
THEORETICAL CONSIDERATION AND LITERATURE REVIEW

CHAPTER II

2.1 T h e o re tic a l C o n s id e ra tio n

T he  c o lo r  a p p e a ra n c e  o f o b je c ts  d e p e n d s  on th re e  c o m p o n e n ts , lig h t so u rce , 

o b je c ts  a n d  th e  v is u a l s ys te m . T h e  lig h t fro m  th e  lig h t s o u rc e  fa lls  on  th e  o b je c ts  a n d  is 

re fle c te d . T he  v isu a l s y s te m  re c e iv e s  th e  re fle c te d  lig h t a n d  p ro c e s s e s  to  p e rc e iv e  c o lo r  

o f th e  o b je c ts .

เท o u r d a ily  life  th e  c o m p o s it io n  o f th e  lig h t s o u rc e  c h a n g e s  fro m  tim e  to  tim e  

a n d  fro m  p la c e  to  p la c e  as  a lre a d y  m e n tio n e d  in In tro d u c tio n  o f C h a p te r  1. Then  th e  

lig h t c o m p o s it io n  c o m in g  from  an  o b je c t  a lso  c h a n g e s  fro m  tim e  to  t im e  a n d  fro m  s p a c e  

to  s p a c e . Y e t w e  n e e d  to  re c o g n iz e  th e  o b je c t c o rre c t ly . If th e  v is u a l s y s te m  p e rc e iv e s  

th e  c o lo r  o f th e  o b je c t fa ith fu lly  a s  th e  c o m p o s it io n  o f the  lig h t re a c h in g  th e  e ye , th e n  th e  

c o lo r  o f th e  o b je c t c h a n g e s  a c c o rd in g  to  th e  c h a n g e  o f th e  lig h t s o u rc e . W e  c a n  no t 

p e rc e iv e  th e  c o lo r  o f th e  o b je c t its e lf a n d  w e  g o  to  b a n k ru p tc y  a s  c o lo r  o f an  o b je c t 

c h a n g e s  fro m  tim e  to  tim e  a n d  fro m  p la c e  to  p la c e . To  o v e rc o m e  th is  p ro b le m  o u r v isua l 

s ys te m  has an a b il ity  to  u n d e rs ta n d  a b o u t th e  illu m in a tio n  a n d  to  d is c o u n t its e ffe c t. 

W h e n  th e  lig h t s o u rc e  tu rn s  to  re d d is h  as  an  in c a n d e s c e n t la m p  th e  v isu a l sys te m  

u n d e rs ta n d s  the  illu m in a tio n  to  b e  re d d is h  a n d  d is c o u n ts  th e  re d n e s s . T he n  w e  c a n  

p e rc e iv e  the  r ig h t c o lo r  o f o b je c ts  a ll the  tim e  a n d  a t a ll the  p la c e s . T he  u n d e rs ta n d in g  

a b o u t th e  illu m in a tio n  a n d  th e  d is c o u n t in g  th e  e ffe c t o f th e  illu m in a tio n  c h a n g e  is  c a lle d  

th e  a d a p ta tio n  to  th e  illu m in a tio n . T he  p h e n o m e n o n  th a t w e  se e  th e  r ig h t c o lo r  o f o b je c ts  

fo r  a n y  illu m in a tio n  is c a lle d  the  c o lo r  c o n s ta n c y . S im ila rly  w e  p e rc e iv e  c o r re c t lig h tn e s s , 

a n d  the  p h e n o m e n o n  is c a lle d  th e  lig h tn e s s  c o n s ta n c y . W e  w ill d is c u s s  a b o u t th e s e  tw o  

c o n s ta n c ie s  next.

To e x p la in  th e  c o lo r  c o n s ta n c y  th e  c o n c e p t o f th e  re c o g n iz e d  v is u a l s p a c e  o f 

illu m in a tio n  RVSI w a s  in tro d u c e d  b y  Ik e d a  e t a l.(2 -6 ) a n d  th e  c o n c e p t w ill b e  e x p la in e d  

in th is  c h a p te r .
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2.1.1  L ig h tn e s s  C o n s ta n c y

S u p p o s e  w e  h ave  a w h ite  p a p e r  a n d  a b la c k  p a p e r  in fro n t o f US. W hen  

w e  loo k  a t th e m  in th e  e v e n in g  w h e re  n o t m u c h  lig h t is a v a ila b le , the  w h ite  p a p e r  

a p p e a rs  w h ite  a n d  th e  b la c k  p a p e r  a p p e a rs  b la c k . L e t US loo k  a t th e  sa m e  p a p e rs  a t 

d a y tim e  w h e re  m u c h  lig h t is a v a ila b le . T h e  lig h t c o m in g  fro m  th e  b la c k  p a p e r  to  th e  e yes  

is m u c h  s tro n g e r  th a n  th e  lig h t th a t c a m e  to  th e  e ye s  fro m  th e  w h ite  p a p e r  in th e  e ve n in g . 

