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I n r e s e a r c h on automat ic processing o f A r t H i s t o r y da ta and

documents, problems a r e fo rmu la ted and so lved based on i m p l i c i t

assumptions o f what t o o l s a r e ava i l ab le . The purpose o f t h i s

paper i s t o c a l l a t t e n t i o n t o t o o l s drawn f r o m p a r t s o f Computer

Sc ience , w i t h which a r t h i s t o r i a n s a r e gene ra l l y unfamillar,in

o r d e r t o suggest t ha t t h e computers which process these data and

documents may a l s o v iew them i n s e v e r a l senses t h a t will be

expla ined below. We q u e s t i o n t h e assumption t h a t computers must

be b l i n d t o t h e a r t f r o m wh ich t h e data and documents ,der ive .

Hos t o f t h e computer techno logy t o wh ich we will r e f e r i s

w i d e l y a v a i l a b l e though o f t e n expensive. Some o f t h e i d e a s

dlrrcussed r e q u i r e fu r the r research I n bo th oomputer sc ience and

a r t h i s t o r y . Whether such r e s e a r c h i s pursued depends, i n p a r t ,

on whe the r a r t h i s t o r i a n s a r e I n t e r e s t e d i n us ing t b e r e s u l t s .

Apprehension o f t h e techno logy i s an o b s t a c l e , although, as a

g e n e r a l p r i n c i p l e , it can be a s s e r t e d t h a t t h e s e new methods make

much g r e a t e r demands upon a r t h k s t o r i a n s t o do t h e a r t h i s t o r y

t h a t t h e y do w e l l than t h e demands t o l e a r n new techno logy .



We can d i s t i n g u i s h t h r e e k inds o f sources f o r t h e da ta on

which a r t h i s t o r y ana l ys i s i s based.

a. P r i m a r y sources i n c l u d e t h e a r t works themselves

(pa in t ings, scu lp tu res and o t h e r a r t i f a c t s ) . We a l s o cons ide r

p i c t u r e s o f a r t works as pr imary sources because t h e y a re so much

c l o s e r t o t h e a r t than t h e o t h e r t w o k inds o f sources.

b o Secondary sources i n c l u d e analyses (by a r t h i s t o r i a n s )

o f t he a r t works. These may i n c l u d e iconograph ic

i n t e r p r e t a t i o n s , measurements, d e s c r i p t i v e and s c i e n t i f i c

analyses. Almost a l l d a t a ma in ta ined f o r a r t h i s t o r y purposes

a r e o f t h i s secondary kind. This i s t h e s t u f f o f l i b r a r i e s .

C. I n t e r m e d i a t e aources i n c l u d e i n t e r p r e t i v e data,

supp l ied by t h e a r t h i s t o r i a n , i n t h e f o r m o f annotated p i c t u r e s

and sketches. The annota t ions a r e n a t u r a l and easy f o r t h e

computer t o process. The sketches a r e s i m i l a r l y easy f o r t h e

human t o understand. The correspondence between t h e anno ta t i ons

and t h e sketches i n made a v a i l a b l e t o t h e computer.

The sensing o f pr imary sources can be f u l l y automated, b u t

on ly p r i m i t i v e analyses a r e p o s s i b l e with automated techniques.

The i n t e r m e d i a t e sources enable deeper analyses by t h e computer

w h i c h r e f l e c t t h e deeper analyses i n c l u d e d i n t h e input annota ted

ske tches . The secondary sources enab le a l l t h e deep ana lyses

c u r r e n t l y p o s s i b l e wi th p rocess ing o f v e r b a l sources, but v e r y

l i t t l e o f t h e a n a l y s i s i s automated.

The t w o p a r t s o f computer s c i e n c e t o which we r e f e r a r e a )

image process ing and p a t t e r n r e c o g n i t i o n and b ) computer



graphics.. Image process ing i s most a p p l i c a b l e t o enhancing

f e a t u r e s o f images ( l i k e o o n t r a s t , c o l o r , and s i z e ) which

f a c i l i t a t e understanding by human viewers. Computer g raph ics

enable t h e human ana lys t t o " t a l k back " t o t h e computer,

expressing ins ight i n graph ic form. P a t t e r n r e c o g n i t i o n enables

t h e computer t o v iew and, i n a v e r y l i m i t e d aense,

images au tomat i ca l l y .

