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The Two Dimensional Viewing Pipeline

• Clipping window -- the part of two
dimensional scene that it to be displayed

• Viewport -- window where data from clipping
window will be displayed

• Mapping between these two called 2D
viewing transformation



Window to Viewport

• Object descriptions are transferred to this
normalized space using a transformation that
maintains the same relative placement of a
point in the viewport as it had in the clipping
window

• Position (xw, yw) in the clipping window is
mapped to position (xv, yv) in the associated
viewport



• To transform the world-coordinate point into the
same relative position within the viewport, we
require,





Two Dimensional Viewing Pipeline



The Clipping Window

• Most graphics packages support rectangular
clipping regions

• Some systems support rotated 2D viewing
frames, but usually clipping window must be
specified in world coordinates.

• Can set up a viewing coordinate system within
the world-coordinate frame.

• This viewing frame provides a reference for
specifying a rectangular clipping window with any
specified orientation and position



• Choose P0=(x0,y0) base position, and a vector
V that defines the y view direction.

• V is called the view up vector.

• Alternative we could have used a rotational
angle.



Getting into the Viewing Frame
• Translate the viewing origin to the world origin.

• Rotate the viewing system to align with the world
frame.

MWC,VC = RT

• Suppose P0=(1,2) and V=(4,3). Calculate MWC,VC

• To specify clipping window now give its lower
and upper corner positions



Clipping Window into Normalized Viewport

• Before mapping to the actual viewport we
map into a normalized viewport of sides
between 0 and 1 in each axis.

• We clip as we map into this normalized region.

• Then we do a straightforward transformation
from the normalized viewport to the actual
viewport.







Sutherland-Hodgman algorithm for Clipping 
polygons

• Clipping polygons would seem to be quite
complex. A single polygon can actually be split
into multiple polygons.

• The Sutherland-Hodgman algorithm clips a
polygon against all edges of the clipping region in
turn.

• The algorithm steps from vertex to vertex, adding
0, 1, or 2 vertices to the output list at each step.



Working



Example
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Properties of Light
• What is light?

– “light” = narrow frequency band of electromagnetic spectrum

• Each frequency value within the visible region of the electromagnetic spectrum 
corresponds to a distinct spectral color.

• The Electromagnetic Spectrum
– Red: 3.8x1014 hertz
– Violet: 7.9x1014 hertz



• In the wave model of electromagnetic
radiation, light can be described as oscillating
transverse electric and magnetic fields
propagating through space.

• For each spectral color, the rate of oscillation
of the field magnitude is given by the
frequency f.



• The time between any two consecutive positions
on the wave that have the same amplitude is
called the period (T) of the wave, which is the
inverse of the frequency (i.e., T =1/ f ).

• And the distance that the wave has traveled from
the beginning of one oscillation to the beginning
of the next oscillation is called the wavelength
(λ).

• Speed of light (c): c = λf.

• A light source such as the sun or a standard
household light bulb emits all frequencies within
the visible range to produce white light.



• When white light is incident upon an opaque object,
some frequencies are reflected and some are
absorbed.

• The combination of frequencies present in the
reflected light determines what we perceive as the
color of the object.

• If low frequencies are predominant in the reflected
light, the object is described as red.

• In this case, we say that the perceived light has a
dominant frequency (or dominant wavelength) at
the red end of the spectrum.

• The dominant frequency is also called the hue, or
simply the color, of the light.



Psychological Characteristics of Color
• When we view a source of light, our eyes respond to

the color (or dominant frequency) and two other
basic sensations.

1. brightness: which corresponds to the total light
energy and can be quantified as the luminance of
light.

2. purity, or the saturation: Purity describes how close 
a light appears to be to a pure spectral color, such as 
red.

Another term, chromaticity, is used to refer
collectively to the two properties describing color
characteristics: purity and dominant frequency (hue).



White Light Dominant frequency light

• We can calculate the brightness of the source as the area under
the curve, which gives the total energy density emitted.

• Purity (saturation) depends on the difference between ED and Ew.

• The larger the energy ED of the dominant frequency compared to
the white-light component EW, the higher the purity of the light.

• We have a purity of 100 percent when EW = 0 and a purity of 0
percent when EW = ED.





















Shades of gray are represented along the main diagonal of the cube from the origin
(black) to the white vertex.





Thank you
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Illumination Model
• Motivation: In order to produce realistic

images, we must simulate the appearance
of surfaces under various lighting
conditions

• An illumination model, also called a
lighting model and sometimes referred to
as a shading model, is used to calculate the
intensity of light that we should see at a
given point on the surface of an object.



• Surface rendering means a procedure for
applying a lighting model to obtain pixel
intensities for all the projected surface
positions in a scene.

• A surface-rendering algorithm uses the
intensity calculations from an illumination
model to determine the light intensity for all
projected pixel positions for the various
surfaces in a scene.

• Surface rendering can be performed by
applying the illumination model to every
visible surface point





Illumination Models
• Illumination models are used to generate the

colour of an object’s surface at a given point on
that surface.

• The factors that govern the illumination model
determine the visual representation of that
surface.

• Due to the relationship defined in the model
between the surface of the objects and the
lights affecting it, illumination models are also
called shading models or lighting models.



• Modeling the colors and lighting effects that 
we see on an object is a complex process.



Light sources

• Sun, light bulbs, and any other light−emitting 
sources

• How about light−reflected sources?

Point light sources

• emits light equally in all directions

Spotlights

• a narrow range of angles through which light is 
emitted

Distant light sources

• parallel light , sun



Surface types
• Rough, grainy surfaces tend to scatter light.

• Glossy, shiny surfaces result in highlighting effect

• Transparent surfaces can transmit light



Basic illumination models
1. Ambient light

2. Diffuse reflection

3. Specular reflection

Ambient light:

• model the combination of light reflections from
surrounding objects in the scene

• no spatial or directional characteristics

I = kaIa where Ia is the intensity of the ambient light,
and ka (the ambient reflection coefficient ) is the
percentage of ambient light reflected from the
object’s surface.


