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Keywords Abstract
Radiosity 1, Simulation of luminous distribution and modeling techniques are widely used in
Luminous intensity 2, generating realistic images. It is performed by modeling the interaction of light with
Realistic images 3, an individual surface and combining emission, transmission and reflection effects
Image processing 4, among all the surfaces in the environment. In this study, a realistic image was

generated in the simulation area created in computer environment by using real
luminous intensity data. It was aimed to generate a realistic image of a table and
chair in the simulation environment. A goniophotometer was used to obtain the real
luminous intensity curves of the luminaire to be used in the simulation environment.
Realistic images were generated by using the real luminous intensity data obtained
by the goiophotometer through the radiosity method. Radiosity method was used to
transfer the luminous intensity data to the computer. The level for stopping the
radiosity method was decided through histogram analyses that were performed by
using image processing techniques. When the change in the mean brightness value
in the histogram value was 1% and below, iteration was stopped by the software.
According to the results of the tests performed on the given example, it was
observed that the real image could be generated after approximately 3000
iterations and that the change decreased below 1% after this value.

BILGISAYAR ORTAMINDA GERCEK ISIK SIDDET VERILERI VE RADIOSITY
YONTEMI KULLANILARAK GERCEKCi GORUNTULERIN OLUSTURULMASI

Anahtar Kelimeler 0z

Radiosity 1, Gercekei goriintii olusturmada 15181in yayilmasini simiile etme ve modelleme
Istk siddeti 2, teknikleri olduk¢a yaygin kullanilan tekniklerdir. Isigin bireysel bir yiizeyle
Gergekci gériintiiler 3, etkilesiminin modellenmesi ortamdaki tiim ytlizeyler arasinda emisyon, iletim ve
Goriintii isleme 4, yansima etkilerinin birlestirilmesiyle gerceklesmektedir. Bu ¢alismada gergek 1s1k

siddet verileri kullanilarak; bilgisayar ortaminda olusturulan simiilasyon alaninda
gercekei bir goriinti olusturulmustur. Simiilasyon ortaminda bir masa ve
sandalyeden olusan gercekgi bir goriintiiniin olusmasi amacglanmistir. Simiilasyon
ortaminda kullanilacak armatiiriin gergek 1sik siddet egrilerini elde etmek icin
goniofotometre kullanilmistir. Goiofotometre ile elde edilen gercek 151k siddet
verileri radiosity metodunda kullanilarak gercekei resimler elde edilmistir. Isik
siddet verilerinin bilgisayar ortamina aktariminda radiosity metodu kullanilmistir.
Radiosity yonteminin hangi seviyede durdurulacagina goriintii isleme teknikleri
kullanilarak elde edilen histogram analizleri ile karar verilmistir. Histogram
degerinde ortalama parlaklik degerindeki degisim %1 ve altinda bir degere
ulastiginda yazilim iterasyonu durdurmustur. Verilen 6rnek icin yapilan testler
sonucu yaklasik 3000 iterasyondan sonra gercek goriintiiniin olusmasi saglandigy;
bu degerden sonra degisimin %1’in altina indigi gorilmistir.
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1. Introduction

One purpose of computer graphics is to produce realistic pictures quickly and accurately. For this purpose, local,
intuitive shading models have been replaced by increasingly complex techniques such as ray tracing and radiosity
(Drucker & Schroder, 1992; Goral, Torrance, Greenberg, & Battaile, 1984; Whitted, 1979).

Generation of realistic images requires the ability to simulate the luminous distribution in an environment. This
requires two steps: Modelling the interaction of light with an individual surface and combining emission,
transmission and reflection effects between all surfaces in the environment. In the past, computer-generated
images were obtained by simulating the way light was reflected from a single surface, neglecting surface-to-surface
interactions. There are a number of reflection models ranging from a simple model, in which all light is reflected
equally in all directions, to more complex models that include uneven distributions based on geometric and
electromagnetic properties of the surface. For any reflection model, images are generated by determining the
visible surface for each screen pixel and then calculating the intensity of the light leaving that surface in the eye
direction. This intensity typically consists of geometrical relationships between visible surface, light sources and
the eye (Immel vd., 1986).

Generating realistic images requires the assessment of a shading model that simulates the luminous distribution
in an environment. Shading models, where shading is calculated based solely on direct illumination of light
sources, are frequently used to obtain the images quickly. However, realistic shading requires the use of a lighting
model, which considers the secondary lighting provided by light reflected from other surfaces and the shading of
one surface by another (Wallace vd., 1989). Visible light needs to be modelled correctly for generating realistic
computer images. Radiosity method has proven to be a useful approach for computer graphic lighting calculations
(Baum vd., 1989).

