ontrols A/D ~onv=r519n by stroblnq all 511 com—

parators, th2 511:9 en:oier, and the autput:latch. Fo;‘nq1se

-

reduction and speed, ECL interfaces are used for all digital

signals.
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Chapter V

IV CANMERA/ ATOD COBVERTER INTERFACE

In this“:hapter,‘ the design of the interface between

T.V. cam2ra ani the A/D :onvartéc is ﬂiScussea;'As we know,

ths voltage waveform qehérated by the camera represents the

briqhtpeSS of tha pibture. _Ihié voltage wavefornm is samplea
-at a very hiqﬁ ratz2 and the-samples are then quantized. The

IOperation Sf SAnplinq aﬁi quaa;izipq-is per formed by thg'A/D
A qonvactéc. -fhe ouﬁpht ;E th= AID,cdaverger is the digitized

]

inage.

‘The opera?ion of iiditizihq the ‘image is not és sim—
‘pPle aé it ippears‘ta bé. There at2 égvéral désign criteria
which have to be satisfizd. The voltage uavefo:m-generatéd
by the camaca not only :antaius‘tha actual video siqnal} bat
i;_contaids nérizqntal blapkiuq apnd vertical blanking interf

vals also. Thess intervals do not contain any video informa-

tion. Horizontal blanking aal vacrtical blanking pulses are

needed to display the picture on the video mopitor. But the
aim is to storz a3 digitizel image ‘ia the ©comnputer m2mory
which represents the 'a:tuaL_dcev levels of the picture.

since the blanking pulses do not cepresent the grey lzvels
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. T » . .
o1 the picture, the operation of digitization shcula Le

stopped durinq the blanking intervals.

There are several other sych criteiion ‘whick are

“discussed in next few payes.

§.2 T.¥. CANERA WAVEFORA

Before explaining the operationm .ol the Digitizer, a
- tuw izportant features of the voltage waveform denecdted ty
tie T.-V. camera are discussed. The share of the Hagamatsu

cceiera video sigmal wavefore 14 similar tuat of the standara

[T

i3C $ignal. But there are a tew differences alsc. 1he first

tojor Jifference is that the number of active linef dir a.

riclid is 256 as comparcl.ﬁo 262.5 1n the K1ISC signal. 1lhe

cecond major difterence 1s taat tne horizontal line rre€quen-

cy is 16.530. Kh2z. - whereas in NTSC siynal this value is

-

15.750 Khz. The time in which wach Line " must conrlete its

Liace and retrace is dbout 60 usec, whereaus in the standacd
T.V. signal this duration is 3.5 usec.
.

The active scanniny line duratioun is apout U( usec.

Dering this . duration tue actual video signal 1s [Lesert.

© 1Tic horizontal blanking interval is atbout 20 usec.  Luring

tlis interval no scauning is done. This part of the wavelcrn
jces not represent the actual vileo sigral. On  top ci tlre
hcrizontal blanking puises are superimposed the horizcntal
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sync pulses. The function of the horizontal syac pulses is

- to svnchronizé the scanning lines at the picture tibe of the

x

receiver, with that of the camera tube at the transmitter.

At th2 2al of eazm field osscurs the vertical blanking
puLSEa. rhe fr=quancv of these pulses is 60 Hz.  The iura-
tlon of this pulse is abaut 13u0 usec. I'he vertical blanklng

pulsz is composed of equalizing pulses,  vertical synchroni-

zation pulse et:z. ] o :

_Ihe-anplituie of the video siqnél‘is 1.0 Vv p-p.Upto

70% of'this"amplitude is used for transmitting picture in-

formation ani the cest 30£'is:usei for blanking and syn- -

chronlzatlan sijnals. BLanKan lev=l sccurs at about 0.3 V.

From 0.3 V to 1.0 V, a:tual pl”tute information 1; present.

IT the rasolution contral >f the camera coatrol unit

is set at 256, then each frame of the picture contains 256

"lines."In this mode the frams frejuency and the field fre-

guency arce both equal,‘ basause =2ach frame is composed of

only one field. There is no interlacing. After the camera

has scanppoad 256 lianes, a new frame begins.

I

£

oy _:3

L
g
-

._é,
L2

=

RS
AR

B
1
B
¥

P

Lrme

R

¥

e

I

e R LT




.

52

5.3  IMRORPANT- PACTORS- LN-DIGITIZATION. PROCESS

|

|

]
BB

The diqital image which is used for 1image proces§{fg, Zf
represents the jrey levels of the picture. This digital ime %g

IRT
PV bty

g

age is obtained from the camera voltaQe-wavefofm by éamplinq

ek

~and guantizing. As diszussed in the previous section the
camera voltgﬁe daveform has Jot viieo'signal as well as hor-
izontal blanking and vertizal blanking iﬂ;efvals. If this 1

_waveform i3 sampled pontinuoslv then ‘the po:tions which corc-

B vt

respond to blamking intecvals are also digitized. But this

'

ATl

T R
e

part of the digitized inage <contains no information about

SELTIE

!

the image anl henc2 it is not useful for image processing.

VAT

=
et

.
AT

’
i

‘ Thus the first major requirement vwhen the image is to

e
G-

he digitized from the caaera voltaje waveform, is that the

— o rutmia

horizontal and vertical planking pulses should b2 sepéhated

e X
MR

B s m A T ALk no FRAr S 4R

from the zam2ra signal. Whaan th2 sampling process begins,
sampling is »nly allowed durinqg. the periods when the actual
vidéﬁlsiqnal jis present. Duriug the blanking intervals which

haﬁe been seperatei from the vided signal, sampling process

is disallowed.

T

Figurz 5.1 (é)'ques the horizontal lipe scanning di-
agram and the fiqure ‘5.1 (b) shous the vertical retrace

scannhing. in fijure 5.1‘(ai starting at point 'a', the alec-

tron beam moves to the right until point a! is reached and

it has completéi one active line.The interval =




_— FIG-5-1{b)

VERTICAL RETRACE
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" from a' to b is célled tﬁe :étrace,' or horizontal blanking.
In this faéhion 256-linas are .s:aﬁnei till the point i.ié
reached. At tais poiﬁt the soot is ;gain blanked: ouf and
both vecpicﬁl and-hocizontairekrice takes‘place as shovprin

' the Efigure 5ﬁ1 . (by. Updn faturnin; ts> point ¢', wvhich is
same as po;nt a, all the scananing linas have been travarséd

and one frame has bzen completed.

