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ABSTRACT: Origind ray tracing method can be used to create picture of objects that are very similar to
photographic. However for smplicity, the method mimics a pinhole camera in its modd. In pinhole
cameradl objects visudized in the image generated will be seen sharp. In some cases, thiskind of image
is acceptable but in other casesit is not. For example, in the movie industry, sometimesit is preferable to
get the image that can be focused to a certain object and not to dl objects. This effect occurs due to the
usage of alensin acamera. In order to get the same effect to the redl camera, theniit is necessary to modify
the origina ray tracing method to use lens in its modd. The research performed here has successfully
simuleting the effect of lensin camera. Therefore only objectsthat are placed in the lens focus will be seen

sharp while the otherswill become blurry.
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INTRODUCTION

Cresating avisualization of an object can be done
via ray tracing. The resulting picture can be
considered good due to its smilarity to the picture of
object generated from photographic process [1].
However, most ray tracing method used a pinhole
camera in its modd. A pinhole camera is the
smplest cameramodd ever built. To make apinhole
camera, aclosed hollow box can befilled with afilm
on one side and a tiny hole can be made on its
oppositesde.

Taking a picture usng the pinhole camera can
be performed by opening the tiny hole for a certain
amount of time, to let the rays burn the film. Since
the haleis very smdl, only limited rays can enter the
box a atime. As aresult, the rays emanating from
the environment in front of the hole will be ceptured
in the film. Due to this limited number of rays, dl
objects captured in the film will be seen sharp.
Figure 1 shows a model of a pinhole camera. The
image captured in the camera will be up sided down
tothe origind objects.

Figurel. Pinhole Camera

In the pinhole camera, the film needs to be
exposed for a certain amount of time while the
camera and the objects have to be kept steady.
Failure in doing this will make the image appears
blurry. In some cases, it could be difficult to keep the
camera or the objects steedy for a certain amount of
time. Therefore it is necessary to get the film
exposed as soon as possible without having over
exposed.

Having a bigger hole in the camera will make
the film need to be exposed in a very short time.
However since the rays coming to the film will not
be convergent then the image generated in the film
will become blurry as wel. To make the rays
convergent, one can put a bifoca lensin front of the
camerahole. By using the bifoca lens, not al objects
will appear sharp in the film. Only objects that are
positioned in the lens focus will appear sharp, while
objects in the other podtion will appear blurry. In
ome cases, this effect is desrable snce the man
object can be sat focus while the others are not.

Most digitd camera built today has aready had
the smilar capability of the conventiona camera
Therefore creating picture using digita camera can
be performed easily, since the picture taken can be
previewed firgt before it is really captured. However
the digitd camera can cepture the image of the red
world only. In movie industry, the pictures showed
ae often created from the imaginary world
(computer generated). The objects are created by an
artist and will be shown in the movie asif the objects
are taken from the real camera. However, since the
origina ray tracing method used a pinhole camera
modd then it is not possible to get a picture such as
taken from the real camera. Therefore it is necessary
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to make a modification to the method to get the
effect as if the pictures are taken from the red
camera. A lenswill be st in the ray tracing method
to replace existence of the pinhole.

RAY TRACING WITH PINHOLE CAMERA

Ray tracing with a pinhole camerais a common
method used to generate a redigdic images. The
image of the objects can be generated by casting a
bunch of raysfrom a certain point (the pinholein the
camera) to the objects. These rays will be traced to
find its intersection to the object. If it is found, then
the intengty of light in the intersection point is
caculated to be applied to the pixe location,
otherwise the color of the background is applied.
The intengity of light in the intersection point is
calculated using the Lambert Law [2, 3].

For an example, consder the object to be drawn
is a sphere such as shown in figure 2. To avoid the
image to be generated up Sded down, in this
simulation, the film is smply placed in front of the
camera. When the ray intersects the sphere then there
will be any points that are shared between the ray
and the sphere. Therefore finding the intersection can
be found by subgtituting the ray equation to the
sphere equation. If the combined eguation is
resolvable then the ray is redly hit the sphere,
otherwise no intersection occurs.