Generation of realistic images requires the calculation of luminous intensity, leaving visible surfaces on each pixel
of the image plane in the direction of the observer. Methods for calculating this intensity are based solely on the
principle of direct illumination of surfaces by light sources. More sophisticated methods started to be used for
global lighting, which included the impact of all objects in the environment. In the radiosity approach, all
calculations are independent of view. The standard radiosity method only results in scattered surfaces. The set of
sample points, where the intensities are calculated, depends on the separation of the media surfaces instead of the
viewpoint and image resolution (Wallace vd., 1987).

Radiosity method started to be developed in 1950s to calculate radiosity transfer between surfaces (Howell vd.,
2010). Borrowed from thermal engineering techniques, the radiosity method was introduced by Goral in 1984 in
the context of computer graphics (Sparrow, 2018; Goral vd., 1984). In 1984, the first solutions of luminous activity
generated by Nishita and Nakamae began to be applied in image synthesis (Nishita and Nakamae, 1985). In
general, radiosity methods are used to solve the internal reflection of light between scattered surfaces. The first
algorithms were limited to environments where all surfaces could face each other. In the following years, radiosity
algorithms developed and the sensitivity increased as the environment was divided into pieces independently.

Radiosity algorithm is a method used for evaluating the intensity or radiosity in discrete points and surface areas
in an environment (Cohen vd., 1987). The radiosity method is often referred to as a view independent technique.
In simulations, this method is used to view the environment from different angles. The original luminous activity
method was based on the diffuse reflection assumption of Lambert; however, subsequent studies also included
radiosity approaches along with full reflection. In 1988, Cohen introduced the "advanced sensitization" approach,
which allowed faster solutions for generating images in the computer environment (Cohen vd., 1987). In 1991,
Hanrahan created the formula that be-longed to the entire hierarchical radiosity system (Hanrahan vd., 1991). All
these developments emerged as a serious step in defining and decomposing surfaces.
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The most important advantage of the radiosity method is that the solution is independent of view. Pre-calculated
densities of light could be used for the interactively oriented synthetic environment in the radiosity method (Baum
vd., 1989; Zhu vd., 1989).

In realistic generation, the radiosity method requires strong computational power and high memory costs. As a
solution, Form factors can be calculated in parallel and independently in several processors; thus, a high
acceleration can be achieved in this most computational task. These parallelizations of the radiosity approach lead
to an extraordinary acceleration in image creation (Drucker & Schréder, 1992; Purgathofer & Zeiller, 1992).

There is intensive work on realistic images using the radiosity method. In one of these, it added multiplication
texture effects to the radiosity method. Thanks to a texture effects included in the radiosity solution process,
improvements have been achieved for perturbed surfaces(Chen & Wu, 1990).

In this study, a realistic image was generated in the simulation area created in computer environment by using
real luminous intensity data. It was aimed to generate a realistic image of a table and chair in the simulation
environment. A goniophotometer was used to obtain the real luminous intensity curves of the luminaire to be used
in the simulation environment. Realistic images were generated by using the real luminous intensity data obtained
by the goiophotometer through the radiosity method. Radiosity method was used to transfer the luminous
intensity data to the computer. The level for stopping the radiosity method was decided through histogram
analyses that were performed by using image processing techniques. When the change in the mean brightness
value in the histogram value was 1% and below, iteration was stopped by the software. According to the results of
the tests performed on the given example, it was observed that the real image could be generated after
approximately 3000 iterations and that the change decreased below 1% after this value.

2. Material and Method

A goniophotometer, which could derive the real luminous intensity curve data of the luminaire to be used in the
simulation environment on the C plane, was used. These data were transferred to the simulation environment with
the radiosity method to create the conditions for real image.

2.1. Goniofotometre

Goniophotometer is the name of the system, which is established to examine the luminous intensity distribution
in a light source through one fixed light source or photometric head and another with regular movements (Sirel,
1997). In the system, which operates by moving the luminaire, a type 3 goniophotometer was selected according
to the C plane due to its high speed in examining the angular variation of the photometric size and the little amount
of space it occupied. Figure 1 presents a goniophotometer, which could derive the real luminous intensity data of
a luminaire on the C plain.