The p o s s i b i l i t y of d i g i t a l r e c o r d i n g o f images

understand

known and e x p l o i t e d . I n t h e f i n e a r t s t h i s p o s s i b i l i t y i s

e x p l o i t e d i n v i d e o and o p t i c a l d i g i t a l d i sk r e c o r d i n g , which i s

always i n t e n d e d f o r aubsequent human viewing. No tw i ths tand ing

t h e d i g i t a l na tu re o f such r e c o r d i n g it i s i m p o r t a n t t o r e a l i z e

t h a t such images a r e s u b s t a n t i a l l y i n v i s i b l e t o the computer i n

t h e sense t h a t t h e computer as a tabu la rasa can p e r c e i v e nothing

i n such images which it can n e v e r t h e l e s s demonstrably sense. A n

example o f such a sensed (scanned) image i s f i g u r e 1, t h e D u r e r

H e l e n c o l i a I (1514) and f i g u r e 2, t h e computer s e l e c t e d d e t a i l .

M e r e l y t o rep roduce t h e o r i g i n a l image a t t h e r e s o l u t i o n shown i n

t h e d e t a i l r e q u i r e s t h e a r e a o f 66 standard t e l e v i s i o n screens , a

r a s t e r o f s i z e 4,800 by 3,800 d i g i t a l p i c t u r e e lements ( p i x e l s ) ,

t h e d e t a i l showing 96 by 96 such p i x e l s .

The f a c t t h a t t h e computer can n o t , i n one sense, p e r c e i v e

l Computer image process ing and p a t t e r n r e c o g n i t i o n as a f i e l d o f
r e s e a r c h goes back t o ( K i r s c h 1). I t s c u r r e n t s t a t u s i s
summarized i n t e x t s l i k e ( P r a t t 2) and (Rosenfe ld 3). Computer
g raph ics goes back t o (Su the r land 4) . I t s c u r r e n t s t a t u s i s
r e p r e s e n t e d by t h e t e x t ( F o l e y and Van Dam 5) . Journals
r e p o r t i n g c u r r e n t r e s e a r c h i n image p r o c e s s i n g and p a t t e r n
r e c o g n i t i o n a re (IEEE -PAM1 6) and (Computer V i s i o n , Graphics, and

i s w i d e l y



Image Process ing 7) and t h e annual (IEEE -CVPR 8). For computer
graph ics t h e app rop r i a te journa ls a r e ( IEEE Computer Graphics 9 )
and t h e annual (ACM-Siggraph 10).

- -

such images does n o t p r e c l u d e i t s be ing a b l e t o make use fu l

t r a n s f o r m a t i o n s of such images f o r human viewing. F igure 3 shows

such a t rans fo rma t i on f o r i l l u s t r a t i v e purposes. It e x h i b i t s

i n f o r m a t i o n about t h e g rad ien t ( o r edge d i r e c t i o n ) o f t h e

o r i g i n a l image. These t h r e e examples o f computer scanned and

t rans fo rmed images on a r t m a t e r i a l s can be matched many f o l d by

o t h e r image process ing examples i n f i e l d s l i k e e a r t h s a t e l l i t e

scanning, and med ica l tomography and microscopy. A t l e a s t one

Nobe l p r i z e has been awarded f o r uses, i n medic ine, o f such image

process ing technology (Houns f ie ld 11).

Ve can c i t e o t h e r uses o f image process ing more i m m e d i a t e l y

germane t o a r t h i s t o r y . The techn ique o f enhancement o f X- ray

images o f pa in t ings t o r e v e a l h idden s t r u c t u r e s i s w ide l y known

t o conserva tors .

sharpness and

Less w e l l known i s t h e p o s s i b i l i t y o f adding

edge d e t a i l t o degraded images. A n o t h e r

p o s s i b i l i t y i s enhancement o f photographs t o compensate f o r t he

l i m i t e d dynamic dens i ty range of photographic m a t e r i a l s when used

t o reproduce a r t works.

