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Abstract 

A mobile robot was designed in order to move freely within a map built in an indoor 

environment. The aim is for the robot to move between passive RFID (Radio Frequency 

Identification) tags in an environment that has been previously mapped by the designed 

software. Passive RFID tags are inexpensive, the same size and shape as a credit card and are 

attached to other objects. They don’t require any power of their own but operate through an 

RFID reader that induces a magnetic field in their antenna, which then creates power for the 

tag. This makes the tags inexpensive, and easy to setup and maintain.  

The robot is a three wheeled vehicle driven by two stepper motors and is controlled 

wirelessly through a PC. It has a third omniwheel at the front for maintaining the balance of 

the robot. Since the PC communicates continuously with the robot, all the major processing 

and data management can be done on the computer making the microcontroller much simpler 

and less expensive. Infrared distance sensors are placed around the robot to detect short range 

obstacles and a sonar sensor at the front can detect obstacles further away. This data is used 

so that the robot can avoid obstacles in its path between tags. An electronic compass is used 

to provide absolute orientation of the robot at all times to correct for errors in estimating the 

angle. A camera is attached to the front of the robot so that an operator can see the robot and 

manually control it if necessary. This could also be used to a video a certain environment 

from a robot’s perspective. 

The sensors and the RFID tags are all inexpensive, making the mass reproduction of the robot 

feasible and implementation practically possible for small firms. The RFID tags can be 

quickly attached or detached from an environment leaving no trace of their prior existence. A 

map can then be formed on a PC automatically by the robot through its detection of the tags. 
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This makes the entire system very flexible and quick to set up, something that is needed in 

the present day as changes to buildings and factories become more common.  

There are still many improvements needed to improve the stability of the compass’s signal in 

the presence of magnetic fields, the stability of the wheels so that slippage is rare, and the 

range of the wireless signal and camera. 

A flexible, easily configurable moving robot could be used to serve fields such as the medical 

field by transporting goods within a hospital, or in factories where goods need to be 

transported between locations. Since the system is flexible, and maps can be formed quickly, 

the robot can fit in with the changes to an industry’s environment and requirements. 

However, since the robot can only move to approximately five metres from the computer 

controlling it and the inaccuracy in sensor data, it is not currently ready for industrial use. For 

example, the sensors are only placed at 6 orientations around the robot and so do not cover a 

full span of the robots area. These sensors also only detect a two dimensional plane around 

the robot so could not detect obscure objects that have a part sticking out at height higher 

than the sensors. Therefore, further work is needed to be done to make the robot reliable, 

safe, and fault-proof before it could be used in industry.  

Since the movement of the robot with inexpensive sensors and motors is bound to have 

problems in perfectly moving between RFID tags, due to small dead reckoning errors, simple 

algorithms are shown in this research that moves the robot around its current location until it 

finds a tag. These algorithms involve finding a path between two RFID tags that will make 

use of any tags in between them to localise itself and moving in a spiral to search for a tag 

when, due to odometry errors, it is not detected where it is expected to be.  

The robot built has demonstrated being able to navigate between RFID tags within a small 

lab environment. It has proven to be able to avoid obstacles with a size of 30 x 30 cm.  



| iii 

 

Acknowledgements  

In completing this master degree in mechatronics engineering, I would like to give my 

sincere appreciation and thanks to: 

My supervisor Dr Liqiong Tang, who encouraged me at times of failure, gave useful advice, 

corrected errors, and guided and supported me to the completion of my project. 

Christopher Kiesewetter, who made the initial design of the robot base and who was more 

than willing to help when asked for information. 

Mark Deng, who accompanied me through the entire project, provided useful advice and 

encouraged me when progress was slow. 

Bruce Collins and Anthony Wade, in the electronics workshop, for their useful advice, 

providing of electronics components, and producing of printable circuit boards. 

Nick Look, for his help with networks, computer issues, and the rapid prototyping machine. 

All the staff in the mechanical workshop for their advice and help in making mechanical 

parts. 

The staff in the seat administration for their cheerful and friendly support in all the 

administrative matters needed in my project. 

