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Abstract  

This thesis examines small low-cost light weight LiDAR systems for remotely 

piloted aircraft (RPA) for power transmission line (PTL) detection. Different PTL samples 

were used to understand how the low-cost light-weight LiDAR systems perform against 

them. A performance evaluation was done which included a specification comparison, data 

comparison, root-mean squared deviation comparison (RMSD) for both de-energized and 

energized PTLs and a sectional analysis. 

For the data comparison, the results showed LiDAR A performed better but not 

within the advertised precision for 5/6 of the test. The RMSD test resulted in the 

understanding in the accuracy of the data collected, lower deviations were found in the data 

collected by LiDAR B, but more consistent deviations were found in LiDAR A data. 

A conclusion was made that low-cost light-weight LiDAR systems would not be 

effective as a stand-alone system for PTL detection so it should be paired with an additional 

sensor. 

 

 

  



iii 
 

Acknowledgments  

I would like to take this opportunity to thank the almighty God for his guidance and 

the everyone who supported me through the completion my master’s degree at Carleton 

University as it has been a difficult journey for me over the Covid-19 pandemic.  

Firstly, I want to thank Professor Jeremy Laliberte, as he was an amazing mentor 

to me over the course of this research. Providing me the opportunity to study/ research at 

Carleton University. His experience and wealth of knowledge in the field of aerospace 

engineering has made me be a better researcher and person. The numerous opportunities 

he has provided me for networking and projects, I am grateful for that. Again, Professor 

Jeremy Laliberte I want to thank you. 

Thank you to all my family members who supported me during my master’s degree 

studies at Carleton university, I know it has been tough with me being stuck in Canada. 

Being away from family no matter how long is never easy. Sonia M Moses, Samuel C 

Moses, and Sonja J Moses I want to especially thank you for supporting me throughout 

this journey it means a lot to me that everyone was there for me. In addition, I want to thank 

Acacia Frempong-Manso as she has been there to support me emotionally and motivate 

me when I was feeling down. 

Next, I want to give special thanks to Brendan Ooi, and Mr. Salman Shafi for their 

helpful comments and guidance during this research thesis. Their experience has been a 

major factor in how my research was conducted with the limited resources at my disposal. 

I would like to also thank the company Kinectrics, Inc more specifically Andrew Rizzetto 

and Dan for allowing me to briefly use their lab facility to conduct part of my research and 

learn more about power transmission lines as this was a major part of my research thesis. 



iv 
 

Table of Contents  

 
Acknowledgments ......................................................................................................................... iii 

Table of Contents .......................................................................................................................... iv 

List of Tables ................................................................................................................................ viii 

List of Illustrations .........................................................................................................................ix 

List of Appendices ........................................................................................................................ xiii 

List of Symbols ............................................................................................................................. xiv 

List of Acronyms ........................................................................................................................... xv 

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

1.1 Thesis Motivation ........................................................................................................... 1 

1.2 Objectives ............................................................................................................................. 3 

1.3 Thesis Overview ............................................................................................................. 5 

Chapter 2: Literature Review ....................................................................................................... 6 

2.1 Background .......................................................................................................................... 6 

2.2 Past Research Papers. ........................................................................................................ 10 

2.2.1 Types of Power Transmission Line Detection Systems ........................................... 10 

2.2.2 History of LiDAR ........................................................................................................ 13 

2.2.3 How LiDAR works ...................................................................................................... 13 

2.2.4 LiDAR, Object Detection and Powerline Inspection ............................................... 15 

2.2.5 LiDAR Performance around Different Surfaces. .................................................... 19 



v 
 

2.3 Regulations ......................................................................................................................... 19 

2.4 Examples of Remotely Piloted Aircraft Systems ............................................................. 23 

2.5 Proposed Solution .............................................................................................................. 24 

Chapter 3: Methodology .............................................................................................................. 25 

3.1 Overview ............................................................................................................................. 25 

3.2 Testing Set up and Mission Profile ................................................................................... 25 

3.3 Power Transmission Line Samples ................................................................................... 29 

3.4 LiDAR Systems and Specifications .................................................................................. 32 

3.5 Remotely Piloted Aircraft Systems (RPAS), specifications and control systems ......... 39 

3.6 Ground Stations ................................................................................................................. 41 

Chapter 4: Performance Evaluation of Systems ....................................................................... 44 

4.1 Verification of Selected LiDAR Systems .......................................................................... 45 

4.1.1 LiDAR A ...................................................................................................................... 46 

4.1.2 LiDAR B ...................................................................................................................... 48 

4.1.3 Verification Results Summary ................................................................................... 49 

4.2 LiDAR Performance Comparison .................................................................................... 50 

4.2.1 Specifications Comparison ......................................................................................... 50 

4.2.2 Specifications Comparison Summary ....................................................................... 50 

4.3 LiDAR Data Comparison .................................................................................................. 51 

4.3.1 De-Energized at Room Temperature ........................................................................ 52 



vi 
 

4.3.2 Energized between 60℃ to 120℃ ............................................................................. 55 

4.3.3 Summary of Results .................................................................................................... 56 

