
The Expression of Computer Graphics

Introduction

Computer graphics is a rapidly evolving field that has 

revolutionized  the  way  we  interact  with  technology, 

entertainment,  and art.  From the stunning visuals  in 

video  games  to  the  creation  of  realistic  images  for 

movies and television, computer graphics has become 

an integral part of our daily lives.

In this book, we will delve into the fascinating world of 

computer  graphics,  exploring  the  fundamental 

concepts,  techniques,  and  applications  that  underpin 

this exciting field. We will begin with an overview of 

the history of computer graphics, tracing its roots back 

to the early days of  computing and exploring how it 

has  evolved over the years.  We will  also discuss  the 

different types of computer graphics, including raster 

graphics,  vector  graphics,  and  3D  graphics,  and 
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examine the various file formats and color models used 

in the field.

Next, we will explore the core geometric primitives that 

form  the  building  blocks  of  computer  graphics, 

including points, lines, polygons, curves, and surfaces. 

We  will  also  investigate  the  mathematical 

transformations and matrices used to manipulate and 

position objects in a virtual space. Additionally, we will 

delve into the concepts of clipping and culling, which 

are essential for optimizing the rendering process and 

improving performance.

We will  then  turn  our  attention  to  illumination  and 

shading, examining how light interacts with objects in 

a virtual scene. We will explore different light sources 

and  material  properties,  and  investigate  the  various 

shading techniques used to create realistic and visually 

appealing images. We will also discuss the concepts of 

ambient,  diffuse,  and  specular  reflection,  as  well  as 
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shadows and soft shadows, and explore the techniques 

used to achieve global illumination and radiosity.

Furthermore,  we  will  explore  the  concept  of  texture 

mapping,  which is a powerful technique used to add 

detail and realism to 3D models. We will examine the 

different  types  of  textures,  including  procedural 

textures and image-based textures, and investigate the 

techniques  used to  apply  textures  to  objects  in  a  3D 

scene. We will also discuss the importance of texture 

filtering  and  mipmapping,  which  are  essential  for 

optimizing the rendering process and improving image 

quality.

Finally, we will conclude the book with an exploration 

of advanced rendering techniques, such as physically 

based  rendering,  image-based  lighting,  and  non-

photorealistic rendering. We will also discuss the role 

of GPU programming and compute shaders in modern 

computer graphics,  and examine emerging rendering 
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technologies that are pushing the boundaries of what is 

possible in the field.
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Book Description

Take a journey into the captivating world of computer 

graphics, where art and technology converge to create 

breathtaking visual experiences. In this comprehensive 

guide,  we  embark  on  an  exploration  of  the 

fundamental  concepts,  techniques,  and  applications 

that underpin this rapidly evolving field.

From the early days of computing to the cutting-edge 

advancements of today, we trace the historical roots of 

computer  graphics  and  witness  its  transformative 

impact  on  various  industries.  We  delve  into  the 

different types of computer graphics, including raster 

graphics,  vector  graphics,  and  3D  graphics,  and 

examine the diverse file formats and color models used 

in the field.

Uncover  the  secrets  of  geometric  primitives,  the 

building blocks of computer graphics.  Explore points, 

lines, polygons, curves, and surfaces, and discover how 
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mathematical  transformations  and  matrices 

manipulate  and  position  objects  in  a  virtual  space. 

Learn about clipping and culling, essential techniques 

for  optimizing  the  rendering  process  and  enhancing 

performance.

Immerse  yourself  in  the  realm  of  illumination  and 

shading, where light interacts with objects in a virtual 

scene. Investigate different light sources and material 

properties,  and delve into the intricacies  of  ambient, 

diffuse,  and  specular  reflection.  Explore  the  art  of 

creating  realistic  and  visually  appealing  images 

through  various  shading  techniques.  Discover  how 

shadows  and  soft  shadows  contribute  to  depth  and 

realism,  and  unravel  the  mysteries  of  global 

illumination and radiosity.

Explore  the  concept  of  texture  mapping,  a  powerful 

tool  for  adding  detail  and  realism  to  3D  models. 

Discover  procedural  textures  and  image-based 

textures, and learn how to apply textures to objects in a 
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3D  scene.  Understand  the  significance  of  texture 

filtering and mipmapping in optimizing the rendering 

process and improving image quality.

Delve  into  advanced  rendering  techniques  that  push 

the  boundaries  of  computer  graphics.  Discover 

physically based rendering, image-based lighting, and 

non-photorealistic  rendering,  and  explore  their 

applications in creating stunning and immersive visual 

experiences. Investigate the role of GPU programming 

and  compute  shaders  in  modern  computer  graphics, 

and gain insights into emerging rendering technologies 

that are shaping the future of the field.
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Chapter  1:  The  Canvas  of  Computer 

Graphics

The History of Computer Graphics

The  history  of  computer  graphics  is  a  fascinating 

journey  that  spans  several  decades  and  intertwines 

with  the  evolution  of  computing  technology.  It  is  a 

story  of  innovation,  creativity,  and  the  relentless 

pursuit of visual excellence.

The  early  roots  of  computer  graphics  can  be  traced 

back to the 1950s, when pioneering researchers began 

experimenting  with  computer-generated  imagery. 

These early efforts were limited by the computational 

power and memory constraints of  the time,  but they 

laid the foundation for future advancements.

In the 1960s, the development of interactive graphics 

systems  marked  a  significant  milestone  in  the  field. 

These systems allowed users to create and manipulate 

objects in real  time,  opening up new possibilities for 
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artistic expression and scientific visualization. Notable 

figures like Ivan Sutherland and J.C.R. Licklider played 

a pivotal role in this era.