The Lord Jesus, for His supply enabling me to have the patience and ability to finish this 

research.



iv | 

Table of Contents  

Abstract ................................................................................................................................. i 

Acknowledgements.............................................................................................................. iii 

List of Figures.................................................................................................................... viii 

List of Equations ................................................................................................................. xv 

List of Equations ................................................................................................................. xv 

List of Tables ..................................................................................................................... xvi 

List of Abbreviations......................................................................................................... xvii 

Chapter 1: Introduction ......................................................................................................... 1 

1.1 Research topic ............................................................................................................. 4 

1.2 Scope of research ........................................................................................................ 4 

1.3 The organisation of the thesis ...................................................................................... 5 

Chapter 2: Literature Review ................................................................................................ 7 

2.1 The development history of mobile robots ................................................................... 7 

2.2 The need for mobile robots .......................................................................................... 9 

2.3 The available methodologies and technologies applied in navigating a mobile robot.. 11 

2.3.1 Guide by a map................................................................................................... 11 

2.3.2 Odometry ........................................................................................................... 16 

2.3.3 Localisation ........................................................................................................ 17 

2.3.4 Goal reaching methodology ................................................................................ 23 

2.3.5 Sensing technology (safety issues) ...................................................................... 34 



| v 

2.3.6 Conclusion.......................................................................................................... 35 

Chapter 3: Localisation methodology using RFID tags ........................................................ 37 

3.1 Low frequency passive RFID tags ............................................................................. 38 

3.2 Localisation through RFID tags ................................................................................. 41 

3.3 Fixing orientation error through a compass ................................................................ 43 

3.4 RFID system setup .................................................................................................... 46 

Chapter 4: Component communication................................................................................ 50 

4.1 Wireless communication between the host PC and the mobile robot .......................... 50 

4.1.1 Role of host PC and mobile robot ....................................................................... 50 

4.1.2 Wireless communication using XBee modules.................................................... 52 

4.1.3 Receiving data from the sensors.......................................................................... 57 

4.2 Communication between the bottom and middle layer microcontrollers..................... 59 

4.3 Live image data (Camera).......................................................................................... 63 

Chapter 5: Mobile robot software system ............................................................................ 66 

5.1 Mobile robot navigation algorithms ........................................................................... 66 

5.1.1 Moving from one tag to another.......................................................................... 66 

5.1.2 Moving between many tags ................................................................................ 76 

5.1.3 Searching for the nearest tag ............................................................................... 81 

5.2 Mobile robot navigation simulation ........................................................................... 89 

5.2.1 Simulation of the robot’s environment ................................................................ 89 

5.2.2 Simulating the robot ........................................................................................... 92 



vi | 

5.2.3 Testing and evaluating navigation algorithms ..................................................... 95 

5.3 Environment map building ........................................................................................ 98 

5.3.1 Manual map building .......................................................................................... 99 

5.3.2 Auto-map building through detecting RFID tags............................................... 101 

Chapter 6: Testing localisation methodology..................................................................... 106 

6.1 Indoor mobile service robot design considerations................................................... 106 

6.1.1 Constraints of the Robot’s environment ............................................................ 106 

6.1.2 Path planning.................................................................................................... 107 

6.1.3 Obstacle avoidance ........................................................................................... 108 

6.1.4 The usefulness of the designed mobile robot ..................................................... 110 

6.2 Mobile robot mechanical system design................................................................... 112 

6.2.1 Mechanical system configurations .................................................................... 112 

6.2.2 Mobile robot platform design............................................................................ 114 

6.3 Control system design ............................................................................................. 120 

6.3.1 Motor controller, power supply and testing ....................................................... 120 

6.3.2 Sensing implementation.................................................................................... 132 

6.4 Mobile service robot prototype system testing ......................................................... 152 

6.4.1 Test one – Proving compass.............................................................................. 152 

6.4.2 Test two – Avoiding obstacle............................................................................ 155 

6.4.3 Test three – Moving through best path .............................................................. 157 

Chapter 7: Future improvements ....................................................................................... 159 



| vii 

Chapter 8: Summary and Conclusions............................................................................... 162 

8.1 Summary................................................................................................................. 162 

8.2 Conclusions............................................................................................................. 165 

References: ....................................................................................................................... 166 

Appendix A: Obstacle avoidance decision algorithm......................................................... 173 

Appendix B: PC wireless communication procedure ......................................................... 174 

Appendix C: C code for reading a serial bit signal manually.............................................. 176 

Appendix D: Example map holding RFID tags and obstacles ............................................ 179 

Appendix E: Connection of all the sensors to the robot...................................................... 181 

