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This research_aim 0. investigate the effect of aperture on perceived

different illumination s ¢ subject re'om (front) and test room (back). The wall

lightness in different /Zmaatcon spa e Two rooms were constructed to obtain

between the rooms has @ wi dpw*throud;w whieh the subject could see the test room.
i

The achromatic test patches éa,d,;two patterns: the square (A) and the square with a

corner cut off (B). These test piift'erns ;;wé;e modified from Gilchrist's experiment.

Subjects could perceive the {ést_aatch m_ﬂt!’oirent positions with the shapes of test

patterns. The masks were made: for contrdrhgThe openfarea that subject could see

through test room. Subj 1 Patterns A and B through

Y, g ¢
various sizes of aperture in percentage of whiteness and blackness. This research

was done with real scene and a picture of the real scene that was seen through a
viewing box.zlhe results shewed. that when: subjects \were limited to see only one
space, i.e. front room, the perceived lightness of both test patch patterns were the
samé. | Whenever the subjecticould s€e even the /small ‘areé. 'ofithe other space
illumination around the test patch, the perceived lightness of both test patches were
different. The perceived lightness was determined by the recognition of the space

illumination.
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CHAPTER 1
INTRODUCTION

The human vision consists of three important factors: light, object and visual
system. Light reflects from object and enters into the eyes that have receptors inside.
Then the receptor generates the image signal from light that comes in the eyes and
send it to the brain. When the brain: receives the signal, it evaluates the signal to
perceive. The mechanism of color perception is'rather complicated and still not clearly
understood. As lightness is.one of the 3olor attributes, lightness perception is part of
color perception. i

Not only the physical factors arelused to evaluate the lightness perception but
the psychological factogs areralso involvéd. Examples of the psychological factors are
experience, education and attitude.':ln aé,é'.ition, the human vision has an adaptation
process. Thus, the physical andi-ap;pear"?nce lightness are sometime different. For
example, when we see a piecre_z_ o_f Whitézp!aper outside a room, it appears white.
However, when we take that pabedr_:_into a ispérp-whioh is dimmer, we still perceive that

paper as white as before. Ifwe irieasure the lightness of that paper with an instrument in

those two places, the lightness values will bgi.,diagtically different. The lightness is not

necessarily determ,i_réeg_d by the luminance. The lightness of p_éflp,er remains the same. This
is called the Iightne’s; constancy. The lightness constancy :_%i/ew important property of
the visual system and-there are many theories to explain. .

In 1977, Gilchrist [#Jxexplained the peérceived lightness. The apparent lightness
depended on illumination of the planefthatrobject @appeared. Later, Ikeda et al. [2-7]
explained lightness perception by agtoncept of recognized visual spage of illumination
(RVSI). You can undérstand how: the space illumination when/you go intela space; dim
or bright, white, reddish or bluish, by light that reflected from objects, ceiling and walls
around you. This is the information of luminance of the space that you see. It means
RVSI of that space is created in your brain. And then you perceive the lightness of the
object in that space in relation to the RVSI.

In this research we present the comparison of apparent lightness of two different

illuminant spaces using two separated rooms and two test patches modified from



Gilchrist's experiment. The test patches were designed to perceive in different spaces.
The effect of aperture size of the window that the subject can see though to get the initial
visual information for perceiving another space by using mask was also studied. In
addition, this research is conducted in the real scene and with the photographic print of

the real scene. These prints were viewed with the viewing box to perceive as the 3D

pictures.
1.1 Objectives ' ‘V///
1. To compare the%peroeiveﬁent illumination spaces through

.,! -

various siz‘y
2.To Compare% i
AL
1.2 Scope of thesis

T~ ‘W E

Subject room

cene and the 3D picture.

N\

Subject Window

)

ulus pattern

Fig.1-1 Scheme of experimental apparatuses

In this research we study the perceived lightness in difference illumination space
though various sizes of aperture. The experiment can be divided into two parts. First is

to find the relation of apparent lightness of the test patches to the size of aperture in the



real space. This experiment use the experimental booth that are separated into two
rooms, subject room and test room as shown in Fig.1-1. The two stimulus patterns,
Patterns A and B are use to test the perceived lightness. Four masks are used: W1, W2,
W3 and W4, to control area of aperture. Their opened areas are 0, 17.75, 77 and 365.25
cm2, respectively. There are three conditions used in this experiment; 10:150 Ix, 150:10
Ix and 100:100 Ix (illuminance of subject room: test room). Next part is to find the relation

of apparent lightness of the test pat ize of aperture in the pictures seen with a

Chapter 1 research, objectives and
Chapter 2 eoretical considerations and
Chapter 3 insithe ed de i‘ on of the experimental

7 | condition and procedures.
Chapter 4 SEefErSN S THS e results.

Y

Chapter 5 gives the analysis, conclusion ant-suggestion of the thesis.
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CHAPTER 2
THEORETICAL CONSIDERATION AND LITERATURE REVIEW

2.1 Theoretical consideration

Vision is one of the sensory processes of human to perceive the world by eyes.

This process starts from the light get into the eyes, and then the receptors at retina

generate the image signal by changing y

istry in it. These signals are transferred
uch as shape, depth, color and

lightness perception. /
2.1.1 Color pereeptions@nd ligh ..?‘h\:-h'#

Recognized Vi ninatio SI)

The color appeara ] area is determined based on the

toor i \
recognition of illumination | - where the object or area belongs to [5]. To have
il \

construct a RVSI for the space in his

these recognitions is said t {0

brain. To construct the RVSI an observer ha see objects in the space and sometimes
== F’J# ’,J;- :

-

e RVSI| and are called the

windows and luminarie g

initial visual informatien S ‘-‘“‘,- observer’s brain the color
appearance of anythir@in the space is determined in r&tion to the RVSI. To explain

this concept he has propésed the diagram ofiRVSI.

