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ABSTRACT: One of the most important things in cinematography is lighting. Lighting in 
cinematography has many roles besides to illuminate the objects, such as to make its edge clearer 
thus it looks sharper, has a depth to expose the 3D impression, has separation so it can stand out from 
the background, and so on. Unfortunately, it is very hard to gain a good lighting due to many issues 
that affect the lighting result, such as the type of the light source, its intensity, position, and direction. 
Referring to these parameters, then there will be a lot of permutations and variations that can be 
obtained to illuminate an object. Another issue that also causes the automatic lighting process 
becomes difficult is because the process of lighting is heavily influenced by the tastes of the director. 
Therefore, it can be said that there is more than one right way to light the scene. In this article, the 
designer designs the initial scene based on the data from the storyboards, then it will become the input 
of the autonomous lighting process which will add some additional light sources to gain a good 
lighting set based on director's behavior. There are eight scenes from a short animation movie used 
in this article as inputs. This movie uses the Cornell Box as the sphere/set. Bidirectional Reflectance 
Distribution Function (BRDF) algorithm combined with fuzzy logic are involved in this article to 
calculate the intensity of the bounced lights. As the result, most designers assess six of the eight 
outputs have been as expected. 
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1. INTRODUCTION 
There are a lot of equipment used in the 
process of making the film, but all of them can 
be grouped into scenes, sets, artist, sound, 
camera, and lighting. Of all these things, 
lighting is one of the most important things in 
cinematography. The lighting in the 
cinematography is not only used to illuminate 
the object, but more than that lighting runs 
several other important functions. It creates an 
image that has shape and dimension of the 
individual subjects, a full range of tones and 
gradations of tone, color control and balance, 
depth and dimension in the frame, separation 
so subjects can stand out against the 
background, texture, mood and tone, and 
exposure. 

In animation movie making, a designer will 
make every scene as it is in the storyboard, 
including providing light sources. Often it 
takes some additional light sources to produce 
a good scene. It is very difficult to produce a 
scene with good lighting due to the designer is 
not an expert in the lighting field. Besides, 
there are several parameters that affect the 
lighting result, which are the type of light 
sources, lighting technique, its color, position, 
and direction. Therefore, there are so many 
permutations and variations that can be done to 
illuminate the scene. Another thing that makes 
autonomous lighting difficult to do is that 
lighting decision highly depends on the 
director's taste. According to Jolivet [9], it can 
be considered as an inverse problem of global 
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illumination. 
In the global illumination theory [6], it is said 
that the relationship between light's parameters 
and the lighting effect result is very 
complicated, and it may a counter-intuitive 
even for a very well-trained designer. It is a 
very labor-intensive and time-consuming 
process to add so many additional light sources 
in order to meet the lighting effect which 
specified by the movie director. A lighting 
designer needs an extra effort to carefully and 
repeatedly adjust the light parameters of each 
additional light source. 
Based on Gkioulekas et al. research [7], the 
object needs to be illuminated by two light 
sources, one at 45° in the front of the object as 
a front lighting, and another one at the across 
of front light as backlighting. Meanwhile, 
according to Kanematsu at al. [13][14] using 
the Lighting Scrapbook application, the 
designers need three points of additional light 
which its position and direction are varies 
depended on the point of view of the active 
camera. One light source role as the main light, 
one as the key light, and another one as the 
backlight.  
 

  
Fig. 1. Three points of light source position 

(a) in 3D view and (b) in top view. 
 
The three-point lighting setup is also 
mentioned by Brown [4]. He said that the name 
is a misnomer as there are more than three 
lights involved in actual movie making process, 
even in the simplest setups. Fig. 2 shows the 
diagram of a typical three-point lighting setup. 
Kicker light is used to illuminate a small part 
of the object, especially to the eye of the actors, 
to give the detailed focus, while the 
background light is used to illuminate the 

background of the objects. 
 

 
Fig. 2. A typical three-point lighting setup. 

 
2. OVERALL PROCESS 
The research in this article is divided into 
several sub-processes, namely: storyboards 
construction that drawn from the scenario, 
build the scenes and make notes about the 
conditions of the scenes based on the 
storyboard, build the initial design of each 
scene, the calculation of the intensity of lights, 
the decision of the addition of light on a 
particular area, and additional of the light 
sources on the scene. Fig. 3 shows the overall 
process of this article. 
 

 
Fig. 3. Overall process of this article. 

