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Abstract 
Designing complex and realistic 3D environments for modern video games is one of 

the time consuming challenges faced by current video game industry. Over the last 20 

years many researches have been conducted to automate the 3D environment design.  

We have critically reviewed the major approaches used in existing techniques to 

automate the design of 3D environments. It was identified that current 3D 

environment generation techniques being specific to one type of environment and the 

lack of customizable frameworks which are common to many types of environments 

as the main issues to be addressed.  

According to literature, surprisingly complex and interesting global behaviours can 

arise in multi agent systems as a result of simple rules that are followed by number of 

simple agents operate in an environment. We hypothesize that this emergent 

behaviour of multi agent systems can be used to design 3D game environments with 

emergence properties that were not visible in initial constituents. This hypothesis is 

inspired by the emergent behaviours of natural systems arising from simple rules that 

are followed by individuals. 

The proposed solution provides an approach to develop a framework which is 

common to design many types of 3D game environments. Each 3D model in a 3D 

game environment is associated with an agent with simple rules. Primary users of the 

system would be designers of 3D video game projects and this system allows users to 

introduce new 3D models and associate them with agent types. Based on the simple 

rules of agents, the system arranges 3D objects in the most appropriate places in 3D 

world while sensing the state of the surrounding environment. The main input for the 

proposed system is a parameterized description of an imaginary 3D environment. The 

design of the system consists of a multi agent system with specific agents named 3D 

environment definition agent, terrain explorer agents, 3D model placing agents and 

road network development agent. These agents are operating on the 3D game 

environment based on simple rules and come up with a surprisingly complex 

outcome. Output of the system is a 3D game environment with self organized 3D 

models located and oriented in most suitable places. The final output is rendered on a 

computer screen using an open source 3D game engine. The proposed approach has 

been evaluated by implementing a prototype and comparing the proposed approach 

with traditional 3D environment design approaches. 

 



 vi 

Contents 

 Page 

Chapter 1 – Introduction        01 

 1.1 Introduction        01 

 1.2 Aim         02 

 1.3 Objectives         02 

 1.4 Resource Requirements       03 

 1.5 Summary         03 

 

Chapter 2 – State of the Art in Automated Design of 3D Game  

Environments         04 

 2.1 Introduction        04 

 2.2 Traditional Procedural Techniques for 3D Environment Generation 04 

 2.3 Using Multi Agent Systems for Problem Solving   09 

 2.4 Multi Agent System based Approaches for 3D Environment Design 11 

 2.5 Major Issues Identified       13 

 2.6 Summary         13 

 

Chapter 3 – Emergent Behaviours through Multi Agent Systems  

Technology          14 

 3.1 Introduction        14 

 3.2 Emergent Behaviours through Multi Agent Systems Technology 14 

 3.3 Summary         15 

 

Chapter 4 – Multi Agent based Approach to Design of 3D Game  

Environments         16 

 4.1 Introduction        16 

 4.2 Multi Agent based Approach to Assist the Design of 3D Game 

       Environments        16 

 4.3 Summary         17 
 



 vii  

Chapter 5 – Design of the Multi Agent System for 3D Game Environments  

Design           18 

 5.1 Introduction        18 

 5.2 High Level Design of the System      18 

 5.3 3D Environment Definition Agent     19 

 5.4 3D Model Definition Module      20 

 5.5 Ontology         20 

  5.5.1 3D Model Binaries      21 

  5.5.2 3D Model Definitions      21 

  5.5.3 Agent Rule Set Definitions     21 

 5.6 Common Message Space and Common Game Map Space  22 

 5.7 Terrain Explorer Agents       22 

 5.8 3D Model Placing Agents       24 

 5.9 Road Network Development Agent     25 

 5.10 3D Rendering Module       26 

 5.11 Interaction between Modules      26 

 5.12 Summary         28 

 

Chapter 6 – Implementation       29 

 6.1 Introduction        29 

 6.2 3D Environment Definition Agent     29 

 6.3 3D Model Definition Module      31 

 6.4 Ontology         35 

 6.5 Common Message Space and Common Game Map Space  36 

 6.6 Agent Implementation       36 

  6.6.1 Terrain Explorer Agents     37 

  6.6.2 3D Model Placing Agents     37 

  6.6.3 Road Network Development Agent    38 

 6.7 3D Rendering Module       38 

 6.8 Summary         39 
 

 



 viii  

Chapter 7 – Evaluation        40 

 7.1 Introduction        40 

 7.2 Time Taken to Generate 3D environments    40 

  7.2.1 Control Experiments      40 

  7.2.2 Selection of Participants     40 

  7.2.3 Preferred 3D Game Environment    41 

  7.2.4 Approach 1: Using a Coding Approach to Design the  

           3D Game Environment      41 

  7.2.5 Approach 2: Using a World Editor to Manually Design 

           the 3D Environment      42 

  7.2.6 Proposed Approach: Multi Agent based Approach to  

           Assist Design of 3D Game Environments   43 

 7.3 Customizability and Extendibility of the System    44 

 7.4 Adherence to Industry Standards      44 

 7.5 Portability         44 

 7.6 Cost Effectiveness        45 

 7.7 Summary         45 

 

Chapter 8 – Conclusion and Further Work     46 

 8.1 Introduction        46 

 8.2 Overall Conclusion       46 

 8.3 Achievements of Objectives      47 

 8.4 Problems Encountered       48 

 8.5 Further Work        48 

 8.6 Summary         49 

 

References          50 

Appendix A          52 

 



 ix 

List of Figures 

 Page 

Figure 5.1 - Top Level Architecture of the Multi Agent System   18 

Figure 5.2 - A Sample Height Map       19 

Figure 5.3 - Example of a Hierarchy of Agent Rule Sets    21 

Figure 5.4 - Example of a Hierarchy of Terrain Explorer Agents   23 

Figure 5.5 - Example of a Hierarchy of 3D Model Placing Agents   24 

Figure 5.6 - AUML Collaboration Diagram to Show Interactions in Multi Agents  

         System         27 

Figure A.1 - User Provided Height Map      52 

Figure A.2 - Graphical User Interface of 3D Environment Definition Agent  

          interface of 3D Environment Definition Agent    53 

Figure A.3 - Introducing New a 3D Model      53 

Figure A.4 - 2D View         54 

Figure A.5 - 3D View 1        54 

Figure A.6 - 3D View 2        55 

 
 



 x 

List of Tables 

 Page 

Table 6.1 - Inputs of 3D Environment Definition Agent    30 

Table 6.2 - Inputs of 3D Model Definition Module     31 

Table 6.3 - The Structure of Model Table      35 

Table 6.4 - 2D Arrays used in Common Game Map Space    36 

Table 7.1 - Selection of Participants for Evaluation     41 

Table 7.2 - Preferred 3D Environment      41 

Table 7.3 - Results of Evaluation of Approach 1     42 

Table 7.4 - Results of Evaluation of Approach 2     43 

Table 7.5 - Results of Evaluation of Proposed Approach    44 

Table 7.6 - Software Licences List       45 

 



 xi 

List of Code Segments 

 Page 

Code Listing 6.1 - Sample Pseudo Code of a Generic Plant Agent Rule Set  

       Definition        32 

Code Listing 6.2 - Sample Java Code of Generic Plant Agent Rule Set Definition 32 

Code Listing 6.3 - Sample Java Code of Coconut Tree Agent Rule Set Definition 34 

Code Listing 6.4 - Sample Java Code of Lotus Plant Agent Rule Set Definition 34 

 