One use i n p r e s e n t a t i o n o f t h r e e d imens iona l i n f o r m a t i o n i s

shown i n f i g u r e s 4-7. A s te reo - pho tog raph ic p a i r o f images i s

scanned and t h e t r u e t h r e e d imens iona l mode l i s genera ted i n t h e

computer. From t h e s i n g l e p a i r o f images, an u n l i m i t e d number of

v iews f r o m o t h e r o r i e n t a t i o n s than t h o s e o f t h e cameras can be

genera ted and d isp layed by t h e computer. Two such views a r e



shown i n f i gu res 6 and 7.

All t h e s e examples a r e drawn f r o m a techno logy almost t h r e e

decades o l d , image processing. Concur ren t wi th t h e onset o f t h i s

technology was t h e development o f resea rch i n t e r e s t i n

programming t h e computer - as- tabula - rasa t o r e c o g n i z e p a t t e r n s

autonomously. E a r l y ins tances o f euch p a t t e r n r e c o g n i t i o n

technology a r e o p t i c a l c h a r a c t e r r e c o g n i t i o n machines. Research

i n t h e f i e l d was s u b s t a n t i a l l y a c c e l e r a t e d by t h e i n t r o d u c t i o n i n

1964 o f 80 c a l l e d s y n t a c t i c a l methods o f p a t t e r n r e c o g n i t i o n

( K i r s c h 12). The new paradigm i n t r o d u c e d here , was t h e

p o s s i b i l i t y o f using t h e same t o o l s as a r e used t o c h a r a c t e r i z e

t h e s t r u c t u r e o f language (grammars and t h e i r pa rse rs ) t o

c h a r a c t e r i z e Images. A grammar i s a p a r t i c u l a r l y p o w e r f u l way t o

express t h e o r y o f s t ructure. It makes commitments bo th wi th

r e s p e c t t o a n a l y s i s and eynthes is and thus demands g r e a t ins igh t

on t h e p a r t o f t h e person (no t computer ) who c o n s t r u c t s t h e

grammar. The computer i s u s e f u l as a t o o l t o h e l p t e s t t h e

v a l i d i t y o f t h e grammar and t o e x h i b i t t h e consequences o f

t h e o r e t i c a l i ns igh ts expressed i n t h e grammar.

It i s n o t surpr is ing , then, t h a t most o f t w o decades o f

e f f o r t i n p i c t u r e syn tax were devo ted t o t h e development o f t o o l s

and o n l y f e w t o t h e i r use. T o o l development i s summarized i n

(Rosen fe ld 13) (Fu 1 4 ) and ( K a n e f f 15). An example o f one o f t h e

f e w uses o f t h e s e t o o l s i s (Wat t ' s 16) d i a c h r o n i c s tudy o f

w r i t t e n alphabets.



A dramat ic change took p lace i n 1981 with t h e p u b l i c a t i o n

(Koning and Eisenburg 17) o f a grammar f o r t h e a r c h i t e c t u r a l

designs o f Frank LLoyd Wright, using t h e ahape grammar t o o l s o f

(S t iny 18). He re was t h e f i r s t example o f a grammat ica l t h e o r y

o f a m a j o r c l ass o f works o f a r t i s t i c impor tance. It i s a

s t r a i g h t f o r w a r d task, using a computer, t o produce new Wright

designs f rom t h i s grammar f o r t e s t i n g It a8 a theory. S i m i l a r l y ,

t h e grammar can be used t o ana lyze e x i s t i n g designs t o e l u c i d a t e

t h e i r c o n s t r u c t i o n a l h i s t o r y and t o r e l a t e them one t o another.

The p a t t e r n r e c o g n i t i o n f i e l d must thus be viewed as on t h e

t h r e s h o l d o f impor tan t uses i n t h e ana l ys i s o f a r t works.

Support ing t h i s v iew a r e a l r e a d y demonst ra ted uses o f p a t t e r n

r e c o g n i t i o n . Most o f such uses a r e c u r r e n t subdects o f research

and improvement.

