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A b s t r a c t 
T h i s paper i n t r o d u c e s a computer cystem 
f o r c o l o r p i c y u r e p r o c e s s i n g and i t s p r i 
n c i p a l f e a t u r e s . F i r s t t h e hardware aspectB 
are e x p l a i n e d , i n c l u d i n g t h e b a s i c c h a r a c t 
e r i s t i c s o f I/O d e v i c e s . The i n t e r a c t i v e 
f e a t u r e o f our system i s s i n g l e d o u t , and 
i t i s developed t o a system concept c a l l e d 
"Color P i c t u r e A n a l y s i s and D i s p l a y System" 
The c o l o r a n a l y s i s method and i t s s o f t w a r e 
are presented and discussed, s i n c e the 
c o r r e c t r e c o g n i t i o n o f c o l o r i n f o r m a t i o n 
i s i m p o r t a n t i n c o l o r p i c t u r e p r o c e s s i n g . 
T h i s paper s l s o c o n t a i n s some methods and 
a p p l i c a t i o n s o f e f f e c t i v e use o f c o l o r 
i n f o r m a t i o n i n p i c t u r e p r o c e s s i n g . They 
i n c l u d e ( 1 ) domain i d e n t i f i c a t i o n b y c o l o r 
i n f o r m a t i o n (2) c o l o r e f f e c t method ( 3 ) 
c o l o r s e p a r a t i o n (4) c o n v e r s a t i o n a l r e 
t o u c h i n g o f c o l o r (5) pseudo-color d i s p l a y 
i n g and t h e i r a p p l i c a t i o n s . 

1 . I n t r o d u c t i o n 
P i c t u r e p r o c e s s i n g by computer has been of 
c o n s i d e r a b l e i n t e r e s t i n computer science 
and r o b o t i c s r e s e a r c h . Most e f f o r t s i n p i c 
t u r e p r o c e s s i n g have been concerned w i t h 
monochromatic p i c t u r e s * But, as everyone 
r e a l i z e s , a c t u a l scenes and p i c t u r e s a l l 
c o n t a i n c o l o r , and c o l o r i n f o r m a t i o n p l a y s 
i m p o r t a n t r o l e s i n human p e r c e p t i o n and 
r e c o g n i t i o n o f scenes and p i c t u r e s . T h i s 
suggests t h e u s e f u l n e s s o f c o l o r i n f o r m a 
t i o n i n p i c t u r e p r o c e s s i n g b y computer. 
In I t o ( 1 9 7 3 ) we have discussed some b a s i c 
problems and a conceptual framework f o r 
c o l o r p i c t u r e p r o c e s s i n g by computer. We 
s t a t e d t h e r e t h e need of an e x p e r i m e n t a l 
computer system f o r c o l o r p i c t u r e process
i n g and emphasized t h e importance of "com
p u t e r - o r i e n t e d c h r o m a t i c s " . 
T h i s paper c o n t a i n s a n o v e r a l l d e s c r i p t i o n 

o f our computer system f o r c o l o r p i c t u r e 
p r o c e s s i n g , the p r i n c i p a l i d e a o f c o l o r 
a n a l y s i s , t h e use o f c o l o r i n f o r m a t i o n t o 
p i c t u r e p r o c e s s i n g and some aspects o f 
t h e i r a p p l i c a t i o n s , 

2. A Computer System f o r C o l o r 
Plxrfeorre Processing 

A computer system f o r c o l o r p i c t u r e p r o 
c e s s i n g should b e equipped t o f a c i l i t a t e 
computer a c q u i s i t i o n o f c o l o r p i c t u r e s , 
computer a n a l y s i s o f c o l o r i n f o r m a t i o n , 
f e a t u r e e x t r a c t i o n b y e f f e c t i v e use o f 
c o l o r i n f o r m a t i o n , s t r u c t u r a l a n a l y s i s o f 
c o l o r p i c t u r e s and i n t e r a c t i v e p r o c e s s i n g 
complex c o l o r scenes and p i c t u r e s . 
I n d e v e l o p i n g our system we i n i t i a l l y en
countered t h e l a c k o f e f f i c i e n t r e a l - t i m e 
i n p u t devices of c o l o r p i c t u r e s . Thus we 
s t a r t e d from c o n s t r u c t i n g e f f i c i e n t r e a l 
t i m e i n p u t devices which i n c l u d e a h i g h 
speed m u l t i - h e a d c o l o r f i l m reader and a 