“

In thz figare S.i {2),  tn2 process of sampling is
.répresenteﬂ by the symbol 'X';Ks'shoun in the fig, sampling
takes plaz2 only during the aztive trace of the ling, durind
. the flyba:f-tipe the sampling process is stobpe@. Thﬁs the
digitized 1lmage correépinis t> active scanning 1lines onlye.
Duriang the verticallblaufiuq peci>d also .the samplinq"is
stopped anl it again be&ins when the beamn reaches the point

2w

The nuober Of saapling points on a line - depends on

the deqreé‘af wrz2s50lution required. For example, in £he case
of a ( 256 X 255) imag2, 256 siaoling poinﬁs are selected

on an active line.

The other important factor that has to be considered
is the sampling ratz or the conversion rate. The aim is to
diqitize th2 image as fast ‘as possible. The paximum coaver-

sisn rate i=penis on the follawing two factors :
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_ e
1) uaxlnum conversxon cate of the A/D converter.

2) The maximum rate at which. the iigitized data can h=
storei int> the computer memdCY.

’

5f the AsD converter is not a limiting faztor. The paximum

c0nversion‘rata of §he TR¥ A/D zonvarter beidg used fot this
pufpase‘is 1088z, Thus.ue £an use sampiinq frequencizs as
high as -1jnai whizh is very fast. Bat the second factor,
n;nel? the maxizum rate’at ;hich thé iiqitiied. data can be
 §£;5§& int> the .coaputer meﬁorv, proves to be the limiting
fa:toc.-Tha'maximum rate at which diigital data can be trans-
feﬁ;ed to the SEL 52/27 nost computer is only 3. 33 meqa Ssam-
ples per ‘se:oni. So tﬁg sampling rate at the mpst can be

equal to 3.33 hHz.

Hhen.a {256 X 2%5| ipige is; to be ﬁiqitized, the re-
solution coatrol switch of the Hamamatsu Camera is'kept.at
range 255. Ln tais ctasza, each tleld CORSLStS of 256 scaunlng
lines. To qultlze a 256 X 256 imaje, 1t is required that gn

each scannind line 256 sampllnq poxnts be taken. Since each

fiell is s-annei in 1760 th of a seconi, and each field con—l

taiﬁ§_256 iines anil if 2386 sampling points are sekected on a

line, then the whole 256 X 256 imags can pe digitiz2d in

16,66 nSe

Tn tais schzme 3£ jigitization, the conversion rate

I

T T S R
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In the case-of‘the .Hdmamatsu special. purpose ccmera; N CoT E

. : . : : o

tie time duration of the dctlye scan.of ‘a line iz alcut HC - ' %;
Ly If_25t": sabpling poj.qts aré éei.écted-on the line durirg %
tLLS dufaiion,i this corresponds to a samling (frequercy cf T “‘ : "E

3

7,
A

Y
t;,gzc_ 9

~

! . - .
"LiouL c.4 kdz. Thus, _diqitized data £roa the A/D ccnverter

v

iz available at this rate. But the maﬁimum :afé\at'uhiCh the'-,'.'

thiE

=L

o

digitized oata can ke transferred to the SEL 3’727 ccnputet 'f;ﬂ‘

. 1

. . : 4

ic only 3.3 HHz. To avoid tbis-prohlem a dl:rerctt cctewe T 3
rer selecting the sampling points'uas-develcpei;,.-';ui"hg-}r’Q, e

-

i1n this scheme the imaye 1is Gigitized .in two scans ¢f

'
-:,T':-‘-f‘f",'iﬂ;?.f.’-‘-’.‘:??-. Laeh
o~ T,

ti2 capera instead oL one scan. During tne rirst -scer 128.

-

*
LT L

Lulntb are SLlELtLu on a llne. ln tnL bgcund Scally the Le~-
m=1n1nq 128. polLt ate bClCLtbd on Labh line. TuUb, “in twc

SCuny all the -256 polpts are 5ampleu on tte line. 1he okvi-

e vy LTI T

cts disadvantage oi this scheme 1S that total time tc dici-

tize the image is doubled.

in tigure 5.2, this .sampliug scheag 1S illustrated. sy

DLrinq the';Lrst'scan 123 poinis are selected on €ach liré.
hvbe points are a&noted hy 1x'  in rigure £.3. - puring the
next scali, ol the same Llue different 128 points are again

J

{

sclected, These points ire denoted by 0. Thus in twuc scans - . ‘
2il the 256 po;nts are "’leutcd on the line. It is'tc ke ewn— [
]

’ 1
Phdsized that the sampling points selected durlnq tLe fec—

th&,scan-sﬁoqld ﬁall exactly iq tne middle of the poibts : : ;*

. - . T
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selected iurihq the first scan s> that in the’ final digi-

‘tized lmaqa there are 256 =quiiistant'sampied points on a

llxe. This typz oE sampllng is accompllshed through the use, 

of a delay :irquit. This ialay circc ult is operative during -

the sec ond s*an; T he delay "chult pr3v1des a delay exactly

'equal to the half of the sanpanq Erequencv period, so that

”the sampliuq points in the second scan fall exactly in bet-.'

ween the sampling points taken fu.the firsﬁ SCall-

T o

‘As-neh;ionéi earlier tha‘-disadvantaqe 2f this schene

is that the total time to digitize the image is increaéed

from 16.66 as to 33.33 1s. Aaother assumption is that the

image would remaln stationary durxng this period. If‘ﬁhe

picture contznt <changyes betwean the ficst and the second

x

scan, this type oL schem2 woull gives unsatisfactory results.

a

The thirl importint point which deserves attention .

during the il&ffffatlon prozess 1is that when digitization

should stact and uhnn Lt ShDJLd stap. Digitization process .

—_

is controllad, thr:uqh,saftuare commands from the computer

terminal.