ﬂﬂﬂ’ﬁ'ﬂﬂ‘ﬂ‘ﬁﬂﬂ?ﬂ‘i
Qﬁﬂﬂﬂﬂ‘im UAIINYAY



IX: RX: FX

Red Blue

Green

The concept of RVSlis U ¢ ig. \ re or a circle indicates RVSI,

by

whose size is determined how brightly it is illuminated.
If we feel the space illumi i ity '_l [ large circle, and vise versa. All
the objects in this space take pé’o"s&{f}nsT cle. The vertical axis F, indicates

the direction of the absolute nﬁng}};é}orf nd itis.called the fundamental axis. Color is

we perceive neutral ciﬁ ) r jectis given by the angle from R,
i

to the direction on 'ch the object Iocates and by the direction from R,. The

iiii:ﬁ::iii: . Elﬁﬂf&“?lﬂ m:mmg Lo ot o
amaﬂmmwnwmas

rmaIIy, we see objects surrounding us. Light falls on the objects and it is
reflected by the surface of the objects. We see the reflected light and see the color of
objects. The reflected light never exceeds the falling light on the objects. Reflection of
100 % is the maximum and we see there a very white object. In reality there is no such
object that reflects 100 % of light. We see a white object for an object that reflects 90 %

if the reflectance is uniform over the wavelengths. All the objects surrounding us reflect



incoming light less than 100 %. If the reflectance is zero, the object should appear really
black. Such object never exists in reality. We are used to see objects, of which
reflectance does not exceed 100 %. If some object presents us more light than 100 %,
we can easily and quickly find it out as it is an unusual object that contradicts to our
daily experience. The appearance differs from that of normal objects. It appears too
bright as an object. If the light coming from the object exceeds much more than 100 %
reflection, it begins to appear shining or luminous. The color is called the light source
color or luminous color. These changes' of golor appearance are expressed as the

change of color appearance mode.

-

The lightness apparent is-presented by the distance from the bottom point along
the axis. When it located near .the botthm point, the perceived lightness is low. The
perceived lightness isfigherasit Iocatedijfa,lrer from the bettom point [3,6]. All objects in
the space have the refle€tedilight less thaﬁj%OO%. By the concept of RVSI we say that all
objects locate within the RVSI const:ructed.‘j’__TkJ{e color appearance of the light is just that
of objects and surfaces in'the space. If tk'i;-é"iréﬂected light is more than that exist the

r
Pl .
space, the color appearance is unnatural It was called the unnatural color or light

Lo
lll-"

source color [9]. _ T

When the illunﬁnaneeuef—spaea&mereased the-eifcle size of RVSI increases and
the luminance of the 6bject also increases by the same ra’tiﬁct) as the circle. On the other
hand when the illumiﬁénce decreased the circle size decreases and the object
luminance deereased: also: “Thus | the “apparent | lightness, is unchanged. This

phenomenon is known as lightness constancy [6].

2.1.2 Depth Perception

Depth and distance of the object can be perceived by cues from vision. There
are two types of cues for perceiving the depth; monocular cues and binocular cues [10].
In this research, the subject observes with one eye so we explain only monocular cues.

Monocular cues are the cues that require one eye for perceiving the information. There



are nine cues, interposition cue, aerial perspective cue, light and shade cue, linear
perspective cue, texture gradient, motion parallax cue, relative size cue, relative height
cue, and accommodation cue. The cue that we use to design the stimulus pattern that
was used in this research is Interposition cue [10-12]. The object that placed overlap

another object appears closer than the other as shown in Fig.2-2 [11].

2.2 Literature review

Gilchrist [1] resear eeﬁ@@ei{/e depends on perceived spatial

arrangement. There were madej__:w-foéﬁa; vided by a wall that has a door at the
s _

central. When the subject saw {i ough a pinhole at waltinfront of the experiment room

j r room was illuminated dimly
f
and the back room brightly. On the dividing wall two plates are pasted one of which is a

, F-9 L7
white test patcmﬁatg vﬂ Wﬁ w*gjafjaf!i ? were pasted. The two
d. re an

pattern of test pﬂc was use ne is a squa two is a square cut out of corner.
' ¢

N S A A

patohes.qT is'te ch appeare locat the front and't ate in the back

room. The subject was asked to judge the lightness of the test patch. His judgment was

by one eye, the subjeci-could see the b

that it was that in case of the square test patch the perceived lightness was brighter
than in case of the square cut out off corner in spite of the fact that it was a same white
paper placed at a same position in both cases. The appearance was perceived
differently. The result showed that the perceived lightness of the test patch is governed

by the luminance relationships between the patch and whatever regions are seen.



Mizokami et al. [13] researched the lightness change as perceived in relation to
the size of recognized visual. The experiment box composted of two parts; front and
back room. Inside the rooms were decorated with the objects, front room was dark gray
and back room was light gray. So subject felt the illumination of each room was different
in fact the illumination was the same. The dividing wall and the wall in front of the box
had the windows for subject see the space in the box. The subject was asked to judge
the lightness of the test patch at various positions in the experiment box. The results
were when the position of test patch was changed from the front room to the back room,
the apparent lightness of test patch was differente=The apparent lightness of the patch
positioned in the front room was brighter“fhan positioned in the back room. That meaned
lightness perception depended on the illumination of the space that object located.

1
Pungrassamee-et al[14] researched the color appearance that determined by

recognition space. The experrmeht beoth—eomposted of two rooms; front room was for

subject and back room was for test pétoh The front room employed the colors

illumination and the back foom employed_yvhrfe light. There was a window at the wall
. £

add v ol
between two rooms through Which observer oah. see the test patch. Five window sizes

were used. Two of them were smaller than the test patch so that the subject could see

-

only the test patch. The subject could see the area of another room around the test

patch with the other three big windows. The subject was asked to judge the color of the
test patch through various sizes of the window. The result showed that when subject
saw the test patch thought.the two small windows, the apparent color of test patch was
complementary to light'souree color of room: But, when the subject could see the area
of the back room around the test patch, the coloref test patch appears as its original.
That showed: the colorappearancesdepended on the recognition of Space where the

object is located.