We may i l l u s t r a t e how such automat ic p a t t e r n r e c o g n i t i o n

works by an example. F igu re 8 i s a photomicrograph o f some

l i n e a r o b j e c t s which might be marks o r s t r o k e s on some medium

( t h e y a c t u a l l y a r e paper f i b e r s ) . Th is image i s t h e r e s u l t o f

scanning and d i s p l a y wi th t h e kind o f Image process ing techno logy

ment ioned above. We may n e x t w r i t e schemat i za t i on programs f o r

t h e computer which produce t h e o u t l i n e drawing o f f i gu re 9. We

c o n s i d e r t h i s image as a s c h e m a t i z a t i o n because o f t h e

c o n s i d e r a b l e i n f o r m a t i o n r e d u c t i o n ach ieved i n going f rom t h e

image o f f i g u r e 8 t o t h a t o f f i gu re 9. Th is schemat i za t i on s t i l l

con ta ins s i g n i f i c a n t i n f o r m a t i o n about t h e o r i g i n a l " s t rokes . "

For example, it can be used t o study how s t r o k e w i d t h v a r i e s . I n



f i g u r e 10 a r e shown a s e t of v e c t o r s ( t h a t i s , l i n e s drawn from

t h e c e n t r a l a x i s o f t h e s t r okes t o t h e n e a r e s t edges) which g i v e

t h e l o c a l s t r o k e wid th . We may, ifwe wish, syn thes ize a new

image a u t o m a t i c a l l y by fu r the r schemat iza t ion which r e p l a c e s each

8 t r o k e by one o f constant w i d t h which i s t h e average o f t h e many

w id ths along t h e s t r o k e , as shown i n f i g u r e 11. A f i n a l

schemat i za t i on i s t h e r e s u l t o f t h e p a t t e r n r e c o g n i t i o n a lgor i thm

which produces t h e highly a b s t r a c t v e r s i o n o f t h e o r i g i n a l

s t rokes shown i n f i g u r e 12.

The p a t t e r n r e c o g n i t i o n process thus proceeds f r o m d i r e c t l y

sensed da ta about images, t o success ive l y more a b s t r a c t

surrogates, u n t i l u l t i m a t e l y t h e most a b s t r a c t o b j e c t may b e

assigned i t s own s u r r o g a t e - i t s name. Along wi th t h e name t h e

procedure assigns a s t r u c t u r a l ana l ys i s o f how t h a t name was

d e t e r m i n e d - perhaps by a grammar.

Most o f t h e thousand p a t t e r n r e c o g n i t i o n papers pub l ished

each year t r e a t t h e problem o f r e c o g n i z i n g n a t u r a l o b j e c t s o r

human a r t i f a c t s i n n a t u r a l environments. Examples occur i n

med ic ine , i n m i l i t a r y r e c o g n i t i o n , and i n i n d u s t r i a l i n s p e c t i o n .

R e l a t i v e l y untouched a r e t h e prob lems o f a u t o m a t i c p a t t e r n

r e c o g n i t i o n o f a r t o b j e c t s . We must thus conc lude t h a t t h i s i s

st i l l an a r e a i n need o f r e s e a r c h i n t e r e s t . Th is resea rch i s

l i k e l y t o l e a d t o such uses o f oomputers i n a r t h i s t o r y as

p r o d u c i n g schemat iza t ions , making d i m e n s i o n a l measurements,

comparing d i f f e r e n t t r e a t m e n t s o f t h e same s u b j e c t , and p l a s t i c

3



ana l ys i s - a l l au toma t i ca l l y .

Making pr imary sources v i s i b l e t o computers can thus be seen

t o p r o v i d e two d i f f e r e n t k inds o f b e n e f i t t o a r t h i s t o r i c a l

ana lys is . Where image process ing techniques a r e used, t h e

enhancement p f t h e da ta l e a d s t o deeper subsequent ana l ys i s by

manual means. Where p a t t e r n r e c o g n i t i o n techniques a r e used, a t

present on ly rudimentary ana lys is i s poss ib le b u t it i s l a r g e l y

automated and hence a p p l i c a b l e t o t h e l a r g e volume sources o f

pr imary da ta such as occur i n photo archives.

F o r t u n a t e l y it i s n o t necessary t o choose between t h e s e

extremes s i n c e a compromise o p t i o n i a ava i l ab le , t h e use o f

i n t e r m e d i a t e sources. It i s p o s s i b l e t o ma in ta in some o f t h e

p r o p e r t i e s o f pr imary sources i n computer ana l ys i s o f a r t h i s t o r y

data, by d e s c r i b i n g t h e sources, i n a semi -automated way, w i th

computer graph ics techno logy using graphic t a b l e t s , automated

d isp lays, and automated processing. The manual o p e r a t i o n s a r e

those which r e q u i r e t h a t t he pr imary sources b e sketched, t raced ,

o r diagrammed on a s p e c i a l t a b l e t wi th a s t y l u s t ha t t h e a r t

h i s t o r i a n uses. Th is c i rcumvents t h e need f o r automated p a t t e r n

r e c o g n i t i o n by i n v o l v i n g t h e a r t h i s t o r i a n ' s pe rcep tua l ,

c o g n i t i v e and i n t e l l e c t u a l resou rces i n produc ing t h e g r a p h i c

p o r t r a y a l o f an a r t work. Subsequent p rocess ing i s e n t i r e l y

au tomat ic .

