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Abstract 

Electrified fencing is commonly used throughout the world to control 

animals with smaller and cheaper fence constructions than would 

otherwise be necessary with non-electrified wires.  Typical installations 

have a long wire or wires starting from an electric fence energiser and 

then surrounding fields in various complex configurations.  Faults on 

electric fences can be difficult to locate, with the average fence using 

tens of kilometres of wire.  

Basic fault-finding tools allow an operator to read the peak fence 

voltage, requiring the user to decide whether a fault is present and to 

randomly search for the source of the problem. The focus of this thesis 

is to develop a device that reduces the time to locate faults on a fence 

by providing more information about the location and nature of a fault, 

and will point in the direction of the fault. 

 

 



 

-iii- 

Acknowledgements 

I would like to thank my supervisor Dr Tom Moir for his support and 

assistance during this research.  

Thank you Craig Baguley for your inspiration, ideas and assistance 

throughout the project.  

Mostly I am grateful to my wife Rusul for the motivation and 

encouragement to see this to the end. 

 

 

 



 

-iv- 

Table of Contents 

1 ............................................................................................. 1 

Chapter 1 ............................................................................... 1 

Introduction .......................................................................... 1 

1.1  Research Outline ..................................................................... 1 

1.2  Initial Requirements and Objectives ......................................... 2 

1.3  Thesis Scope ........................................................................... 3 

2 ............................................................................................. 6 

Chapter 2 ............................................................................... 6 

Electric Fencing ................................................................... 6 

2.1  Introduction .............................................................................. 6 

2.2  Fence Construction Types ....................................................... 8 

2.3  The Energiser ......................................................................... 10 

2.3.1  Energiser Pulses ............................................................. 11 

2.3.2  Size of Energiser Required ............................................. 12 

2.4  Common Electric Fence Faults .............................................. 13 

2.4.1  Vegetation Growth .......................................................... 13 

2.4.2  Broken Wires .................................................................. 15 

2.4.3  Cracked or Burnt Insulators ............................................ 16 

2.4.4  Poor Earthing .................................................................. 18 

2.4.5  Corroded Metals / Poor Connections .............................. 19 

2.4.6  Over Extended Energiser ................................................ 20 

2.4.7  Flat Energiser Battery ..................................................... 22 



 

-v- 

2.4.8  Weather Conditions......................................................... 23 

3 ........................................................................................... 25 

Chapter 3 ............................................................................. 25 

Fault-Finding Electric Fences ........................................... 25 

3.1  Introduction ............................................................................ 25 

3.2  Electrical Characteristics of Faults ......................................... 25 

3.2.1  Vegetation Growth Touching Live Wires ......................... 26 

3.2.2  Broken Wires .................................................................. 27 

3.2.3  Cracked or Burnt Insulators ............................................ 28 

3.2.4  Poor Earthing .................................................................. 28 

3.2.5  Corroded Metals / Poor Connections .............................. 29 

3.2.6  Over Extended Energiser ................................................ 29 

3.2.7  Flat Energiser Battery ..................................................... 30 

3.2.8  Weather Conditions......................................................... 31 

3.2.9  Summary of Fault Effects ................................................ 31 

3.3  Fault-finding Techniques ........................................................ 32 

3.4  Fault Meter Requirements ...................................................... 35 

4 ........................................................................................... 37 

Chapter 4 ............................................................................. 37 

Hardware Design ................................................................ 37 

4.1  Introduction ............................................................................ 37 

4.2  Energiser Pulse Detection ...................................................... 38 

4.2.1  Integrated Peak and Pulse Detector ............................... 39 

4.2.2  Step-Down Transformer .................................................. 40 

4.2.3  Open Ended Resistor to Microcontroller ......................... 41 



 