d i g i t a l c o l o r T V scanner. I n t h i s s e c t i o n 
we I n t r o d u c e our computer system f o r c o l o r 
p i c t u r e p r o c e s s i n g w i t h s e v e r a l c o l o r p i c 
t u r e i n p u t / o u t p u t d e v i c e s . 
2,1 A Computer System f o r C o l o r P i c t u r e 

P r o c e s s i n g 
Our computer system f o r c o l o r p i c t u r e p r o 
c e s s i n g c o n s i s t s of a computer complex of 
MELC0M7500 and PDP-11 and s e v e r a l I/O de
v i c e s . A s e t o f i n t e r a c t i v e c o l o r s o f t w a r e 
are a v a i l a b l e on PDP-11, and MELC0M7500 
enables us to use a p i c t u r e c o m p i l e r , p i c 
t u r e p r e p r o c e s s i n g r o u t i n e s , l i s t process-
i n g language LISP/M, SL d e d u c t i o n theorem 
p r o v e r . 
F i g u r e 1 shows t h e main body of our com
p u t e r system f o r c o l o r p i c t u r e p r o c e s s i n g 
, which works as a computer complex under 
a c o n t r o l of network h a n d l e r * 
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2 . 2 2 D i g i t a l c o l o r TV scanner 
The mul t i -head co lo r f i l m reader can read 
f i l m e d p i c t u r e da ta , s o t h a t i t i s o f ten 
i n a p p r o p r i a t e as an o n - l i n e p i c t u r e input 
dev ice . For such a s i t u a t i o n v/e have deve
loped a d i g i t a l c o l o r TV scanner w i t h the 
c h a r a c t e r i s t i c s of Figure 4 and Table 2. 

Table 4 shows the charactcristics of the 

gray-scale film writer, 

3. An Interactive Color Picture 

Analysis and Display System 

Nov; we proceed to explain the applications 

of our computer system to interactive 

picture processing,color analysis and the 

use of color information to picture pro

cessing. In this section we introduce an 

interactive feature of our system,called 

"Color Picture Analysis and Display 

System"- The following devices are integ

rated to form this system: 

( 1 ) a m i n i - c o m p u t e r ( P D P - 1 1 or MEbCOM-70) 

(2) Multi-head color film reader/Digital 

color TV scanner 

(3) Pseudo-color picture display with an 

input tablet 

( 4 ) DISK and MT 

( 5 ) S t a n d a r d I/O d e v i c e s o f t h e m i n i 

c o m p u t e r . 

T h i s system i s d e s i g n e d t o a c h i e v e a n e f f 

i c i e n t i n t e r a c t i v e p r o c e s s i n g o f a c o n s i 

d e r a b l y l a r g e amount o f c o l o r p f c t u r e d a t a 

The f u n c t i o n s o f t h i s system c o n s i s t s o f 

( 1 ) I/O c o n t r o l programs ( 2 ) p s e u d o - c o l o r 

d i s p l a y p r o g r a m s ( 3 ) c o l o r a n a l y s i s p r o 

grams ( 4 ) d a t a t r a n s f o r m a t i o n programs 

(5) c o n v e r s a t i o n a l p r o g r a m s * The f o l l o w i n g 

a r e some o f t h e svstem programs: 
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c o l o r a n a l y s i s 