Figure 2. Configuration of a Pinhole Camera

The firg task to be performed in a pinhole
camera is finding the rays that will be cast from the
camera. To find the rays it is necessary to set up
some parameters such as (seefigure 3 and 4):

e Theeyeposition

¢ Thedistance of the eyeto thefilm (N)

e Verticd field of view of the viewer (6)

o Agpect retio of thefilm (r)

¢ Pogition of the objects that will be seen and the up
direction of the camera

The ray will be cast from each sample point in
the film. The number of the sample points to be
taken can be corrdated to the number of pixelsin the
monitor screen. Their relation can be defined by (see
figure 4):
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H=N.tan (6/2) (]
W=r.H )]
FilmHeight = 2.H (from -H to H) (3
Flmwidth = 2W (from-W to W).. 4

ScreenWidth = nCols (0 to nCols-1)
ScreenHeight = nRows (0 to NRows-1)

Figure3. Vector UVN That Build up TheCamera

Using linear equation
S(=AXx+B
§=Cy+D

we can find out that:

U =-W + W. 2.c/nCols
v, =-H + H. 2r/nRows
where:

c
r

©)

(6)
()

horizonta position of the pixel in the screen
vertical position of the pixel in the screen

Ue horizontd podtion of the sample point in film,
related to the horizontal position of the pixel in
the screen

v, = vetica podgtion of the sample point in the

film, related to the vertical podtion of the
pixel inthe screen.

&l
' -

i.ll

Wl =

ouH Lo ¢

Figure4. Pogtion of a SamplePoint in The Film

Therefore the direction of theray from the eyeto
each sample point can be determined as:

dir =-N.n + u.u + vp.v (8
sincethe generd ray equationis:
r(t) = start + dir.t ©)

then:
dart = eye position
dir =-N.n + u.u + v,.v
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RAY TRACING MODIFICATION: CAMERA
WITH LENS

Badsicdly lensin acamerais just a curved piece
of glass (or plastic) used to focus light that entering
the camera. Since there are a lot of light beams
entering the camera, then some objects will appear
blurry if the objects postion are not situated in the
lens focus (see figure 5). This blurry image occurs
from the contribution of some light beams that
coming from different objects. On contrary, when
the objects arein focus, dl the light beams will come
from the same objects. Therefore the image of
objectswill ook sharp [4].
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Figure5. Only Objects in The Lens Focus Will
Appear Sharp (Courtesy of Howsuff-
works)

Using this characterigtic, a producer of a movie
can give a focus to a certain actor while make the
othersblurry. A smaler size of lenswill makelots of
object cometo focus. Thisisthe lens that usualy be
used in an automatic camera for amateur photo-
grapher. If the lensis too small then the camera will
become similar to a pinhole camera.

In order to smulate a camera in a ray tracing
method, then it is necessary to rebuild the mode
used. Figure 6 shows the new mode of the ray
tracing method. Severd rays will be cast from each
sample point in the film through the lens. Each ray
will be traced to get its intersection with any object.
When an intersection occurs, the intendity of light at
the intersection point should be cdculated. The
intengty of light yielded by this ray should be
averaged with the intendty yielded by the other rays
to become a single intendity of light for the sample
point. When the object is in focus, dl the intengity
yielded by dl rays will be the same. That is why the
picture of the object will appear sharp. The opposite
condition will happen when the object isnot in focus.