-vi- 

4.2.4  Zener Diode Clamped Resistive Divider ......................... 42 

4.2.5  Transistor Buffered Resistive Divider .............................. 43 

4.2.6  Capacitively Coupled Resistive Divider ........................... 44 

4.3  Voltage Peak Detector ........................................................... 45 

4.3.1  Direct Sampling by High-Speed ADC .............................. 46 

4.3.2  Peak Detect Using Comparator ...................................... 46 

4.3.3  Peak Detect Using Two Single Rail Op-Amps ................ 47 

4.4  Current Peak Detector ........................................................... 49 

4.5  User Interface ......................................................................... 51 

4.5.1  Display Selection ............................................................ 52 

4.5.2  User Input Selection ........................................................ 58 

4.6  Microcontroller ........................................................................ 60 

4.6.1  ATmega48P .................................................................... 61 

4.6.2  ATmega324P .................................................................. 62 

4.7  Power Supply ......................................................................... 64 

4.7.1  15V Power Supply Design .............................................. 65 

4.7.2  3.3V Power Supply Design ............................................. 69 

4.7.3  Flat Battery Detection ...................................................... 72 

4.8  Earth Reference ..................................................................... 75 

4.9  PCB Layout ............................................................................ 75 

4.10  Case Design ........................................................................... 76 

4.11  Prototypes Constructed .......................................................... 78 

4.11.1  First Prototype ................................................................. 78 

4.11.2  Second Prototype ........................................................... 81 

4.11.3  Third Prototype ............................................................... 85 



 

-vii- 

4.11.4  Fourth Prototype ............................................................. 89 

4.11.5  Fifth Prototype ................................................................. 92 

4.11.6  Final Prototype ................................................................ 96 

4.12  Summary ................................................................................ 99 

5 ......................................................................................... 101 

Chapter 5 ........................................................................... 101 

Software Design ............................................................... 101 

5.1  Introduction .......................................................................... 101 

5.2  Initialisation .......................................................................... 102 

5.3  Global Operations ................................................................ 103 

5.3.1  Watchdog Monitor ......................................................... 104 

5.3.2  Energiser Pulse Detection ............................................. 104 

5.3.3  User Input Detection ..................................................... 105 

5.3.4  Main Timer / Clock ........................................................ 105 

5.4  Sleep Mode .......................................................................... 106 

5.5  Running Mode ...................................................................... 107 

5.5.1  Battery Monitor .............................................................. 108 

5.5.2  Power Control ............................................................... 108 

5.5.3  Display Control .............................................................. 109 

5.5.4  Voltage and Current Readings ...................................... 112 

5.5.5  Fault Determination ....................................................... 112 

5.6  Software Language and Compiler ........................................ 113 

6 ......................................................................................... 114 

Chapter 6 ........................................................................... 114 

Experimental Results ....................................................... 114 



 

-viii- 

6.1  Introduction .......................................................................... 114 

6.2  Device Verification ............................................................... 115 

6.2.1  Flat Battery Detection .................................................... 115 

6.2.2  Power Supplies ............................................................. 118 

6.2.3  User Input ..................................................................... 120 

6.2.4  OLED Display ............................................................... 121 

6.2.5  Peak Detect Circuits ...................................................... 122 

6.2.6  Energiser Pulse Detection ............................................. 130 

6.3  Device Specifications ........................................................... 131 

6.4  Manufactured Cost ............................................................... 132 

6.5  Field Trial ............................................................................. 132 

6.6  Fault Finding Speed Test ..................................................... 136 

7 ......................................................................................... 138 

Chapter 7 ........................................................................... 138 

Conclusion and Suggestions for Future Work .............. 138 

7.1  Conclusion ........................................................................... 138 

7.2  Suggestions for Future Work ................................................ 139 

References ........................................................................ 141 

Appendix A:  Peak Detect  Measurement Data .............. 144 

Appendix B:  Costed Bill of Materials ............................ 152 

Appendix C:  Software Listings ...................................... 153 



 

 -ix-

List of Figures 

Figure 1-1: Similar competitor products ................................................. 3 

Figure 1-2: Smart Power MX7500 energiser with self-monitoring ......... 4 

Figure 2-1: Animal completing the electric fence circuit path and 

receiving a shock[9] ........................................................................ 7 

Figure 2-2: Typical “all live” electric fence[9] ......................................... 8 

Figure 2-3: Electric fence installation using an earth return wire[9] ....... 8 

Figure 2-4: Fence construction typical components[10] ........................ 9 

Figure 2-5: Second (top left), third (top right) and fourth generation 

(bottom) energiser designs[12] ..................................................... 10 

Figure 2-6: Typical unloaded energiser output pulse ........................... 12 

Figure 2-7: Vegetation growth in contact with live wires [15] ............... 14 

Figure 2-8: Small (0.1J) and large energiser (11J) output waveforms 

with increasing load[16] ................................................................ 14 