TRIT t r i a n g l e r e p r e s e n t a t i o n o f c o l o r 

HSB compute H u e , S a t u r a t i o n , B r i g h t n e s s 

ADM Adams chromance s p e c i f i c a t i o n 

c o l o r p i c t u r e f e a t u r e e x t r a c t i o n 

COMPD compute a r e a s w i t h s p e c i f i e d 

c o l o r s 

CLASS c l a s s i f y by s p e c i f i e d d e n s i t y 

r a n g e s 

HIST compute d e n s i t y h i s t ^ r a m 

CLRSP c o l o r s e p a r a t i o n by hue 

c o l o r p i c t u r e m o n i t o r i n g 

CMONIT pseudcy-color or monochromatic 

m o n i t o r i n g o f raw d a t a 

PSEUD p s e o d o - c o l o r d i s p l a y program 

FREAD r e a d r o u t i n e by F i l m Reader 

TVREAD i n p u t r o u t i n e by TV s c a n n e r 

PWHITE w r i t e o u t r o u t i n e b y F i l m W r i t e r 



4. Methods of Color Analysis and 
S p e c i f i c a t i o n 

Our computer system f o r c o l o r p i c t u r e pro
cessing enables us to process c o l o r p i c t 
ures i n an i n t e r a c t i v e manner. Some of 
elementary f u n c t i o n s are already -mentioned 
i n the preceding s e c t i o n . I n t h i s section 
we discuss more d e t a i l s of c o l o r analysis 
and s p e c i f i c a t i o n , and the next s e c t i o n 
explains some aspects of e f f e c t i v e use of 
co l o r i n f o r m a t i o n i n p i c t u r e processing. 
Before going onto computer processing o t 
c o l o r p i c t u r e s , we need to analyse and 
recognise c o l o r i n f o r m a t i o n obtained from 
color p i c t u r e devices l i k e the Multi-head 
color f i l m reader and D i g i t a l c o l o r TV 
scanner,because the c o r r e c t r e c o g n i t i o n of 
c o l o r i s important i n the e f f e c t i v e use o f 
c o l o r i n f o r m a t i o n t o p i c t u r e processing. 
A number of c o l o r analysis and s p e c i f i c a 
t i o n methods are known in the c l a s s i c a l 
theory of color science. These methods are 
also u s e f u l in our s i t u a t i o n , but we need 
some new considerations to adopt them, 
since they are hunan-orlented.We aim at 
computer-oriented chromatics based on our 
computer system and p i c t u r e devices, but 
they are not—perhaps, should not b e — d i f f 
erent conceptually from the c l a s s i c a l one. 
4.1 Basic Concepts of Color Analysis and 

S p e c i f i c a t i o n by -Computer 
The computer analysis and s p e c i f i c a t i o n of 
color i n f o r m a t i o n may vary in each a p p l i 
c a t i o n . But the f o l l o w i n g methods w i l l be 
applicable as the standard procedures in 
various a p p l i c a t i o n s : 
c o l o r analysis 
1 ) c o l o r comparison procedure 

This i s the c o l o r i d e n t i f i c a t i o n method 
of comparing w i t h the standard color 
chips. This method corresponds to the 
c o l o r appearance system. 

2) c h r o m a t i c i t y analysis procedure 

This Is the method of analysing c o l o r 
by c h r o m a t i c i t y diagrams. 

c o l o r s p e c i f i c a t i o n 
1 ) c o l o r q u a n t i t i e s hue,lightness,chroma 
2)XYZ s p e c i f i c a t i o n 
3) T r i a n g u l a r representation 
4 ) c o l o r band 