4.4 Root-Mean-Square Deviation Comparison ..................................................................... 58 

4.4.1 De-Energized at Room Temperature ........................................................................ 59 

4.4.2 Interference Comparison ........................................................................................... 64 

4.4.3 Energized between 60℃ to 120℃ ............................................................................. 68 

4.4.4 Discussion of Results ................................................................................................... 71 

4.5 Performance Evaluation Summary .................................................................................. 71 

4.6 PTL Sample Section Analysis ........................................................................................... 74 

4.7 Miniature Case Study ........................................................................................................ 79 

4.7.1 Discussion of results .................................................................................................... 81 

Chapter 5: NRC Case Study ....................................................................................................... 82 

5.1: Introduction/ Overview .................................................................................................... 82 

5.2 OPAL-CONICAL 3D LiDAR Specifications .................................................................. 83 

5.3 LiDAR Data ........................................................................................................................ 84 

5.4 Contribution to the Research ............................................................................................ 88 

5.5 General Conclusion ............................................................................................................ 88 

Chapter 6: Conclusions, Recommendations and Future Research ......................................... 90 

6.1 Conclusions ......................................................................................................................... 90 

6.2 Recommendations .............................................................................................................. 92 



vii 
 

6.3 Future Research ................................................................................................................. 93 

Bibliography ................................................................................................................................. 94 

Appendices .................................................................................................................................. 105 

 

  



viii 
 

List of Tables 

 

Table 1: Examples of RPAS used in Overhead Line Inspections ............................................ 23 

Table 2: Power Transmission Line Sample Specifications Summary ..................................... 32 

Table 3: HPS-3D160/3D Solid State LiDAR Specifications ..................................................... 34 

Table 4:LiDAR A Timing Modes ............................................................................................... 35 

Table 5: LiDAR B Specifications ................................................................................................ 37 

Table 6: 3DR Iris+ Specifications ............................................................................................... 40 

Table 7: Raspberry Pi 3 Model B Specifications ....................................................................... 41 

Table 8: HP ENVY X360 I7 Specifications ................................................................................ 41 

Table 9: Microsoft Surface Pro 7 I-3 Specifications ................................................................. 42 

Table 10: HD Digital Camera Specifications ............................................................................. 43 

Table 11: Verification of LiDAR System Results ...................................................................... 49 

Table 12: Specifications Comparison ......................................................................................... 50 

Table 13:ACSR Drake LiDAR A, B Results at 0.5m ................................................................ 52 

Table 14:ACSR Condor aged LiDAR A, B Results at 0.5 m.................................................... 53 

Table 15:ACCC Rome LiDAR A, B Results.............................................................................. 54 

Table 16:ACSR Cardinal LiDAR A, B Results ......................................................................... 55 

Table 17:Energized ACCC Rome LiDAR A, B Results ........................................................... 55 

Table 18:Energized ACSR Condor aged LiDAR A, B Results ................................................ 56 

Table 19: Summary of LiDAR Data Comparison ..................................................................... 57 

Table 20:ACSR Drake LiDAR A, B mounted on 3D Iris+ multirotor RPAS results at 0.5 m

 ....................................................................................................................................................... 80 

Table 21: OPAL-CONICAL 3D LiDAR Specifications ........................................................... 84 



ix 
 

List of Illustrations 

Figure 1:Overhead Line Inspection by Helicopter[2] ................................................................. 1 

Figure 2: Different Types of Power Transmission Lines and Structures[5] ............................. 3 

Figure 3: Power Transmission Line Structure Breakdown[6] .................................................. 4 

Figure 4: The Transmission Line Inspection Robot[10] ............................................................. 8 

Figure 5:Multi-Sensor Power Transmission Line Inspection[8] ............................................... 8 

Figure 6: The Seeker aircraft for Pipeline Power Line Patrol[13] .......................................... 11 

Figure 7: LiDAR Basics [20] ....................................................................................................... 14 

Figure 8: 3D LiDAR Emitting Direction[21] ............................................................................. 15 

Figure 9: Sample result data [16] ............................................................................................... 17 

Figure 10: LiDAR sample data from research paper[17] ........................................................ 18 

Figure 11: FAA Airspace Classification[29] .............................................................................. 21 

Figure 12: Transport Canada Airspace Classification[31] ...................................................... 21 

Figure 13: Single Circuit, Horizontal Configuration, Self-Supported Lattice Tower[32] .... 26 

Figure 14:Initial LiDAR Testing Stand ..................................................................................... 27 

Figure 15:PTL Sample Codename: ACSR Drake .................................................................... 29 

Figure 16:ACSR Drake cross-section ......................................................................................... 30 

Figure 17:PTL Sample Codename: ACSR Condor .................................................................. 30 

Figure 18: ACSR Condor cross-section ..................................................................................... 30 

Figure 19:Sample PTL Codename: ACCC Rome .................................................................... 31 

Figure 20: ACCC Rome cross-section ........................................................................................ 31 

Figure 21: PTL Sample Codename: ACSR Cardinal ............................................................... 31 

Figure 22: ACSR Cardinal cross-section ................................................................................... 32 

