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Computer based picture processing or machine vision is beginning to move from the 
laboratory into a variety of practical application areas. Some of the reasons why this is 
still a trickle rather than a torrent are discussed. 

DICHOTOMIE ENTRE LES EXIGENCES DU MARCHE 
ET LES POSSIBILITES OFFERTES PAR LES TECHNIQUES 

DE TRAITEMENT DES IMAGES PAR ORDINATEURS 

Resume 

Les methodes de traitement d'images par ordinateur ont commence cl sortir des 
laboratoires et sont utilisees dans toute une variete de domaines pratiques. On presente 
certaines des raisons qui font que ce mouvement est cl peine amorce. 





245 

INTRODUCTION 

At present there is no mass consumer market for 
the products of computerized picture processing. A pic
ture processing system in every home may be imagined only 
for far more advanced systems than now available. Unfor
tunately, we are unable to design a vision system for 
driving a car, weeding the garden or playing bridge. 
Such problems are unsolved due to lack of basic knowhow 
rather than computer hardware. 

Even on the far simpler level there is a dicho
tomy between what the market needs and what our present 
knowhow and systems are capable of delivering. The market 
is "used to" employing the capabilities of the human 
visual system. These capabilities are very sophisticated, 
but most importantly of all, the job breakdowns have 
assumed these capabilities. The most efficient assembly 
line employing computerized vision systems will not be 
of similar construction to an assembly line employing 
humans. In certain of the "manual labour type" operations 
computerized vision systems could be employed now, in 
others the process needs redesigning. In situation where 
the worker is mobile, the "scene analysis" problem is 
usually beyond our knowhow. 

On the so called "white collar level", the mar
ket wants results which are equivalent or better than 
those produced by an expert analyzing the same pictures or 
data. As yet, computers basically cannot deliver results 
of such quality and reliability. Even though experts fre
quently disagree or do not notice details of importance 
in a picture, such lapses are considered "human". Equiva
lent mistakes on the part of the computer, however, are 
not forgiven. Furthermore, human expectations are seldom 
stationary. Thus, even if the initial demands were met, 
the demands increase with the availability of new results, 
and may even reach a state where the expert wants his 
thinking to be done by the computer. 

Divided we stand ... 

Nowadays it is considered acceptable and even 
"being with it" if one is in the position to push compu
ter buttons, type messages, see character strings marching 
by on a CRT or orchestrate the performance by waving a 
light pen. With computer time sharing the individual 
operator can be replaced by many operators, allowing task 
simplification. The highly trained individual operator is 
no longer needed, being replacable by a less trained 
multitude. If the task breakdown is properly performed, 
throughput can be increased allowing mass production on 
the timehonored principles developed for assembly lines. 
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Possibly the only reason why this senario has 
not materialized is not its infeasibility but rather the 
lack of a market for its product. In computer-aided pic
ture processing a market is developing, but it is a market 
for "speciality products" and not a mass market for a few 
standardized items. The techniques applied are equally 
diverse. 

In very general terEs, the products of compute
rized picture processing are of the following types: 

a) Pictures produced for human study and analysis. 
b) Picture context is analysed automatically and 

only the results are used or presented for 
human study. 

c) The scene to be analyzed is under careful control. 

The most familiar examples of pictures meant 
for human study are earth satellite photographs and scans, 
deep space probe photos, two dimensional reconstructions 
of x-ray absorbtion or isotope emission etc. These 
pictures are corrected to remove a variety of distortions, 
enhanced for better visibility of particular details and 
are often displayed in false colour or "perspective" for 
possible additional clarity (1). Some of these presenta
tions may remain of lasting value, with others, however, 
when the initial "wonder" has faded, there is a need for 
further automatic analys is. 

The automatic analysis of pictures, however, 
whenever feasible, is specialized for each particular 
problem. Three basic types of ,hardware are generally 
used to realize a solution: 

i) Special purpose hardware built for the task 
ii) General purpose computers with special hardware, 

programmed for the given task. 
iii) General purpose computers without task specific 

hardware. 

All these systems have their drawbacks as well as their 
advantages. 