5)Color d i f f e r e n c e chart 
A l l of these methods are some modified 
versions or extensions of the c l a s s i c a l 
methods i n c o l o r science. Some features o f 
these methods w i l l be explained below. 
However the readers should n o t i c e t h a t 
we are not concerned w i t h s t r i c t and pre
cise analysis of color,but we are i n t e r e s t 
ed in approximate and convenient methods 
which are u s e f u l in c o r r e c t c o l o r recogni
t i o n necessary f o r p i c t u r e analysis and 
r e c o g n i t i o n . According to our experiences 
a s i n g l e method is not s u f f i c i e n t f o r var
ious a p p l i c a t i o n s , so t h a t we l i s t e d a 
number of t y p i c a l methods developed and 
used by us. 
The f i l t e r c h a r a c t e r i s t i c s and l i g h t source 
of Color Film Reader and Color TV Scanner 
are d i f f e r e n t from the standard ones in 
c o l o r science.but if we know the o p t i c a l 
c h a r a c t e r i s t i c s of the given f i l t e r s and 
the l i g h t source, we can derive the stand
ard stimulus value. This is also possible 
in an approximate sense, since those chara
c t e r i s t i c s is known approximately i n our 
s i t u a t i o n . Taking account of the t h e o r e t 
i c a l backgrounds from c o l o r science, our 
c o l o r analysis software is developed both 
on PDP-11 and MELCOM-7500. 
4.2 Color S p e c i f i c a t i o n Methods 
We explain our c o l o r s p e c i f i c a t i o n methods 
implemented in c o l o r analysis software. 
They ere c l a s s i f i e d i n t o the numerical spe
c i f i c a t i o n and the diagram s p e c i f i c a t i o n . 
(1) numerical s p e c i f i c a t i o n 
In order to express the c o l o r I n f o r m a t i o n 
as numerical quantities,we use the f o l l o w 
i n g q u a n t i t i e s : 
a ) c o l o r quanties 

The hue,lightness and s a t u r a t i o n are 
three standard c o l o r quantities.These 
quantites w i l l be computed by the regu
l a r t r i a n g l e f o r c o l o r s p e c i f i c a t i o n . 
This is shown In Figure 5 below. 

b)ZIZ s p e c i f i c a t i o n 
In a rough approximation the o p t i c a l 
density from p i c t u r e devices may be used 
as a f i r s t approximation to XYZ values* 
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The precise values corresponding to CIS 
standard w i l l be also computed, since 
v/e know the CIE-XYZ c h a r a c t e r i s t i c s of 
the Wratten f i l t e r s . 

(ii)dia';ram s p e c i f i c a t i o n 
The f o l l o w i n g diagram s p e c i f i c a t i o n s are 
proposed and implemented in our color ana
l y s i s software. They include some non-st
andard ones. 
a)standard t r i a n g l e s p e c i f i c a t i o n 
There are the retail ar t r i a n g l e method 
and the right-angled t r i a n g l e method as 
i n Figure 5. R(0.0.1 ) 

e)dynamic p r o j e c t i o n of color space 
The diagram s p e c i f i c a t i o n is intended 
to see the p r o j e c t i o n of color d i s t r i 
b u t i o n in color space. Tie use of high 
performance graphic d i s p l a y w i l l allow 
us to see the p r o j e c t i o n of color space 
dynamically. 

4^3 Elementary operations on color space 
( i ) scalar operation 

Example: Y=aR +bG + cB 
( i i ) color vector a r i t h m e t i c 
Every color w i l l be represented as a vect
or in a c o l o r space, so t h u t we can const
r u c t a system of color a r i t h m e t i c . 
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5. Use of Color nformation 
i n P i c t u r e Processing 

There are many p o s s i b i l i t i e s f o r e f f e c t i v e 
use of color i n f o r m a t i o n in p i c t u r e pro
cessing. They range over from simple cases 
t o complex and d i f f i c u l t cases- Most r e 
searchers would have I n t e r e s t in rather 
d i f f i c u l t and complex problems such as 
re c o g n i t i o n o f c o l o r a e r i a l photographs, 
r e c o g n i t i o n o f c o l o r block w o r l d s , i d e n t i 
f i c a t i o n o f human faces,etc.Their develop
ments are I n t e r e s t i n g , but they w i l l not 
meet d i r e c t a p p l i c a t i o n s in an i n d u s t r i a l 
s i t u a t i o n according to the present s t a t e 
of p i c t u r e processing technology- Here we 
introduce several simple but u s e f u l ideas 
w i t h d i r e c t a p p l i c a t i o n s . 
5.1 Color Separation and i t s A p p l i c a t i o n s 
Using our color analysis software we can 
separate and i d e n t i f y colors,and t h i s f u n 
c t i o n i s o f t e n needed I n various a p p l i c a 
t i o n s of color p i c t u r e processing. The 
c o l o r separation I t s e l f f i n d s several d i 
r e c t a p p l i c a t i o n s . Figure 9 shows an ex
ample i n the automation o f c o l o r t e x t i l e 
p r i n t i n g . 