Figure6. Ray tracing with lens

Since the rays cadt to the world may not have the
same direction as the rays cast from the sample point
on the film, then it is necessry to find the red
direction of the rays cast to the world. The direction of
these rays can be found by using the properties of the
three gpecid rays that passng the lens [5, 6]. These
three specid raysare (seefigure 7):

1. A ray entering thelenspardld to the axiswill pass
theright foca point

2. A ray passng through the center of the lens (at the
axis) will not have adirection change

3. Aray exiting thelens pardld to the axisis coming
from the ray that has a direction to the left focd

point

Figure7. Three Special RaysPasing TheLens

The direction of the rays casting out from the
lens can be found by firdly finding the intersection
points of two specid rays. If the specid raysused are
thefirst and the second one, then we can find that;

Ray 1: a+V, .1, (10)
Ray2: c+V,1, (12
where:

a = dartingpoint of ray 1
vy = directionof theray 1
t; = timerequired by ray 1 totravd to acertain point
c = dartingpoint of ray 2
Vv, = direction of theray 2
t, = timerequired by ray 2 to travd to acertain point
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At the intersection point:
a+v,t, =c+Vv,t,
a+(b-a), =c+(d-oj,
If the center of the lens (point d) is used as the pivot

point for al postions involved in the equation, then
the equation 12 can be expanded as:

(12)

d, +u, d, d, +u, d, +u, d, d, +u,
d,+v, |+|| d, || d,+Vv ||t=]|d,+V |+ d, [=[d,+Y ||t
s )
e
d,+v, =V, |t=[d, +V, |+ -V L
d, —f d,+N -N
where:
dy, dy, d, = center position of thelens
f =lensfocus
Uc, Vi =ray podtiononthefilm
N =distance from thefilm to thelens
From equation 13, we can find that:
(d, +u.)-u.t, =(d, +u,)-u.t,
Therefore:
ti=t
snce
d,— ft=(d,+N)-Nt,
and
ti=t
then:
L (14)
N-f

The intersection point then can be found by
subdtituting equation 14 to equation 10 or 11. This
intersection point can be used to find another
direction of rays cast from the sample points on the
lens. Therefore the ray equation from each sample
point on the lenswill become (see equation 9):
gart = sample point on thelens
dir =intersection point —sample point

(15)
(16)

This new equation of the ray can be substituted
to the objects equation as performed in the origina
ray tracing method to find the intersection point of
the ray to the object. When the intersection takes
place a Lambert law can be applied to find the
intengity of the light at the intersection point. Unlike
ray tracing with pinhole camerathat only get asingle
intengty for apoint in the film, ray tracing with lens
on the camerawill obtain more than one intensity for
a point in the film. All of these intendties must be
averaged to get the fina intendty that should be put
on the film. When the objects are not in focus, the
intensities obtained for a point in the film will be
dissmilar. This is where the blurring effect of the
objects comes from.
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The overdl process of smulating the camera
lens in ray tracing can be seen in the following
flowchart:

ot e e ) e e e gk
..-,.-"": e finir wild e i upeo e v v :__.-"'--

r

s il o B - s paslion ad dmckan
bt il i i o o gl il o e e

m i e D sl e ol e, e q-f,.-"".
cobor. o e o e T s
&
[ T e S P [ EYR T Y | CEre e O P
pomr prepor vl Pl

| bl ihg B e ol - . Rl 19 - st ) -

—

flabmdimi vy i b i

T R e e

[y e ey — o,

Voo Wt gl e s s s |

I_-..-n.-..-....
T

Yies
ol il el pod b il O Ui e ol el |

L |

-

i |
T
| Asiligel Wl e BIRE A |
* — |

o et bl il a e oobor o b pise | 0 3 oL posiica |

*

o -

—— -

e
i el

- Hirai il puaiedi Pty -

l____- i i

-

IMPLEMENTATION RESULT

In order to get the picture, the user needs to
supply some vaues required by the agpplication to
render the image. These vaues are the width and
agpect ration of the camera viewfinder, the lens
radius, the film distance, camera postion and
direction, light position and intensity, objectsthat are
exigted in the environment and the objects position.
A dmple text file can be used to facilitate the
communication between user and the gpplication. In
order to ease the user in entering the vaues, the
gpplication can set up some keywords that can be
typed in front of the vaues. Therefore, if the user
wants to enter the values of the light position, he/she
can enter the vaues dater the keyword “light
position” for example. Program 1 shows some values
required to be sat up in a text file to generate a
picture shown in figure 9a.
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Program 1. Text file required to generate picture
sauch asshown in figure9a

width 10

aspect_ratio 1.33
image _distance 8
lens_position 0 0 O
focal_length 4

look 0 O -1

up010

point 70

radius 0.2
ambient_light 1 1 1
light position 2 1 0
light intensity 1 11
light position -2 1 0
light _intensity 1 11
light_position O -6 O
light intensity 0.5 0 0.3
object plane