The special purpose hardware carries out its 
task quickly, or as quickly as is feasible at present, 
but at the expense of rigidity. The repertoir of availa
ble operations is severely limited. New processing algo
rithms, new modes of interaction etc are not easily 
realized. However, if the task can be sufficiently sim
plified, and if there is a need for many identical 
systems, the hardware cost can be minimized. Many such 
systems are already in use (2). 



In systems using general purpose computers 
with special hardware, the hardware is used to speed up 
the processing and to simplify operator interactions. 
Such systems are quite expensive and, of course, the 
special hardware can inhibit the introduction of new 
ideas. Only in very large volume application are these 
systems warranted (3). 
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Picture processing systems based on general 
purpose computers without tasks specific hardware are 
expensive and slow, but they are as flexible as the 
ingenuity of the programmers can make them. Practically 
always, these systems are meant for research and develop
ment rather than for mass production. Feasibility 
studies are frequently done on such systems (4). 

In some situations the designer of the system 
lS in the position to specify the scene to be analysed. 
Of course, the temptation is to produce an economical 
system by minimizing scene complexity. Once such a 
system has established itself, the development tends to 
stop since more sophisticated systems cannot compete on 
an equal footing; Optical character reading (OCR) is a 
good illustration. 

Market Needs 

The market for vision systems is too diverse to 
be easily summarizable. However, from the viewpoint of 
how automatic vision systems are employed, the following 
operational areas exist: 

i) The vision system is autonomous, le not under 
direct operator control. 

ii) The vision system is part of an instrument in 
daily use. The device is interactive allowing 
operator intervention. 

iii) The vision system is part of a computer installa
tion in a laboratory. The system is highly 
interactive and versatile but basically meant 
for teaching, research and development. 

Examples of all these categories have already 
been mentioned. 

In the long term, the greatest need is expected 
to be for autonomous systems. These, however, are the 
most difficult ones to design unless the problem areas 
can be reduced to sequences of relatively simple opera
tions. This is often possible. For example, all our 
present production machinery is "blind". Devices to 
capture the necessary images in computer-processable form 
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a r c a vai l abl e c o mme r cia ll y . Man i pul a to rs to ha ndl e 
o b jec t s are a lso a vai l a ble. Ho we ve r, th e c on fig ur a t io n 
o f th e asse mbly l i ne r e l a t i ve to th e sen s o r a nd th e ma n i 
pu la tor as we ll as the i llum i n a tion to obtai n prop e r 
ima ge contr as t is a novel design p r obl em. In ordin a r y 
s itua ti o ns these s y s tems will s t a rt to co mp e t e with th e 
a s s embly lin e work e r. Th i s compl ica t ion wi ll not e x is t 
in hos t i l e e nvir onm ent s . The hegi nn i ngs o f a uton o mou s 
Vl S l o ns s yste ms ;I r e in the laho r ;lt o r y s t ;lge (S) . 

'I' he des i g n {) I' vi s i O il S Y S t l' III S r 0 I' in s t r lllll C n t S 

O [ de vic e s which r e l y o n th c hlllll;ln op e Ll to r t e nds to he 
llIuch s impl e r tl1;111 the des i gn 0 1- ;lut 0 l1 0 rn o us visi ons sys tem s . 
Th e o pe r a tor a nd t he ma c hin e hav e c ompl eme ntar y c ha r acte 
r i s ti cs . Pa ttern r ec o gn i t io n is easy for ma n, meas ur i ng 
a nd c a l c ul a t i ng is easy f or th e mach i ne . By prop er i nt er 
f ac i ng , th e s tron g po i nt s o f each c a n be used to b e st 
a d vanta ge . I n a we l l des i gn ed sys t e m th e op e rator can 
c he c k the mac hin e ' s r es ults a t a g l a n ce . Such s ys t e ms 
ca n he ve r y s ucc essful. Th e r e is a t e mpt a tion, ho wever , 
to use s uc h syst e ms a l s o on p r ob l e ms f or which th ey were 
no t desig ne d. 