Figure 1. Goniophotometer

Luminous intensity data is obtained with the help of a lux meter placed against the goniophotometer by using the
lighting luminaire connected to the goniophotometer mentioned above.
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Figure 2. Working structure of the system

To enable the luminaire to make these movements through software, computer-operated step motors are used. As
presented in Figure 2, the first step motor rotates luminaire around its axis while the second step motor rotates

the motor from right to left.

In accordance with the information entered, the software calculates the luminous intensity with the Equation (1)
according to each step. In this formula, E indicates the illuminance level (lux) measured by the lux meter, r
indicates the measurement distance (meters), and €2 indicates the angle of incidence.

Figure 3. Luminaire intensity curves

I = Er? cos g,m,

(1

The luminous intensity data generated according to the luminaire position using the linear luminaire intensity

curves given in Figure 3 are presented in the table in Figure 4.
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Figure 4. Presentation of luminous intensity data according to the position of the luminaire
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The least squares method was used to draw curves among the luminous intensity data. In the least squares method,
let's assume that given points are (i, yi) and the points of the approach are (i, Yi). In this case, the condition would
be,
1(Y; — y;)=minimum (2)
If n=2, then
Z§=1(Yi — ¥;)=minimum (3)

However, as presented in Figure 5, there is no affinity between y=p (x) interpolation line and y=f (x) main line.

red

y=p(x)

} K yz{ X

Figure 5. Demonstration of interpolation curves

Therefore, instead of Equation (3),
Yl (Y — ) |=minimum  (4)

should be considered (Baum vd., 1989). However, since absolute functions do not have derivatives at the point
where they pass the minimum, derivatives cannot be taken to find the minimum. For this reason, the following
equivalent of Equation (3), which enables derivation, is considered:

S=xa; - yi)2=minimum (5)

Thus, an expression, which has a minimum and whose partial derivative could be a calculated, is obtained. The
polynomial equation passing through the given points are found using the least squares method.

Where (i,yi), i=1(1)n are the given points, a polynomial curve passing through these points and of m(ms<n) degree
could be found by least squares method as follows:
Y =Co+ Cix + Cox? + -+ Cyx™  (6)

The luminous intensity curves of the luminous intensity data according to the position of the luminaire are
expressed as in Equation (5). If the partial derivative of the equations that minimize each point equation is taken
and equalized to zero to determine the C coefficients in the equation, it will be as follows:

n

§ = S(Co,Cyp s Cu) = ) (= 32 7)
i=1
n n n n
(Z x{") Co + (Z x[”“) Ci+ -+ (Z xl-m"") m= Z x"y; (8)
i=1 i=1 =1 =1

This system consists of (m+1) equations and (m+1) unknown. Obtained CO, C1.. Cm values are determined.
Luminous intensity curves form three-dimensional luminous intensity distributions. Luminous intensity curve
could be drawn by finding the C coefficients of these equations. The luminous distribution curves of the luminaire
to be used in the study are presented in Figure 6.
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Figure 6. Luminous intensity curve of the luminaire

2.2. Radiosity method

Radiosity method was used in order to ensure that the luminaire could generate a realistic image in the simulation
area created in computer environment. Realistic images were obtained using the real luminous intensity data
obtained with the goniophotometer in the starting radiosity formula.

In terms of the classic radiosity equation, all surfaces of a scene (light sources are also modelled as surfaces) are
viewed as Lambert reflectors and split into small surface elements called patches. It is important that the patches
are homogeneous in light distribution and reflection properties. A form value is calculated using the formula for
each patch; a minimum of three values (RGB) are required in computer graphics. This form value corresponds to
the light distributed by the patch, which is the sum of the light it reflects and emits. The reflected light depends on
the incoming light reflected by other patches and the reflection factor of the patch, which indicates the amount of
energy absorbed by the area per wavelength.

2.3. Luminous intensity for the light source, which could be represented by the luminous intensity curve

The distribution of energy from the light source that could be represented by a luminous intensity curve is outward
from the center. The amount of beam is expressed according to its angle with the area where the given intensity is
reflected in a given direction.

d® = I(w)dw (9)

In the Equation (9), d® indicates the luminous flux, I(®) indicates the luminous intensity of the light source that
could be represented by a luminous curve, and dw indicates the small light beam. Luminous intensity for the light
source, which could be represented by the luminous intensity curve is expressed as follows:

(03
I=— (10
ag (10
Thus, the total light flux ingested ® becomes the following:

o3 =f1(w)dw (11)

The brightness level E occurring in a differential area from the light source that could be represented by a single
luminous intensity curve could be calculated by finding the angle surrounded by the surface element when viewed
from the light source.

dw ® cosf

E=]—=——
dA 40 |x — x|?

