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Abstract: Ray tracing is a rendering method based on ; ; ;
global illumination for use in 3D applications tbtain a 2. Global illumination
real image models. The application is available in
computer games, special effects, medicine, inteaiat
exterior design, and various simulations, advance
engineering and in all kinds of computer graphRay
tracing uses mathematical algorithms and physica
background of for getting the real picture. Raydigit
are calculated from the viewer to the source ditlidts
disadvantage is that it is relatively slow and éfiere
hard to find applications where higher speed islireq
(eg video games). There are several types of pmugra
for 3D modeling and it is important for the userkimw
the domain, ie he must know what is expected as th
result in manipulation of certain attributes. Then af
this paper is to describe the ray tracing algorjterplain
how it works and define the settings required toiexe a
real image scene. For example, the program will use
Autodesk Maya 2011 and V-Ray plugin. In addition to = g
practical work in real rendering interiors, will befined S AR N ;\s
and the various settings that were used, and matieah BN £ N
functions that are used in the background of the S\ s O
algorithm. S AL e

Primary ray becomes passes through each pixeltasd i
Otested for the impact into objects. If there isadligion,
then it creates a few more ray becomes. Shadowarays
gent to two light sources LA and LB. If the surfase
reflected, then the generated reflected ray becdtne$
the surface is not transparent then it createsfeesnand
creates Ti. Each of the secondary rays are tesitibdail/
the objects in the scene. The reflected beam aod /
transmitted beams are continuously generated @sdsn
the rays do not escape from the scene withoutdoodi
gvith any of the objects or until the level of resion is
completed.
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Figure 1. Global illumination

1. Introduction

Ray tracing is an algorithm that runs in the baokgd

of 3D computer program and it is used to get aséal 2 1 Shadow Rays

computer graphics. This technology is used in all

computer programs that are used for 3D modelingiand  gpagoyw ray is a ray that starts is in the pointafision
industry such as film, video games, medicine elicis 5y of |ight and the object, and finishes is in soirce of
based on global illumination. It follows _the ray_SIIght light. The purposes of these rays are to determine
backwards, from the eye, through the pixels inithage  \\hether the point of collision is in the shadowoo of
plane and into the scene. Then the rays are reetest yq 5o rces of light. Each light source has a shady.
together with all objects in the scene to determinethe source of shadow ray is the point of collisiand

whether there is a collision with some of the ot§edf  he girection vector is normalized vector betweba t
rays do not strike in any of the objects, then i@l is  hqint of collision and the position of light souscé and
changed into the background color. If the raysidell g oo two balls and 1 and 2 represent two sourées o

with some of the objects, then the pixel is changed |igh: Shadow ray travels from eye, where it calidvith
color that is determined for that object. Ray WaCi 1o opject A. In order to determine whether theveai

includes shadows, reflections and texture mapping. shadow or not, there are new rays that are genkhte



each of the sources of light. Shadow ray of liglta®els
from A to the source of light 2 without any obst;lbut
the object B lies in the path of rays from the abjg. So
that creates a shadow in the comparison to thatsaf
light. The intensity of color on a object A depermfsthe
source of light 2 that reaches to the object A.

Figure 2. Generating shadows

2.2.V-Ray and sources of light

V-Ray is a plugin that is relatively new and is dises a
plugin for ray tracing. V-ray has simplified martjirtgs
such as different sources of light, ease of metalbhlors,
adds realistic grass in the scene. V-Ray is orthefew
plug-ins that can in a very simple way make thensce
realistic. Physics of V-ray is the closest to thdtat is
normal for humans, and how people perceive it.theio
modes of ray tracing it is necessary to determhe t

in this case not only the color of the surface, dab the
color of objects that are visible in this area.

L Eye

Figure 3. Generating reflections

Balls A, B and C are reflective. As rays that tlavieom

the eye it collides with A, it is automatically keted on

to B, and then on to C. For this to be possiblgapn
tracing, you need to calculate the angle at whiehrays

are rejected, and it then creates a second beatn tha
travels from the point of collisions in calculatedy.
Shadow ray concludes the color by calculating bjécts
collisions and it finds the closest. Color inforinat is
transmitted back to in pixel through which the ora

rays were emitted.

various paths, and "cheat" Physics of scenes to be

realistic. In V-ray the physics it based on certain
calculations that are more similar to the real d@ahd
real conditions. Below will be described some parid
the possibility of V-ray, and it will be shown tpeactical
part of using V-ray.

