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 Computer Graphics applications

 Image synthesis: modeling and rendering

 Block diagram of graphics cards

 Computer animation
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Applications of Computer Graphics
Computer graphics involves techniques for synthesizing 
realistic images and the applications of these techniques in 
our daily life.

It has become very popular in recent years due to its 
success in many useful applications, in particular in 
computer games.

Other useful applications include…
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 Visualization: display of complex phenomena or multi-
dimensional data, which may be too difficult for users to 
understand otherwise. 

Numerical model of airflow
inside a thunderstorm

Visualization of stream surfaces
flowing past a space shuttle
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 Design: providing graphics tools to assist the design of 
objects, such as mechanical parts, or environments, such 
as buildings.  

Architectural design Machine design
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 Simulation: simulating the behaviors of complex 
systems for training or investigation purposes.  

Flight 
simulator

Automobile 
simulator
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 Computer Animation and Movies: using computer 
graphics techniques to produce animations or movies.  
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 Computer Art: using computer graphics tools to assist 
artists in their designs.  



 2D Graphics Design: a tool to assist novices in laying out 
manga magazines: SIGGRAPH Asia 2012: video
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 2D Graphics Design: a tool to assist novices in 
compositing manga contents:

SIGGRAPH 2014: video
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 2D Graphics Design : a tool for the web designers to 
develop attention guidance web designs:

SIGGRAPH Asia 2016: video



 3D Design: a tool to construct 3D mechanical objects 
from a database of mechanical elements: TVCG 2014: video
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Computer Graphics Development
There are two main directions of development in 
computer graphics techniques:
 Realistic graphics: It mainly focuses on developing 

methods to synthesize images as realistic as possible, 
such as generating shadows, adding haze and lighting.
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 Real-time Graphics: It focuses on the support of interactive 
applications, such as flight simulation and computer games. 
To achieve this, real-time graphics aims at producing each 
image within a specified amount of time.

As an example, if we want to generate a video of 30 frames 
in each second, we will need to produce a single image 
within 0.033s. So, real-time graphics techniques try to 
produce an image as high quality as possible within 0.033s. 
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If the given time is not enough to render an image, one 
approach is to reduce the quality of the output image in 
order to save time.  

Another approach is to reduce the number of frames per 
second. However, this may affect the viewers more.

original video at 24 frames/s 12 frames/s 2 frames/s
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There are two main steps to produce computer 
images:

1. Creating a 3D scene

2. Rendering the 3D scene

Image Synthesis
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Image Synthesis
Creating the 3D Scene

To create a 3D scene, we first need to construct each 
object in the 3D scene as a 3D geometry model. Many 
tools are available to do this, including Maya, 3ds Max and 
Google Sketchup. 
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A geometry model is typically constructed by connecting 
many polygons together, forming the surface of the 
object.
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The question is: how many polygons are enough?
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The question is: how many polygons are enough?

More polygons provide more details. However, more polygons take 
longer to render the object. So, … not too many and not too few. 
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Once we have created the 3D models. We may specify 
some properties for each 3D model, such as:

Material properties texture map height map



Rynson W.H. Lau:   22

After we have prepared all objects, we may then put them 
together to form a 3D scene (or a 3D virtual environment).
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Image Synthesis
Rendering the 3D Scene

Once we have constructed the 3D scene, the user may 
specify a view point. The computer may then convert the 3D 
scene into an image from the given view point – rendering.

A graphics card helps perform this rendering function.
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A typical graphics card and the corresponding block 
diagram are shown as follows:
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 Typically, the CPU runs the application, e.g., a computer 
game, and continuously generates graphics commands. 

 These graphics commands, which are mostly related to 
drawing objects, are sent to the graphics card one by one.

 The graphics processor (also called GPU) draws each 
object polygon by polygon and sends the output to the 
frame buffer.

 The frame buffer is a local memory located in the graphics 
card. It is used to store the image being rendered.
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 Once all objects in the scene are rendered, the image 
stored in the frame buffer represents the final image.

 The display controller will then generate suitable signals 
to read the frame buffer contents and to control the 
computer screen to display the rendered image.



One of the latest graphics cards:  NVIDIA Geforce RTX4090
More info.: https://www.nvidia.com/en-us/geforce/graphics-cards/40-series/rtx-4090/

It contains 1 GPU, with 16,384 CUDA cores, 
and 24GB RAM. Power consumption: 450W.
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Computer Animation
A popular animation technique is called key-frame 
animation. The animator specifies the key positions of the 
object and the system interpolates them to generate the in-
between positions.









See an animation demo at: 
http://www.impressivewebs.com/demo-files/css3-animated-scene/
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Animating a 3D object is more difficult.

A popular animation technique to move 3D objects around is 
to incorporate some intelligence or behavior into each object 
so that they can move around in the 3D scene:

 Artificial life: to model the behavior of objects <video>

 Flock of birds: to similate group behavior <video>
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Fishes are simple objects. Animating a complex object, like 
human, is even more difficult. A technique called Inverse 
Kinematics, is developed for animating humans.

Given the position and the motion of the end point of a limb, 
inverse kinematics applies kinematic equations to determine 
the positions of the other joints. 

For example, the animator may only need to specify the 
position of the hand and the system can derive the joint 
positions of the arm.   <video>
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Since simulating real object motion realistically is very 
difficult, motion capture techniques become popular in 
recent years.

The idea of motion capture is to use some devices to 
capture the real motion of an object (in particular human). 
The captured motion can then be used to guide the motion 
of a virtual object.
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For example, we may want to model a virtual object to play 
baseball. A popular device to capture a person’s motion is the 
optical motion capture system, which is based on projecting 
infra-red lights on the person and then capturing the reflections 
using some high resolution cameras:

By exaggerating the captured information, it is even possible to 
produce some interesting effects.  <video>

 3D reflectors are attached to different body parts of a 
baseball player to capture his movement. <video>

 The captured motion information <video> can then be used to 
guide the movement of the virtual baseball player. <video>
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Motion capture data:



Human facial expression is equally difficult to simulate. To 
capture facial expression, a popular method is to put markers 
on the face and then use cameras to capture the movements of 
the markers over time. 
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Motion and facial capture systems can be very expensive. 

The Microsoft Kinect may address these problems:

 Motion capture: http://www.youtube.com/watch?v=Ip17d9jfoDM

 Facial capture: 
http://www.youtube.com/watch?v=Iet0xvjdCus&list=PL794650B0DFBDD07F&i
ndex=3