(12)

|x-xs| indicates the distance from the point to the surface element.
2.4. Rendering equation

Reflection equation makes it possible to calculate the reflected luminous distribution based on the distribution of
incoming light and BRDF (bidirectional reflection distribution function) of the material. The first and most
preferred model is direct lighting resulting from simple light sources. The environment is not considered as a
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whole and the surfaces shaded by the properties of the light sources are taken into account. This lighting model is
called local lighting. Shadows could be added by testing whether a spot on the surface is visible to the light source.
This model, which takes into consideration the entire environment, is an example of global (general) lighting. The
second and truly difficult situation is indirect lighting. In this case, the light can come from any surface in the
environment and shading is very important (Sillion and Peuch,1994).

2.5. Local or direct lighting

Reflection equation is expressed as follows:

Re@) = [ i@ = B, @) cos o (13)
T
Similarly, the level of light obtained from the light source that could be represented by a luminous intensity curve
is expressed as follows:

d cosb

=——"_ (14
41t |x — x,|? (14)

If the direction of the light source is expressed with @s, then the dose of a light source that could be represented
by a luminous intensity curve, is expressed by a delta function as follows: Li (wi);

Ri(w;) = 5 6(cos0; —cos )6 (9; — ¢s)  (15)

41t)x — x|

If the above equation is substituted in the reflection equation;

Ry (w,) = %lzfr(wr — ;) cosb;  (16)

41t|x
2.6. Global or indirect lighting
In the first step, the lighting on one surface is associated with the distribution of light coming from another surface.

Based on the fact that the dose is constant across a surface, the dose that falls on x', which consists of the dose on
X, is calculated.

r r
Ri(x'g51) = Ro(x, 5 IV (3, x7) - (17)

Here, wi indicates the direction vector from x' to x. Where @, it is the direction vector from x to x'.

x—x'

@ = —w, = (18)

lx — x|
V(x, x) is the visibility function. If x and x" are absolutely visible, their value would be 1; otherwise it would be zero.
The next step is to convert the semispherical integral obtained from all incoming directions into the field integral

that are obtained from all fields in the environment. The angle projection converted by the source could easily be
transformed by associating it with the passive surface areas formed.

!

cos 6, dA
dw; = —

= 19
(= 9

If this equation is multiplied by the angle of projection; then,
dw; cos8,dA = G(x,x")dA (20)

The value of the G(x,x) geometric function is as follows:
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, , cos 6] cos 6,
G(X,X)=G(X,X)=w (21)

If the G(x, x) value is placed on the reflection equation, the equation turns into an integral equation over the S
surfaces.

R(x’,w’)zf R (x,@)G(x, x )V (x,x)dA (22)

Since doses coming from this equation also includes the direction, the elements representing the arrival and exit
directions could be found. The equation given above was first introduced to graphics software on the computer by
Kajiya under the name of rendering equation. This intensity of two point transfer from x' to x' is expressed by the
I(x,x) symbol. The density measure is only a function related to the surface position and does not include
circumferential angles. The light flux between two points is expressed in Equation (23).

d® =1(x » x")dAdA" = R(x,w)G(x,x")dAdA" (23)

Figure 7 presents the transfer geometry of two points.

Figure 7. The transfer geometry of two points

It is the flux of light flowing in the beam that connects dA' to dA'. If two sides of the equation are multiplied by G(x,
x') dA'dA’, it could be turned into the following form: The Equation after the multiplication is as follows:

I(x—>x") = G(x’,x”)j frx > x" > x")V(x,x)I(x - x)dA (24)

2.7. Radiosity equation

All surfaces in the radiosity environment are assumed to be homogeneous diffuse reflectors in accordance with
the Lambert principle. Thus, BRDF is independent of incoming and outgoing directions and could be removed from
the integral.

R(x' » x") =R (x' » x") + fr(x’)f R(x - x")G(x,x"W(x > x)dA (25)

S

R(x' »x") =R, (x' »x") + %x’)f R(x - x")G(x,x")V(x » x)dA (26)

In homogenous reflection, the radiation emanating from a surface is the same in all directions and is equal to the
radiosity B divided by . This leads us to some simplifications. Rendering equation expresses the position of light
energy at all points in space (Cohen and Wallace, 2012).