It is to> be prefferel that sampling should always

commence from the beginning of the first llne. In this case
‘it is wmizh 2zasier to store’ tha jigitized values in proper

order and sejueace. The pcocess of iqutlzatlon is initiated

et
L el

[
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LN
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ey
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counter.‘_ Aftet the se"ond field has been’ scédned and the

?afd#?g%'- ?

dlqltlzatlon pro:ass is :omplete. the next vert1cal blanklnq

s,

pulse resets the ~ounta:' aad the samplan process..stops-

B
Thus, by Ualﬂg the vert1~a1 blanklnq pulses ‘as the reference %
pulsas, the sampllnq proz=2ss C-an bz cont:olled. g
N
5.4 SYSIEA- BLOCK- DIAGRAS- <
] Based on thzse da2sign sritecion, an interface between ?hC5

the.iamamatsa camerca and the the a/D converter was desiqned.

T

‘The block diagram of the proposed lnterfa,e is. glven in the
’:fiqure 5.3. All :ompqnants used gn thlS 1nterface are TTL

conpatible.

e pgm AT T AR

[Ttk

‘Se8.1 DBSCBIPTIDI

The vided 51qnal fron the hamamatsu T. v. cameta“is

[

féirto,the blankiang pulse separatot. The function of this

circuit is to s2parate thz horkzontal blanking pulses:and

the vertizal blanking pulses fron the zomposite video sig-
nal. This ciccuit was specially desijyned for the hamamatsu

camefa, but with sllqht modifications it can be used with

e by

other T.V. Tameris also. The :Lr"ult consists of Comparators
[42),Inteqfator3.etc. rheloutputs of this unit are the hori-

zontal and - vertical blackiag. pulsas- avallable at seperate

outputs.
The horizontal and the vertical bianking ‘pulses are
passed through 2an invertar. BY inverting the vertical blank- 1;

ing bnise,.the aztive fi=ld duratiosn is at logic 1 and tpe
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,vertxcal blanklnq auratlan 5 at logxc Du’ Thus the"’ rxslng

edqe of the 1nverted VEEthl blanklnq pnlse 51gn1f1e5 the

be:lnnlnq of a neu flelﬁ and the falllng edqe c01nc1des Hlfh
the vertl-ai blankan ducations . SlﬂllatlY by 1nvert1ng the_~‘ .

hoclzontal blanklnq pulse, the-a tlve iuratloq of a. scannlng 

11ne is at quxu 1 and h= horlzantal blanklnq lnterval lS-

.

'at lDQLC 0. rhua. the rlalnq edge of the 1nverted horlzontal

blanklng pulse szqnlfles the b°q1nn1nq of a neu line and the
falling edqe cp1ac1ies with the ha:lzontal blanking peclod. ' : JE

Let us den>te tae ihvertai--vactlﬂal blanklnq pulses ani the L

invepﬁei hotizontil‘blaniihq as 'I.V.B. and I. H B. . respec- -

;.."._

tiveiy. . -

prvwny TTREE TGV LTSN

A LS?QIZQ chip '(131-'ié used to 'qenerate Ehé-é?stem\

lacks.‘ In total six‘click pulaes dre qenerated The timé~-f

perlod of tne clock pulsns is . 300ns and each :lo"k pulse 15'3;

-‘delayed by 50nS .from the praceiing- zlack pUlsa. The rrs;nq-

edges af the I.V.B. ani I.4. B;"écg 'synchronlzed with the

. risiag edq= af 5CLK 250 in a synchron121nq circuit. A dual;D

‘tvpéifl;p flop is used f:r this purpgse. .
'Th;.pfo:eséf of iLQltlZatan is ,ontrolled through a

'counée; and decodar logiz. rhe st?chronlzed I.V.B. iis f2d to

- a 3 bit zounter. This :ouutar is trlqgered by the rLSLng

- edge of tha'inbut pulse. &fter tha command tor dlgltlZitlonA

is'iSSued“'by the systen ‘tha- counter is - reset aqd and it

-
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- . . . . L]

startS“cbuntinq the I.v. B. pulses;}'“TEe output.of the =oun-
tec is conne-tei to a 1 of 8 dacoisr. Because the ~ount=r is

tgquered by th= ELSan eiq=_3f tne I.V.B., therefore the

count is advan:ed by one with the starting of e#er}_‘nee

fiell. .ther rac LVLng the ilqltLZitan command the canter
is_reeeb_and th2 output >f the counter remains zero unt11 it

encounters i rising edge. Thi5 taces care 5f the conditiorn

. sthat digitization should not start in the middle of _the

fieldl but only-at the beginniny of a new field. when the
counter caunts,tone the corcespondinq output of the 1 of'8
dezolar is a:tive; "This a:tive_siqnal?is used to lnltlate

“the iiqit;za;ioﬁr process. T2 fensufe that sampllng should

sfert ftrom.the starting 2f the first 1ine;‘thé output of the

\

This is doane by using a J K rle Elap. Output of the 1 of '8

decod=r iS'fad to'the'J input of the flip fLep and inverted

J signal ‘is-feid to ‘the K anut. I H.B. is connected to the

clock input.' The output of th=z J K tllp flop goes hlgh Hben

the autbut- of of the_ decode; gaas high and at the rLSLng

edqe af the I.H.B. i.e. at the beqinninq of the first-lipe.'

Because th2 imaje is to oe ilgltxzei in two v1d1con scans oL
two 3:tive'fielis, thecafa:e tws consecutive outputs of the
J of 8 decadﬂr are used. When the.second field besgins theA1
of 8 de-oi=r output corrasponding to Eﬁe'ptevious field goes
iuactiwe and tha next.output lin2 corresponding to the ‘sec—
ond‘fieid‘ goes eeéi#e. This is also synchronized :tolthe

3

decodear aui‘the,:isinq 21g2 of th2 I.H. B. are synchronlzed.7

e




E

1.4 These two leﬂala are denoted by - SYNC1 and SYNC2 e~ .

-

Lctively. SINC1 and SINC& SLgnalb are connected tc an akD .

ﬁaLc. Tne othe: lnput ot the AND the is the 1.V. B. signal.

Lpu - outputs or - tue AND gate ~are ‘called the ENADLE1 and

-— e

EhABLEZS

1o store the dlq1tl£ed imagye data 1n the com;ute: pe-

wery LnLouqh the HSD lntertace, two s;qndls arLe ntedeu wL;ch“

Wig-ornm the HSD at appxoprldte times tnat the dlgltlzeo ‘data

is  ready. These .two siyhals are called CAMDIEDY1 and-

CALDIRDYZ. CAHD;RD!1 is active low ‘while the dLQLtlLEU data

L10m: the‘ tlrst scah lS belnq trdﬂSfELELﬂ and CAuDZEDY; is

Jet ive uhcn the’ ulqlt1£0d ddtd from -the seccnd scan is be;nq )

‘tIAQSLer:eu. These two 5lqﬂdlb are denlved rrom tne ERAELZT .