 
As a first step, the scenario will be divided into 
several scenes, and it is part of the director's 
job. It is illustrated into a storyboard. The 
changes of the scene usually identified by the 
switching of the active camera. There are some 
highlights that can be seen from the storyboard, 
such as: how many characters are in the frame, 
how is the emotion of each character, how is 
the point-of-view of the active camera, how is 
the situation of the sets, and others. In this 
article, these parameters are noted manually 
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using other application (outside of Unity 5). 
This parameter is adjusted to the director's 
behavior in determining the lighting that will 
be discussed further in another section of this 
article. 
Furthermore, the designer will create each 
scene in Unity 5. The designer will include all 
the necessary objects, including the attached 
light sources, such as the sun, the lights on the 
ceiling, on the walls, on the table, and so on. 
The next step is a program script will be called 
to perform the calculation of the intensity of 
light and determine areas that need additional 
light. The implementation of the director's 
behavior is required in determining which 
areas are more lightened. The parameters that 
affect the director's behavior can be seen in 
Section 3. 
As a final step of this study, the script will 
generate output with some alternative of the 
combinations of additional light sources. The 
designer will choose one of these as the best 
output. Furthermore, if necessary, the designer 
will make minor adjustments to the additional 
light sources. 
 
3. DISCUSSION 
The research conducted in this article uses 
eight scenes taken from a short animated film. 
Research conducted in this article uses eight 
scenes taken from a short animated films. Each 
scene is selected based on a variety of 
characters, character emotions, point-of-view 
from camera, and camera position. Animated 
film is made using Unity 5 while the model 
uses Blender. 
There are several program scripts embedded 
into each scene. The main script is placed in 
the start () function so that it will automatically 
be called every time the scene is played. Once 
the desired output is generated, the toggle key 
on the keyboard can be used to enable and 
disable the effect of all additional light sources 
generated from the output script. This is to see 
the difference between scene lighting 
conditions before and after the addition. Thus, 
the designer can distinguish the conditions 
before and after the light sources addition. 

3.1 Get all object inside the scene 
The first step in this article is to get all objects 
that are in the scene, then classified them into 
several groups that required in the calculation 
phase. The objects are classified by their type, 
and the three main groups are models, cameras, 
and light sources. Each group is an array due it 
can consist of several objects with the same 
type. 
The required parameters of the camera type 
object are its position, direction, and field of 
view, especially from the active camera. Using 
field of view then objects that are outside the 
frame can be ignored. Next get the position, 
rotation, and scale of the remaining model type 
objects in the frame. The last object type is the 
light source. The required parameters of the 
light type object are its lighting type, position, 
direction, range, spot angle, and intensity. 

3.2 Lights’ intensity calculation 
The calculation of light intensity consists of 
two types of light, that is light coming from the 
light source and directly to the surface of the 
object, and light that reflected and illuminate 
the surface of the object. To optimize the 
process, only the light intensity on the surface 
of the object that is inside the frame and facing 
the active camera to be calculated. 
The calculation of the direct light intensity is 
using the general formula as shown in Eq. 1. 
 

 (1) 
 
where  is the intensity of the light source, 

 is the intensity of the object’s surface at 
 coordinate. Since  is the distance 

between the light source and the surface of the 
object, then  in Eq. 1 can be written as 

, where 
 is the coordinate of the light 

source. 
The intensity of direct light from the light 
source will be added by the intensity of the 
reflected light from the surrounding. This 
reflected light calculated using the famous 
formula Bidirectional Radiance Distribution 
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Function (BRDF). Fig. 4 shows the light comes 
from Ψ to � that reflected to Θ, while Eq. 2 
is the formula of BRDF that used in this 
research. 
 

Fig. 4. Light comes from Ψ to � that 
reflected to Θ. 

 
��� � Θ� � 

� �����Ψ � Θ���� � Ψ� ���Θ�����  (2) 
 
where ��� � Ψ� ���Θ	 ��� is the intensity 
from lights at surround Ψ  that affect the 
intensity at point �, and Ω� is the sphere that 
affect the intensity of light to Θ. 

3.3 Decide the areas that need more 
lightened 
Based on the interview with two movie 
directors, there are some issues that influence 
the decision of adding the additional light 
sources, but this research only uses five issues 
that in common, which are: the set's situation 
that described from the scenario, the camera's 
point of view, the total light intensity of the set 
in the frame, the distance of the camera, and 
characters' emotion. 

Fig. 5. The structure of fuzzy logic to 
determine the areas that need more light and 

their intensity. 
 