Figure 23:HPS-3D160/3D Solid State LiDAR (LiDAR A)[34] ................................................. 33 



x 
 

Figure 24: LiDAR A Field of View[35] ...................................................................................... 35 

Figure 25:LiDAR A Advance Settings ....................................................................................... 36 

Figure 26: LiDAR B- Cygbot CygLiDAR D1 2D/3D Dual Solid State TOF LiDAR[36] ...... 37 

Figure 27:Cygbot's CygLiDAR Viewer for LiDAR B .............................................................. 38 

Figure 28: 3DR Iris+ multirotor RPAS ..................................................................................... 39 

Figure 29:Raspberry Pi 3 Model B ............................................................................................. 40 

Figure 30: HD Digital Camera by ELP ...................................................................................... 42 

Figure 31: Microsoft Excel-Conditional Formatting Rule ....................................................... 44 

Figure 32:Aluminum water bottle from LiDAR stand view .................................................... 46 

Figure 33:LiDAR A screenshot of aluminum water bottle at 0.5m ......................................... 46 

Figure 34:LiDAR A point data conditional formatted ............................................................. 47 

Figure 35:LiDAR B screenshot of aluminum water bottle at 0.5m ......................................... 48 

Figure 36:LiDAR B data 2D conditional formatted ................................................................. 48 

Figure 37:Conditional Formatted LiDAR A ACSR Drake at 0.5 m ....................................... 52 

Figure 38:Conditional Formatted LiDAR B ACSR Drake at 0.5 m ....................................... 52 

Figure 39:Conditional Formatted LiDAR A ACSR Condor aged at 0.5 m ............................ 53 

Figure 40:Conditional Formatted LiDAR B ACSR Condor at 0.5m ...................................... 53 

Figure 41:Conditional Formatted LiDAR A ACCC Rome at 0.5m ........................................ 54 

Figure 42:Conditional Formatted LiDAR B ACCC Rome at 0.5m ........................................ 54 

Figure 43:Conditional Formatted LiDAR A ACSR Cardinal at 0.5m ................................... 54 

Figure 44:Conditional Formatted LiDAR B ACSR Cardinal at 0.5m .................................... 55 

Figure 45:Conditional Formatted LiDAR A Energized ACCC Rome at 0.5m ...................... 55 

Figure 46:Conditional Formatted LiDAR B Energized ACCC Rome at 0.5m ...................... 55 

Figure 47:Conditional Formatted LiDAR A Energized ACSR Condor aged at 0.5m .......... 56 



xi 
 

Figure 48:Conditional Formatted LiDAR B Energized ACSR Condor aged at 0.5m ........... 56 

Figure 49:LiDAR A RMSD for ACSR Drake at 0.5 m ............................................................. 59 

Figure 50:LiDAR B RMSD for ACSR Drake at 0.5 m ............................................................. 59 

Figure 51:LiDAR A RMSD for ACSR Condor aged at 0.5 m ................................................. 60 

Figure 52:LiDAR B RMSD for ACSR Condor aged at 0.5 m ................................................. 61 

Figure 53:LiDAR A RMSD for ACCC Rome at 0.5 m ............................................................. 62 

Figure 54:LiDAR B RMSD for ACCC Rome at 0.5 m ............................................................. 62 

Figure 55:LiDAR A RMSD for ACSR Cardinal at 0.5 m ........................................................ 63 

Figure 56:LiDAR B RMSD for ACSR Cardinal at 0.5 m ........................................................ 63 

Figure 57:Sample 2 Interference Comparison LiDAR A at 0.5 m .......................................... 65 

Figure 58:Sample 2 Interference Comparison LiDAR B at 0.5 m .......................................... 65 

Figure 59:Sample 4 Interference Comparison LiDAR A at 0.5 m .......................................... 66 

Figure 60:Sample 4 Interference Comparison LiDAR B at 0.5 m .......................................... 67 

Figure 61:LiDAR A RMSD for ACCC Rome-Energized at 0.5 m .......................................... 68 

Figure 62:LiDAR B RMSD for ACCC Rome-Energized at 0.5m ........................................... 69 

Figure 63:LiDAR A RMSD for ACSR Condor aged-Energized ............................................. 70 

Figure 64:LiDAR B RMSD for ACSR Condor aged -Energized ............................................ 70 

Figure 65:Electromagnetic spectrum[37] .................................................................................. 73 

Figure 66: LiDAR A Conditional Formatted ACCC Rome at 0.5 m ...................................... 75 

Figure 67: ACCC Rome at 0.5 Sectional One for LiDAR A .................................................... 75 

Figure 68:ACCC Rome at 0.5 Sectional Two for LiDAR A ..................................................... 76 

Figure 69:ACCC Rome at 0.5 Sectional Three for LiDAR A .................................................. 76 

Figure 70:LiDAR B Conditional Formatted ACCC Rome at 0.5 m ....................................... 77 

Figure 71:ACCC Rome at 0.5 Sectional One for LiDAR B ..................................................... 77 



xii 
 

Figure 72:ACCC Rome at 0.5 Sectional Two for LiDAR B ..................................................... 78 