Quit e J vurie t y of i nter a c t ive sys t ems is 
;il r e; ld y ;IV; I ilahl c . ILlr i ng cer t ;l l n socia ], l eg al a nd cos t 
pr o hl e lll s , 1II ;II1 Y 1II 0 r c dev i ces wi -]] co me int o CO llllllo n usc . 
( :Clr eX ;lllIp (C, ;lut o m;l t i c pr c s c r ee nin g 0 1- IIIcdi l-; ll illl;l ges 
o r lII e ;I Sllr Clll c nt s where o nl y t hl' " spcc i ;l] c; lses " ;Ir e hi-o ugh t 
t o t he docto r' s ;l tte l1 t i o n. !;xtr;Jct i o n o r th e nee de d d;lt;1 
fr o m ;Ie ri ;il photogra ph s, satel li te sc nse d d ;l t; l, t ec hn ical 
p hotog r ;lph s J l1d surveys , e t c . etc . 

Th e visio n sys t e ms l abora to ry s h ould, o f c ou rse , 
he t h e so urce and t es t i ng gro un d o f ne w i d eas r a th e r th a n 
a co n s umer . 1n s ome si mpl e r vision p robl e ms i t may be 
possib l e t o mi n i mize or eve n bypass th e l abora tory 
deve l opllle nt und t es t i n g s t ages . Howeve r, sin ce th e i ntr i 
c<Jcies of th e vision prob l e m a r e easy to ove rloo k , i t is 
not know n how ma ny design at t e mpt s h ave fai l ed . 

Th e nex t s t e p 

1. ;lr ge ;llII o un ts o r ]i te r ;lt ur e ;Ir e ;lv; li L lh le on 
p;Jtl l' l"ll rL'c o g lliti o n ;l nd pi c ture process in g . (:Vl' n t ho ug h 
III U s I 0 r t h l' I" e s ill I s; I r l' 1I 0 t d i I ' e l' t I Y II S ; I hi e I' 0 r pr ; I l- ti c; I ( 
P roh I l' III S , I he L'U IIlP ;II ' i S O li 0 I' 111 ; 1 rk e t Il l'c d s Iv i I h pr i () r 
rc s llll s I l' lld s to de rill l' Il l' l-J di n'L' I- i o ll s ror rllrthl' r I-l'
se ; I r l' h ; I II d d e ve l 0 plll l' 11 t • 

Th e h ;ls i c illlp c dim e nt s to qlli c kl' l' pr ogre s s 1'0)' 
to 1<111 y ;Iu to nomo us v i s i o n syste lll s ; 1 r c: 

i ) t he cost e r fccti.ve ness of th e dev Lces . 
i ) th e nc e d t o refor mu la t e co mm onl y ;Iccepted 

procedur es . 



i i i ) l il e I ; I c k () I' 0 pC r; I t i 0 Il ; I I s i III i I; I I' it )' het Iv e l' 1I 
illllll;111 ;llld CO lllpllt cr' v i s ioll. 

Th e l' lr s t poillt rel 'c r s to th c de s i gll ;lIld 
It ;lrdw ;lre costs o r pr csc lltl y r e, lli z ;Jhle COlllpllter v i s i u ll 
sys tclIIs. The /J;Jrdw;Jr c costs, h o weve r, ,Ir e dec r e; ls ill g 
r'lpiJJ.y. Th is Le ,lves the des i g n costs ~Ind th e n ec d to 
redesign the procedures which hav e evolved fro m o ur own 
visual abilities. The f easibility of redesign i ng a pro -
cess to accomodate a comput er vi s ion syst e m can only be 
judged in each i ndividual case . Generalizations are 
diffi c ult. To try to bring the operational capabil i ti es 
of c omput er vi.s i on closer to tho se of human vi sio n I S 

,I t P 1° cs C Il ton "I y ; Ir e s e;J r c h go, 11 . 

The S itll ,ltioll, how c ve r, is IIIllCh s illlpl e r with 
the SOL'; I II C dill t Cl', I C t i ve vi s i 0 Il S Y s t C III S . T h C lO 0 s t 
e rrcctiv c ll CSS prohlclll st ill rCIII ;liIl S , hut the 1Il,Ichinc IS 
o nly ,Ill ,lssist; lllt to thc opcr'ltor. ProhL e lll s which the 
Illa c hillc C; lnn ot h;lndJe ,Ire s imply referred to the ope r ,l t or 
f o r a d ecis i o n. The opposite is a l so true , problems \vhi c h 
the ope rat or cannot handl e are referred t o th e machi n e 
f or d ec i sio n. ~or proper d esign of intera c ti ve systems, 
it is imp era t ive to reco gni ze th e weaknesses a n d th e 
str on g point s of the human a nd th e ma c hin e ' s capabilities . 