We can unders tand how computer g raph ic p o r t r a y a l o f

p i c t o r i a l sources may b e pe r f o rmed by c o n s i d e r i n g an example,



(Loran's 19) s t y l i s t i c a n a l y s i s o f Cezanne's composi t ions which

was done p r i o r t o computers. He used diagrams t o express h i s

analyses. We may p e r f o r m analogous analyses by using computer

graphics as t h e diagram medium. F igure 13 shows a drawing which

has been made on a graph ic t a b l e t using one o f Loran 's diagrams.

Although the diagram i s ske tched v e r y much as it would be wi th an

ord inary 'd raw ing instrument, I n t h i s case t h e computer r e p r e s e n t s

t h e diagram as a sequence o f connected s t r a i g h t l i n e segments

which a r e j o i n e d a t t h e po in t s marked i n f i gu re 13 by s m a l l

c i r c l e s . I n t h e diagramming process, using t h e graph ic t a b l e t ,

t h e a r t h i s t o r f a n can supply a d d i t i o n a l i n f o r m a t i o n based on h i s

ins igh ts . He mag be i n t e r e s t e d i n a t i m e sequence o f

compos i t i ona l components. These a r e shown d isp layed by t h e

computer i n f i g u r e 1 4 which r e f l e c t s t h e ( a r b i t r a r y ) sequence i n

which t h e segments were ske tched i n t h i s example. The a r t

h l s t o r i a n may a l s o exper iment w i t h l i n e q u a l i t y as i n f i g u r e 15.

O r he may fur ther exper iment wi th a l t e r n a t i v e c o m p o s i t i o n a l

s o l u t i o n s by causing t h e computer t o move segments about,

d e l e t i n g and adding a t h i s will as i n f i g u r e 16.

By using computer graph ics techno logy i n t h i s manner, a

s t r u c t u r a l ana l ys i s o f t h e a r t w o r k i s p rov ided t o t h e computer

by a semi - automated process. It i s n o t as automated as it would

be wi th p a t t e r n r e c o g n i t i o n methods but t he depth o f a n a l y s i s

t h a t can be ach ieved i s much'great 'er . Hos t i m p o r t a n t , however,

i s t h e f a c t t h a t an e s s e n t i a l l y p i c t o r i a l d a t a base i s thus

c r e a t e d i n machine processab le form.



How can such i n t e r m e d i a t e sources be used f o r a r t h i s t o r i c a l

purposes? The most immediate example occurs i n iconography.

O f t e n , an iconograph ic ana lys is i s p r o p e r l y a t t r i b u t a b l e t o a

p a r t i c u l a r o b j e c t i n an a r t work. With conven t iona l methods, t h e

ana lys is must be s t o r e d as a t t r i b u t e d t o t h e whole work. With

t h e work s t r u c t u r a l l y decomposed f o r t h e computer, t h e ana lys is

can be s to red as a p r o p e r t y o f t h e p a r t i c u l a r component o f t h e

a r t work t o which it appl ies . For complex works, iconograph ic

analys is o f many components may be sepa ra te l y s to red , searched

f o r , and r e t r i e v e d au toma t i ca l l y w i t h o u t a ove r load ing u t h e da ta

assoc ia ted with t h e whole a r t work. One can imagine t h e use o f

taxonomies l i k e t h e ICONCLASS (Van de Uaal 20) system being used

t o i ndex i n d i v i d u a l o b j e c t s i n complex a r t works wi th no

confus ion r e s u l t i n g f r o m t h e occur rence of ve ry many terms i n a

s ing le work. The depth o f a l l o w a b l e index ing and subsequent

r e t r i e v a l on s t r u c t u r a l l y analyzed a r t works can go f a r beyond

t h a t a l l o w a b l e i n convent iona l data base systems.