Figure 73:ACCC Rome at 0.5 Sectional Three for LiDAR B .................................................. 78 

Figure 74: LiDAR A mounted on 3D Iris+ multirotor RPAS .................................................. 79 

Figure 75:LiDAR B mounted on 3D Iris+ multirotor RPAS ................................................... 80 

Figure 76: RMSD per Observation of LiDAR A mounted on a RPAS at 0.5 m .................... 80 

Figure 77:RMSD per Observation of LiDAR B mounted on a RPAS at 0.5 m ...................... 81 

Figure 78:OPAL™ PERFORMANCE SERIES –CONICAL 3D LiDAR[39] ....................... 82 

Figure 79:Google Earth screenshot of LiDAR Data Collection Area ..................................... 85 

Figure 80:OPAL-Conical 3D LiDAR Data ................................................................................ 86 

Figure 81: Zoomed in screenshot of OPAL-Conical 3D LiDAR Data .................................... 87 

 

 

  



xiii 
 

List of Appendices 

Appendix A- validation and verification set…………………………………………105 

Appendix B- Sample MATLAB code………………………………………………...107 

Appendix C- Power Transmission Line Specifications Sheets……….…………….108 

 



xiv 
 

List of Symbols  

f   Frequency [Hz] 

R  Radius [m or mm] 

K  Kilo  

V  Voltage   

℃  Degrees-Celsius  

°  Degrees (angle) 

𝑖  variable i 

𝑁  Number of non-missing data points 

𝒳𝒾  Actual observations time series 

�̂�𝒾  Estimated time series 

W  Watts 

Q  Heat transferred  

σ  Stefan Boltzmann Constant   

 

 

  



xv 
 

List of Acronyms 

Acronyms Definition  

UAV   Unmanned Aerial Vehicle  

RPA  Remotely Piloted Aircraft 

FPV  First-Person View 

RPAS   Remotely Piloted Aircraft System(s) 

PTL   Power Transmission Line(s) 

BLOS  Beyond Line of Sight 

LiDAR Light Detection and Ranging  

RADAR Radio Detection and Ranging 

DAA  Detect and Avoid 

GCS  Ground Control Station  

SAA  Sense and Avoid  

PIC  Pilot in Command  

FOV  Field of View 

VTOL  Vertical Take off and Landing  

ROS  Robot Operating System 

AI  Artificial intelligence 

IR  Infrared  

SDK  Software Development Kit 

RMSD  Root-Mean-Squared Deviation  

RMSE  Root-Mean-Squared Error 

ACSR  Aluminium-conductor steel-reinforced 



xvi 
 

ACCC  Aluminum Conductor Composite Core 

NTOF  National Traumatic Occupational Fatalities  

LASER Light Amplification by Stimulated Emission of Radiation  

OD  Outer-Diameter  

USB  Universal Serial Bus  

FPS  Frames per Second 

1D  One-Dimensional 

3D  Three-Dimensional 

2D  Two-Dimensional 

4D  Four-Dimensional 

LCD  Liquid Crystal Display 

AGL  Above Ground Level 

MSL  Mean Sea Level 

BPS  Beats Per Second 

GB  Gigabit  

VDC  Volts of direct current 

UDP  User Datagram Protocol 

  



1 
 

Chapter 1: Introduction 

1.1 Thesis Motivation  

Power transmission lines (PTLs) are currently being inspected using a combination 

of utility workers and/or-crewed aircraft such as conventional helicopters outfitted with a 

sensor type payload as seen in Figure 1. These methods are not only expensive but also 

dangerous, “According to National Traumatic Occupational Fatalities (NTOF) data, the 

average annual fatality rate for power line workers is 56.3 deaths per 100,000 employees”. 

The Bureau of Labor Statistics' (BLS) Census of Fatal Occupational Injuries (CFOI) 

identified forty-two fatalities among electric power installers and repairers in 1993 (38 

deaths per 100,000 workers).”  and “helicopter of Heli-west hit a crossing power line 10 

km NW of Grimstad, Norway while laser scanning a powerline” [1].  

 
Figure 1:Overhead Line Inspection by Helicopter[2] 

 

Using remotely piloted aircraft systems (RPAS) for power transmission lines (PTL) 

inspections helps mitigate the risk factor, this is done by removing the utility worker from 
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being in direct contact with or in close proximity to the PTL. In addition, RPAS will remove 

the risk of having a helicopter encountering the PTL as the inspection is being performed. 

A news article published by the Sun (UK) shows the unfortunate scenario were a helicopter 

collided with a PTL, the name of the news article is “Horrifying moment helicopter burns 

after crashing as it inspected power lines killing pilot and passenger” [3] [4]. The article 

goes into detail using images and video of how the incident occurred. Although RPAS have 

potential to improve/ mitigate safety issues and concerns they have their own safety issues 

such as proximity awareness due to the lack of onboard pilot. 