Appendix F: Recursive function for finding possible paths among RFID tags.................... 182 

Appendix G: Obstacle colours depending on the number of points within a grid ............... 183 

Appendix H: AT mega 32 ................................................................................................. 184 

Appendix I: GP2D120 Infrared distance sensor................................................................. 186 

Appendix J: Compass CMP03........................................................................................... 188 

Appendix K: Sonar sensor MB1300 .................................................................................. 189 

Appendix L: ID 40 RFID range reader .............................................................................. 191 

 



viii | 

List of Figures 

Figure 2-1: Shakey, the first mobile robot with artificial intelligence (Dudek & Jenkin, 2010, 

pg. 9) .................................................................................................................................... 9 

Figure 2-2: Quad Tree of four levels showing four children under one parent and more 

detailed view in each layer (Demmel, 1996, para. 10).......................................................... 14 

Figure 2-3: Left - Metric map of a set of rooms (Fabrizi & Saffiotti, 2002, p. 92); Right - 

Topological map of the same set of rooms (Fabrizi & Saffiotti, 2002, p. 94) ....................... 15 

Figure 2-4: Polarization pattern of light in the sky a mobile robot can use to localise itself 

(Lambrinos, et. al, 1999, p. 42)............................................................................................ 18 

Figure 2-5: Robot using landmarks for localisation when moving towards a goal 

(Kriechbaum, 2006, p. 84)................................................................................................... 20 

Figure 2-6: Local tangent graph produced at each step of the Tangent bug algorithm to 

determine what step to take next (Kriechbaum, 2006, p. 9).................................................. 25 

Figure 2-7: Steps for a robot to avoid an obstacle and find the path to the goal using the 

Optim bug algorithm (Kriechbaum, 2006, p. 67) ................................................................. 28 

Figure 2-8: Optim bugs avoiding an obstacle, running into another obstacle and the three 

tangent lines that will reach the goal (Kriechbaum, 2006, p. 68).......................................... 29 

Figure 2-9: Path recalculation using Uncertain Bug (Kriechbaum, 2006, p. 102) ................. 31 

Figure 2-10: Avoiding an obstacle through turning to obstacle edge, (Benmounah & Abbassi, 

1999, pg 539) ...................................................................................................................... 34 

Figure 3-1: Reader generating a magnetic field that powers the antenna to send its data 

(FerroxCube International, 2009, para. 3)............................................................................ 39 



| ix 

Figure 3-2: Detection distance of RFID tag determining the area where the robot could be . 40 

Figure 3-3: 125kHz RFID tags that hold a unique ID used to localise a mobile robot........... 41 

Figure 3-4: A map showing two paths for a robot that each have RFID tags for the robot to 

utilise .................................................................................................................................. 42 

Figure 3-5: Disturbance (right) of uniform magnetic field (left) by a magnetic material 

(Advanced Safety Devices, 2012, para. 6) ........................................................................... 45 

Figure 3-6: Error in orientation causing a difference in position to be created over time ...... 46 

Figure 3-7: Graphical representation of the robot's map. Yellow squares are RFID tags, 

brown squares are obstacles ................................................................................................ 48 

Figure 4-1: Communication between robot and PC using XBee and camera and 

communication within the robot itself ................................................................................. 51 

Figure 4-2: Modem configuration for the XBee module ...................................................... 53 

Figure 4-3: Left – XBee DTE serial board; Right – XBee USB board ................................. 54 

Figure 4-4: Left – DTE serial board connected to mobile robot; Right - USB board connected 

to PC................................................................................................................................... 55 

Figure 4-5: Wireless network composed of a coordinator, routers and end devices, (Digi 

International, 2009, pg. 22) ................................................................................................. 56 

Figure 4-6: Wireless communication with ‘Terminal’ tab of X-CTU................................... 56 

Figure 4-7: AND gates and OR gate used to allow middle layer’s microcontroller to switch 

between wireless module and the bottom layer’s microcontroller ........................................ 61 

Figure 4-8: Left - Camera used to capture video; Right - Radio receiver that plugs into the PC

........................................................................................................................................... 63 



x | 

Figure 4-9: Left - Camera with LEDs inserted; Right – Lights shining in a dark room......... 64 

Figure 4-10: Image from a recording taken by the robot’s video camera.............................. 65 

Figure 5-1:  The position where the robot can sense an RIFD tag ........................................ 67 

