
® 

IDENTIFICATION OF DIFFERENT TERRAINS 
USING OPTICAL ENCODERS IN A 

MOBILE ROBOT 

A dissertation submitted to the 
Department of Electrical Engineering, University of Moratuwa 

in partial fulfillment of the requirements for the 
Masters Degree in Industrial Automation 

by 

PATHIRAGE DON SAMANTHA PUSHPAKUMARA 

UBilSftSY 
'.iffiSVEBSTTV F.j- !X?ATCWA. S!H IhVM 

Supervised by: Dr. Lanka Udawatta y 

Department of Electrical Engineering » ̂  N Q B " 
University of Moratuwa, Sri Lanka __ c l v . . - • - • % 

University of Moratuwa 

lUllllllllll 
92956 "T H 

September 2008 



DECLARATION 

The work submitted in this dissertation is the result of my 
own investigation, except where otherwise stated. 

It has not already been accepted for any degree, and is also 
not being concurrently submitted for any other degree. 

PDS Pushapakumara 
Date: 03/09/2008 

I endorse the declaration by the candidate. 

Dr. UKDLP Udawatta 



CONTENTS 

Declaration " 

Abstract 

Acknowledgement 

List of Figures 

List of Tables 

C h a p t e r s 

1. I n t r o d u c t i o n 

1.1 History of Mobile Robot Research 

1.2 The Significance of Mobile Robotics Research 

1.3 Terrain Navigation 

1.4 Research Objective 

1.5 Justifying Terrain Detection 

1.5.1 Different Terrains Require Different Driving Techniques 

1.6 Thesis Objective 

1.7 Chapter Summaries 

2. L i t e r a t u r e R e v i e w a n d R e s e a r c h S u m m a r y 

2.1 Vision Based Terrain Categorization and Traversability Assessment Index 

2.2 Terrain Parameter Identification via Wheel Terrain Interaction Analysis 

2.3 Environment Identification for a Running Robot Using Inertial and Actuator Cues 

2.4 Multi Sensor Estimation for Mobile Robot Rough Terrain Traversability 

2.5 Terrain Characterization with Mobile Robot 

2.6 Identification of Terrains Using Eigen space and Neural Network Methods 

2.7 Research Summary 



3 . Robotic Platform and Sensors 

3.1 Integration of the Rl Mobile Robot Kit 

3.1.1 The Servomotor 

3.1.2 The Optical Encoder 

3.2 The IR Proximity Sensor 

3.3 Ultrasonic Sensor 

3.4 Vibration Sensor 

3.5 The Microcontroller and Serial Data Transmission via Wireless Data Link 

3.5.1 Main Controller 

3.5.2 Wireless Data Link 

3.6 Developed Algorithms and Protocols 

3.6.1 Servomotor Driver Algorithms 

3.6.2 Communicat ion Protocols and Algorithms 

3.7 Wireless Data to RS232 Interface Module 

4. Experimental Results 

4.1 Test Bed 

4.2 Experimental Procedure 

4.3 Experimental Results with Optical Encoder for Known Distances 

4.3.1 Drive on Carpet Floor 

4.3.2 Drive on Gravel Path 

4.3.3 Experimental Results for Five Different Terrains 

4.4 Optical Encoder Pulse Variations for Signal to Noise Ratio Calculation 

4.5 Experimental Results with Vibration Sensor 

4.5.1 Z-axis Vibration Data on Carpet Floor 



5. Proposed Method 49 

5.1 Using Confidence Interval Statistical Analysis for Encoder Pulse Count 49 

5.2 Using the Signal to Noise Ratio (SNR) Calculation for Encoder Pulse Count 52 

5.3 Assumptions 53 

6. Conclusion and Future Works 54 

6.1 Conclusion 54 

6.2 Future Works 54 

References 55 

Appendix 58 

IV 



Abstract 

This research is mainly focused on identifying terrains for autonomous mobile robot 

navigation. When compared with other terrain identification researches this is a fully sensor 

based practical approach for terrain identification with a mobile robot named ' R l ' . For the 

robotic navigation the terrain behavior is one of the most important factors to reach the 

target without any failure. The results obtained from this research can be used to develop 

the intelligence of the robot controller board to adapt according to the terrain environment. 

An experimental study has been carried out for the system using Rl mobile robot by 

traveling various kinds of real terrains and collecting data online via a wireless data link. 

The performance of autonomous navigation improves when the vehicle 's control system 

takes into account the type of terrain on which the vehicle is traveling. For example, if the 

ground is covered with sand, a reduction of acceleration is necessary to avoid wheel slip. 

So many researchers have developed algorithms based on vision and digital signal 

processing (DSP) to categorize the traversability of the terrain. Others have used classical 

terfamechanics equations to identify the key terrain parameters. 

This thesis presents a statistical algorithm that uses the vehicle 's internal sensors to 

qualitatively categorize the terrain type in real-time. The algorithm was successful in 

identifying carpet, cement, gravel, sand and grass terrains. 
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