CHAPTER 3
EXPERIMENT

3.1 Apparatus

3.1.1 Experimental booth

: w.-lf paltcn:

The expenme&l booth was composed of two romws the subject room (front);
sized 100 cm wide, 150‘%rﬁong and 240 cmlhigh, and the test room (back); sized 100

cm wide, 10@%&}‘@ m"ﬂm ‘j WWEJF’-] ﬂ ire was a rectangular

window (A S|zed 26x16 cm” on the wall between two rooms. It was l9cated at eye level
RFARIATOHTADIY AR Efeorrs
stlmuILﬂ pattern, were attached at this window. When the subject sat on the chair (C) in
the subject room he/she could see the test room through the window. In the test room,
white patch, which was part of stimulus pattern, was placed. The distance from subject’s
eye to the windows was 130 cm and from the window to white patch was 70 cm. Both
rooms were decorated with various color objects and the same achromatic wall paper

which had some texture to simulate a normal living room. White and black objects such



10

as ceramic vase, paper and picture wall in the room were used for lightness judgment
as 100% whiteness and 100% blackness. The experimental booth was illuminated by
the daylight type fluorescent lamps and their intensity could be adjusted by light
controller. The light intensity of subject room and test room was controlled
independently. The illumination of both rooms was measured by the illuminometers

(choma meter minota CL-100) that were placed on the shelf in front of the test patch and

& v/,

3.1.2 Stimulus pattemk

white patch.

Pattern B

Test room ~ Subject room

(wall (N9))

White patch — Test patch (N7, N9)

(N9)

‘Black patch (N1)

Fig.3-2 Stimulus pattel" ; left, Pattern qujéje; right, Pattern B, the
| I

square cut out off corner.

oS ANENIWEIND, ruare e

They were mOdIerd from Gilchrist gx eriment [1]:%n each pattern;«there were three
el WAL U ITELT R o e
5x5 cm square black (Munsell N1) were attached at the window in the subject room.
The 8x8 cm’ square white (Munsell N9) patch was placed in the test room as shown in
Fig.3-1. The test patch of Pattern A was a 5x5 cm’ square achromatic (Munsell N7 and
N9) patch. Its lower right-hand was overlapped with a corner of black patch. The Pattern
B test patch was a 5x5 cm’ square achromatic (Munsell N7 and N9) patch which upper

left-hand corner was cut out off and the black patch overlapped at lower right-hand
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corner as shown in Fig.3-2. When the subject looked at the test patch with one eye,
he/she had to adjust the position of his/her head so that the corner of test patch fit to the
corner of patch which was place in test room as shown in Fig.3-2. With this arrangement
Pattern A test target appeared as it was located in the subject room and Pattern B

appeared as it was located behind the white patch in the test room.

3.1.3 Mask

W1

w4

Fig.3-3'ThelShape of the rﬁ!a*sk!; W1, W2, W3 and W4.
5 " 4 T :lj'..l

il

Four masks with different sizes were;g_fs__ged_tp control the area of aperture on the

gl

window. Their shapés were cut according to the edge of §fimu|us pattern as shown in

Fig. 3-3. The masks_rvyere denoted as W1, W2, W3 and W4 W1 was fitted to the test
patch so that the observer could not see the test room. W2 and W3 were cut to have
gap 0.5 and 2 cm from thezedge of the stimulus pattern; areas of apertures are 17 and
76 cm’ respectively. W4 was the fully opened windaw, no mask was use; the area was
367 cm’. The visual field of test roomithat subject can see when each mask was used is

shown in"Fig.3-4.
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W3 Test room Subject room (wall)
W2 -
[~ '
=-
W1 A
w4

when W1, W2, W3 and W4 was

T—
used.

3.1.4 Picture

WA

Eighteen photographic prints of the experimental room were used in this
research. Fig.3-5 is an example of pictures used in the experiment. The perspective of
the print appeared the same as the real experimental room. The eighteen pictures

consisted of the pictures of 2 stimulus patterns; A and B, with 3 masks; W1, W2 and W4,
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in 3 conditions; the illumination of subject room brighter than test room, darker and the

same, namely, Set 1, 2, and 3, as shown in Fig.3-6.

No.l No2 No3 No4 ;T?

Fig.B-%#lset f 18 pictures-dsed in the experiment

AU INENINEN

The illuminance of the subject room and the test room thatguse for taking the

o3 ) 50 0 B VY b

of iIIumqnance in the subject room to back room; 20:1, 15:1, 10:1, 7:1, 5:1, 3:1, 2:1, 1:1,

0‘12B13 No.14 No.15 No.16 No.17 No.18
I

1:2,1:3, 1:5, 1:7, 1:10, 1:15 and 1:20. When we took a picture, the camera was set to F
no. 8 and shutter speed was 2 sec. Next fifteen pictures were classified into three
groups according to visualization. Set 1 had appearance of the illumination of subject
room being brighter than test room. Set 2 appearance of the illumination of subject room

being darker than test room. And Set 3 appearance of the illumination of subject room
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and test room being the same. The pictures that did not have all detail of both rooms
were culled. Then only one picture having the most distinct appearance according to its
desired setting was chosen from each set. The illuminance condition used for taking the
chosen pictures were then use to produce the set of 18 pictures (Fig.3-6) The picture of

Set 1 was taken at ratio 1:5, Set 2 was taken at ratio 5:1 and Set 3 was taken at ratio 2:1.

3.1.5 Viewing box

N

&P

o Viewing Box

v

ENEL%

il 1\

Viewing box \ns built for viewing the picture of eﬂeriment room. It limited the
subject’s field.of i ‘ﬁ ly, t im seen order to make subject
perceive 3 dﬁnﬂ\ﬂoic ﬁﬂme f Lﬂﬁﬁin in Fig.3-7. The key
point for makir?g] the viewing box wds the viewinggangle. It had to allow the subject to

e 4 e e e . 4 g B o b e wng

angle ds the real scene, the relation is shown in Fig.3-8. The distance for observing was

calculated by Eqg.1.
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Real room

Picture

s in the real.
X )

object in the picture.