The 1970s witnessed the rise of commercial computer 

graphics  applications.  The  introduction  of 

minicomputers  and  affordable  graphics  terminals 

made computer  graphics  more  accessible  to  a  wider 

range of users. This period also saw the emergence of 

innovative  algorithms  for  rendering,  shading,  and 

texture mapping, which greatly enhanced the realism 

and visual quality of computer-generated images.

The  1980s  and  1990s  were  marked  by  rapid 

advancements in hardware and software technologies. 

The introduction of powerful graphics processing units 

(GPUs)  and  the  development  of  sophisticated  3D 

modeling and animation tools revolutionized the field. 

This era also witnessed the rise of computer-generated 

imagery  in  film and television,  with  groundbreaking 

movies  like  Tron  and  Toy  Story  showcasing  the 
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incredible  potential  of  computer  graphics  to  bring 

imaginary worlds to life.

Today, computer graphics has become an integral part 

of our lives. It is used in a vast array of applications, 

from video games and movies to scientific visualization 

and medical imaging. The field continues to evolve at a 

rapid  pace,  with  new  technologies  and  techniques 

emerging all the time. As we look to the future, we can 

expect  computer  graphics  to  play  an  increasingly 

important role in shaping our visual experiences and 

transforming  the  way  we  interact  with  the  digital 

world.
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Chapter  1:  The  Canvas  of  Computer 

Graphics

Raster vs. Vector Graphics

Raster graphics and vector graphics are the two main 

types  of  computer  graphics.  Raster  graphics,  also 

known as bitmap graphics, are composed of a grid of 

pixels,  where  each  pixel  is  assigned  a  color  value. 

Vector  graphics,  on  the  other  hand,  are  made  up  of 

paths,  shapes,  and  lines  defined  by  mathematical 

equations.

Raster graphics are typically used for images that are 

photographic  or  realistic  in  nature,  such  as 

photographs, paintings, and digital illustrations. This is 

because  raster  graphics  can  accurately  represent  a 

wide range of colors and shades, and they can be easily 

manipulated and edited using image editing software. 

However, raster graphics can also be quite large in file 

size, especially for high-resolution images.
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Vector graphics, on the other hand, are typically used 

for  images  that  are  geometric  or  diagrammatic  in 

nature,  such as  logos,  icons,  and technical  drawings. 

This  is  because  vector  graphics  are  resolution-

independent,  meaning that  they can be scaled up or 

down without losing any quality. Vector graphics are 

also typically smaller in file size than raster graphics, 

making them ideal for use on the web or in print.

In addition to their different visual properties,  raster 

graphics  and  vector  graphics  are  also  created  and 

edited using different  software tools.  Raster  graphics 

are typically created using image editing software, such 

as Adobe Photoshop or GIMP, while vector graphics are 

typically created using vector graphics software, such 

as Adobe Illustrator or Inkscape.

Ultimately, the best type of computer graphics to use 

for a particular project depends on the specific needs of 

the project.  Raster graphics are ideal  for images that 

are  photographic  or  realistic  in  nature,  while  vector 
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graphics  are  ideal  for  images  that  are  geometric  or 

diagrammatic in nature.
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Chapter  1:  The  Canvas  of  Computer 

Graphics

File Formats and Color Models

In the realm of computer graphics, file formats play a 

pivotal  role in storing and exchanging digital  images 

and  3D  models.  These  formats  define  the  structure, 

organization,  and  encoding  of  visual  data,  enabling 

seamless  communication  between  various  software 

applications and platforms.

A plethora of file formats exist, each tailored to specific 

purposes  and  requirements.  Some  of  the  most 

commonly used file formats include:

 Bitmap Formats: These formats,  such as JPEG, 

PNG, and GIF,  store images as a grid of  pixels, 

with  each  pixel  represented  by  a  color  value. 

Bitmap  formats  are  widely  used  for  web 

graphics, digital photography, and image editing.
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 Vector Formats: Unlike bitmap formats, vector 

formats, such as SVG and EPS, store images as a 

collection of geometric shapes, paths, and lines. 

Vector  images  are  resolution-independent, 

meaning they can be scaled to any size without 

losing quality. This makes them ideal for logos, 

illustrations, and scalable graphics.

 3D Model Formats: 3D model formats, such as 

OBJ, FBX, and STL, are used to represent three-

dimensional  objects  in  digital  form.  These 

formats  store  information  about  the  object's 

geometry,  materials,  and  textures,  allowing 

artists  and designers  to  create  and manipulate 

3D  models  for  various  applications,  including 

video games, animation, and product design.

In addition to file formats, color models play a crucial 

role in computer graphics by defining how colors are 

represented and displayed. The most widely used color 

models are:
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 RGB Color Model: The RGB color  model  is  an 

additive  color  model,  meaning  that  colors  are 

created by combining different intensities of red, 

green,  and blue light.  This  model  is  commonly 

used  in  digital  displays,  such  as  computer 

monitors and televisions.

 CMYK Color Model: The CMYK color model is a 

subtractive color model, meaning that colors are 

created  by  mixing  different  amounts  of  cyan, 

magenta,  yellow,  and  black  ink.  This  model  is 

primarily used in printing, where ink is applied 

to paper to create colored images.

 HSV  Color  Model: The  HSV  color  model,  also 

known as the HSB color model, is a color model 

that uses hue, saturation, and value to represent 

colors. Hue represents the pure color, saturation 

represents the intensity of the color,  and value 

represents  the  brightness  of  the  color.  This 
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model is often used in image editing and color 

theory.

The choice of file format and color model depends on 

the  specific  application  and  requirements.  By 

understanding  the  different  formats  and  models 

available,  artists,  designers,  and  developers  can 

effectively  store,  exchange,  and  manipulate  digital 

images and 3D models, unlocking a world of creative 

possibilities in computer graphics.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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