One of the major challenges RPAS have faced while performing a PTL inspection 

is maneuvering at close distance around the lines and towers. It is exceedingly difficult for 

the pilot- in- command (PIC) to judge the distance between RPAS and the PTL since most 

of these inspections are performed with a limited or reduced visibility. With the 

development RPAS systems over the years there has been many different developments in 

detect and avoid systems such as DJI uses on their DJI RPAS and Skydio with new RPA 

capable of object detection and scanning, however this is not designed specifically for 

PTLs but for general object detection. Currently, there are a few commercial drones with 

alike systems implemented. These systems usually depend visual spectrum sensing and 

deep learning software. This leaves space for opportunities such as developing/ improving 

a detection/ sense and avoid system using sensors such as light detection and ranging 

(LiDAR) which would fall outside the visual spectrum to allow for safer PTL inspections 

by RPAS while reducing the risk of a RPAS colliding with a PTL. For this reason, a detect 

and avoid system can be improved, to be more efficient and decrease the risk of an accident 

occurring. 
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1.2 Objectives 

Recently, there has been several papers written on the use of RPAS on or around 

PTLs and their structures. Regarding PTL components that will be inspected but not limited 

to overhead ground wires, insulators, crossarms, conductor bundle. The majority of PTL 

inspections are conducted from a stand-off distance (this distance varies depending on the 

sensor), type of RPA being used and the configuration of the PTLs; this can be due some 

RPA not being able to accurately detecting the power transmission lines and alerting the 

pilot in command (PIC). The general aim of this research is to investigate the performance 

of different low-cost light-weight LiDAR systems for PTL detection and provide 

documentation on their accuracy along, including if they can be used exclusively for PTL 

detection. Figures 2 and 3 show the several types of PTL and their main components. 

 

Figure 2: Different Types of Power Transmission Lines and Structures[5] 
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Figure 3: Power Transmission Line Structure Breakdown[6] 

 

The main objectives of this research are: 

1. Demonstrate the detection of power transmission lines using light-weight 

LiDAR systems. 

2. Determine the accuracy of the chosen light-weight LiDAR systems in different 

operating conditions 

3. Be able to install the LiDAR onto a small RPAS without significantly 

decreasing its performance 

4. Demonstrate that the light-weight LiDAR system can withstand 

electromagnetic interference. 
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1.3 Thesis Overview  

This thesis presents the results of the investigation and evaluation of low-cost light-

weight LiDAR systems, as they were compared based on their specifications and 

performance in the detection of the acquired PTLs. The need for developing a detect and 

avoid system came from research into powerline transmission line and how remotely 

piloted aircraft (RPA) are being utilized. One common issue found was LiDAR systems 

used in PTL inspections were more focused on the support structures, such as the tower of 

the PTL and not on detection of the actual PTL itself, in addition legacy LiDAR systems 

tend to be expensive, heavy and are not easy of use in terms of interface. 

This thesis is organized (starting after Chapter 1: Introduction) in the following chapters: 

Chapter 2: this chapter presents the literature review, it contains the background 

information, past research papers, and a look into the different regulations that govern 

RPAS during power transmission line operations.  

Chapter 3:  this chapter discusses the methodology, proposed solution including different 

sensors/- LiDARs to be used and looking at more a theoretical solution. 

Chapter 4: this chapter discusses the evaluation of the data and performance from the 

different sensor systems when is comes to detecting, measuring distance from the test 

objects, a section of the conditional formatted PTL analysis, and a miniature case study. 

Chapter 5: Case Study  

Chapter 6:  This chapter will cover the conclusion, recommendations, and future work. 
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Chapter 2: Literature Review 

Chapter Overview 

This chapter discussed systems that relate to RPAS, power transmission line 

inspections, DAA systems, and low-cost light-weight LiDAR systems background 

information on the thesis topic. The DAA systems were discussed as a technical 

background that is relevant to this thesis. This chapter also reviewed a combination of 

analyses of different low-cost detection LiDAR systems that are available, RPAS, and 

reviews of past research papers on the topic. Regulations for RPAS operations will also be 

examined. 

2.1 Background 

Canada has well over ten million consumers of electricity, with an estimate of over 

150,000 kilometres of power transmission lines that needs to be inspected and maintained  

[7]. For this research, the proposed assets for detection would be PTLs ranging 60 kV to 

500 kV, making up an estimate of over 35 percent of the PTLs. The focus will be the >500 

kV PTL as there are more factors to consider while performing inspections. Some factors 

include but are not limited to high wind turbulence, higher electro-magnetic interference 

and beyond visual light of sight (BVLOS) regulations. These factors are related to the 

placement of the PTLs and with higher kV PTLs comes higher electromagnetic fields 

causing interference. At the time of conducting this research, several different methods 

have been/ are being developed for mitigating the risk to utility workers. The most common 

are RPA outfitted with cameras and sensors to help inspectors have a better understanding 

of the PTLs. As the cameras would allow the inspectors to assess any physical damage to 

the PTL, sensors/ LiDAR’s will go a step further and allow the inspector to detect any 
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anomalies in either the energy outputs or irregular heat signatures. “Today, powerline 

inspection is done mostly by aerial systems, capturing data with LiDAR, RGB cameras as 

well as specific thermal infrared and UV sensitive sensors. During flights, results are 

reported by visual observation and later analyzed and verified using the captured data”[8] 

as shown in Figure 4.  