D, was the distance that obse &s in the picture.

AUHANEUINEINT e

obtain the uniform illuminance of,thg picture. Whefisthe subject observed, the viewing

o e b BN ok i e s B

3.2 Subject

Eight subjects; MI (male, 76 years old, Japanese), PP (female, 57, Thai), TK
(female, 44, Japanese), JP (female, 31, Thai), JB (female, 26, Thai), PR (female, 26,
Thai), SS (female, 24, Thai), and CJ (female, 24, Thai) participated in the experiment.
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Pre-experiment
Part 1: PP, TK, JP, PR and SS
Part 2: JP, JB, PR, SS and CJ
Main experiment
Part 1: MI, PP, TK, JP and SS
Part 2: PP, JP, PR, SS and CJ

UI subject MI, PP, TK, PR, SS and CJ

e to observe at all part. For four

subjects; JP, PR, CJ ;7 st time..fo
experiment. The subj :.\'- 0 judge the lightness of the

test patch in the Patte X ry.Co aming method. The gray scale

All of subjects had nc

used their right eye and s

was for practicing ligh

white and black objects i

3.3 Methodology

3.4 Procedure

fa

In thiﬁ%ﬂt@p%ﬂeﬁ%ﬂiﬂ i’rﬂoﬂoﬁeps. The first step is

the preparatioﬂ] It consists of processes of preparing the apparatus and finding the
=

o T T L T TR

Iightneqs of test patches to the area of aperture that is separate into two parts. Part 1 is
in the real space and Part 2 is in the 3D picture. The details of the pre-experiment in
finding the experimental condition for use in the experimental room and in viewing box,

and the main experiment; Part 1 and 2, are given in the next section.
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3.4.1. Pre-experiment
3.4.1.1 llluminance condition of the experimental rooms
3.4.1.2 llluminance condition of the viewing box
3.4.2 Main experiment
3.4.2.1 The relation of apparent lightness of test patches to the area of
aperture experiment in real space
3.4.2.2 The relation of apparent lightness of test patches to the area of

aperture experiment inithe 3D picture

v
3.4.1 Pre-experiment

3.4.1.1 llluminange*condition of th_le experimentalrooms

The illuminances€ondition in expel}imental room could be obtained from the ratio
of illuminance in the subjéct goom {o'the tejt room that gave the maximum difference of
apparent lightness betwegn test pa—tcr:es o'\; Patterns A and B. In addition, we also used
this criterion for the reverse illumirn_atiorh exﬁiefrjrngnt. So we find this ratio from the relation
between apparent lightness of teéti;_)l_a%tch of,.!ié_gérns A and B and the ratio of illuminance
between the subject room and the test room.i}i_'_i-;,_a}

The relation between apparent Iightr_j;;s‘_sfgf‘test patch of Patterns A and B and

the ratio of illumina_n-q_e between the subject room and the tés_;t_ room can be found from

pre-experiment thaf‘gj:é_tail is explained as follows. Each su._t;je'ct was instructed to sit in
subject room and look around to adapt themself to the room illumination for few minutes.
The subject was told to loeksat the test patchiwith one eye which could be any side but
he/she needed to.use the same eye forinext experiment. No ¢hin rest was use. The
subject’s heads could move freely but it had to be at the position that the corner of test
patchifitted, to corner’efl white patch in case of Pattern B, andkaverlapithe-corner of white
patch, in case of Pattern A at the time of judgment. The 15 ratios of illuminance between
subject room and test room; 1:20, 1:15, 1:10, 1:7, 1:5, 1:3, 1:2, 1:1, 2:1, 3:1, 5:1, 71,
10:1, 15:1 and 20:1, and the two stimulus patterns; A and B, were randomly presented
to the subject for judging the lightness of the test patches. It was observed with a
achromatic test patches; Munsell N9. The subject’s task was to determine the lightness

of the test patch by elementary color naming method, in percentage of whiteness and
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blackness. The time for judgment was not limited. There were five subjects; PP, TK, JP,
PR and SS. Each subject had to repeat the experiment five times. The subjects break
when they finish one session. When the experiment was completed for five sessions, the
calculation was done to obtain the average of the amounts of whiteness and blackness
of each test patch for in each subject.

The result of this pre-experiment, the ratio that was employed to obtain the
largest difference of lightness apparent between Patterns A and B was 1:15. Detail of
these experimental results in shown in section# 4. So this ratio was used in the main
experiment as Condition 1wsubject roon}was darkerthan test room, the illuminance in
subject room was 10 Ix andsin test roomivvas 150 Ix=ln.addition, inverse ratio was used
as Condition 2: the subject geom was Brighter than the test room, illuminance in the
subject room was 150 IX"and‘inhe test r%)om was 10 Ix. Coendition 3, the illumination of

. 48

subject room and test roém was the samé,r had illuminance in the subject room and in

)

dad

the test room of 150 Ix.

3.4.1.2 llluminanc€ condition of the viewing box

llluminance of the vieWing box wé's"’fé'djusted to look similar to the real

experimental room. So we would. find the odg-cjii’tj*én_ by the pre-experiment that detail is

explained as foIIovv,_s-:;

The subjecfs"'Were asked to sit in the subject room-and look around to adapt
themselves to the room'illumination for few minutes and remember lightness of the room.
The subject then moved ta sit in front of the viewing box and looked at the picture. The
subject adjusted the illuminance of.the viewingibox until lighthess of picture appeared
similar to the experimental room. The experimenterstecorded the illuminance data. Five
subjeets; JP, JB,PR,*SS|and CJ, were employed. Each subject repeated the test five
times.

