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What is Computer 
Graphics (CG)?

• Science and art of visual communication via 
the computer!

• CG is highly cross disciplinary:!

CG = Physics + Mathematics + Human 
perception + HCI + Engineering + Art

2

HCI: Human Computer Interaction
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Graphics Areas
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Modeling

Rendering

Animation

Mathematical 
specification of  

shape & appearance

Creation of shaded 
images from models

Creation of illusion 
of motion through 
sequence of images
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CG in Entertainment
Video games
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CG in Entertainment
Film special effects (VFX)
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VFX Video Virtual Backlot
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CG in CAD/CAM
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CAD/CAM: Computer Aided Design/ Computer Aided Manufacturing

Source: http://www.3shapedental.com/pressreleases/3shape-launches-implant-studio/

Source: http://medspark.ms/Technical-Glossary-All.php

Source: http://autocad-architecture-blog.com/how-to/how-to-start-project/

Source: http://renderingofarchitecture.com/3d-visualisation-urban-planning-almeria

http://autocad-architecture-blog.com/how-to/how-to-start-project/
http://autocad-architecture-blog.com/how-to/how-to-start-project/
http://autocad-architecture-blog.com/how-to/how-to-start-project/
http://autocad-architecture-blog.com/how-to/how-to-start-project/
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CG in Simulation
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Source: http://physbam.stanford.edu/~fedkiw/
Source: http://http.developer.nvidia.com/GPUGems3/gpugems3_ch30.html

http://physbam.stanford.edu/~fedkiw/
http://http.developer.nvidia.com/GPUGems3/gpugems3_ch30.html
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CG in Medical Imaging
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Source: http://www.nvidia.com/object/io_1259560188980.html

Source: vkc.library.uu.nl

http://www.nvidia.com/object/io_1259560188980.html


© Ojaswa Sharma What is Graphics?

What is required in 
Graphics?
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- Core concepts from Mathematics (calculus, 
geometry, algebra, differential equations, numerical 
methods )!

- Core concepts from Physics ( basic laws, optics, 
electromagnetism)!

- Core concepts from Computer Science (Data 
structures, algorithms) and lots of programming!
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What to learn in 
Graphics?
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Graphics APIs

• OpenGL !

• DirectX
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2D/3D Transformations
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Viewing
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Orthographic Perspective
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Lighting and Shading
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Texturing
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Curves and Surfaces
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Ray Tracing
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4.3. Computing Viewing Rays 75
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Perspective projection
same origin, different directions

Figure 4.9. Ray generation using the camera frame. Left: In an orthographic view, the rays
start at the pixels’ locations on the image plane, and all share the same direction, which is
equal to the view direction. Right: In a perspective view, the rays start at the viewpoint, and
each ray’s direction is defined by the line through the viewpoint, e, and the pixel’s location on
the image plane.

with a half-pixel space around the edge to center the pixel grid within the image
rectangle. This means that the pixel at position (i, j) in the raster image has the
position With l and r both specified,

there is redundancy: mov-
ing the viewpoint a bit to
the right and correspond-
ingly decreasing l and r will
not change the view (and
similarly on the v-axis).

u = l + (r − l)(i + 0.5)/nx,

v = b + (t− b)(j + 0.5)/ny,
(4.1)

where (u, v) are the coordinates of the pixel’s position on the image plane, mea-
sured with respect to the origin e and the basis {u,v}.

In an orthographic view, we can simply use the pixel’s image-plane position
as the ray’s starting point, and we already know the ray’s direction is the view
direction. The procedure for generating orthographic viewing rays is then:
compute u and v using (4.1)
ray.direction←−w
ray.origin← e + uu + v v

It’s very simple to make an oblique parallel view: just allow the image plane
normal w to be specified separately from the view direction d. The procedure is
then exactly the same, but with d substituted for−w. Of coursew is still used to
construct u and v.

4.3.2 Perspective Views

For a perspective view, all the rays have the same origin, at the viewpoint; it
is the directions that are different for each pixel. The image plane is no longer
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Photorealistic 
Rendering
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and much more…
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