G, x"YW(x - x")
s

dA’ (27)

BG) = E@ +p) | B
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Hence, the radiosity equation could be found.
2.8. Form factor

In the radiation method, determining the form factors bears most of the calculations. In an N-surface environment,
N2 form factors should be determined (Baum vd. 1989). Equation (28) shows the formula of form factor
differential equation. The element-to-element form factor is a double-field integral, including the geometric basis
of Gij.

r?

1 cos 6; cos 6;
Ai Ai YAj

Figure 8 presents the form factors of the two base functions. In the equality, the term Vj;is the visibility term
between the differential areas of dAj and dA;.

Figure 8. The form factors of the two base functions
2.9. Radiosity of fixed elements
In the equations given above, if the reflection and absorption that is assumed to be fixed in all elements and the
fixed base functions are used, then the complexity is reduced. Galerkin formula could be written for the fixed base

functions of Ni. First of all, the box base functions known to take only the values of 1 and 0 are used.

_(Aji=jise _
fs Ni(x)N; (x)dA = {0, aksi halde ~— Sy (29)

Here, 6ij defines the Kronecker delta, and Ai defines the area of the element no i. Likewise, the absorption function
is defined as follows:

fs E(x)N;(x)dA = E;A;  (30)
The term Ei refers to the average absorption value of the area that belongs to the element i (Wolfe, 2000). Base

functions can be extracted from the integral where they have unit values. Moreover, it is assumed that the
reflection function of p(x) receives a fixed pi value on Ai.

f, N@p@) [, NG, x)dA'dA  (31)
Pi fAi fAjG(x,x')dAjdAi (32)
If the equation is evaluated for each i, the results will be as follows:

n

Z B] |:6L]AL — plf f G(x,x')dAjdAi] = _EiAi =0 (33)
Al JAj

j=1

Ifitis divided by ai and the absorption term is taken to the right of the equation, the following equation is obtained:
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n
1

Z B] 6L]AL - pL—J- f G(x,x')dAjdAi = _Ei (34)
AiJpi Jaj

or

Z B;[6;; — piFyj]| = —E;  (35)
=1

The Fjj specified in the previous formula is called the form factor and is expressed as follows:

Form factor, indicates the energy that leaves the element i divided by the energy reaching element j. As with
previous formulations, linear system equations can be expressed by matrix equation, KB = E. K input values are
found as follows.

Kij = 6ij —piFy;  (37)
Here, if Equation (27) is re-evaluated, classical radiosity equation is obtained.

n
j=1
If it is multiplied by Ai,
n
BiAi = EiAi +plzB} FUA! (39)
j=1
and if the rule of equality between form factors is used, then:
FijA; = FijA;  (40)
n
BiAi = EiAi + Pi Z B] FUAL (41)
j=1
The physical interpretation of this equation is that the total power that leaves an element, Bi A;, depends only on
the beams that the element directly absorbs and reflects. This reflected light depends on the dose that separates
from all the elements in the environment. A part of the dose that separates from the elements in the environment
could again come back to an element. This dose varies depending on the geometric relationship between the
elements and the reflection of the elements (Cohen vd., 1986).

3. Application of radiosity method

The basic steps required to formulate the general radiosity method and to solve it with software are as follows:
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Selection of regions and nodes

Finding a simple functional form

A finite error criterionis selected

Form factor coefficients are calculated

Linear equations are solved

Image is created using shading values
obtained from Radiosity

Figure 9. The luminous activity method calculation algorithm

In the luminous activity method calculation algorithm presented in Figure 9, first, the areas are divided into sub
elements as can be seen in the steps in the flow chart. Regions or nodes where exact radiosity values would be
calculated are selected on the elements. There is a simple functional form for variable radiosity values on an
element. A finite error criterion is selected. This brings the error closer to a finite sum. Thus, the infinite problem
turns into a finite number of linear equations. Coefficients of the linear system are calculated. These coefficients,
which are called form factors, depend on the geometric relations that allow light to pass between the elements.
Linear equations are resolved for unknown point radiosity values. The approximate radiosity result is
reconstructed as a linear sum of the base functions created predominantly with point radiosity values. The image
is generated using the shading values obtained from the radiosity approach for the desired view direction.

In general, radiosity methods are used to solve the internal reflection of light between scattered surfaces. The first
algorithms were limited to environments where all surfaces could face each other. Therefore, it is used in indoor
areas. Radiosity algorithms have evolved over time and the sensitivity of the medium has been increased by
separating the pieces independently (Baum vd., 1989). When switched to the radiosity area from the control
screen, the sample area is loaded directly into the system.