Y e t th e  fo rm e r  a p p e a rs  b la c k . T h is  s a ys  th a t th e  a p p e a ra n c e  o f lig h tn e s s  d o e s  no t 

d e p e n d  on  th e  a b s o lu te  lig h t to  re a c h  th e  e ye s . A  w h ite  p a p e r  a p p e a rs  w h ite  a n d  a 

b la c k  p a p e r  a p p e a rs  b la c k  in d e p e n d e n t o f  th e  lig h t c o m in g  from  th e m  to  th e  e yes . Th is 

p h e n o m e n o n  is c a lle d  th e  lig h tn e s s  c o n s ta n c y  a n d  an  im p o rta n t p ro p e rty  o f th e  v isua l 

sys te m .

2 .1 .2  C o lo r  C o n s ta n c y

W e  k n o w  th a t the  illu m in a tio n  in  o u r  e n v iro n m e n t c h a n g e s  fro m  tim e  to 

tim e . A t th e  d a y tim e  it is th e  lig h t c o m in g  fro m  th e  รนท. T he  lig h t c h a n g e s  d e p e n d in g  on 

th e  c lim a te  a n d  th e  tim e  w h e th e r  in th e  m o rn in g , d u r in g  th e  m id d a y  o r in th e  e v e n in g . A t 

n ig h t th e  illu m in a tio n  is th e  lig h t c o m in g  fro m  f lu o re s c e n t la m p s  o r  in c a n d e s c e n t la m p s . 

T he n  the  p s y c h o p h y s ic a l c o lo r  s p e c if ie d  b y  th e  tr is t im u lu s  v a lu e s  X, Y a n d  z o f the  

o b je c t a lso  c h a n g e s  a c c o rd in g  to  th e  c h a n g e  o f th e  illu m in a tio n . If the  a p p a re n t c o lo r  o f 

th e  o b je c t a lso  c h a n g e s  in a c c o rd a n c e  w ith  th e  p s y c h o p h y s ic a l c o lo r, it b e c o m e s  h a rd  

to  id e n tify  th e  o b je c t b y  its c o lo r  a n d  w e  c a n n o t s a y  th a t th e  c o lo r  is a p a rt o f th e  o b je c t.

F o rtu n a te ly  th e  c o lo r  a p p e a ra n c e  o f o b je c ts  re m a in s  a lm o s t u n c h a n g e d  

e ve n  if th e  illu m in a tio n  c h a n g e s . A  y e llo w  m a n g o  is a lw a y s  y e llo w  a n d  it d o e s  no t 

b e c o m e  an  o ra n g e  m a n g o  w h e n  w e  se e  it u n d e r  in c a n d e s c e n t la m p s  w h ic h  h a ve  a lo t 

o f lo n g  w a v e le n g th  lig h t. T he  m a n g o  is a lw a y s  y e llo w  a n d  th e  y e llo w  c o lo r  is a p a r t o f the  

m a n g o . T h a t’s w h y  w e  c a n  id e n t ify  th e  m a n g o  as  it is  w h e re v e r a n d  w h e n e v e r  it is 

p re s e n te d  to  US in s p ite  o f  the  fa c t th a t its tr is t im u lu s  v a lu e s  X, Y a n d  z c h a n g e . Th is
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property of unchanging color of objects is called the color constancy and it is a property 

of our visual system or rather our brain. We can live safely in this world owing to this 

property, we may say. เท the evening the light from the รนท changes to orange. If there is 

no color constancy in our visual system, a yellow mango may become an orange mango 

and we may judge it too well done, a green tomato at daytime will become an orange 

tomato in the evening and we may pick it up to eat in error. We do not make such 

mistake and we see a yellow mango and a green tomato all the time. Identification of the 

mango and the tomato can be done without error.

2.1.3 Recognized Visual Space of Illumination (RVSI)

The concept of the recognized visual space of illumination, RVSI was 

proposed and developed by Ikeda and his colleagues (2-6). The concept of RVSI was 

introduced to express the state of an observer’s recognition for a space in terms of 

illumination. When one enters a room he/she almost instantly understands how the room 

is illuminated, brightly or dimly, or whitely or a little bit reddish, and so on. This state is 

expressed as he/she obtained the RVSI in his/her brain, which was constructed based 

on what he/she saw first in the room, namely objects, windows and luminaries, which we 

call the initial visual information.

The most important keywords of RVSI are “recognition of space” and 

“recognition of illumination of the space”. Only when we know the illumination of a 

space we can discount it from the light coming from objects and can perceive the real 

color of the objects.