Figure 2-9: Broken wire shorting live wire[15] ...................................... 15 

Figure 2-10: Broken insulator allowing live wire to sag[15] .................. 17 

Figure 2-11: Insufficient earth return system[15] ................................. 19 

Figure 2-12: Electrical joints held together with tension (bad knots - left), 

good and bad joining knots guide (right) ...................................... 20 

Figure 2-13: Aerial map of large farm .................................................. 21 



 

 -x-

Figure 2-14: Energiser output voltage compared to battery voltage 

(O’Briens 52/36 battery energiser) ............................................... 22 

Figure 2-15: Ice build-up on fence wires .............................................. 23 

Figure 3-1: Normal energiser voltage and current waveform ............... 26 

Figure 3-2: Fence voltage and current with heavy vegetation ............. 27 

Figure 3-3: Fence voltage and current with arc discharge due to 

damaged insulator ........................................................................ 28 

Figure 3-4: Fence pulse measured when energiser is over-extended . 30 

Figure 3-5: Electric fence fault-finding guide[9] ................................... 34 

Figure 3-6: Single wire fence fault-finder readings with and without a 

fault[9] .......................................................................................... 34 

Figure 3-7: Earth return fence fault-finder readings with and without a 

fault[9] .......................................................................................... 35 

Figure 4-1: Anticipated hardware block diagram ................................. 38 

Figure 4-2: Integrated peak and pulse detector ................................... 40 

Figure 4-3: Step-down transformer pulse detector .............................. 41 

Figure 4-4: Open ended resistor pulse detector .................................. 41 

Figure 4-5: Zener diode clamped resistive divider pulse detector ....... 42 

Figure 4-6: Transistor buffered resistive divider pulse detector ........... 44 

Figure 4-7: Capacitively coupled resistive divider pulse detector ........ 45 

Figure 4-8: Sampling circuit for direct pulse measurement by high-

speed ADC ................................................................................... 46 



 

 -xi-

Figure 4-9: Comparator based peak detect circuit ............................... 47 

Figure 4-10: Positive and negative pulse peak detect circuit ............... 48 

Figure 4-11: Current peak detector circuits ......................................... 50 

Figure 4-12: Moderately loaded energiser current pickup waveform 

(10kV peak output, 2kΩ load) ....................................................... 50 

Figure 4-13: 2-Digit LCD physical appearance .................................... 53 

Figure 4-14: 2-Digit LCD electrical connection .................................... 53 

Figure 4-15: 2x12 Character LCD physical appearance ...................... 54 

Figure 4-16: 2x12 Character LCD electrical connection ...................... 54 

Figure 4-17: Custom LCD possible appearance .................................. 56 

Figure 4-18: OLED display physical appearance ................................ 57 

Figure 4-19: OLED display electrical connection ................................. 58 

Figure 4-20: Capacitive touch sensor electrical connection ................. 59 

Figure 4-21: Push button electrical connection .................................... 60 

Figure 4-22: ATmega48P electrical connection ................................... 62 

Figure 4-23: ATmega324P electrical connection ................................. 63 

Figure 4-24: ATmega in-circuit programming header .......................... 63 

Figure 4-25: Voltage doubler and regulator circuit schematic .............. 65 

Figure 4-26: DC-DC boost converter circuit schematic ........................ 66 

Figure 4-27: 3.3V regulator circuit schematic ...................................... 70 

Figure 4-28: 9V battery discharge curve[24] ........................................ 73 



 

 -xii-

Figure 4-29: Flat battery detection circuit schematic ........................... 74 

Figure 4-30: Possible case design....................................................... 77 

Figure 4-31: First prototype construction ............................................. 79 

Figure 4-32: First prototype schematic ................................................ 80 

Figure 4-33: Second prototype construction and PCB representation . 83 

Figure 4-34: Second prototype schematic ........................................... 84 

Figure 4-35: Third prototype construction ............................................ 86 

Figure 4-36: Third prototype PCB representation ................................ 86 

Figure 4-37: Third prototype schematic ............................................... 88 

Figure 4-38: Fourth prototype construction .......................................... 90 

Figure 4-39: Fourth prototype PCB representation .............................. 90 

Figure 4-40: Fourth prototype schematic ............................................. 91 