This article puts these five parameters as inputs 

in a fuzzy logic structure as shown in Fig. 5, 
where �� express the situation of the set, �� 
as the point of view, �� as the light intensity 
of the scene, �� as the angle of the camera, 
and �� as the character's emotion. This article 
divides the character's emotion into three 
distinct emotions, which are: happy, angry, and 
brave. The fuzzy logic structure in Fig. 5 has 
two outputs, which are: �� express the range 
of the spotlight and �� as the needed intensity 
of the additional light. 
Every input element is divided into five 
categories with 0 to 100 in range. The elements 
of ��  set are {very quiet, quite, normal, 
crowded, very crowded}, ��  {extreme long 
shot, long shot, medium shot, close up shot, big 
close up shot}, �� {very dark, dark, normal, 
bright, very bright}, �� {bird very low angle 
shot (worm's eye), low angle shot, neutral 
angle shot, high angle shot, very high angle 
shot (bird's eye)}, ��� {very sad, sad, normal, 
happy, very happy}, ���  {very calm, calm, 
normal, angry, very angry}, and ���  {very 
afraid, afraid, normal, brave, very brave}. The 
elements of the output set ��  are {very 
narrow, narrow, medium, wide, very wide} 
with the eye as the center point and �� {very 
light, light, medium, strong, very strong}. 
Eq. 3 shows the relation rules and Eq. 4 shows 
the fuzzy outputs from the fuzzy logic structure 
shown in Fig. 5. 
 
��� � ��������� ∪ ��������� ∪ …∪ ��������� (3) 

��� � ��������� ∪ ��������� ∪ …∪ ��������� 
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The radius of the circle of area to be 
illuminated will be the spot angle of an 
additional light source, while the center of the 
circle will be the coordinate of point � on Eq. 
1, where later the light's range is the distance 
between this center point with the position of 
the additional light source. 

� 

� �

� 

�� 

 �� 
�� ���� 
�� 
�� 

��

4



 
 
 

4 
 

Function (BRDF). Fig. 4 shows the light comes 
from Ψ to � that reflected to Θ, while Eq. 2 
is the formula of BRDF that used in this 
research. 
 

Fig. 4. Light comes from Ψ to � that 
reflected to Θ. 

 
��� � Θ� � 

� �����Ψ � Θ���� � Ψ� ���Θ�����  (2) 
 
where ��� � Ψ� ���Θ	 ��� is the intensity 
from lights at surround Ψ  that affect the 
intensity at point �, and Ω� is the sphere that 
affect the intensity of light to Θ. 

3.3 Decide the areas that need more 
lightened 
Based on the interview with two movie 
directors, there are some issues that influence 
the decision of adding the additional light 
sources, but this research only uses five issues 
that in common, which are: the set's situation 
that described from the scenario, the camera's 
point of view, the total light intensity of the set 
in the frame, the distance of the camera, and 
characters' emotion. 

Fig. 5. The structure of fuzzy logic to 
determine the areas that need more light and 

their intensity. 
 
This article puts these five parameters as inputs 

in a fuzzy logic structure as shown in Fig. 5, 
where �� express the situation of the set, �� 
as the point of view, �� as the light intensity 
of the scene, �� as the angle of the camera, 
and �� as the character's emotion. This article 
divides the character's emotion into three 
distinct emotions, which are: happy, angry, and 
brave. The fuzzy logic structure in Fig. 5 has 
two outputs, which are: �� express the range 
of the spotlight and �� as the needed intensity 
of the additional light. 
Every input element is divided into five 
categories with 0 to 100 in range. The elements 
of ��  set are {very quiet, quite, normal, 
crowded, very crowded}, ��  {extreme long 
shot, long shot, medium shot, close up shot, big 
close up shot}, �� {very dark, dark, normal, 
bright, very bright}, �� {bird very low angle 
shot (worm's eye), low angle shot, neutral 
angle shot, high angle shot, very high angle 
shot (bird's eye)}, ��� {very sad, sad, normal, 
happy, very happy}, ���  {very calm, calm, 
normal, angry, very angry}, and ���  {very 
afraid, afraid, normal, brave, very brave}. The 
elements of the output set ��  are {very 
narrow, narrow, medium, wide, very wide} 
with the eye as the center point and �� {very 
light, light, medium, strong, very strong}. 
Eq. 3 shows the relation rules and Eq. 4 shows 
the fuzzy outputs from the fuzzy logic structure 
shown in Fig. 5. 
 
��� � ��������� ∪ ��������� ∪ …∪ ��������� (3) 

��� � ��������� ∪ ��������� ∪ …∪ ��������� 
 : 
��� � ��������� ∪ ��������� ∪ …∪ ���������	
 
��∗ � ��� � ���� ∩ ��� � ���� ∩ …∩ ��� � ���� (4) 

��∗ � ��� � ���� ∩ ��� � ���� ∩ …∩ ��� � ����	
 
The radius of the circle of area to be 
illuminated will be the spot angle of an 
additional light source, while the center of the 
circle will be the coordinate of point � on Eq. 
1, where later the light's range is the distance 
between this center point with the position of 
the additional light source. 