Figure 5-2: Robot moving towards an RFID tag needing to turn to detect the RFID tag....... 69 

Figure 5-3: An obstacle detected in a certain spot being considered as covering a large part of 

a grid................................................................................................................................... 71 

Figure 5-4: Checkboxes that determine which squares ahead of the robot to check for an 

obstacle............................................................................................................................... 73 

Figure 5-5: Steps for robot to avoid an obstacle by firstly moving to the right, then to the left 

and finally by notifying the user so they can avoid it ........................................................... 75 

Figure 5-6: Demonstration program showing the message given to the user when the robot 

cannot avoid an obstacle and the orange continue auto movement button in the form’s 

bottom-right corner ............................................................................................................. 76 

Figure 5-7: Showing the space between the start and end RFID tag in the X coordinates 

(green rectangle) and with the space between them limited by both the X and Y coordinates 

(blue rectangle) ................................................................................................................... 78 

Figure 5-8: Showing how using the least maximum distance among the paths results in the 

best path for the robot to take (Not drawn to scale).............................................................. 79 

Figure 5-9: Program showing the result of the best path method.......................................... 81 

Figure 5-10: Showing how the robot can be told to move just before the place where the 

RFID tag can be detected .................................................................................................... 83 

Figure 5-11: Robot spiral search.......................................................................................... 85 



| xi 

Figure 5-12: Index locations for robot to search .................................................................. 86 

Figure 5-13: Showing the problem with index search in that the robot is unable to move 

directly to index 6 due to the obstacle at index location 4 and 5........................................... 88 

Figure 5-14: Panel on which movement of the robot is simulated ........................................ 91 

Figure 5-15: The dimension height and width dimension textboxes that the user can modify 

together with the scale that automatically changes to suit them............................................ 92 

Figure 5-16: Dimensions and angles of sensors on the robot. Red circles - infrared distance 

sensors; Angles - from north; Green circle – Sonar sensor................................................... 95 

Figure 5-17: Status data showing the moving status of the robot.......................................... 96 

Figure 5-18: Manual map builder program ........................................................................ 101 

Figure 5-19: Showing how the user can set the robot’s starting position ............................ 102 

Figure 5-20: The place where the robot first detects the RFID tag versus the best place for the 

robot to move to in order to detect it.................................................................................. 103 

Figure 5-21: AutoMapBuilderViaDetection program that is used to build maps automatically 

while driving the robot ...................................................................................................... 103 

Figure 6-1: The simulated beam of the Hokuyo URG laser mounted on a robot, (Collet, 

Macdonald, & Gerkey, 2005, pg. 5) .................................................................................. 110 

Figure 6-2: Wheel supported by a component in between the two fibreglass layers ........... 115 

Figure 6-3: The layout of the bottom layer ........................................................................ 115 

Figure 6-4: The layout of the top fibreglass plate............................................................... 116 

Figure 6-5: Left – The castor wheel originally used to support the robot; Right – The 

omniwheel finally installed ............................................................................................... 117 



xii | 

Figure 6-6: Gears connecting the motor shaft to wheel axle to increase torque .................. 118 

Figure 6-7: Torque versus speed relationship for this research's motor, (RTA PDF Catalogue, 

n.d., pg. 15). ...................................................................................................................... 118 

Figure 6-8: Circuit diagram for L297 and L298................................................................. 121 

Figure 6-9: Heat sink used to dissipate the two motor drivers' excessive heat .................... 122 

Figure 6-10: The bottom circuit board showing motor control circuitry on the left side ..... 123 

Figure 6-11: Left - Sixteen batteries used to power the robot; Right - Holder for batteries . 124 

Figure 6-12: Motor current used versus voltage reference.................................................. 126 

Figure 6-13: Speed and distance of robot versus stepper motor increments........................ 128 

Figure 6-14: Speed of stepper motors versus number of steps passed................................. 129 

Figure 6-15: Infrared distance sensors’ analogue output versus obstacle distance for a grey 

and white object ................................................................................................................ 136 

Figure 6-16: Voltage of infrared distance sensor versus distance from object .................... 136 

Figure 6-17: Object’s distance from infrared sensor versus the 8 bit representation on the 

microcontroller.................................................................................................................. 137 

Figure 6-18: Relationship of analogue voltage of sonar sensor versus the approximate 

distance from it ................................................................................................................. 138 