Figure 4-41: Fifth prototype construction ............................................. 92 

Figure 4-42: Fifth prototype PCB representation ................................. 93 

Figure 4-43: Fifth prototype schematic ................................................ 94 

Figure 4-44: Final prototype construction (without display) ................. 96 

Figure 4-45: Final prototype PCB layout .............................................. 97 

Figure 4-46: Final prototype schematic ............................................... 98 

Figure 4-47: Hardware block diagram ................................................. 99 

Figure 4-48: Final prototype construction (fully assembled) .............. 100 



 

 -xiii-

Figure 5-1: Outline of software architecture ....................................... 103 

Figure 5-2: Sleep mode event states ................................................. 106 

Figure 5-3: Running mode event states ............................................. 107 

Figure 5-4: Selected font ................................................................... 111 

Figure 5-5: Special characters ........................................................... 111 

Figure 5-6: Sample screen ................................................................ 111 

Figure 6-1: Battery voltage readings vs. Actual value ........................ 117 

Figure 6-2: 3.3V power supply output with varying battery voltage ... 120 

Figure 6-3: Voltage across a bouncing button contact ....................... 121 

Figure 6-4: Peak detector step response to an input when power is 

applied ........................................................................................ 123 

Figure 6-5: Positive voltage, ground lead connected ......................... 124 

Figure 6-6: Positive voltage, no ground lead ..................................... 124 

Figure 6-7: Negative voltage, ground lead connected ....................... 125 

Figure 6-8: Negative voltage, no ground lead .................................... 125 

Figure 6-9: Positive current, ground lead connected ......................... 126 

Figure 6-10: Positive current, no ground lead .................................... 126 

Figure 6-11: Negative current, ground lead connected ...................... 127 

Figure 6-12: Negative current, no ground lead .................................. 127 

 



 

 -xiv-

List of Tables 

Table 2-1: Number of earth stakes required[10] .................................. 18 

Table 3-1: Electrical effects of faults on electric fences ....................... 32 

Table 4-1: Current consumption values ............................................... 64 

Table 6-1: Battery voltage ADC readings .......................................... 116 

Table 6-2: Power supply current consumption measurements .......... 118 

Table 6-3: Estimated battery operating life ........................................ 119 

Table 6-4: Power supply voltages compared to battery voltage ........ 119 

Table 6-5: Peak detect circuit readings ............................................. 128 

Table 6-6: Peak detect circuit average accuracy values .................... 129 

Table 6-7: Energiser pulse detection count ....................................... 131 

Table 6-8: Final prototype declared specifications ............................ 131 

Table 6-9: Manufacturing cost breakdown ......................................... 132 

Table 6-10: Test fence, with no faults ................................................ 133 

Table 6-11: Test fence, 500Ω fault to ground at 1,000m ................... 133 

Table 6-12: Test fence, 500Ω fault to ground at 400m ...................... 134 

Table 6-13: Test fence, 500Ω fault to ground at 200m ...................... 134 

Table 6-14: Test fence, 500Ω fault to ground at 300m and 600m ..... 135 

Table 6-15: Test fence, 0Ω fault to ground at 500m .......................... 135 



 

 -xv-

Symbols and Abbreviations 

 

F Frequency [s-1] 

Hz Hertz [s-1] 

kHz Kilohertz [s-1] 

MHz Megahertz [s-1] 

 

E Stored Energy [J] 

L Inductance [H] 

H Henry 

mH MilliHenry 

C Capacitance [F] 

Q Capacitor charge 

F Farad 

pF PicoFarad 

nF NanoFarad 

µF MicroFarad 

G Conductance 

R Resistance [Ω] 

V Voltage 

Vout Voltage Output 

Vin Voltage Input 

mV Millivolt 

kV Kilovolt 

Vp Peak Voltage 

VRMS Voltage, Root Mean 

Square 

 

I Current [A] 

Iout Current Output [A] 

Iin Current Input [A] 

A Amp 

µA MicroAmp 

mA MilliAmp 

Ip Peak Current 

 

  



 

 -xvi-

t Time [s] 

s Second 

ms MilliSecond 

µs MicroSecond 

 

km Kilometre 

m Metre 

cm Centimetre 

 

h Height [m] 

r Radius [m] 

A Area [m2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