Light sources are one of the most important itemshe
scene. As in the practical work of this paper wsphigin

for ray tracing, V-Ray, will be described as a tigh
source. Depending on the size of scene is requared
certain strength of the sources the light. Mosemfit's
not just one source, but there are more, while amlyg
source is visible. These "hidden" sources are nsédto
enhance the lighting scene and it softens or etitem
unwanted shadow rays. Because of the way of the lig
source in the V-ray it is necessary to have a soetiee
real size, since here the light sources operatuah a
way that they can increase the intensity of usiagtsvor
lumens. Therefore, the power source of the light is
predetermined in the real world and as such praevide
valid light. If there would be no light source dretscene,
there would be no rays or light, and hence, raging
would have no purpose.

2.3. Reflection and transpar ency

If the surface, with which a ray of light collisisnis
reflective, or a mirror, ray tracer has to find ttedor, but



Transparency mode is similar to reflection, bulheatthat
the new rays reflected from the surface, it ledhksugh
the surface and creates refraction. Refractiom ispical

- Fish Eye - fish eye camera has a small focal length and
for it you can control exactly which part of scemdl be
displayed. The shape is orbicular and it distohs t

phenomenon that occurs when light bends as it passepicture.

through the material. If in the item is insertedlass of
water, then, depending on the viewing angle, thg¢ai
changes shape, thickness, length, etc.

Light is deducted differently through different reaals.
The same logic applies in the ray tracing algorithm

2.4. Anti aliasing

Anti-aliasing is a method that is used to improgalism

The biggest difference, except that there are skéwgres

of cameras, is that you can fully customize thertape,
exposure, focal length and it viewing angle, and is
therefore much easier to get the kind of sceneutes
wants. Because of these features it is possiblegolate
the depth of field, and can be used for motion blur
(motion blur). For each camera there are alsonggtton
quality, rotation, simulation forms of cameras,. etc

of the images so that eliminates sharp (toothedesd 3. Prefer ences of vray engine

with it. These sharp edges occur because a computer

monitor has a pixel in a square, and those pl)@mat Way of gett|ng a real image from the 3D program

adequate to show the lines or curves that are aalllpl  depends not only on lighting and materials, bub ala

with them. the settings of the engine that rends. In this ,ctsg is
the V-ray. Most of the standard settings for V-igayin

Figure 4. Anti aliasing

If you put a circle over the network and selectyothle
squares that are filled with color, we get thetfpieture.
Interference is called aliasing and it is an examnpl
what happens when the circuit is shown on the caenpu

screen. This problem can be minimized by using the

"finer", i.e., better networks, i.e. networks onhigher
quality resolution. In ray tracing each pixel isated as
infinite square area. Rays are emitted on to stieoeigh

the center of each pixel and its neighboring rays
intensities are compared. If they differ for some
predetermined amount, then is emits more rays timo
pixel area. The intensity of all rays emitted i thiven
pixel is the average time taken to find the pixeloc.
Anti-aliasing then helps to eliminate jagged edaged it
makes the image more realistic.

2.5. Cameras

Camera controls the manner in which the scene i
projected onto on to image. In V-ray, there areesalv
types of cameras. These are:

- Standard - This is a standard camera that is used in
various parts of the ray tracing (called pin-hotemera)

- Spherical - circular camera, i.e. the camera leres
round (spherical) shape.

- Cylindrical (point) - for these types of cameras all rays
are emitted from the center of the cylinder. Inticat
direction the camera acts like a standard camedairan
the horizontal direction as a spherical camer
- Cylindrical (ortho) - in the vertical direction has the
orthographic view and in the horizontal directiarisaas

a spherical camera.

- Box - for these types of cameras, there are six stdnda

a

cameras, and each is placed on to edge of the cubg

Smportant

order and it you need to change only some of the
settings.