The average of 5 times from five subjects was 65 Ix. It was used in the viewing

box experiment.
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3.4.2 Main experiment

3.4.2.1 The relation of apparent lightness of test patches to the area of apertures
in the real space

The subjects were asked to sit in the subject room and look around to adapt
themselves to the room illumination for few minutes. They were told to look at the test
patch with one eye which could be any side but he/she needed to use the same eye for
next experiment. No chin rest was use. The subject’s heads could move freely but it had
to be at the position that the corner of test patchfitied to corner of white patch in case of
Pattern B, and overlap thescorner of W_}‘}ite patchy«in-case of Pattern A at the time of
judgment. The two test patehes; A and B and four-masks; W1, W2, W3 and W4, were
randomly presented togstibjeets for judging the lightness of the test patches. It was
observed with two achrematie test patohe]'s; Munsell N7 and N9. The subject’s task was
to determine the lightngss of the te'.-st palch by elementary color naming method, in
percentage of whiteness and blac'kness. 'i’:pe"-’time for judgment was not limited. Three
conditions; 10:150 Ix, 150: 10 Ix apd_100:1d§d!!x (iluminance of subject room: test room),
that were found in the pré-experiment Were{f'e;{n_ployed in this experiment. There are Five
subjects; MI, PP, TK, JP and S8/ Each subjeihi_a’d to repeat all five times. The subjects

break when they finish one session:When thg:expe.riment was completed for five times,

the calculation was=done to obtain the average of the _'émounts of whiteness and

blackness of each fest patch in each subject. f

3.4.2.2 .The relation™of apparent lightness of test patches and the area of
aperture in 3D picture

The subject was asked to sit' in front of a miewing box andgdoek at the picture
through the hole with%one eye which could be any side but he/she needed to use the
same eye for next experiment. Eighteen pictures were randomly presented to subjects
for judging the lightness of test patch in the picture. The subject’s task was to determine
the lightness of test patch by elementary color naming method, in percentage of
whiteness and blackness. The time for judgment was not limited. Five subjects; PP, JP,
PR, SS and CJ were employed in this experiment. Each subject had to repeat five times

and they break when they finish one session. When the experiment was completed for
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five sessions, the calculation was done to obtain the average of the amounts of

whiteness and blackness of each test patch in each subject.

AULINENTNEINS
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CHAPTER 4
RESULTS

4.1 Result of pre-experiment
4.1.1 The relation of apparent lightness of test patches to the ratio of
illuminance between test room and subject room

The results in 15 conditions of five subjects; PP, TK, JP, PR and SS, in pre-

the ratio of illumination betwee the test room are shown in Fig.4-
ject was similar. The whiteness of
both test patches dech-' he i . he test room increased. The

whiteness of test patc en the illuminanc of the test

room more than the s ject room was brighter than

the test room, the whit
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Ratio of illuminance betweensu

Whiteness (%)

Fig.4-1a The result of apparent lightness of test patch at various ratio of illumination

between test room and subject room of subject PP.



100
90
80
70
60
50
40
30
20
10

4 ¥
120 115 110 17 1§ \\\ 3:1 51 71 101
Ratio of illuminance between &gm and test room

- - 1 ——
Fig.4-1b The result of a 555 0

between test room and subject f00

HA B

Whiteness (%)

151 201

at various ratio of illumination

100

90

80 .
s 70 B
S 60 i -
] R
% 50 g
£ 40 2
: .
2 30 [

20 | &= =

V5
10 =

201

120 1:15 1110 aﬁ’

a1:5 1:3 1.2 1&, 21 31 51 71 10:1 151
F 44 e o
Fig.4-1c The result of apparent lightnéss of test pateh at various ratig_of illumination

semechlellooh Gl et 3 11211 6 £

22



100
90
80
70
60
50
40
30
20
10

Whiteness (%)

Fig.4-1d The result of a 550

between test room and subj

100
90
80
70
60
50
40
30
20
10

Whiteness (%)

HA B

151 201

Ratio of i inance betw, en m and test room
——

at various ratio of illumination

HA B

4

o
=

)
"
'
-
o —

|

7
3

B

120 1:15 1110 :

ﬂw:i RN SN G

201

Fig.4-1e The result of apparent lightnéss of test pateh at various ratie_of illumination

semechlelooh Gl el &3 11211 61 £

23



24

100

@arp aTK aJp QPR ass

90

80

70

60

50

Different whiteness (%)

40

30

20

10

1:20 1:15 1:10 267 8. RIS 1,2 14 21131 51 7:1 10:1 15:1 20:1

Raﬂg affllufn ifation beT;rW@_en subject room and test room
Fig.4-2 Difference of apparent Iightngés bei-v.\'/@e@ test patch pattern A and B at various
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The difference of apparent lightness between A and.B is shown in Fig.4-2. It was
clearly seen that é]l%’mes—of—the—curves—had—the—samé' :fendency. When the ratio

increased, the different lightness increased. From ratio 5 up, all lines became stable.

The result of this.pre-experiment, the ratio that was employed to obtain the
largest differentiof lighthess apparent between Patterns A and B was 1:15. So this ratio
was used in theinext experiment as, Condition 1: subject room was darker than test
room, the iluminance in-subject room was 10/Ix andjinitestraom was 150 Ix. In addition,
inverse ratio was used as Condition 2: the subject room was brighter than the test room,
illuminance in the subject room was 150 Ix and in the test room was 10 Ix. Condition 3,
the illumination of subject room and test room was the same, had illuminance in the

subject room and in the test room of 150 Ix.
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4.2 Result of main experiment

4.2.1 The relation of apparent lightness of test patches to the area of apertures
in the real space

In Condition 1, the test room was brighter than the subject room, the results of
apparent lightness of N9 and N7 test patches of Patterns A and B from five subjects; M,
PP, TK, JP and SS, showed the similar of change as shown in Fig.4-3(a-e). At point 0
sz; the aperture area of W1, the whiteness curves of A and B were at the same point.
The two curves dropped sharply and startedtosSeparate at the area of aperture 17.75
cm’ (W2). Then they became.stable from point17.75 cm’ to 365.25 cm’. And the
whiteness of B was lower than.A

The difference of th€ apparent lightness between Patterns A and B at various
sizes of aperture is showa in/Fig.4-4 and 4-5. It was clearly seen that the different
lightness occurred when the test patch waTs seen through W2 to W4. The results of N9
and N7 were the same. But the apparent W;lu'_teness of N7 was lower than NO9.