. Al LN&BLLZ blqndlb. - ENABLE1 and EHABLhz.siqqals 'yo higlh .at
ihk starting of thp first llnc and tnese remain high dariug

tnt cntice d uuratlon of the field. - Thus the sampliné pre=

.

Cess starts when the ENABLE signals. go high. But  the A/D.

ccnversion process iavolves some delay therefore tle digi-

ticea data is not availablé immediately after the hﬂﬂElE
signal Qﬁes hiyghe Thus CAMDTRDY 1 and CAMDTRDYZ.siQnals are
crtained from .the ENABLE signals by providing apprcgriste

delays.

ENABLE signal gues high at the starting of'a IeW

tield and it remains hiqn durlng the entire duratloa ctf tlre

e T T
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s

fiell. But the X/D conversisn should snly take place dufiﬁg
_ .. '

‘the active duration of the line and it'shpuld stop during

“th2 horizontad blanking intecval. - Thus, the coﬁvertlsignal

' for the A/D comverter should be present only durin& the ac-

tive duration of the linz2. " The convert signal is obtained .

by connecting.the- ENABLE sigaal, I.H.B. and the sampliné

‘cldck to a triple input AND gate. Two AND gates are needed

to Jerive the two separate convert signals . fOr;thé\ tvo

scans.  In the first szanm MCLK25) is used ‘as the sampling

clock. inAthe second scan because it is required that the

_sampling points -should fall ~exactly in the middle of the

150 nS from tha MCLK250. The convert signal for, the A/D con—

sanpling points selectel juring th2 first_'scan,' therefore

MCLK100 is used as the sampling clock. NCLK100 is delay=d by

b

‘vectar‘is_obtainad- by cynnecting the CONVERT1 "and CONV ERT2

signals to an‘oalqate and_then'.;he output of the OR gate is

- -

the CONVERT siqual;

b

Tha -ONVERT signal is connacted . to the convert inpat

of the A/D converter. The somposite video signal froy the

camera is —~onnected to tae analog .inpat of the A/D comnvert-

Br. _The. jigitized imagz  data is available on the output
lines of the A/D coaverter.

*

The circuit diagrams for the interface are given in

v

the Appeniix.
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5.5 IAING-DIAGRAN- "

rhe thluq izaqran foc the Lnterche betueen the Cam-

era and the h/D *onvertec is qlven in flqure S.H. The vertle

cal. bLankx:q pulses ‘and the horlzongﬁl blanking pulses are

sepe:ated from the VLdeo sanal.- In éhis diagfam the verti*

cal blanklnq pulses ‘and the actlve dutatlon of the field are.

.given in (ai. ‘The hOElZDDtil blancking pllses and the acstive
. scannan 1Lne are swown in (b). MZLK 256 is used:as the sys-
tem :lock. Inverted verthal blankluq pulses and the invert-
ed‘herizontal blanking pulses are svnchronized to MCLK 250.
" Thez dnﬂodar sutput goes high at the beqlnnlnq of a neu fleld

and it remains- hlqh untLl 3 naw fLeld begxns. The decoder

-

outpat is §vnchronlzed to> I.H.B3. ~This signal is denotad by_f

DOUTSYZ-in the - figure.-

EHABLE sanal is lerivel f:on tae DOUTSYC. This sig-

nal cemains active durirg the entlre Juration ‘of the Eleld

“in whizh simpling has to be done. CAMDTRDY is derived from

th2 ENABLE signal by del;viﬁq fﬁe EﬁaBLE Siqeal. The lelay
periond is'eqhel to one :la:k.periai; This de;ay is_neeaed
becaase the-iiqital output £rc>a the A/D converter is availa-
ble snly after about one cleck period.ftoe the start of sam-
pllnq proz2ss. CONVERT signal ftor the A/D converter ie gen-~
eratad frona BNABLE signal by dlsalloulng the sampling pulses
during the horizontal blanking intecvals. In the first scan
MCLK 250 is used as th2 sampling clock and in the second

scan M-LK 100 is used foar this purpose.
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Cﬂapter VI 7
DATA TRANSFER FROM DIGITIZER TO SEL COSPUTER -

6.1 INTRODUCTION L

The digqitized video. dati fronm fha'iiqitizer .is transferred

K to the éomauter'tﬁtsuqh_a High Speed bata (HSD) interface.
HSD intefﬁa:a“allous data transfers, at a much higher }ate
tﬂan the és 232 intgffé:e; lThis.chﬂhter gives a‘S:ief de-
écription of iha HSD infarfa:a.aﬁi aléa the bomblete detaiis
?f'the intetfacé bet;een the HSD and the Vidazo Digitizer.

6.2 BSD DYRRVIEH

R N mm—am—ma

The high speed data interfasa (Hsb) {14) is an op-
‘tisnal feature for the SYSIEHS 32 SERIES combutet. ‘It‘pPOf
vides a full 32-bit parallel interface tﬁ a customer de-
siqhéd device at rates upto‘BBH.K_transfers per sec@nd.
‘ fhe aandler design is based on the notion " that thé
ﬁSD.bardua:e‘a:ts as a controller : it performs the hands-
haking with the CPU and perforus aIl\Qiiifs'operations a1eed-
ed t> fetzh and store-either thé jata o statds relaﬁing io

the féquired opacatioﬁs. Therefore, references tq'thaIHSD

simply-imply ~ontroller funstions which are qener;c to- I/0.

operations in ganecal..  Th2 dsvice attached to the HSD is

-~




’ B . 1.,
e o B - =
user addition. Th2 gemeral assusaptioa about -the device is . = '%?
that it can souc;a-and/orlsyd;htnnize‘data'.uith the passi-
‘bility of pra2senting device specific status on reguest. 3
v P
: p
o
Some important points about HSD : i@
: ' i

2

) . : -
1. High speed 3ata transfers upto B34 words per second.

.-‘.'r‘n:' :?1

gach worl is 32  Dbits. Sb. effective data transfer

T
ey

~rates of 834 * 4 bytes/sec.’

e e

‘2. 'Upto 64 K transfécs per block.