Some challenges associated with working on energized PTLs can range from 

electromagnetic interference (for RPA) which can affect the RPA components giving 

inaccuracy information to the PIC, electrocution (traditional method), burns and falls from 

high elevations (traditional methods), and “According to the research of the World Health 

Organization, we can suffer from insomnia, anxiety, headache, skin burns, fatigue, and 

muscle pain because of radiations from HV power lines.”[9] however, this would not be 

the focus of this research as it will be on detection of PTLs. 

 Some companies have opted with using an automated device that can be attached 

to PTLs and perform the inspection as needed as shown in Figure 4 below. This method 

has been used to mitigate the human risk factor, however set up and takedown times have 

been major draw backs. Typically for this type of inspection it will involve appropriately 

three to five crew members and a boom-lift vehicles to be able to attach and detach the 

device, an RPA has the potential of decreasing the need for so many crew members and 

the boom-lift vehicles. 
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Figure 4: The Transmission Line Inspection Robot[10] 

 

Figure 5:Multi-Sensor Power Transmission Line Inspection[8] 

 

Every year PTLs become damaged by falling debris or through the failure of faulty 

components. This leads to it being important, not only inspect the PTLs but also the 

surrounding environments to ensure that there are no potential dangers nearby. PTLs tend 

not to be inspected as often as they should, which results in greater risk for the public with 

the growing demand being placed on them. One of the major drawbacks to performing 

inspections on the components/assets mentioned above is they may be energized. These 
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energized components produce what is known as a electromagnetic field which has the 

potential to interfere with components on board the RPAS, potentially leading to incorrect 

readings or damage to a component like the flight controller. RPAS pilots are aware of this 

risk and tend to keep their RPAS at a safe distance but deploy high-performance imaging 

solutions capable of zooming with little distortion to the image. Other ways RPAS can 

perform is by using various instruments to measure the output of the energized components 

to detect any defects. These defects unless visible to the naked eye would go undetected 

and exposing personnel using traditional methods (helicopter with inspector physically 

inspecting) to the danger of being electrocuted. 

With using RPAS for PTL inspection applications, the question becomes can a 

RPAS successfully perform the inspection autonomously or with little input from the pilot. 

This scenario was looked at in a publication by Nguyen, et al which examined inspection 

of PTL components by RPAS and deep learning [11]. This research has proposed it is 

possible to detect PTLs with low-cost light-weight LiDAR systems on RPAS, whether it 

be a fixed wing RPAS (for the long distance/ duration inspections) and a multirotor RPAS 

(for short distance). It appears that using a fully autonomous system the writers/ researchers 

opted for a visual approach to the inspection as this goes hand in hand with deep learning 

software, the question then become what happens what sensors such as LiDAR are 

introduce. Since there are already being used in the inspection itself. Can LiDAR systems 

serve a dual purpose as a detection system and an inspection tool? From research it was 

found that some common problems with using RPAS for PTL inspections was that they 

are not able to get as close to the PTL without the risk of obtaining inaccurate readings or 

potentially interfering with the onboard systems, this would be my area of focus.  
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To understand these limitations research would be on different testing methods on 

how to safely operate a RPAS near PTLs. The research would involve looking at the 

tolerance level of each component near the magnetic fields that PTLs generates and 

identifying which one gives the best result, however focusing on the accuracy of light 

weight LiDAR systems, and then using it as a base to compare to the larger more 

commercial systems. Different RPAS configurations will be looked at based on the 

application (long distance with high endurance or short distance). This data will then be 

used to determine the best sensor or combination of sensors and instruments within my 

research to create an efficient detect and avoidance system that will be able to allow a 

RPAS to successful manoeuvre around PTLs within a close proximity. 

2.2 Past Research Papers.  

In this section, a few of the research papers were reviewed and discussed about the 

types of power transmission line detection systems, the history of LiDAR, how LiDAR 

works, the use of LiDAR for power transmission line inspections, and LiDAR performance 

around different surfaces.  

2.2.1 Types of Power Transmission Line Detection Systems 

A PTL line inspection crew would be dispatched to inspect the PTL manually, this 

meant that they had to climb the poles, inspect the towers (as shown in Figure 1) and work 

around vegetation in the surrounding area. For small scale operations/ grids less than 2000 

kilometers this would have been practical [12] but for larger operations covering over tens 

of thousands of kilometers it would involve having to deploy many inspectors and that 

tends to be expensive. This led to manned aircraft (such as helicopters) being accompanied 

by the line inspectors, they were known as the eagle-eyed inspectors. However, this process 
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still had the same issue were the PTLs must be inspected manually leaving the same 

hazards/ dangers for the line inspectors. This was a step forward as it as it gives way to the 

development of manned aircraft being outfitted to different payloads such as high- 

resolution cameras. This addition allowed for fixed-wing aircraft (see Figure 6) to be 

involved as fixed-wing manned aircrafts to have better endurance than that of a rotary 

aircraft. Figure 6 shows the seeker aircraft, “Seeker is a stable and efficient sensor platform, 

but also offers best in class visibility to enable crew to visually inspect countless lengths 

of Pipeline and Power Line safely and efficiently.” [13] 