Ka 0.1 0.1 0.1

Kd00.50

Ks 00.50

shine 5

texture 0.5
total_transformation 2
rotate x -80

translate 0 -3 0

total_transformation 4
scale 0.5 0.5 0.5
rotate x 45

rotate y 45

translate -2 -1.5 -6

object sphere gold
total_transformation 1
translate 0 -1 -8

object cone copper
total_transformation 3
scale 2 2 2

rotate y 45

translate 4 0.5 -15

For comparison, figure 8 shows the image
generated by pinhole camera. In the picture, it can be
seen that al objectswill gppear sharp. Thisimage can
be generated by creating a new application that using

a pinhole camera, or by the same applicaion with a

very small lensradius. The second method is used for
generating figure 8. The image in figure 8 is creating

by the same keywords and vaues shown in program
1, but with the lensradius 0.05.

Figure 8. Image Generated by Pinhole Camera

The effect of applying lens for the ray tracing
model can be seen in figure 9 to 11. Different lens
radius is used for generating picture in figure 9.
Figure 9ais created using small lensradius (0.2), and
figure 9b by abigger one (0.4). Smdll lensradiuswill
make objects in various distance look sharp, while
bigger lens radius will make objects that are placed
in lens focus only that look sharp. Smaller lensfocus
will make al rays cast to the smilar pogtion.
Therefore dl the intengity of light yielded from the
rays will be smilar. In the end, the average of these
light intengity will not be too much different from the
one generated by a dsingle ray only. As a result,
objectsin various distance will ook sharp.

Figure 10 shows the effect of changing the focd
length of the lens. When the focd length is changed,
the objects that will be seen sharp will be different,
depending on their distance to the camera. Figure
10a shows a cylinder that is in focus (focd length =
5), while the object that isin focusin figure 10b isa
box (foca length = 6). Two or more objects that
resdein the same foca length will al be seen sharp.
Therefore if we want to give focusto a certain object
only, then we have to separate the object postion
from the other. When each object resdes in different
focd length then it is possible to give focus to a
certain object only.

Findly in figure 11, we can see the effect that
appears by dtering the distance of the camera to the
object. When the camera is placed near to the object
the image of the object will appear bigger (see figure
11b). The opposite condition will occur if the camera
put a distance away from the object (figure 11a). The
distance of the camera to the objects in figure 11ais
6, while the distance of the camera to the objects in
figure 11bis 10.

Jurusan Teknik Informatika, Fakultas Teknologi Industri — Universitas Kristen Petra
http: //www.petra.ac.id/~puslit/journals/dir.php?Department| D= INF



Hartanto, Smulating The Efect of Camera Lensin Computer 15

(@) More objects have a sharp image for a (a) The Cameraposition isfar from the object

camerawith smdler lens

(b) The camera position is near the object

(b) Less objects have a sharp image for a
camerawith bigger lensradius

Figure9. TheEffect of Changing TheLensRadius ~ F1gure11. The Effect of Changing The Distance of
TheCamerato The Objects

CONCLUSION

Unlike ray tracing with pinhole camera modd,
ray tracing with lens in its mode will make the
image generated by the method will look sharp only
in the area that come to focus only. Moreover, the
model can demondrate some other lens effects as
well.

This research shows that the modification of the
cameramodd used in the ray tracing method, from a
smply pinhole camera to a camera with lens can
expand the variety of picture generated by computer.
Therefore one can have more options in getting a
computer generated picture. For a bigger scenario,
this method can be applied to a movie industry to
generate a picture that looks Smilar as the one taken
from areal camera

(&) Focuson cylinder
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