=]

i

3 ‘Simgle handshake ppotocol between HSD ani customer

designed equipmént

EAPTTR PR ==

Y L

2

4. External wmode capability which =~ allows the customer

deviz2 to ‘provid2 both memocCy address and data for

T A,

each trasfec. . .

¢

5. -Automatiz status postiny..

- TP

be Intétcomp:ter link capability.

6.2.1. Fupctigaal Description- . .

The HSD is essentially diviied ipto.three'functioﬁaLu

parts.  The first part consists ofaspecial SELBUﬁ intecface
which allows ovarlappad':PQ inl mendry :ommunicationé to and

.from the HSD. The second part consist;lof .a simple 32-bit
biii:e:tional iata bus 3agd Eha aﬁpcipriate-handshake coatrdl
"signals to intérface th2 HSD to a customer designed dejicg : .

interfice. The third parct Zapsists of appropriate internal

sioraqe rejisters and sequential control laqic'for controll-

vy




ing. the data flow iﬁternal‘tﬁ kh= HSD, , to and from the:‘

B

SELBUS, and to gndﬁffom_thé customer” handshake lnterface,;'

S
. .
- @

: v L . R .
Typical blozk transfers are ipitiated. by setting up-

~an input'/ sutpat counmandi ii§t (E2ZL) which cOnsists of one

or more input -/autput coamand blozks (IOCB) . and then-issﬁ—.

ing a command dmvice-(coa stact I/0 (SI0) instruction.~'.The

abovz functlans cause . the HSD to fetch the contents of the

#

first (IO Bl bv using a noxntec Ln the transfer 1nterrupt TI

dedicated lacthon. Each (IO-B)'“ontalns the operation code

( wvaich is als> sent to the device ), the transfer count,
‘the memory buffer address, and space &2 post error or device
'.staQus‘uhén ceqpi;ed?

The HSD controls all the data transfers until the
transfer counf rea:hes'zéro, orC an ertar has occured fmhe

secvice iptertdpt-(sil status is then automatically posted.

-in the T iedicatai-lo:ition, and -an SI_islgenerated. An er-

ror will cause ths us to b2 automatically posted
ia the curreat IOCB béfore normal SI status ﬁqstinq.

Autanaii- s£étus posting eliminates the need for test
devize {(TD} 1nstructxon exzapt to jeteramine whether the HSD
is pcéSent in’ the system. When the HSD is placed in th2 ex-
ternal moda,' aacE'data tcansfec must be precedei by the

tranéfec_to the approprxite nnnory addcess from tbe customer

70
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deviza to the HSD. The customer dav1ce has qot complete con-
: . N .

trol of - H3D opzrations while the HSD is in the extarnal
- R ) ,s.ﬂ . AN

node. . -

. The folldowing dis:uséicn'provides a brief description

of the mazro lavel instructians used to :cont:ol and obtain -

status frdoa the HSD.

6.2.2" Qg;_!agé_l.nezx_gg (D Lassgggtwa

The command devicz (CD) iastruction is the basic ma-
crolevel instfu:;ion usel to initiate and terminate th2 HSD

operations.

.
g

All :ombinations -of tha command device instruction

requlre sktatus to he retarned to tas-ZPU hy an advanced read

status (ARSIX) raai status (RSIX) bd: aaquence. The’ HSD vill

alvays retuén an all zero status word and Hlll essentially

ignore 3411 illejal command coambinations

6.2.2.1 fransfer Address Word (TAW)

Y

© The transfar addc2ss word is a 32 bit word used citﬁ
thz command device .initialize data tcanséer instruc;ion.
The TAW -providss the “memory address of the first-iinput /
output coamand blq:k. qu‘rau is'prcvided in a dedicated

memory location for the HSD interface.
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7y

TS

602022 Taét_nevice (ID) Instrndtion' : -

B
' .

The tast device (ID) ianstruction is used .only to det-

T

i

ermine whether the ‘HSD is connected to the system. If HSD is

5

[,

off~MNne or is sot plugg2d iat> the systea, execution of a

rg 8000 uiligse;‘all four condition code-bits-to one. If the

LHSP is plujgged in and on-liné,_'thelexecution of'inleD will | ?-. %
}rﬁsult in condition :nialbits >f all zéras . . Therefore the -g
-rDlsﬁSﬁld only be used to determine whether HSD'is'praﬁénf ) t%
S ) I . C . . &
in the svéteﬁ - 7 g
. . é
' 6.2.3 -Impak-Z-Qutput Comeand- Block - (LOCH) . E
-rhe iaput'rloutput conmand block,(IOCB) :on§;§ts‘of ~®
four 32 bit'wocds:générigéﬂ'by thehséfiuarelsysigm '; The ;ﬁ
four words >f the IDJCB cdntain:the operationicode,' transfer i
count, meaory buffer aldress or. device depené&nf command, %
.and‘tﬁe erroc/izviza status - Figure 6r2'_illustrates the |
format of the IJCB . o ' - o o ‘ !
- -
N
.
: . )




[al
1
i L | | |
HSD OPERATION DEVICE-DEPENDENT ‘ S
CODE : INFORMATION o _TRANSFER COUNT ) 'WORD O
TTT 1111 TT T Tl Illl'lll'l[l'lllll
o1 2 3 a'_ 5 & 7-8°9 1011 1213 14 1518 17 18 19202122 23 26 25 26 27 28 29 30 N
1 1 1 [ \
NOT USED - MEMORY BUFFER ADDRESS WORD 1
‘ ' . *_jroamata
Il[llllIl[lllllllIl'l‘lli‘lllllil

-1 2 3 4567 g 9 1011 1213 14 15 16 17 1819202!2223!&2528272'8.2931)3\

—T T T T T ] |
. T uEv_lcé-nEPEﬁnEN"rcommmn ' . WORD 1
: L ~ FORMAT B
liIIl‘llllll-l||ll|lll|lll|l||
512345867 80WNRE Ve 1516 17 16 19 2020 22 B2 B AN 829300
| | | ! - 1 |
. NOT USED (RESERVED FOR SOFTWARE iF: REQUIRED} - . WORD2 '
|l||l|lll||||l|'ll‘|||11'll|||'|‘
o 1 23 46567 8 9101121318157 1718 1920712273 202526 210 B30 W
1 I | 1 | l

ERROR/DEVICE STATUS

WORDJ

l‘ll'llll-llli'lllllllllllll-lllll

0123456-739!0111213

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

! 4

-~

| +
Fig-61. Input/O

[

stput Command Block (IOCB) Format
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6.2.3.1 _ BSD Operation Code . T

HSD JPERATION CODE

- BIT .