 
Figure 6: The Seeker aircraft for Pipeline Power Line Patrol[13] 

 

The hazards of conducting a PTL inspection with a manned aircraft unfortunately 

does not stop at the dangers to the line inspector but also to the manned aircraft. There have 

been several cases of manned aircrafts encountering PTL whether than be during a PTL 

inspection or just a fly by. For Canada, The Civil Aviation Daily Occurrence Reporting 

Systems (CADORS) which is a section of Transport Canada that deals with reporting an 

aviation incident that has occurred. At the time of drafting this paper, using this CADORS 

and having “powerline” as a keyword and showing incidents up until March 29th, 2022, 

there was a record of over forty incident reports and several of them resulted in fatalities 

and/ or injuries.  
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Expanding the search further to cover the North American territories more 

specifically, the United States which their airspace is govern by a section of Federal 

Aviation Administration (FAA) called the National Transportation Safety Board (NTSB). 

By searching the NTSB reports using “powerline” as a keyword, it showed a result of over 

three hundred reports and briefly reviewing the title a great number of them had to deal 

with manned aircraft encountering powerline either while performing an inspection or a 

pass by. These reports identify some of the hazards that PTLs pose to manned aircraft, 

leading to various research in the field of overhead PTL detection. One of the most recent 

research publications in the field of PTL detection was by the U.S. Army Research 

Laboratory, the patent number is US 9,964,658 B2 and the date of patent was May 8th, 

2018, “Method of autonomous power line detection, avoidance, navigation, and inspection 

using aerial crafts”[14]. This paper gives general overview of detection and avoidance an 

aircraft for powerline inspections. The system is supposed to work with both manned and 

unmanned aircraft. “Automatic autonomous vision-based power line inspection: A review 

of current status and the potential role of deep learning”[15] is another research paper that 

uses a different point of view for the process of PTL inspections, this paper focuses having 

majority of the phases of inspection to be autonomous, using vision based and deep 

learning as the main part of the data analysis of the inspection. This paper covers some 

interesting points and mentions some of the challenges involved with this approach.  

One system mentioned in various research articles was the use light detection and 

ranging (LiDAR) in powerline inspections, as it one of the systems also used over detection 

systems, as shown in “Design and Validation of a School Bus Passing Detection System 

Based on Solid-State LiDAR” [16]. The contents of the research paper involve using a 
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LiDAR to detect vehicles passing by school buses as the stop sign is in place and triggering 

a camera to take a photo of that vehicle. This research paper in addition to “Application of 

LiDAR technology in power line inspection” [17] along a few other papers made good, 

researched points of using LiDAR as the main system for detecting and avoiding PTLs 

during an inspection, hence LiDAR will be the subject device of this research as viable 

RPA sensor.  

2.2.2 History of LiDAR 

LiDAR is a technically term from the phase light detection and ranging, it is closely 

related to RADAR which is radio detection and ranging. This first usage of light detection/ 

emitting can be found as early as 1930s where the first attempts were made to investigate 

the structure of the atmosphere. It was not until the 1960s that LiDAR was used and then 

in the 1980s were became more publicly available on manned aircraft. This development 

allowed for more precise measurements when it comes global positioning systems (GPS). 

LiDAR is a remote sensing technique that using a laser to measure elevations, the laser 

emits a light that can be ultra-violet, visible or near-infrared.  

Some types of LiDAR systems are as follows: Terrestrial, Mobile, Static, Airborne, 

Topographic, Bathymetric, and Satellite LiDAR. Three of the most well-known types of 

LiDAR are the airborne, topographic, and mobile as these three types are used in similar 

applications. These applications are as follows but not limited to urban planning, 

infrastructure mapping forestry and object detection.[18], [19]  

2.2.3 How LiDAR works 

LiDAR systems work when light from the laser (transmitter) projected to a surface 

(pulse) and is reflected from the surface. This reflected light is then detected by the receiver 



14 
 

upon returning to the LiDAR (often referred to as the return). The time taken between the 

pulse being emitted and collected is referred to as the time of flight (TOF), which is used 

to develop distance maps of the objects or terrain in the field of view of the LiDAR system. 

Figure 7[20] shows a layout of how LiDAR systems work.  

At the time of this research LiDAR systems are being used in a variety of 

applications such as autonomous vehicle navigation, forestry, farming, land surveying and 

power line inspection for maintenance.  

 

Figure 7: LiDAR Basics [20] 

At this time there are 1D, 2D, 3D and 4D LiDAR systems, in the present research 

3D LiDAR systems will be used. 3D LiDAR systems typically works by having laser 

beams emitted on the X, Y and Z axes. With 3D LiDAR systems being able to collect data 

on the X, Y and Z axes, this has allowed it to be the preferred LiDAR systems in 3D 

mapping and detection applications. For 3D LiDAR systems the main components are a 

laser, a scanner (transmitter), a specialized receiver, and this will be same for other types 

of LiDAR systems. 
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Figure 8: 3D LiDAR Emitting Direction[21] 

 

2.2.4 LiDAR, Object Detection and Powerline Inspection  

As previously stated, LiDARs has been used in various applications and from these 

applications LiDAR can be further categorized. These categorizes are as follows: 2D 

LiDAR and 3D LiDAR. 2D LiDAR uses a single beam of light towards an object on the 

horizontal and vertical axis collecting the X and Y distance values of the object. 2D LiDAR 

are smaller than their 3D LiDAR relatives. 3D LiDAR unlike the 2D LiDAR it emits a 

beam of light 360 degrees collecting values on the X, Y, Z axis making it suitable for 

mapping and scanning applications. 3D LiDAR have been widely used in many 

applications including object detection, making it a great candidate for this research. 