Figure 6-19: Initial robot angle versus compass value........................................................ 139 

Figure 6-20: Compass value after fitted to the robot .......................................................... 140 

Figure 6-21: Hall effect output from datasheet, (Honeywell, n.d., pg. 2)............................ 141 

Figure 6-22: Differential amplifier Op Amp circuit, (Mancini, 2002, pg. 22)..................... 142 

Figure 6-23: Schematic of resistor used for Hall Effect sensor........................................... 142 



| xiii 

Figure 6-24: An illustration of an asynchronous RS232 Byte (ARC Electronics, n.d., section 

13) .................................................................................................................................... 144 

Figure 6-25: Stop and start timer to pin point the start of recording the bit sequence.......... 145 

Figure 6-26: GP2D120 Infrared distance sensor used for detecting obstacles..................... 146 

Figure 6-27: Sonar sensor used to detect distances far away .............................................. 148 

Figure 6-28: CMP03 compass used to get the angle the robot is facing.............................. 148 

Figure 6-29 CMP03 signal in a good environment with no sources of significant magnetic 

interference ....................................................................................................................... 149 

Figure 6-30: Left - RFID reader used to detect RFID tags (ID Innovations, n.d., pg. 1); Right 

- Robot showing RFID reader holder................................................................................. 150 

Figure 6-31: Left - RFID laundry tag; Centre: Clamshell RFID card; Right - Flat Sparkfun 

RFID card ......................................................................................................................... 150 

Figure 6-32: Lab where the robot moving between several tags with compass correction was 

tested ................................................................................................................................ 153 

Figure 6-33: Approximate path of where robot actually travelled: Green - Path moving 

directly to RFID tag; Red - Moving forward and back path; Orange - Spiral search for RFID

......................................................................................................................................... 154 

Figure 6-34: Lab showing the obstacle that the robot avoided............................................ 155 

Figure 6-35: Approximate path of the robot avoiding an obstacle: Green – Path of robot 

moving directly to tag; Blue – path of robot while avoiding the obstacle ........................... 156 

Figure 6-36: Lab showing the corner of the best path the robot is travelling between two tags

......................................................................................................................................... 157 



xiv | 

Figure 6-37: Path of the robot between tag 1 and 4; Green – path of the robot when it is on its 

best path algorithm............................................................................................................ 158 



| xv 

List of Equations 

Equation 6-1: Distance robot has travelled depending on how many steps have been given by 

the microcontroller............................................................................................................ 129 

Equation 6-2: Calculation of the number of steps required to accelerate to constant speed. 130 

Equation 6-3: Calculation of constant speed’s value once accelerated ............................... 130 

Equation 6-4: Number of steps to move when distance is less than the distance required to 

reach constant velocity ...................................................................................................... 131 

Equation 6-5: Number of steps to move when distance is greater than that required to reach 

constant velocity ............................................................................................................... 131 

Equation 6-6: Number of steps required to rotate the robot before its constant velocity is 

reached ............................................................................................................................. 131 

Equation 6-7: Number of steps to rotate the robot after its constant velocity is reached ..... 132 

Equation 6-8: Differential amplifier output based on resistor values, (Mancini, 2002, pg. 22)

......................................................................................................................................... 142 

 



xvi | 

List of Tables 

Table 2-1: Advantages and disadvantages of map storage methods, 

(Robotics/navigation/mapping, n.d., para. 6) ....................................................................... 13 

Table 5-1: Showing the tags included in the possible paths from the start RFID tag to the last 

one...................................................................................................................................... 78 

 



| xvii 

List of Abbreviations 

ADC   Analogue to Digital Converter 

AGV  Automated Guided Vehicle 

ASCII  American Standard Code for Information Interchange 

DAC   Digital to Analogue converter 

DTE  Data Terminal Equipment   

EIA   Electronic Industries Association 

GUI  Graphical User Interface 

IC  Integrated Circuit 

I2C  Inter-Integrated Circuit 

MIPS  Million Instructions per Second 

PAN  Personal Area Network 

PC  Personal computer 

PWM  Pulse Width Modulation 

RFID  Radio Frequency Identification 

USART Universal Synchronous Asynchronous Receiver Transmitter 

SCL  Serial clock 

SDA  Serial data 

TTL  Transistor-transistor logic 

TWI  Two-wire Interface 


