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Abstract 
This paper presents ongoing research into the evolution of 

three-dimensional computer graphics rendering. The research 

traces key developments in the history of 3D graphics 

rendering, from the pioneering concepts of the early 1960s to 

current state-of-the-art techniques and technologies. It 

outlines the operational nature of key algorithms devised to 

tackle problems such as the detection and removal of hidden 

surfaces, shading, texturing and realistic illumination of 3D 

objects and environments. Modern computers use a range of 

such complex algorithms to render 3D environments that are 

often indistinguishable from photographs. The quest for 

photo-realistic renders has motivated “offline” rendering 

techniques which strive for precision over performance. In 

recent years, advances in graphics hardware combined with 

increasingly sophisticated software and rendering techniques 

have enabled browser-based 3D graphics that can be 

displayed on most modern personal computers and mobile 

devices. Gaming and web applications often involve dynamic 

environments and high degrees of user interaction. Real-time 

or “online” rendering techniques aim to create images of 

acceptable accuracy without affecting performance. 

 

1. Introduction  
The application of computer generated imagery to motion 

pictures and the growth of the computer games industry 

precipitated the emergence of novel and often conflicting 

approaches to 3D graphics rendering. More recently, WebGL 

has brought hardware accelerated 3D rendering to the 

browser. Graphics, previously only achievable using 

expensive software and large dedicated computers are now 

universally accessible through a range of mobile and home 

computing devices. 

 

2. History of 3D Graphics 
From the first wireframe renders of physical objects in the 

early 1960s to modern photo-realistic graphics that simulate 

the interaction of light between a multitude of surfaces, 3D 

graphics have improved at an astonishing rate over the past 

half century. The following paragraphs briefly outline some 

problems encountered by scientists, and how their solutions 

contributed to the advances made.   

 

2.1. The Visibility Problem 
The rendering of 3D solid objects proved to be 

problematic because some (or perhaps all) parts of the object 

may not be visible, depending on perspective of viewer. 

Between 1963 and 1974 a number of scientists offered a 

variety of solutions to the visibility problem, many of which 

remain influential today. [4] The z-buffer algorithm invented 

by Ed Catmull in 1974 is implemented in graphics hardware 

of most modern computers and mobile devices. [1] 

 

2.2. Shading and Texture 

The 1970s saw the University of Utah become a hotbed of 

graphics innovation. The Gouraud and Phong shading models, 

the Blinn-Phong reflection model combined with mapping 

techniques like bump mapping, shadow mapping and 

environment mapping helped elevate 3D graphics rendering to 

higher levels of realism. 

 

2.3. Global Illumination 
The problem of global illumination (GI) refers to the 

simulation  of light scattering in computer generated 3D 

scenes. Solutions of note include Whitted ray-tracing [5], 

radiosity [2] and photon mapping [3]. Ray-tracing excels in 

the illumination of surfaces with specular properties while 

radiosity simulates diffuse surface interaction.  Techniques 

combining radiosity and ray-tracing were among the first 

complete GI solutions. 

 

2.4. Real Time Rendering 
      GI is extremely costly and until recently it was not 

possible to render scenes with GI effects quickly enough for 

interactive applications. Recent research has sought to utilise 

the power of the Graphics Processing Unit (GPU) to bring 

high quality, real-time graphics to web and gaming 

applications. 

 

3. Future Work 
A test case will involve building a web-based visualisation 

infrastructure for an indoor positioning system which uses an 

individual Smartphone as the locator device. The open source 

3D modelling software Blender will be used to create an 

architectural model. Using the WebGL/JavaScript API, 

Three.js, the model will be rendered as a 3D environment. 

Interactive objects representing the smartphone users will be 

rendered within the environment and their positions will be 

updated in real-time. The infrastructure will also incorporate a 

cloud-based instant messaging system. 
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