This can be explained by {hé RVSI GE),ncept At W1, the subjects saw the Pattern
A and B appeared in the subject roéfn beca(jgé,}he aperture area was completely fitted
with the stimulus pattern. Thga;_/i_,could notEe_é%_a_ny part of the test room. Thus the
perceived lightness ef both test patches was judged based on RVSI in the subject room.
Therefore the Whiteneés, of both test patches was the same. Whenever the subject saw
the stimulus patterns and some part of the test room with W2, W3 and W4 that had
space around the test patch-the whiteness of.test patch.ef Pattern A and B was different.
Because test patches of Patterns' A=and B, ‘that design for perceive in different space,
appear.in the subject room_and the test room respectively. In this condition, the subject
room was darkerithan theltest foom;'s@ the size 'of 'subject-room RVSlwas smaller than
test room as shown in Fig 4-6. The luminance of both test patches was the same, so
they represent at the same point. When the subject judge the lightness base on the
subject room illumination, a small one, the point was nearer the edge of the RVSI than
when judge base on another one. It was the cause of apparent lightness of test patch of
Pattern A is brighter than the test patch of Pattern B.

In the previous experiment [14], they use to test apparent color with the area of

aperture between 77 and 365.25 cm’. The result showed that the difference of
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chromaticness that changed from the original color when subject saw the test patch
with 172 cm’ area of aperture as the result that test with bigger and smaller aperture

area. Thus we predicted that the result in case of apparent lightness give the same.
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Fig.4-3a The result of apparent lightness of test patch N9 (upper) and N7 (lower) at

various sizes of aperture in condition 1 of subject M.
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Fig.4-5 Difference of apparent lightness between N7 test patch pattern A and B at

various size of aperture in condition 1.
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RVSI of subject room

RVSI of test room

llluminance of test patches of Pattern Aand B

-

Fig«4=6lllustration of RVSI of €endition 1.

In Condition 2, ih€ subject room was brighter than the test room, the result of N9

test patch, the whiteness of test patch of]?atterns A and B was no difference in every

case. Most of the answers were 100% whiteness or close to 100%. In Fig.4-7, it was the

result of subject PP. It should be remarked that the subjects comment that both test

#

patches were very bright. And it sheuld be 'ﬁ:o‘_tic_e that in this experiment, the observers

dein A

complained that it was difficult to"see the teris*tﬂ batch of Pattern B to locate in the test

room. Both patches appeared to locaté in the_*sa-me position, so the subject judged

whiteness of both pétches was the same.
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Fig.4-7 The result of apparent lightness of test patch N9 at various sizes of aperture in

condition 2 of subject PP.
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the case of N7 test patch, which was darker than N9, the results of five

subjects; MI, PP, TK, JP and SS are shown in Fig.4-8(a-e). The shapes of all curves were

the same.

The two curves of the A and B whiteness started at the same point. Then it

raised and started to separate at the area of aperture 17.75 cm’. After that it became

stable from point 17.75 cm’ to 365.25 cm’. And the whiteness of B was higher than A.
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Fig.4-8a The result of apparen gfs h N7 at various size of aperture in
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Fig.4-8b The result of apparent lightness of test patch N7 at various size of aperture in

condition 2 of subject PP.
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Fig.4-8d The result of apparent lightness of test patch N7 at various size of aperture in

condition 2 of subject JP.
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Fig.4-9 Difference of apparent lightness between N7 test patch pattern A and B at

various size of aperture in condition 2.

The difference of the apparent lightness between Patterns A and B at various
sizes of aperture is shown in Fig.4-9. The difference lightness occurred when the test

patch was seen through W2 to W4.
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b
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\‘ RVSI of subject room

-

Figi4-10.lildstration of RVSI of Condition 2.

This result can‘be explain with the-same concept as the result of Condition 1, but
it was reverse case, the'illumination of sub_jea_ room was brighter than the test room. So
the size of subject room RVSIwas bigger tl’ian‘ test room as shown in Fig 4-10. When the
subject judge the lightness base ‘on the su-b]':ec}'-t room illumination, a big one, the point,
the luminance of test patches, was farer theféagﬁ of the RVSI than when judge base on
another one. Thus it was the cause of appa_@lii_ghtness of test patch of Pattern A are

i

darker than the test patch of Pattern B.

Condition 3, illumination of the subject room and-the test room were similar, the
results of five subjects wefé: almost the same as shown in Fig.4-11. The perceived
lightness of both testipatches was no'differece when the subjetts saw the test with the
various size of aperture except subject PP and TK. the apparentiightness of PP was
very different because 'subject-PP; felt that this condition| like Candition 1, the test room
was brighter than the subject room. So this result were similar the result of condition 1

but the effect was less.
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The difference of the apparent lightness between Patterns A and B at various
sizes of aperture is shown in Fig.4-12. That showed the lines were almost parallel along
X-axis and they were near to 0 except that of PP and TK.

This result can be explain with the same concept as the result of Condition 1 and
2, but the size of RVSI of the subject room and the test room was the same as shown in
Fig.4-13. Thus apparent lightness of the test patches were the same no matter what
Pattern A, that was judge base on illumination of the subject room, or B, that was judge
base on illumination of the subject room. In ¢ase of PP and TK, the apparent lightness of
both test patches was different because the sizés of both rooms, that their brain
constructed, were different. The sizes of subject room RVSI was smaller, like Condition

1. Thus the results were similar the result of Condition 1.
le Ro Fx " RVSI of test room

"RVS| of subject room

Illuminance of test patches of Pattern Aand B

Fig.4-13"llustration of RVS['of*Condition 3.