� 

� �

� 

�� 

 �� 
�� ���� 
�� 
�� 

��

 
 
 

5 
 

3.4 Place the additional lights at all possible 
points 
The space within the frame of the camera will 
be filled with dots which will become the 
position of additional light source placement. 
The distance between these points is 0.5 along 
the X, Y, and Z axes. To speed up the 
calculation process, all the dots behind the 
most inner object will be discarded. Fig. 6 
shows the example of the dots of all possible 
positions to place the additional light sources. 
 

 
Fig. 6. The dots of all possible point to place 

the additional light sources. 
 
From these remaining points, will be 
calculated the intensity of the light to the 
coordinates of point � , with intensity range 
from 1 to 8. All insignificant points of this 
calculation will be ignored. It will then be 
taken up to three points from all significant 
points. The middle point will be used if there 
are only two remaining significant points and 
will be taken the center of gravity if there are 
three significant points. It will then select the 
point which closest to this midpoint or center 
of gravity as the position of the placement of 
the additional light source. 
 
min� ����� � ���� � ��� � ���� � ��� � ����� (5) 

 

where ���� ��� ���  is the coordinate of the 
remaining significant points and ���� ��� ��� 
is the coordinate of the middle or center of 
gravity point. Fig. 7 shows the example of the 
remaining significant points and the merged 
point as the result. 
 

  
Fig. 7. Example of the remaining significant 

points and the merged points. 

3.5 Add additional light sources at all 
possible combinations 
As the last step of this research is placing the 
additional light sources at all combinations 
from the calculation result, then let the 
designer choose the best combination as the 
final result and make a little adjustment if 
necessary. Fig. 8 shows the example of the 
placement combinations while Fig. 9 shows 
the result in the play view. 
 

   
Fig. 8. The example of the placement 

combinations. 
 

   
Fig. 9. The example of the result in the play 

view. 

4. RESULTS 
As mentioned before, this article uses eight 
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scenes from a short animated movie. Fig. 10 
shows those eight scenes. 
 

  
 

  
 

  
 

  
Fig. 10. Eight scenes taken from a short 

animated movie. 
 
For the purposes of publication then in this 
article will only show the results from one of 
the eight scenes, which is the second scene (b). 
Table 1 shows the required parameters for this 
research and its values from scene b. The 
selection of scene b as an example is because 
there are two actors in one frame in scene b. 

Table 1: List of the required parameters of 
scene b. 

Component Scene number 
2 

Models: 
 Position {(-4.5, 0.0299, 0.51), 

(-1.32, 0.24, 1.48)} 
 Rotation {(0, 50.146, 0), (0, -

107.363, 0)} 
 Scale {(1, 1, 1), (1.392618, 

1.392618, 

1.392618)} 
Cameras: 

Position {(-1.33, 1.99, 7.89)} 
Rotation {(3.071, -153.95, 

4.622)} 
Lights: 

Type {2} 
Position {(-4.92, 4.9, 1.19)} 
Rotation {(4.095, -276.916, -

106.076)} 
Color {FFF4D6FF} 
Intensity {0.76} 

Storyboard: 
Situation 50 
Point of view 40 
Current intensity 60 
Camera angle 45 
Character emotion {160, 180} 

 
The set members of the type of light source are 
{spot light, directional light, point light} 
represented by numbers {1, 2, 3}. As for the 
emotional value of characters added with 100, 
200, and 300 respectively to represent the level 
of happiness, anger, and bravery. 
The values of these parameters are used as 
inputs for the fuzzy logic structure (Fig. 5) 
which will then produce two outputs i.e. the 
areas that need more illuminated and the 
required intensity at each area as shown in 
Table 2. 

Table 2: The areas that need more 
illuminated. 

Area Scene number 
2 

Position {(-1.801, 2.238, 1.452), (-
1.654, 1.52, 1.452), (-4.185, 
1.649, 0.665), (-4.175, 0.778, 
0.798), (-2.21, 2.23, -0.05)} 

Radius {44, 24, 51, 29, 62} 
Intensity {7.49, 3.36, 6.03, 6.92, 6.35} 

 
As discussed earlier, all the additional light 
source placement points which behind the 
most inner object will be eliminated in order to 
speed up the calculation process, then 
according to Table 2 it can be seen that all the 

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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placement points with the z-axis less than -0.05 
will ignored. 
After performing the process of calculating the 
light intensity from the remaining points to the 
center of the area that needs to be illuminated, 
all the insignificant points will be removed. If 
the number of significant points more than 
three, then only the first three points will be 
used in the next process. 
After the merging process of the remaining 
significant points, obtained the values of the 
required parameters as shown in Table 3. 