Process of perceiving color of objects under a certain illumination is 

illustrated by RVSI shown by a circle as in Fig. 2-1. When a subject felt a space 

illuminated brightly, a large circle is drawn and when he felt a space illuminated dimly a 

small circle is drawn. There are three important axes in RVSI, FX, RX and IX, to explain 

color and color perception. FX is the fundamental axis that represents the direction of
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intrinsic achromatic color perception that a subject has from his birth. IX is the 

illumination axis that represents the color of illumination in a space. RX is the recognition 

axis that represents the direction of achromatic or neutral color perception. If the 

illumination is white IX coincides with FX as shown in Fig. 2-1 a. The recognition axis also 

coincides with FX. But if the illumination is changed to a red color, IX is drawn at a 

position in a clockwise direction as shown in Fig. 2-1 b. The visual system adapts to the 

illumination and the recognition axis RX is drawn toward IX to come close to it as shown 

in Fig. 2-1 b. This axis Ftx is the direction of neutral color perception, that is, any objects 

to lie on the axis appears achromatic, and that the color of any object in the space is 

given by the angle from RX to the axis on which the object locates.

For example, suppose there is a white object in the space illuminated as 

in Fig. 2-1 b. The light reflected from the object is same as that of illumination and the 

location of the white object in the illustration of RVSI of Fig. 2-1 b comes on IX and close 

to the edge of RVSI. The angle from RX to IX is not large and the white object appears 

only a bit reddish. This is nothing but to say that the color constancy holds, but is not 

perfect. If we can have a white object in the space not illuminated by the room 

illumination but illuminated by a white light independent of the room illumination, the 

position of the object comes on FX. The color appearance of the object is determined by 

the angle from RX to FX and it should be very vivid green. This prediction was confirmed 

by Ikeda et al. (5) and by Pungrassamee et al. (1). So the illustration given in Fig. 2-1 b is 

very useful to predict and explain the color appearance of objects in a space illuminated 

as IX. It must be emphasized that the recognition axis RX takes the position as shown in 

Fig. 2-1 b only when a subject recognized the illumination, that is, only when he 

recognized the existence of the space.
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FX, RX, IX FX

Fig. 2-1 Scheme of RVSI; FX, fundamental axis; RX, recognition axis; IX, illumination axis

(a) daylight type illumination; (b) red illumination

2.1.4 Color Appearance Mode

Attribute of visual perception consisting of any combination of chromatic 

and achromatic content. This attribute can be described by chromatic color names such 

as yellow, orange, brown, red, pink, green, blue, purple, etc., or by achromatic color 

names such as white, gray, black, etc., and qualified by bright, dim, light, dark, etc., or 

by combination of such names.

Perceived color may appear in several modes of color appearance. 

Some of the important terms of the modes of color appearance are object color and light 

source color. The object color is the color perceived as belonging to an object (7), and 

the light source color is literally the color of a light source. เท other words the light source 

color is the color that appears shining.

2.2 Literature Review

Ikeda et al. (4), Color appearance seen through a colored filter of various sizes.

To show that the recognition of a space determines the color

appearance of an object in the space Ikeda et al. measured the color of a gray test
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patch through a colored filter of the size 9 cm X 9 cm or 18 cm X 18 cm. The size of the 

filter was 4 cm X 4 cm, which was placed on an optical bench so that it could be slided 

between the gray test patch and the subject. Four colored filters were employed, red, 

yellow, green and blue. Nine positions and eleven positions were employed for the small 

gray patch and large gray patch respectively. Through a colored filter a subject saw a 

gray patch by one eye in a room illuminated by daylight type fluorescent lamps and 

estimated in percentage the amount of the chromaticness perceived.

The results showed that the chromaticness was very large when the 

visual field through the filter is small to cover only the central part of the gray patch, but 

the chromaticness became very small when the visual field is large to cover the entire 

front view of the room. The results imply that whenever the subject could see parts of the 

room beside the gray test patch through the colored filter, although they might be only 

small in amount, the subject could construct RVSI for the space through the colored filter 

and perceived the original color of the test patch. When he could see only inside of the 

test patch through the colored filter, he could not recognize a space beyond the colored 

filter and he judged the color of the test patch in relation to the RVSI constructed for the 

room. The results confirmed the importance of the space recognition for perceiving the 

original color of the gray test patch.

It must be mentioned, however, that the space that the subject 

recognized beyond the colored filter is not exactly a different space from the subject 

room. It is still a part of the subject room.

Pungrassamee et al. (1 ), Color appearance determined by recognition of space.

Pungrassamee et al. really employed two rooms, one for a subject and 

the other for a test patch, and investigated whether the color appearance of a test patch 

placed in the test room does really change if the subject could recognize the existence 

of the test room beside the subject room.
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The subject room was illuminated by fluorescent lamps of one of four 

colors, red, yellow, green and blue and the test room by the daylight type fluorescent 

lamps. There was opened a window between the subject room and the test room and its 

size was varied to one of five different sizes, W1, พ 2, พร, พ 4 and พร. With smaller 

windows W1 and พ 2 the subject could see only the test patch and the color was judged 

in relation to the recognition axis RX of the RVSI for the subject room. But when the 

window was opened to พร the subject could see some objects in the test room around 

the test patch, though only a few, and he could recognize the existence of the test room. 

เท other words he could construct RVSI for the test room with พร. The data showed that 

the color appearance of the test patch returned suddenly to the original color when the 

window was changed from พ 2 to พร. They clearly showed that the recognition of a 

space is vitally important for the color appearance.
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