The huma n sys t e m or operator has dur i n g his 
e volution d e v e lop ed a ver y sophisticated p a tt ern recogni -
tio n capability . This ability the computers cann ot 
ma t ch . llow ever , i n terms of calcul a tin g power or numb er 
crun c hing , hum a n intuition i s n o matc h at al l to our 
co mput ers . Th e powers are c omplementary a t present . 
ll owcver , ilulII,ln ,Ihjliti es ca nll ot be improved whll e no 
co rr es po ndin g h;lrri e r cx i sts for comput ers . Co n se qu en tl y , 
r 0 r v C l' S; I t i 1 C c 0 111111 U n i c; I t ion het wee Il nl a n ,J n d c 0 III put er, the 
loo lllplIt e r inpll t ;lIld OlltPllt h<l s to 1ll ,I tc h hlllll;111 c lp;lhil i t ies 
; 11 III Il 0 t v I ce v e r s <I • 

St <lt c d sO lll ewh<lt 11llki lldJ y, the int c r ;lctio n Ivith 
,I cO lllputer occurs und c r two h<l s i c prcmis es : 

i) the llncolllpr c hc ndin g co mputer 
i) th e llll co mprehend .ing operator . 

Th e [jrst normal l y occ ur s In producti on , the 
ot h e r In research environment. 

III ]l <ltte rn reco gnit io n t as ks involv i n g "n orma l" 
IIll<l ges th e co mput er is th e uncomprehending p ar tn er compa -
red to ourseJvcs. The int e r,l ctio n consists of outlining 
to till' l'OlllplItcr the picture ;Jr C, IS to h e proc essed, extrac t-
Ii l.~ i1 l' rOIlI dirri c lllti cs ,lIld cO lT ecti ng its results. Both 
(Il l' dl' (;Jil o.; u" t iJ e illt e r:ll·ti() 11 :llI d the r orm il) \vhi c h t h e 
I"l'o.; lll( o.; ; fI 'C pl" c s e llt c d Iv ill hl' hi g hl y pl 'o hl c m spec iri c . 
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In all but the simp l es t classifica tion ta sks, 
for example, the "images " are beyond hum an comprehension, 
while th e mathe ma tical r ep r esent a tion of th e problem is 
formally s impl e . Our "v isua l under s t a nd i n g " fails as soon 
as th e problem i s "out of th is world". (Examp l e : given 3 
point s in 4 dimensional space , which t wo arc closest?). 
In such situations the interface equipment is used to 
di s pla y comprehens i bl e tr a n s f ormation s of the original 
problem o r its solution . 

Conclusion 

The field of computer analysis of picture s OT 
pattern recognition a nd sce n e a n a l ysis is app roxima t ely 
2 5 yea r sol d . A. t t e m p t sat c h ;1 ra et err e cog n i t ion s t ar t e cl 
;Ibo ut 40 yenrs ago. There arc very few compl e tel y auto 
nomous vision systems in o per; ltion. A. v;lriety of int eT 
;Ictive syste ms ;Ir e co mm e r c iall y ;lv ;li 1;lbl e . Man y di verse 
visiol1 syste ms exist il1 the [-o fm or co mput er p rog ram s ill 
LII)or;lt o ri es. Ther e is ;1 pro l-llsiOI1 o r li te r;Jture. Thi s 
IS illdi c; l tive o r a ri e ld or e ndeav our th ;lt is j ust 
hegi n11 i ng t o y i e ld cOlllmerciall y f e;ls ible products . 