Table 3: Array of the output parameters. 

Parameter Scene number 
2 

Position {(-1.0, 2.0, 3.0), (-1.5, 1.0, 
3.0), (-1.5, 2.0, 1.5), (-4.0, 1.5, 
2.5), (-4.0, 1.0, 2.5)} 

Rotation {(-8.783, -149.751, 270.049), 
(-1.916, -181.41, 265.932), 
(20.221, -186.488, 270.249), (-
2.31, -166.547, 268.469), 
(6.522, -166.791, 268.469)} 

Range {1.384201, 1.233429, 2.38, 
2.005213, 1.944945} 

Spot angle {72.86862, 69.65274, 
81.34563, 56.84331, 
58.22083} 

Intensity {5.78, 7.29, 7.64, 6.93, 6.13} 
 
The designer put some additional light sources 
at position and adjust its rotation, light range, 
spot angle, and intensity based on information 
in Table 3. Then designer will choose one 
lighting combination as the best result. 
Designer conducts the manual assessment to 
the eight generated outputs. As a result, 
designer assessed six of eight outputs have 
been as expected. Fig. 11 shows the eight 
outputs which as expected unless output (e) 
and (h) are assessed less. 
 

  

 

  
 

  
 

  
Fig. 11. Eight outputs that have been chosen 

by the designer as the best results. 
 
As discussed earlier, that the designer 
sometimes still need to adjust the generated 
parameters, Table 4 shows the value of 
parameters that have been adjusted and Table 
5 shows the differences between Table 3 and 
Table 4. 

Table 4: Adjusted value of the parameters. 

Parameter Scene number 
2 

Position {(-1.38, 2.17, 2.94), (-1.35, 
0.93, 2.83), (-1.71, 1.99, 1.36), 
(-3.9, 1.65, 2.38), (-3.87, 0.77, 
2.41)} 

Rotation {(1.514, -186.56, 270.234), 
(2.28, -187.46, 266.161), 
(1.514, -186.568, 270.244), (-
2.196, -166.671, 268.469), 
(2.196, -166.671, 266.161)} 

Range {0.8939784, 0.8939784, 2.38, 
1.886517, 2.01} 

Spot angle {129.827, 69.65274, 98.61172, 
56.84331, 53.71827} 

Intensity {5.78, 7.29, 7.64, 6.93, 6.13} 
 
Can be seen in Table 4 that designer only make 
a minor adjustment. Table 5 shows how much 
is the adjustment has made. (a) (b)

(c) (d)

(e) (f)

(g) (h)
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Table 5: The differences between generated 
and adjusted parameters’ value. 

Parameter Scene number 
2 

Position {(0.38, 0.17, 0.06), (0.15, 0.07, 
0.17), (0.21, 0.01, 0.14), (0.1, 
0.15, 0.12), (0.13, 0.23, 0)} 

Rotation {(10.297, 36.809, 0.185), 
(4.196, 6.05, 0.229), (18.707, 
0.08, 0.005), (0.114, 0.124, 0), 
(4.326, 0.12, 0)} 

Range {0.490223, 0.339451, 0, 
0.118696, 0.065055} 

Spot angle {56.95838, 0, 17.26609, 0, 
4.502560} 

Intensity {0, 0, 0, 0, 0} 
 
As shown in Table 5, average of the 
differences between parameters value which 
generated from the script used in this article 
and the adjustment made by the designer are 
0.28122 in position, 13.758415 in direction 
(rotation), 0.178946 in range, and 15.771406 
in spot angle, while designer can accept all the 
light’s intensity provided by the script. 

5. CONCLUSION 
The research in this article gives good results 
almost in all scenes, but not yet in the scene 
where POV of the camera is a long shot and an 
extreme long shot. This is because there are 
more than eight significant remaining points 
on both POV that causes less accurate in 
merging process. 
The errors as shown in Table 5 can be 
minimized by narrowing the distance between 
dots where the additional light source can be 
placed (Fig. 6) so that the endpoints used to 
place the additional light source closer to the 
merged point. 
If the research in this article will be applied to 
the dynamic camera and or characters, then the 
calculation process cannot be done only when 
the scenes was switched, but on every 
movement of the camera and or characters. For 
that purpose, it is needed more optimization in 
the calculation process so that it can shorten 
the time in producing the desired outputs. 
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