»!- a
0 L ' When sat iazdicates iaput transfer,
reset for .output
1 ~ompanl transfeé, word 1 of the .
A ///EOCB is sent to the device.
2 : Device status ‘tagquest, store 1nto -
' word 3 of the IDU :

3 - - ontznue on errac
4 : o Interrqpt, when completed proce551nq IOCB
5 A Tfransfar in :haﬁnela:‘that'Ls, branch to

' specified IOCB : : R
6 . ~ommanl chaia, that is, egecute next IOCB
7 " pata chain, continue transter with adiress

and codnt spacified in the next IOCB

6.3  DATA- TRANSEER-PROZ- VIDEO DIGETIZER-

The 3 bit video date'from the A/D converter is tcans—

ferceﬂ'to tha SEL -omputer through the HSD interface. The

D1q1tlzer and the -onvolutlon fllter share the same HSD in-
terfa:e. The filtering aond the izmage qatherlng operations
can be multiplaxeil without - 20Y lass 1in the compptatxonal

~speed of the SEL computer.
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631 a;r.rgg u_aangl_:

Piqure 6.3 ShDHS the block dlagram of the lnte:facef

betueeu the HSD and the Ellte:. Th= Lnterface part con51sts'

ad il

_of Lin2 Drxrérs{&e:azvec:, Input And Dutput Buffers, Nuti-

plexats/ncﬁumulato:s, “an 13 bit HTT-'staqe and bntterfly

couu;er, logic :fbr coutroL 5f'a11, anut/output operatxons .
1hnd qeneration of the systenm clo"k‘ and the tlmlng -519-_'

nala.rhe laqlc Ear.the cantcol and ac,umulatlon of the ilgz— .

’

tizei imagz= frou the vidao iqutlze: ‘has been bullt in thls_

. intecface. T .

The Lntecface loqxc ‘is controllad by 51qnals from the

HS5D. = The E11t=r Function Raqlster within the lnterface can -

be.laaied from the HSD~to speclify the .next fllter Eung~l

tion(Loal Image Data Loal Co=ff. MH=2mdCy, Send Camera pata,

eté.}. gnce a fllter functlon has been épecified the data
betwnen thz ASD and the filter is transferred asynchrausly

at a rate of 834K, 32 bt t uards per second. The 8 bit data

- i W ¥

) from the? tideo‘Diqxtlzer is accumulated to .form a 32 bitr

word and this:a:cumulatai:iita is transferred to the HSD in

a pineﬁiue.

fhe krT Staqe)Butterfly ~ounter has been designz=d tq

serve 2 dual Pparpose. 'Duciuj the“transfer of data betveen

the Eiltec and the HSD: it is used to count the _numbar of

pixels anil during the ~3nvolaution aperation it serves as a

staqe‘and buttecfly counter.
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'5e3-2 Inteztaze ‘Conteol- ngtg |
.The' main lnterfa“ 1‘51qnala-;tnat“contrn1 the data
_tfansfert:netneen.tte ‘H3D and t&e filter are 'éILfﬂutﬁDY,_
. PILFONCAZK, . PILINEDY, PILINACK, FILO0UI RDY, “EItonrnck,
FILSTATRDY and the -FILSIATACK. 'so;e of‘theserlsignalslare-
-used to Jcontrol the data transfer hetveen tne HSD ani the
Filter uhereas nth=rs ira usai T :ontrol the data transfer
';betneen the,Falter and the HSD. A brlef description of these
»signals is 'given bzlow. o -

-

FILPUN RDY----Hhen=ver '3 naw. leter function is specified, this-

"Tine from the H3D goes hlgh.ThlS lnforms the fxlter that a
© new apecatxoﬁ is desirel .

 FILFINCACK----Tais signal is generated by the: fllter 1ntegface
_to’acknowledge the FILFUWCRDI function..

FILIHRDY—---Fron i5D. It indicates that data is ready to be

o

transferrei to the filter.

FILINA“K----F:on*Plltec Acknauledqes the. transfer of data fron-

HSD to Filter. : ) S

1

. - 2 .
FILOUIBD!--—-Fram Flltec. Flter_dutput is ready to go to> HSD.

FILOUTACK—---Fram 45D, A tnouledqes the ttansfer of data fronm
Filter to HSD. .

FILSEAPRDI—---Fcam P;ltec; Transfers the status of the Filter
to the HSD. [t informs tae computer vhether the Filter is
"on.or off. ' BN S : -

L] s

FILSTATAZ K--—*Fcom HSD. A*tnauled;e: the filter status.

&

e e et e, TR TR TR B EANTI G
.




6.3.3  Diffeceat Types Df Data-Iransfefs Between Pilter/HSD
Whenaver ;lneu filter fﬁhction' is éﬁecified,T the
FILBUN;RDf signal Erom‘;the HSD.qus hiqh and if. the filter
" is not ih-the proéasé'OEQabcepiing a-ﬁ:evious‘fun:tipn,_ the _
327 bit data o the SELOUI31-SELOUF0 is Loaded into . the
FiLIﬁREG. Since only 6 bits out of the 32—bit$ of fheifilter
,‘fudction:ﬂata'ﬁiv specify 5 Eﬁnction, .these'ﬁ function bits
-are tfaﬁsfarred t? the .Filtet Fun:tiaﬁ 'Régisfer. out of
thESe.é filﬁér fEunction bits oﬁl? 3 biFs-spécifylé gutually
‘exglﬁsiye  qpération andi thesa 3 bits are decéded by the -
PILPUNCDEZODER. &he' meinings of the function specified by

.the 3 functiosn bits is as follows.

%OP ------- N> Operation

[ . .

LDIM3——=—= Thé bit pattecn far this 6peration is 001. This.

funqﬁion is used to load the image data into the filter buffers.

) L . . . ) . _
LD-pf~---- The it pattecn £or this oparation "is 010. This.
function is usel to load filter coefficzents into the coefficent
mendCys ' S ' - :

- SDFILDT--- The bit pattecran for this operation is 101. This

operation is used to send the filtered image to .the memorY.

