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INTRODUCTION

Color is a fundamental attribute of our viewing 
experience. The perception of color arises from 
light energy entering our visual system.
This complex process is relevant to computer
graphics because a realistic image is one that
seems indistinguishable from the light energy
coming from a real scene.
We use a well-known formula to mimic the effect 
of objects being lit by light sources and we 
describe several useful techniques for shading 
polygon-mesh objects.



DEFINITION

ILLUMINATION MODEL can be defined as a 
model used in computer graphics to show 
reflection on objects.

ILLUMINATION MODEL

Local illumination
model

Global illumination
model



LOCAL ILLUMINATION MODEL
OR THE PHONG MODEL

The Phong Model is also referred to as Local Illumination 
Model because its main focus is on the direct impact of the 
light coming from the light source.



WORKING

Two extreme cases of light reflection are:
1. Diffuse Reflection – In this case light energy from 

the light source gets bounced off equally in all 
directions. Smaller the angle higher the reflection.

2. Specular Reflection – Since a perfect mirror is 
nonexistent we want to distribute reflected energy 
across a small cone-shaped space centered around 
R, with the reflection being the strongest along the 
direction of R and decreasing quickly.





DISADVANTAGES

Computing surface color 
using an illumination 
model such as Phong 
formula at every point of 
interest can be very 
expensive.
To avoid this problem, 
we apply the formula at 
full scale only at selected 
surface point.



TYPES OF SHADING
We then rely on such techniques as color interpolation and
surface-normal interpolation to shade other surface points.

1. Constant Shading –The least time consuming approach is not to 
perform calculation for additional surface points at  all. The color 
values of those selected surface points are used to shade the 
entire surface. It can produce good results for dull polyhedrons 
lit by light sources that are relatively far away.

2. Gouraud Shading –In this approach we evaluate the 
illumination formula at the vertices of the polygon mesh. We 
then interpolate the resultant color values to get a gradual 
shading within each polygon.

3. Phong Shading –This technique is relatively time- consuming 
since the illumination model is evaluated at every point of 
interest using the interpolated normal vectors. However, it is very 
effective in dealing with specular highlights.



GLOBAL ILLUMINATION
MODEL

OR RAY TRACING

It includes such secondary effects as light 
going through transparent/ translucent 
material and light bouncing from one object 
surface to another.



WORKING
Primary rays – These are the light rays coming from 
viewpoint through the center of each pixel into the 
scene.
If a primary ray intersects an object, then the color of 
the corresponding pixel is determined by the surface 
shading of an object at the intersection point. Several 
secondary rays are used to compute the three 
components of this surface shading.
To find the three components of the surface shading 
several secondary rays are used. The three components 
are :



WORKING (contd…)

1) Local contribution –This is the first component, which 
refers to the direct contribution from the light source. We 
send a shadow ray or illumination ray from the surface 
point to a light source. If the ray is blocked before 
reaching a light source, the surface point is in shadow.

2) Reflected contribution –This is the second component, 
which refers to the reflection of light energy coming from 
another object surface(inter object reflection).This is 
determined by a (specularly) reflected ray.

3) Transmitted contribution –This is the third component, 
which refers to the transmission of the light energy 
coming from behind the surface. This is





APPLICATIONS

Various techniques have been developed to achieve 
certain desirable visual effects. Some methods given 
below are applications of distributed ray- tracing, 
which means that we scatter rays with respect to a 
certain parameter in the ray-tracing process(recall that 
in stochastic super sampling we displace rays from 
their normal position in the pixel grid).
Environment Mapping
Soft Shadow
Blurry Reflection
Motion Blur



Environment Mapping
A shiny (mirror-like) object 
reflects the surrounding 
environment. Instead of ray-
tracing the three- dimensional 
scene to obtain the global 
reflection, we may map a 
picture of the environment 
onto the object.
The object is typically placed 
in the middle of an enclosure 
such as a cube, cylinder with 
the environment map .



Soft Shadow
Ray-traced images of scene involving 
fixed point-lights are characterized by 
the harsh edges of the shadow areas. 
However  real lights are not 
mathematical points and they cast 
umbra and penumbra. In order to 
produce soft shadows we model a 
light source by region, called an area 
light. The area is divided into sub-
areas or zones. Shadow Rays are then 
distributed to these zones via random 
selection (with equal probability for 
each zone).



Blurry Reflection
To get a blurry reflection of 
the surroundings on a 
glossy(not mirror like) 
object, we distribute the 
reflected rays.
This can be done by 
displacing a reflected ray 
from the position of its 
mirror reflection by a small 
angle. The distribution of 
the angle is subject to the 
same bell-shaped 
reflectance function that 
governs specular highlights.



Motion Blur
A fast moving object 
tends to look blurry in 
a photograph. To 
mimic this 
phenomenon we 
distributed rays over 
time. In other words, 
we predetermine the 
path or a series of 
positions of a moving 
object based on the 
characteristics of the 
movement. We then 
displace the object



DISADVANTAGES
Ray tracing depicts a continuous scene by taking discrete samples 
from the scene. Hence the aliasing artifacts associated with scan 
conversion are also present in ray- traced images.
Following are three anti-aliasing techniques:

1. Supersampling – Each pixel is divided into sub pixels and  a 
separate primary ray is sent and traced through the center of each 
sub pixel. The color intensity values of the primary rays for the sub 
pixel are then combined.

2. Adaptive Supersampling – In this approach we send one ray 
through the center of a pixel and four additional rays through its 
corners.

3. Stochastic Supersampling – In this approach we deviate from 
using the fixed (sub)pixel grid by scattering the rays evenly across 
the pixel area in a random fashion. A typical way to achieve this is 
to displace each ray from its normal
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