[t should Ibe notice that evefi the' results! ofiConditien 1/ aind Cendition 2 agree
with each other but the result in Condition 1 had more effect than Condition 2, as shown
in Fig.4-14. When the spaces with different illumination appear at the same time, the
subject tends to recognize the space that is brighter easier than the darker one. From
the interviewed with each subject, it was difficult to see the bright test patch of Pattern B
to appear in the dimmer space. The subject had to be mindful to see and judge the

whiteness of test patch of Pattern B.
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4.3 _The relati 'ppa?e_ht ;T_lgfhtness of test patches and the area of
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&4 id
In picture Set 1;the test room was Brighter than the subject room, the results of

apertures in the 3D pictur

apparent lightness of test pa hes!QfPattefQEa__A and B from five subjects are shown in

oy

Fig.4-15 (a-e). They were simila’%":r;rﬁ:"éhape."'-'?Eh"'é point 0 cm”; the aperture area of W1,

the whiteness curves of A and-B-were at the%%‘?ﬁé‘boint or closed to each other. The two
A .

curves started to separe : ~Then it became stable from

Y ¥

point 17.75 cm’ to 36525 cm’. And the whiteness of B was lower than A.

A

S

The difference of the apparent lightness betwee.r_wa Patterns A and B at various
sizes of aperture is shown' in Fig.4-16. It was'clearly ‘seen ithat the different lightness
occurred when the test patch was seen through W2 to W4.

Thig Festlt can, besexplained with [thellsame concept as the result of Condition 1
in the experiment Part 1, even if it observes with the picture. At W1, the subjects saw the
Patterns A and B appeared in the subject room because the aperture area was
completely fitted with the stimulus pattern. They could not see any part of the test room.
Thus the perceived lightness of both test patches was judged based on RVSI in the
subject room. Therefore the whiteness of both test patches was the same. Whenever the
subject saw the stimulus patterns and some part of the test room with W2 and W4 that
had space around the test patch the whiteness of test patch of Patterns A and B was

different. Because test patches of Patterns A and B, that design for perceive in different
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space, appear in the subject room and the test room respectively. In this condition, the
subject room was darker than the test room, so the size of subject room RVSI was
smaller than test room as shown in Fig 4-6. And the luminance of both patches was the
same, so they represent at the same point. When the subject judge the lightness base
on the subject room illumination, a small one, the point was nearer the edge of the RVSI
than when judge base on another one. It was the cause of apparent lightness of test

patch of Pattern A are brighter than the test patch of Pattern B.
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Fig.4-15b The result of apparent lightness at various size of aperture in the picture set 1

of subject JP.
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size of aperture in the picture set 1.
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In picture Set 2; the subject room was brighter than test room, the result of five
subjects are shown in Fig.4-17 (a-e). The shape of all curves was the same. The two
curves of the A and B whiteness started at the same point. Then it started to separate at
the area of aperture increased to 17.75 cm’. Though some curves dropped and some
raised but in both case whiteness of B was higher than that of A. And the different was
very small. After that it became stable from point 17.75 cm’ to 365.25 cm’.

The difference of the apparent lightness between Patterns A and B at various
sizes of aperture was shown in Fig.4-18. It was clearly seen that the different lightness
occur when the test patch was seen through W2 to.W4.

This result can be explained with the same concept as the result of Condition 2
in the experiment Part 1, even il observes with the picture. In this case, the size of
subject room RVSI was bigger'than test ‘}oom as shown in Fig 4-10. When the subject
judge the lightness baseson ithe subject‘;r'éom illumination, a big one, the point, the
luminance of test patChesy was farer‘the'd?dge of the RVSI than when judge base on

another one. Thus it was thg cause of app":a’_{(!erlt_ lightness of test patch of Pattern A are

darker than the test patch'of Pattern 8- /A
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Fig.4-17a The result of apparent lightness at various size of aperture in the picture set 2

of subject PP.
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The differenceg the ap etweeEPatterns A and B at various
sizes of aperture is shown in,Fig.4-20. That showed the lines were almost parallel along
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This resﬂf! can be explained with the same.concept as the result of Condition 3
in exp@n%ﬁ% &@ﬂlﬁ)@@%l%f@]}@ﬂﬂkﬂlq@ E(’ size of RVSI of
the subjast room and the test room was the same. Thus apparent lightness of the test
patches were the same no matter what Pattern A, that was judge base on illumination of

the subject room, or B, that was judge base on illumination of the subject room.
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CHAPTER 5
CONCLUSIONS

In this research, the main experiment can be deviled into two parts. First is to
find the relation of apparent lightness to the size of aperture in the real space by using
two separated room that had different illumination and the two stimulus patterns that
were designed for perceiving in the different space; Pattern A appeared in the subject
room, Pattern B appeared in the test room. The aperture area of the windows which is at
divided wall was controlled.by 4 masks; Wi W2, W3 and W4. When the subject
observed with W1, he/ shereould not se€ the testroom around the stimulus pattern but
with W2, W3 and W4, they were bigger aperture area. So the subject could see the test
room around the stimulusepatiern. Three conditions were used in this experiment; i.e.
Condition 1, the illumination Joff the' subjéct room was darker than the test room,
Condition 2, the illumination of ithe subjt_‘a:ct_; room was brighter than the test room,
Condition 3, the illumination of the subjef@:_tﬂr?_om and the test room was the same.
Second part is to find therelation Qflapparél’dé_ﬂlri-ghtness to the size of aperture in the 3D

picture. The eighteen pictures, that were used, were the experimental room pictures that

attach two stimulus patterns; RPatterns A andB—,-'sA/ith three masks; W1, W2 and W4. And

the pictures had three.set; Set 1, the illumination of the stbject room was darker than the

test room, Set 2, the illumination of the subject room was briijhter than the test room, Set
3, the illumination of the subject room and the test room was the same. The subject
observed the gpicturesawithyanyiewing foox: whichy was, the @pparatus that limit the
subject’s field ef; view so that only picture could be seen in order to make subject
perceive, 3R picture:

The result show that'when the aperture is small as"W1 the subject can see only
the stimulus pattern on the window and the test patches of both patterns are seen as the
object places in the subject room. The lightness of both pattern are determined in
relation to size of the subject room RVSI. So their apparent lightness is not different.
When the subject looks at the stimulus pattern though W2 he/she can see some part of
the test room around the stimulus pattern. Then the apparent lightness of test patch of

Patterns A and B are different when the illumination of the subject room and the test
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room is different. The results of W3 and W4 are about the same. This shows that the
subject could recognize the illumination of the test room, the new RVSI for test room is
constructed and the apparent lightness of the Pattern B test patch, which is designed
for appearing in test room, is judged based on the new RVSI. We see that the difference
of apparent lightness of A and B increases when the subject see with W2 and becomes
stable when the subject see with W3 and W4 no matter what Condition 1 or 2. In case of
the 3D picture when the subject sees with the viewing box to perceive 3D, the results
are the same as those of the real room. It can be explained with the same concept as
the real room. But the amountof the effect inthe pieture is less.