Render Layer \masterlayer v

Render Using [V-Ray =

VRay Comman VRay Indirect Mumination Settings Transiator

} Global options

* Image sampler
Sampler type ' Adaptive DMC

Antialiasing filter
AA filter type Area

Adaptive DMC

Figure 5. V-ray settings

The V-Ray tab, type sampler was placed on to adapti
DMC. Adaptive DMC is one of the best and the fastes
anti-aliasing process. The rate depends on itsigetand
quality. Min and max subdivisions indicate the rarg
departments. This means that the gap between tivese
fields of higher anti-aliasing will take place and larger
area and render time will be longer. Also, thisisery
part of and threshold, which reduces
interference on to rendered picture. Thus, the totle
number of smaller areas is, the more subdivisian ar
processed in the given area range. Therefore gthdtris
better and sharper picture, but time renderingsakéot
the more. Adaptive DMC is most commonly used in the
scene when there are more detailed textures, neiedl d
on to objects and with effects such as blur andgglo

In the Indirect lllumination tab the control forodfal
illumination, or Gl. Global illumination is used iorder
to get realistic colors from the refusal of certaieas. If
the Global Illlumination option were excluded, it wd
reduce the rendering time, but the picture woult e
realistic because there would be no rejection dbreo
or example: if an entity enters the room, whosdswa



are white, It will get the impression that the thés a
light in the that room. However, if the room is ¢kathe
subject will get the impression that the room is tiark,
that there lacks brightness. This is exactly whailobal
illumination, given certain rejection of colors agling
on the material and size. Global illumination igukated

very nice results and is used in the interiors extériors
because of these patterns. It features speed,aagycand
quality. Preset are certain settings that are gethe
quality, so you can regulate the quality of thedrefllso
properly concludes where there is more detail am th
scene and therefore adjusted samples. Min and atex r

by Primary and Secondary bounces. Primary bounees ai.e. the difference between these two numbers ihirtes

primarily a rejection of the light, therefore thefusal of
light from the first surface, while the secondaight
rejection is rejection of each other. Global illuaiion
uses a different "engine" for the refusal. Theresaveral
types of engine, but here are used two: Brute farue
irradiance map.

¥  Brute force GI

Figure 6. V-ray — Brute force settings

Brute force is one from most accurate method obajlo
illumination. Works so that transmits a lot of ligtays
and each of these rays collects information aborfase
color, intensity, and other. Has an extremely stmgine
and it has a big flaw that produces noise in tltupe. It
contains settings for subdivs and depth. Subdivthés
amount of subdivision that are available to brudecé
(the higher the number, the engine has the morts par
an area to process and thus the image qualitytierhe
and depth uses the depths of a brute-force. Thategre
the depth of brute force the render shows bettetugs

the number of samples, and thus the number oftreats
are emitted into the scene. If the difference ithéd,scene
will render four times and each pass will do the.pBhe
more of these passages the final product will biéebe
and with more detail. Subdivs determine how ragsadr
light will be emitted from the sample. Of coursbget
more rays are emitted, the results will be bettet more
accurate. Interp. samples is used to remove noise f
the image (the value increases), but may lose liheps
edges of objects. If this number is too low, itegvthe
noise effect in the picture.

4. Result of rendering and conclusion

Ray tracing rendering algorithm is one of the hisplay

modes of virtual reality. Although it can not beedsin

large quantities in video games, it is widely udad

medicine, animated films, simulations of real world
engineering, etc. V-Ray is one of the most advanced
parts of a ray-tracing and it is able to make adbt
complicated tasks in a very simple ways. From the
setting of the sun, his inclination, and even tbssibility
of setting the coordinate positions and the damugh a
variety of lighting options, settings, shadows|eetions,

and gives better results. Brute force engine is no@nd the final product that can be achieved in tsest
recommended as the primary engine in the globaway ever. Computer technology is progressing styong

illumination because it gives a lot of interferenaed
noise in the picture but very often is recommendsd
secondary engine.

¥ Irradiance map

Built-in presets
Current preset Very high

Basic parameters

Subdive

Interp. samples

Interp. frames: 2

Figure 7. V-ray — Irradiance map settings

Irradiance map method uses a global illuminatedezam
to find out which parts of the scene are visiblenot. On
this basis, it creates patterns that are commomadce
complicated objects, and rarely on flat

objects.

and it is possible to use a variety of 3D applaadi in
construction, interior design, modeling a variet§y o
vehicles, running through the virtual space. Evang
that once had to be drawn on paper, today we caw dr
on the computer and make the whole project in drtbeo
3D programs. Ray tracing has proven to be valualid,
V-Ray plugin allows the user to view a photo realis
virtual environment.

Figure 8. V-ray — Final product of a computer scene

Depending on these calculations, each of the sample

emits a number of light rays that return the vabfe
color, its intensity, distance from the camera, Htgives
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