Another v i r t u e o f using computer graph ic i n t e r m e d i a t e

sources o f ana l ys i s i s t h e a b i l i t y t o c r e a t e ove r l ays con ta i n i ng

supplementary i n f o rma t i on . For e x t e n s i v e l y s tud ied works l i k e

t h e Durer o f f i g u r e 1 it i s u s e f u l t o a s s o c i a t e p a r t s o f such a

study with t h e components t o which t h e y p e r t a i n . Th is i s

i m m e d i a t e l y p o s s i b l e with da ta bases con ta in ing s t r u c t u r a l

d e s c r i p t i o n s o f t h e a r t works. The o v e r l a y s a r e superimposed on

t h e i n d i v i d u a l components p r o v i d i n g d e t a i l e d i n f o r m a t i o n t h a t may



be of l e s s e r i n t e r e s t when viewing t h e whole work. Thus t o

'read " such an ana lys is , one gzooms w i n and o u t o f t h e work,

r e t r i e v i n g i n f o r m a t i o n f rom t h e components as app rop r i a t e f o r t h e

d e t a i l be ing viewed.

O t h e r uses suggest themselves. F o r a r t works which have

been dismembered and s t o r e d i n separa te l o c a t i o n s , graphic

t r a c i n g with dimensional p r e c i s i o n can h e l p i n assoc ia t ing such

dismembered p a r t s o f t h e works.

The arguments presented above a r e based on t h e assumption,

shared by (Ohlgren 211, t h a t c rude images a r e b e t t e r

approximations t o images than a r e words. H e r e t o f o r e , t h e

automat ic processing o f a r t h i s t o r y da ta and documents has

l a r g e l y been based on t h e assumption t h a t on l y v e r b a l i n f o r m a t i o n

can be processed by computers. S ince t h i s l a t t e r assumption i s

demonstrably f a l s e , one i s n a t u r a l l y l e d t o inqu i re i n t o ways

t h a t computers can process t h e pr imary and i n t e r m e d i a t e forms o f

image da ta more c l o s e l y a l l i e d t o a r t o b j e c t s than a r e t h e

secondary sources o f pu re l y ve rba l desc r i p t i ons .

Much of a r t h i s t o r y r e s e a r c h has developed about a v e r b a l

paradigm even b e f o r e t h e onset o f computers. N a t u r a l l y , t h e

f i r s t uses of computers i n a r t h i s t o r y have been t o a c c e l e r a t e

such v e r b a l analyses. B u t t i m e s and techno logy change and so

should t h e way we l o o k a t o l d problems and how we ohoose new

ones. A beginning o f such change 'has been ske tched he re .

Acknowledgements



I wish t o thank S t u a r t Cramer, Da le M i l l e r , and D a n i e l

Rabin, o f NBS, f o r programming h e l p i n prepar ing Figures 1, 2,

and 3, Raye N o r v e l l e and Sam B a r r o f t h e U. S. A r m y Eng inee r ing

Topographic Lab. f o r scanning and s t e r o c o m p i l i n g Figures 4 and 5,

and Roger Nagel o f t h e N a t i o n a l I n s t i t u r e s o f H e a l t h f o r t h e

program t h a t produced Figures 9 and 10. The rema in ing f i g u r e s

were prepared by t h e author i n t h e L I S P language on t h e DEC-10

computer. C r i t i c a l oomments by Jack Boudreaux, Don Orser , and

Rober t P a r k e r were very he lp fu l .