Il owever , i n Canada at le;Jst, as far as th e 
aut hor is aware, there is a gap between those with a 
prohlenl to be so lved a nd those with facilities a nd some 
prior experience . Practica l applic a t ion s of computer 
vision are experimented with i n some comp ani es . 
Presumably d u e to the novel t y of th e field a nd th e very 
mod es t f und i n g , muc h of the effort is expended on setting 
up e l emen tary laboratory facilities ( rot ati n g drums as 
sca nn ers , photocell arrays for se n sors , microcomputers 
with mini.mal Ill e mor y and special circui t s for a n a l ysis 
or t il l' s i g l1 ;l1 s, etc). Litt1 e.i f any atte nt io n see ms to 
hc p; lid to pl'ior cxper illl e ll ts (i ll lit e r;lture) ;Ind expe-
r' i e ll Cl'S g; 1 i Il l' d, r l' s LJ I till g 0 Il 1 Y i Il r C d i s c 0 ve f y 0 I' k 11 0 Iv 11 

[ H 0 l' l' d I1 r l' s ; 1 11 d l' I' r l' c t S . t\ t t· h l' S ; 1 m c t i 1II l' , I ; 1 h 0 r ; 1 tor i l' S 

w it h h l' n l' r r ; 1 l' i 1 i t i l'S r () r S Ill d Y i Il g the i r s pe l- i I' i l 

prohll'III S ;1/>Pl'; II- Ilot to he ill tc r cste d. 

Re r e " CIIC CS 
I ) [:x;llIlpl es 0 1- "pi ct u re pr o ducti oll systems ". 

;1) Ilee p sp; lc e prohe photographs, (.Jet Pr o pul sjo n 
L;lb or;lt o r y , see I( e f. B). 

h) Multis p ectral images oC ea rth, (Canada Cent er 
for Re mo te Se nsin g) . 

c) X-ray b;lsed reconstTlJCtion of two dimensional 
i III age s, (D1J, 0 h i 0 Nu cl ea r ) . 

d) [(ad .io-isotope based r eco nstructions, 
(.1 8. P I:ngineeri n g, Ne~v Scien t ist , 

.1;111 • .27 , 19 77 , p. 2 0~). 
c) (;cl1cr ;11 purpose displa ys : 

lCOlllt;1 I, Noq) ;lk ) . 
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2) Examples of special purpose (interactive) ins trumen t s . 
a) Metallographic analysis: 

(Quantimet, Wi ld-Leit z system, Zeiss system ) . 
b) Cell an a 1 y s i s : 

(Perkon-Elmer Corning Electronics, Smith Kline 
Inc.) see : K. Preston Jr . Digital Picture 
Analysis in Cytology , Ref. A. 

3) Examples of s peci a l purpo se large scale systems : 
<1) Appl ic ations in hig h e nergy phy s ics: (System 

at CERN ((;e neva) , Unive r s ity of Toronto). 
See : ILL. Mc Ilwa in Jr . , Image Proces s ing in 
lIi gh .Energy Phys ics , I~ef . A. 

b) Applications in remot e s e n sing : (Image 100, 
CDC system, Bendix system). 

c) More ge nera l applications : (Wild-Leitz TAS, 
Toshiba system). 

d) JPL Chromosome Karyotyping System . 
(K. R. Cas tl eman) 

4) Picture proces si ng l aboratory sys tems. These exist 
at every major research institution and university . 
(SRI,JPL ,U SC ,MIT, Purdue ,McGill ,Lawerence Livermore, 
Electrotechnical Labor a tory Tokyo, ... ) 

For a good illustration o[ how image processing 
pro b 1 e III S ,IT e a pp r 0 a c h e d, see : C . A. 11 a r low, 0 n 
l ~a cJio g raph i c Image Al1alys i.s , ye f . A. 

5) Lxamples of autonomous systems in specia l a ppl i C:Jtion 
areas: See: W. A. Perkins : Multilevel Vision 
Recognition Sys t em, Ref . C. I ndustrial Applications: 
Re f. C . 

A) Topics in Applied Physics , vol. 11, Spring e r Verlag 
1976,editor A. Rosenfeld . 

B) Scient ific Findings fro m Mariner 6 & 7 Pictures of 
Mars, Journal of Geop hy sica l Research, vol. 76, no.2, 
Jan . 10, 1971. 

C) The Th ird Intern a tion a l Joint Conference on Pattern 
Recognit ion, Coro n ado , Nov. 8-11, 19 76 . 