' SD;AnDr--;'rheibit pattern for this opzration is 011. This,
operation is us21 to seni the jigitized data from the camera
to the HSD interface.

CLBH:HTf-l The bit_patternifac this operation is 111. This
operation is used.to clear the putterfly counter and sead’
_Filter status to HS5D. ‘

]

- - ‘
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6.3.4 I:aasigs Of-Data Prom:-Diditizer-To HSD

—— sl

During the tramsfer of data be;geen.thé' HSD and the

caneca interface, SDCAMDT is true. Two additional sigrals-

- CAYDTRDY aai EN-AMDIRD are available to control'tﬁe'digitiz—

er interface. ‘AEDTRDY siqnal cozes - from the digitizet and -

and the ENZ AHDTBD szqnal 1s qenerated by the Fllter/HSD in-

terface, "AHDTRDI LS actlve low whenevec the dlgltlzed data

ifrom the A/D cqnvecter is. avallable for transfer. ENCA&DTRD

is hlqh_true whenaver’ toe leter Lnterface LS ready to ac-

'cept more lata to be sent to the HSD, otheruxse-this sign;;

is false. -

when §DCRHDT is true, this forses the Data Accumﬁla~
tor to az =pt iata from the iqutxzer. The daté acéumulaﬁor
con51sts of ﬁultlplexers and Reqxsters. The circuit diajranms
are qiven in the 1ppeniLx._ VLdga dlthlzer output is con-
nectad to the BBCAHHUX.1/H. These Juad 2-inpht nultipléxers

can select data from 2 sSources. Jane 2f the sourceé is the

~

yideo Digitizer anl the othar source is the filtered image

data from the mamory buffers. If SDCAHDT is true, then Phe
~data from the Video digitizarc is salectéd and if SDFILDT is

trae them tha filtered ipmage data is selected for transfer

'
0y

to the HS5D.

. -
T .

RB-AMMUX 5 is set up to store the digitized data into

the FILOUI Reqiste:s.\ Taere ace foar reqisterS'FILOUTREG1/Q
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and data is st::ed 1nto these reglsters a Byte at a“ﬁime._

When* four bvtes of data are a:cumulatad Ln these ceglsters,

ENCANDTRD goes low and tue Jata ia the FILOUTREG1/4 is 1oad-'

ed int? the SEL Ipnput Reglstets,_SELINRBG1/8. At thls.stage
thé-E;LOUIBDI.liqe'fcdﬁ the intepface.g:es'high-to‘indicafe
to the,HSQEhaﬁ lata is avéilable ih-.SﬁLiNBEG1/6a Thertfue
stat2 of the Finougdpr, btlnqs ENZ aunrao to-a high statz and

next four bytes of iata are a,cumulated ln FILOUTREGT/H.

6.3.5 Tieiag-Diagraa
Pigure b.4. shows. tha tining diagram of ' CAMDIRDY,
ENCAMDTRD anl the digitized data to be transferred to the

conpiter. Diditized'vidad‘data'frOm the Digitizer is trans-

- ferrsl to the 3SD whenever SDCAMDT is true and CAKDIRDY is

active low. ENCAMDTRD is high true whenever the filter in-
terface is ready to acéept more data to be sent to the HSD,

otherwise this signal is false.

Tha iigitized data is transferred to the HSD on the
rising edge of HCLKSO."Diqitized ‘data from the'ﬁigitizer'
must be‘ Qvailaala at l=1st 59nS before £he rising edge of
MCLKS50. DLQItlzed data LS transferced . in blocks of 4% bytes.
Aftet 4 bytes of data have .been transferred the szqnal
ENCAMDTRD gjogs low ob th2 falling edge of MCLK50. If the HSD
is reaiy .to accept more data at this time,  the ENCAMDTRR,

siqnai besomes high within 50nS otherwise it will stay loW.
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Thus, the -naxt b?ta of data Erom the—digitizer-mustjbé avai-

lablz on the output lines as long.as ENCAKDTBRD is low,

6.4  SUBROSTING: snigs ~~ L L
» Ehe 3 senblv lanquaqe subcoutlne used for the purpose

L=

. of sending 3 quLtlzed Lmaqe from the quxtlzer to the SEL

_gonpiter is, SDI&G. .Thé subrautine:-ls Wwritten in assa2mbly

.-
I

landuaqe to iﬁprova}the #omputational timéﬂ

VA AN

e 3TV

—

Th2 imﬁqe is digitizedl in twd Vidicon scans. ihe di-

Lohe

gitized data fcoﬁ each of these scans should be stored in a

fgiry
2l

seperate arrcay. anca, in =2azh scan a (256X128) resolution

NS

B Tt

digitized image 15 qenetated. thus 32K Bytes of data are

transferred in 2ach scan. Data is transferred through HSD as

e

a 32 bit woci. Thus, in total, 8k 32 bit 'words are transfer-

vyl

red inleach scan. From the two (25&x123)’data arréys a com-

e TR T

posita (255X256) image is qan?rated through software.

B

The sabroutine can be called from the main FORTRAN

< A

§ program 2as




»CALL SDIHG(Iﬂﬁ$FIEB1 IERZ IOCH) lzf o .

vhere o ‘ , e ‘ : - - '@

IDAT---f4—-DATA hRRAY CDHTAINIHG IHE DIaITIZED IHAGE DAIA TO
BE SENT FROM DIGITILZER I) THE COMPUTER." .

. IER1---—-—=- srATus OF HANOLE

POSTED i THE FCB.
Isaz-*4--—-srnrqs JF THE DEV{ICE AS eosrao BY THE HANDLER
: . IN IOTL. - S
. e : S A\
I0CH-—————= PARAYETER WOICATE THAT THE 1/0 OPERATION =

‘The IOCL used for ‘bhis purpose is given below.

