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UNIT 1V
Viewing Pipeline and Concept of
Reference Frame

We have covered several concepts in this tutorial including transformation
and simple shape generating algorithms. Sometimes we need a certain
window within which we display the graphics, for which we need to learn the
concept of viewing. It involves selecting a part to display and mapping this
selection to the display area, called the viewport. In this chapter, we will see
the viewing pipeline and the concept of reference frames.

Basics of the Viewing Pipeline

When we talk about viewing we need the idea of world and local coordinates
that we have seen in the previous articles. In short world coordinate system
represents the entire virtual space in a computer graphics application. This
space could be a game world, a city layout, or any other virtual environment.
The world coordinate system defines the positions of objects and allows us to
interact with and manipulate them.

Window — We do not always want to display the entire world at once.
Instead, we select a portion of the world for display, which is called the
window. The window defines what part of the world will be visible on the
screen.

Viewport — Once the window is selected, we need to display it on the screen.
The area on the screen where this window is displayed is called the viewport.
The viewport is the part of the display device (like our monitor or a TV)
where the selected window is shown.

Example to Understand Window and Viewport

Let us assume the example scene, where we have a car and a tree. The entire
scene is known as world. Now if we pick a selected region, a bounding box
inside which we want to see, that is the window.
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Here on the scene, we have defined a window. For that we need four
parameters, xmin, ymin, Xmax and ymax.

The view we can see through the window is called the viewport.
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Example Window and Viewport
Viewing Pipeline

Let us see the pipeline that is used to display an image from scene to a
viewport.

Viewing Pipeline

Let us see these one by one.
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Construct a World Coordinate Scene from Modelling Coordinates

The first step is to construct a scene in the world coordinate system. When
designing a 3D model or a 2D scene, we work with modelling coordinates.
These coordinates are local to the individual objects in the scene. Each object
has its own coordinate system, which needs to be transformed into the global
or world coordinate system.

For example, in a game, each character or object might have its own local
coordinate system, but when placed in the game world, these coordinates
must be transformed to fit within the overall world scene.

World Coordinates to Viewport Coordinates

Once the world scene is constructed, we need to decide which part of the
scene we want to display. This is done by defining a window in the world
coordinate system. The window specifies the part of the world scene that will
be shown to the user. After the window is selected, we must map it to the
viewport. The viewport represents the area on the output device (for instance,
the screen) where the selected portion of the world will be displayed.

View Coordinates to Normalized View Coordinates — The next step is to
normalize the view coordinates. Normalization is a important because it
ensures that the coordinates fit within a standardized range. Normally, the
viewport coordinates are transformed into a normalized coordinate system
where the x and y values are between 0 and 1. Normalization simplifies
further processing because working within a bounded range is easier for many
operations.

Normalized Coordinates to Device Coordinates — After normalization, we
need to convert the normalized view coordinates into device coordinates. This
transformation is needed so that the graphical data is correctly positioned on

UNIT IV 19CSE308 - COMPUTER GRAPHICS AND VISUALIZATION Ms.A.Indhuja




the output device. The device coordinates represent the actual positions on the
screen, printer, or any other output hardware.

Display Driver — T Finally, the display driver plays a role in rendering the
transformed coordinates on the actual device. The display driver takes the
device coordinates and converts them into a format suitable for the display.

Reference Frame in the Viewing Pipeline

Let us see another important concept called the reference frame. This is a
concept that helps in managing multiple coordinate systems. In the viewing
pipeline, we use reference frames to define how objects in one coordinate
system relate to another. For example, objects in the local coordinate system
(the coordinate system relative to the object itself) must be transformed into
the world coordinate system (the overall environment).

After selecting the window in the world coordinate system, we then transform
the window to the device coordinate system using a reference frame. The
object to be correctly placed and displayed on the screen with this.

The reference frame helps in managing transformations between different
systems.

Conclusion

In this chapter, we explained the viewing pipeline and the concept of
reference frames in computer graphics. We saw the basics of the world
coordinate system, the window, and the viewport. We also explained the
pipeline in detail with its steps. Lastly, we touched on the role of reference
frames in managing transformations between coordinate systems.
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