In conclusion, the subject perce"fves lightness according to RVSI of the space
where object appeared. Although'the area surround test patch is very small as W2, the
RVSI of the test room can'be perceivecﬁ And the size of aperture has no effect on
perceived lightness. Only a small’'gap that allows the observers to see another space, it
is enough information 0 perceive |ighfnes;of;that space. This is true not only in the real
scene but also in the 2D'picture that can p;rclei\_/e as 3D.

e Tdia

a2 lj'r,l
-

5.1 Suggestion —

te)

This experiment, only fi_v_é—é'ubjects wgr"e.-gr_n’ployed the result show the tendency

of the fact. The preciisj%m of the data might not enough to ab_;:_ﬁ,ly to real situation. More
subjects are required aﬁ_d statistic should be considered to obtain more precision
values.

To stimulate this'experimentiin the imanitor, more situations and more factors
could be employed easily. In this case the high resolution is required. In fact in the
beginning aithis expetiment the manitor had been used butthe limitation of the

resolution real scene could not be perceived.



REFERENCES

[1] Gilchrist, A.L. 1977. Perceived Lightness Depends on Perceived Spatial
Arrangement. Science 195 : 185-187.

[2] wevid el ua fnglay Bianz. 2551, nstlsngd. sinssos, Buaznadiud, 155-
180. NPUNN : AWINANWUAINIINUINENAE),

[3] lkeda, M., Shinoda, H. and Mizokami, Y. 1998. Phenomena of Apparent Lightness
Interpreted by the Recognized Visual Space of lllumination. Optical Review 5(6)
: 380-386.

[4] Mizokami, Y., Ikeda, Myand Shinoda, H. 2000 Golor Property of the Recognized
Visual Space of lllumination Controlled by Interior Color as the Initial Visual
Information. OpticallReview 7(4) :-'1358-363.

[5] Ikeda, M., Mizokami, Y4, Nakane, S aéd-;Shinoda, H. 2002. Color Appearance of a
Patch Explained byRVSI fo_r__th’e Co‘,{ﬁdi}_ions of Various Color of Room lllumination
and of Various Luminance Leyels of‘.l-Lhe' Patch. Optical Review 9(3) : 132-139.

[6] Ikeda, M., Yamauchi, R. and S"hin'cida, H2903 Effect of Space Recognition on the
Apparent Lightness of G_I@Q'ﬁétches:j[r):ig;péginstrated on Printed Patterns. Optical
Review 10(5): 382300, — .

[7] Ikeda, M. 2004-€olorAppearance Explained, Predisied and Confirmed by the

Concept of-“R_é_,:bognized Visual Space of Illumination.fq;ptioal Review 11(4):
217-225. ' '

[8] Berns, R.Y. 2000. Perceiving color. Principles of color technology, 13-20. Canada :

John Wiley & sens,

[9] Thiangthagtum, Y., Ikeda, M. and Shinoda, H. 2004. Room llluminance Rather Than
Immediate*Surrounding-Luminance Petermines Natural to"Unnatural Color of an
Object Border . Optical Review “11(4) : 235-239.

yaa a

[10] 343 WWLNR. 2551. N1TNadLY, NM95UFT0vA uay N19FuSHA. 1999904, ARdNeN95LS
, 41-45, 91, 131-140. n3amw : Ainiundsennewan,
[11] Jones, W. B. The Perception of Depth [online]. Available from : http://webvision.

med.utah.edu/KallDepth.html [2010, Mar 26]



55

[12] Loken, P., Voytilla A., Bach, M. and Sirisathana, S. Pictorial Perception [online].
Available from: http://www.macalester.edu/psychology/whathap/ubnrp
/aesthetics/perception.html [2010, Mar 26]

[13] Mizokami, Y., keda, M. and Shinoda, H. 1998. Lightness Change as Perceived in
Relation to the Size of Recognized Visual. Optical Review 5(5) : 315-319.

[14] Pungrassamee, P., lkeda, M., Katemake, P. and Hansuebsai, A. 2005. Color

Recognition of Space. Optical Review 12(3) : 211-

\

Appearance Determined by

218.

AULINENINYINS
ARIANTAUNNIING 1A Y



56

VITA

Miss Sinorose Smitthikunanon was born on September 11, 1985 in Bangkok,
Thailand. She received a Bachelor's Degree of Science in Photographic Science and
Printing Technology from the Faculty of Science, Clulalongkorn University in 2008 and

she has been graduate student in Imaging Technology Program, Department of

Photographic Science and Printi

University since 2010.

AULINENINYINS
ARIAN TN INY Y



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER 1 INTRODUCTION
	1.1 Objectives
	1.2 Scope of thesis
	1.3 Content of thesis

	CHAPTER 2THEORETICAL CONSIDERATION AND LITERATURE REVIEW
	2.1 Theoretical Consideration
	2.2 Literature review

	CHAPTER 3 EXPERIMENT
	3.1 Apparatus
	3.2 Subject
	3.3 Methodology
	3.4 Procedure

	CHAPTER 4 RESULTS
	4.1 Result of pre-experiment
	4.2 Result of pre-experiment.
	4.3 The relation of apparent lightness of test patches and area of apertures in the3D pictures

	CHAPTER 5 CONCLUSIONS
	5.1 Suggestion

	References 
	Vita

	Button1: 
	Button2: 
	Button3: 