EXECUTE ASSEMBLE

I0CL GEN 3/X%A2°,8/K*30',16/0
- ' SEN 32/@(DATA) -

>

DATAD 0O Co _
5 3/x'82',8/x 60! ,16/Xt2000"
GEN\32/0

GEN 8/X* RB' 8/X100! ,16/0

GEN 32/H(DAfA)
~ DATAD 0
‘where

HSD commani X'A2?' x=2amns [HPUT TRANaFEB DEVICE STATUS REQJOEST

AND COXNAND CHAIN

UDD command X¢3)' medns SLEAR WAIN COUNTER OF FILTER
GEN 32/W(DATA) is to \ GENERATE DUNMY DATA ADDRESS
HSD conmaqd'x'BZ' means EAD DATA AND :dHnAHD CHAIN
UDD commani K*6)7 means SEND CANMERA Dara TO CONPUTER
16/X'2000; means TRANSFER COUNT IS 3 K WORDS

HSD conmand X'A8" means INPUT TRAHSFER, DEVICE STATUS
REQUEST AND INTERRUPT AFTER -DHPLEIED PROCESSING IOCB.

UDD commanil X'00' means NO OPERATION. - _ ,
. ] . | S
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6}5 2 RLTIOH hHD TESTING

Tne dlgltlZe. 'ndrdware was assembled ‘usihgﬁétand%rd

:TEL cbmpopents. The operation of the digitizerﬂwas tiecked

-

qun'thé hé&ﬁ“ﬁr a- DGLCH LAM-32§0'Loqic Analyzer. The impce-

tant ﬂputputs.of £he diqitizer that were checked are tke
CASDTEDY blqndl thch goes active low whepever ‘dicitized
) !
data is ready £for trdnster, the CONVLRT 51gnal and tke. 8 kit
AsD converter output. |

“The AFD converter output jepends on the nature cI -the

irage. Tue operating canqe'of the A)b converter has lLeen =0

acjusﬁed' that the outpuat values above 220 represent <the J"

- .

_dltferénﬁ shades of white and values below 49. EEpcesert var=

icus shades of .black. The operation of the digitizer ¥as

checked by digitizing 1nages or difte#nt picture coertents.

°

Fig. {6-4) sShous tne qultléer output ior a thtL 1=

age. In  this rfigure B7 ,and B6 represent the CAHBIBEY and.

:_CCNVERT'siqndl respectively aud A7 thiough A0 represernt thé_

8. it A/D converter output. In tLhe case Of a.wpite image, it
.can . be olfjserved tnat thé A/D converter outpu? value 15
greater than 220. ) _ - .

‘Fiq.(b.S{ depicts t he diqitizef output for a,hlqck
igage. As can be observed from this.figure the AsD cutput

-v;lue is less than u40.

. :: ‘ o 5 RO o _ | . g4 "
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¢ Fig. (6.6) .shows the digitizer. output for an image
wbich 'is balf black and half white. It canbe observed:frcs

this .fiqure _fhat-for black portions O£' the image tke AsD

ottput value is less- than 40. and’ foi'khiie.parfs‘of the ig-

age the value is greater -than 220
. , ‘
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16BIT T=0199 MAG=ENMN
A&B
)
a1 |
az
A3
A4
AS

B?

CUR/SE(=478. BUS INT CLRIaE
CUR=DIMBENI< - >A-111111711 B-08000000

LS

Fige. 6-.J+”. Digitizer Output( White Image )
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AT -
1

B, T o
Rl

16BIT T=0199 HAG-EAR
A&B
aB
Al
a2
A3
A4
AS
aé
Av
ge |
B1
B2
B3
B4
8BS
86 | : S
B? ' '
CUR/SET=878.8US8 1 C L uRananas
CUR=MERSH< - >A-B00081 B-10000000

» k) # + [1 L] L] 1]
’,.Y

:Fl_téé, 6‘.5 Digitizer Output( Black Image ) ' -




Fig. 6.6 Digitize

-

% ‘i‘:‘.' -f;b_’.‘:

Reliie feop el

16BIT T=8159 MAG-NEE
AAB

he
fnl
A2
n3
A4
AS
A6
A7
B@
81
B2
B3
B4
BS
B6
B?

CUR/SET=358. BUS INT cu_

CUR=MERDI< - >A-80 1880008

0

-

r Gutput( Half Black And Hall whi

Y

te Image)

s

E.
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”haptec VII

T _ suuum! AND coucwsxous R

Thxs resear,h was uniagtaken 'td design and‘impledent-

a Viiaa,niqitizen for tde Inaqe Proce551ng System developed
by. this deeartment;_ The'dain aim of the project was to de—
san a svstem vhich meets all the cequlrements “of the Image
Procn551nq Exe"ut1v= and at the sann time, fltS into the ex=

isting harduare Hlthout any major mOilflcathhS and 3ddi-

» -

tlons to that harduare.

- . . ‘\ " . .
" The work was ac,onpllshed in th:ee stages-. pirst of

"all, an- Lnterfa"e ¥as . bullt _betueen the Vldlcon camera and

A/D sonvertar. Tha- fun-txon of this- Lnterface lS to allou_

tha A/D converﬁiod of the dideo sidnai at‘approptiate tim-

1nqs and at lesirel convn:sion'frequeu:iesq‘rhe'majot ob jec-

tive Wwas to deLtlze the image at very hlqh rates._To accom-

plish this, a -new :Eechnique'uasi developed to select the
sampllnq poxnts on a.scanninq'Line. Ihtough thxs methoi . a

2561256 1maq= can be diqitizéi in.two scans. of the vilicon

camera oOrC about 331S. ' e

'Inlée:oni'staqe of thaz project, an lnterface vas de-

siyned between the pigitizer edd- the SBL ;omputer. To ac-—

.
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q0

coaplish this taskr the HSD intgcfa&e for the SEL computer

' »
was studled in dntall The existing bardware assembled

around th= HSD_was'alsa stuiizd and an effort was
utlllZE'thLS harduare to fullest extent_fo;

. puUrposss. In the ELnal stage af tha uatk,

-

software drivers
were nrlttan to control the aperatlon of the dlqltlzer. The
prqqrams wara utltten in assemhly language €o speed up the

operation. . . SN\

The harﬂiar= was’ 1ssenbled using standard TTL compo-'

neﬁ;é.’ The Digitizer i3 very easy to operate and the ilql—

tization proca2ss can be initiated thrcdugh compuger console.
N ¥

&£thauqh, tha Diqitizér uas'desiqneiifdr usé with a particu—

lar-svstéﬁ, Stlll the varxous design requlrements considered

in the implepentatton ace g212ral in nature. rhus, with

éliqht mydifications, - the digqitizer can be used for other

systems also.

data transfer

made to
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