A d i f f e r e n t a p p l i c a t i o n is the computer 
analysis of colored maps of land u t i l i t y . 
Also the detection of color I r r e g u l a r i t y 
in c o l o r p r i n t i n g and c o l o r p a i n t i n g can 
be done as a simple a p p l i c a t i o n of c o l o r 
separation. 
5.2 Color E f f e c t Method and i t s A p p l i c a t i o n 
The color e f f e c t method is an e f f e c t i v e 
method devised by t h i s author. This method 
was o r i g i n a l l y proposed t o detect some de
f e c t s of mask patterns by an e f f e c t i v e 
a p p l i c a t i o n o f c o l o r I n f o r m a t i o n t o p i c t u r e 
r e c o g n i t i o n . Figure 10 is an example to 
ex p l a i n t h i s method. 

Figure 10 An example of color 
e f f e c t method 

According to t h i s example the d e t e c t i o n 
of p a t t e r n defects can be performed by 
d e t e c t i n g sone s p e c i f i e d color i n f o r m a t i o n 
( w i t h o u t handling any complex p i c t u r e ) . 
This method has found several i n t e r e s t i n g 
a p p l i c a t i o n s in computer checking of v a r i 
ous mask p a t t e r n s , s o l v i n g r e g i s t r a t i o n 
problems by simple techniques. 
This c o l o r e f f e c t method can be extended 
to m u l t i - c o l o r e f f e c t cases. If we use 
three c o l o r s , we can expect c o l o r m a j o r i t y 
decision, which i s explained i n Figure 11. 
Figure 12 explains the p r i n c i p l e of c o l o r 
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Figure 12 Vector representation of 
color e f fec t method 

e f fec t method by color vector analysis in 
the color space. 
5.3 Conversational Retouching of Color 

Pictures 
The conversational retouching of color is 
u s e f u l in p ic ture reproduction and d i g i t a l 
f i l m w r i t i n g by computer, since i t e l im in 
ates the wasteful process and feedback 
which require op t i ca l treatments. The f o l l 
owing funct ions are necessary to implement 
the conversational retouching system. 

The pseudo-color d isplay of p ictures is 
successful ly used in analysing remote 
aensing data and in designing structured 
patterns.The assignment of pseudo-color 
to each p i x e l and i t s evaluation are im
portant in t h i s case. There are many case 
studies in remote sensing. But no general 
procedure is known to f i nd optimal pseudo
color assignments. Also the complexity 
measures and some decree of p icture beauty 
are necessary in color pat tern design to 
evaluate p ic ture qual i ty.The degree of 
beauty Bb in color science can be e f f ec t 
i ve ly used from the standpoint of color 
harmony. This Bb can be defined as 

where W is the degree of order and Q is 
the degree of complexity.This quanti ty 
can be computed by Moon-Spencer formula 
in color science.This kind of measures 
w i l l be in ters t in f f from a theore t ica l 
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standpoint. There are several p o s s i b i l i t i e s 
to extend t h i s idea, using information num
bers and complexity measures in information 
theory and pattern recognition.The follow
ing are some of t h e i r examples: 

(1) color entropy based on color histgram 

(2) topological number in color pictures 

(3) heuristic picture complexity measure 

(4) computational complexity Measures 

5.5 Domain I d e n t i f i c a t i o n by Color 

The domain i d e n t i f i c a t i o n i s often import

ant in scone ealysis. According to the 

suggestion of human perception the use of 

color information often helps to solve 

t h i s problem i f the domains are i d e n t i f i e d 

by color. The domain i d e n t i f i c a t i o n of 

color block v/orlds are often d i f f i c u l t in 

gray scale treatment when the shadow pro

blem is comprised in a /riven situation.The 
chromaticity analysis and the minimum dis

tance clustering are useful f o r t h i s pro

blem. In Figure 13 we show a simple domain 

i d e n t i f i c a t i o n , based on the chromaticity 

analysis and i t s e f f e c t i v e application. 
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