B ib l i og rahpy

1. R.A. K i r s c h , L. Cahn, C. Ray, and G.H. Urban, 'Experiments I n
Process ing P i c t o r i a l I n f o r m a t i o n with a D i g i t a l Computer,' Proc.
E a s t e r n J o i n t Computer Conf., ' Dec 9-13, 1957, I n s t . Radio Eng.,
Assn. Comp. Mach.
2. W.K. P r a t t , D i g i t a l Image Processing, blew York: Wiley, 1978
3. A. Rosenfe ld , 'Survey, P i c t u r e Processing: 1982,' Computer
V i s i o n Graphics, and Image Process ing 22:3 (1983) pp 339- 387
4. I.E. Suther land, 'SKETCHPAD - a Man-Machine Graph ica l
Communication System,' Proc. Joint Computer Conf., D e t r o i t , Mich.
May, 19631, Assn. Comp. Mach. pp 335- 352
p5. J.D. F o l e y and A. Van Dam, Fundamentals o f Computer
Graphics, Reading, Mass.: Addison Uesley, 1982
6. IEEE Trans. on P a t t e r n Analys is and Hachine I n t e l l i g e n c e
7. Computer V is ion, Graphics, and Image Processing
80 Proceed ings o f Annual Computer V i s i o n and P a t t e r n R e c o g n i t i o n
Conference, I E E E Computer S o c i e t y
9. IEEE Computer Graphics and A p p l i c a t i o n s , I E E E Computer
S o c i e t y
10. Computer Graphics, Assn f o r Computing Mach. S p e c i a l I n t e r e s t
Group on Computer Graphics, q u a r t e r l y
11. G.N. Houns f i e ld , "Computed M e d i c a l Imaging,' Sc ience 210:4465

12. R. A. K i r s c h , "Computer I n t e r p r e t a t i o n o f Engl ish T e x t and
P i c t u r e P a t t e r n s , " IEEE Trans. EC-13 (Aug, 1964 ) pp 363- 376
13. A. Rosenfe ld , P i c t u r e Languages, Formal Models f o r P i c t u r e
Recogn i t i on , New York: Academic Press, 1979

( 3 O c t o 1979) pp 22-28



14. K.S. Fu, S y n t a c t i c P a t t e r n Recogn i t i on and App l i ca t ions ,
Bnglewood C l i f f s , 1Y.J.: P r e n t i c e H a l l , 1982
15. S. K a n e f f (ea.), P i o t u r e Language Machines, Hew Pork:
Academic Press, 1970
16. W.C. Watt, "What i s t h e Proper Cha rac te r i za t i on o f t h e
Alphabet? I1Composit ion, " Ars Semio t i ca 3: pp 3- 46
17. 8. Koning and J. Eizenburg, " The Language o f t h e P r a i r i e :
Frank L l o y d Wright 'a P r a i r i e Houses, w Envi ronment and Planning B
8: (1981) pp 295-323
18. C. S t iny , " I n t r o d u c t i o n t o Shape and Shape Grammars, w

and Planning B 7: (1980) pp 343-351
19. E. Loran, Cezanne's Composit ion, Berke ley , CA: Univ. o f
C a l i f Press, 1943
20. E. Van de Waal, ICONCLASS, an Iconograph ic C l a s s i f i c a t i o n
System, Amsterdam: N o r t h Hol land, 1977
21. T.H. Ohlgren, "The B o d l e i a n P r o j e c t : Computer Cataloging and
Indexing Medieva l I l l u m i n a t e d Manuscr ipts and E a r l y P r i n t e d
E o o ~ s , ~Trans. F i r s t I n t l . Conf. on Automat ic Process ing o f A r t
H i s t o r y Data and Documents, 4-7 Sept. 1978, Pisa: Scuo la l o r m a l e
Super io re .



Fig. 1 Albrecht Durer,
Melencolia I, 151 4,
Engraving, 240 x
187 mm.

f ig. 2 Computer scanned and reproduced Fig. 3 Computer enhanced detall of Flg 1
deta~lwith a scannmg resolution of 50 showcng edge dlrectlon tnformatron
mrcrometers



Fig. 4 Left member of stereo photo
pair of sculpture with texture superimposed. of sculpture with texture superimposed.

Fig. 5 Right member of stereo photo pair

Fig. 6 Computer generated view
beneath sculpture of Fig 4-5.

from

Fig. 7 Computer generated view from
above sculpture of Fig 4-5.



Fig. 9 Computer generated
outline of Fig. 8,

Fig. 11 Computer syntheslzed
Image wlth constant stroke wldth.

Fig. 8 Computer display
of tinear objects.

Fig. 10 Computer generated
thickness vectors along strokes.

i
L

Fig. 12 Computer abstracted
image from Fig. 8.



.

Flg. 13 Graphic tablet drawing of Loran’s
diagram showing tracing points.

Flg. 14 Time sequence of drawing of
components of Fig. 13.

Fig. 15 Computer generated

Fig. 16 Computer -aided edited
version of Fig. 13.