When the data of an armature is loaded into a three-dimensional virtual space with the Radiosity method, the
starting position is given in Figure 10.
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Figure 10. The starting position radiosity method

By examining from different points of view on the images that are generated realistically, the user can make
various aesthetic and technical evaluations such as the location of the light sources, color of the wall, positions of
the furniture and the whether the items would remain in the shade according to the light in the computer
environment. According to the different numbers of reflection displayed in Figure 11, it is observed that the image
quality increases as the number of reflections increases in the radiosity tests performed. However, infinite number
of reflections causes the generated image to be viewed brighter than it is. Therefore, a limit should be placed on
the number of reflections.

g

i-

rl’ e u G’ Reflection number: 875 ‘ | | I%l ul | Reflection number: 1797
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- D‘@'ﬂl[}l Reflection number: 2801 | Stop |D|W”'Iﬂ|ﬂ'l Reflection number: 3132

- DI@IQ'Q' Reflection number: 3145 |

Figure 11. Radiosity according to different reflection numbers

Stop |D|W"IEJE'_| Reflection number: 3174

4., Results and Discussion

As a result of the studies, when the change was fixed with the histogram technique according to the reference
shading area, the reflections were stopped by the software. This stopping rule is determined as the brightness
falling below 1% in the histogram. Figure 12 presents the histogram change according to the number of reflections.
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Figure 12. Histogram change according to the number of reflections

Table 1. Change rates of radiosity

Simulation Test stage
Test ID Reflection (Shadow of chair) (Surface of the table)
est number Average Change rate Average Change rate
luminosity (%) luminosity (%)

1 0 11,35 -- 78,87 -
2 73 24,56 53,79 121,75 35,22
3 875 56,85 56,80 168,83 27,89
4 1797 61,02 6,83 186,05 9,26
5 2801 62,81 2,85 190,72 2,45
6 3132 64,43 2,52 193,96 1,67
7 3145 64,54 0,17 194,11 0,07
8 3174 64,88 0,52 194,26 0,07

The graphical representation of the average glow and change rates of the shadow belonging to the chair that was
generated in the simulation environment in Table 1 are displayed in Figures 13 and 14.
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Figure 13. Average brightness change of the shadow of the table according to different numbers of reflection
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Figure 14. Percentage change in the shadow of the table according to different numbers of reflection

As displayed in Figure 13 and Figure 14, the change in the shadow of the chair after the 3132nd iteration falls

below 1%.
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The graphical representation of the average glow and change rates on the surface of the table generated in the
testing phase in Table 1 is displayed in Figures 15 and 16.
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Figure 15. Average brightness change of the shadow of the chair according to different numbers of reflection
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Figure 16. Percentage change in the shadow of the chair according to different numbers of reflection

As displayed in Figure 15 and Figure 16, the average glow changes on the surface of the table used for testing fall
below 1% after the iteration no 3132 as in the shadow of the chair.

5. Conclusion

In this study, luminous intensity data of a luminaire was obtained using a computer-operated goniophotometer.
These data were transferred to computer environments with radiosity method in a realistic three-dimensional
form, and virtual areas based on real data were created. In the virtual environment, the convergence to reality was
checked and the termination process was performed through the histogram method with the software.

The system that was developed was primarily offered to the use of engineers and architects engaged in lighting
design. With the realistic imaging system that was developed, animations could be developed, accuracy of the
images could be questioned according to the direction of the light, and the visual effects of original lighting
luminaire in original architectural designs could easily be observed in the computer environment. In addition, the
variables of lighting projects were tested through simulations generated in computer environment. The results of
the study introduced a photometric realistic infrastructure to the subjects of computer engineering such as
computer vision and image synthesis. A photometry based realistic approach was introduced to the computer
vision in terms of the relationship between the light sources and colour or the relationship between light and
colour. The reflections of objects in the architectural area within each other were obtained with the radiosity
method by using the real luminous intensity curves data of the luminaires used in the environments. Therefore,
elements such as dark field, shadows and aesthetics have been brought closer to the real model.

While our work is successful, its performance needs to be improved due to its high computational density and
memory requirement. Hardware and algorithmic improvement in the system, which provides parallel
computational power for calculations, will provide performance improvement.

The level of stopping the radiosity method was decided according to the average brightness measured by the
histogram method. When the change in histogram value was close to constant (down to 1%), iteration was stopped
by the software. As a result of the tests, it was observed that the change in the brightness value in the histogram
decreased below 1% after approximately 3000 iterations.
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