H. W. Yoo et al. [20] authored a research article that investigates to use LiDAR object 

detection capabilities for autonomous driving. The authors mentioned the limitations of 

using high resolution 3D imaging cameras for high level automated driving, and in 

summary the level of target values were not met to have a safe and reliable autonomous 

driving based the to automotive industry. Through to the recent development of MEMS- 
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based LiDAR and its benefits such as being light weight and having a low power 

consumption, 1D MEMS scanning mirrors on scanning LiDAR are being used for object 

detection.  

LiDAR systems continue to be used in detecting and avoiding, one research paper 

which investigates comparing two types of systems in a controlled environment was 

authored by Daniel Faust [22] .In this paper Daniel Faust focused on examining the 

interference between the two depth measurement sensors Hypersen HPS-3D160 and Intel 

RealSense D435. This document looked more at using the LiDAR for detecting space 

debris objects, whereas this research will be more focused on powerline detection in 

standard operating conditions. According to the author the LiDAR performed well minus 

the side effects from the influences.  

Another research paper that mentions the Hypersen HPS-3D160 was by J. H. Mott 

and B. Kotla, [16]. This research paper investigates the issue of the accidents involving 

vehicles passing school bus when stopped causing injuries of death. The author uses the 

LiDAR for vehicles as they approach the bus while the stop sign is out and then this triggers 

the dashcam to take an image of the passing vehicle license plate, in addition they also used 

an LCD display to illustrate the data for the LiDAR system. Figure 9 shows the results data 

from the experiment conducted and the experiment was deemed a success as it was less 

expensive than the other alternatives, the next step would be to make the connection of the 

LiDAR remote. 
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Figure 9: Sample result data [16] 

 

Typically, LiDAR technology is associated with being expensive, and sometimes 

slightly difficult to work with. The research paper by D. Fernandes et al. [23] investigates 

using a low-cost LiDAR set up to conduct object detection. There was heavy focus on using 

the point cloud data for the deep learning application and according to the author there 

were some limitations due to the low-cost stimulation. The research paper addresses some 

of the steps that would be involved in object detection and simultaneous localization and 

mapping.  

The research paper written by X. Li and Y. Guo “[17] goes into detail on the 

principle of how LiDAR works during PTL inspection and how the data is processed after 

the inspection is completed. Figure 10 below shows the data the author collected, indicating 

there is potential for the LiDAR to provide more information during the inspection. This 

provides the basis on which future research can be conducted into LiDAR technology for 
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possible real time processing and PTL detection as LiDAR as been used for similar 

applications as object detection in vehicles. 

 
Figure 10: LiDAR sample data from research paper[17] 

 

As the previously mentioned papers looked more in LiDAR and the usage of 

LiDAR in object detection applications, here are a few research papers based on remotely 

piloted aircraft (RPA) systems and power transmission lines (PTL) inspections. “Two-

Layer Routing for High-Voltage Powerline Inspection by Cooperated Ground Vehicle and 

Drone”[24], this research paper investigates using both a ground vehicle and RPA to 

conduct high voltage powerline inspections. “Design, Integration and Implementation of 

an Intelligent and Self-recharging Drone System for Autonomous Power line 

Inspection”[25], this research papers investigates the idea of making PTL inspections full 

autonomous as still having to manually control the RPA in each phase of the inspection 

according to their research would not be very efficient. “A Drone Based Transmission Line 

Components Inspection System with Deep Learning Technique”[26] this research paper 

examines the use of deep learning techniques (convolutional neural networks (CNNs)) to 

detect PTL components such as cracked insulators, and broken wires rope and analyze 

them for damage. LiDAR systems are used in any different applications, the accuracy and 
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performance on different surfaces is a factor to consider as PTL are made up of different 

components.  

2.2.5 LiDAR Performance around Different Surfaces. 

As LiDAR systems emit a laser of light to a surface, a concern arises in which 

difference surfaces can affect the accuracy of a LiDAR system. A research paper that 

investigates affect of the accuracy of LiDAR is “Effects of temperature environment on 

ranging accuracy of LiDAR” by Shanghai Radio Equipment Research Institute[27]. What 

they did was to investigate the different in time between the pulse transmitted and the pulse 

returned and found that as the temperature increased in the environmental conditions so 

did the difference in time between the transmitted pulse and the returned pulse. It is 

scientifically known that darker objects absorb wavelengths better than lighter objects. As 

lasers are a form of light, it brings up an important question, how are LiDAR system’s 

accuracy affected by darker objects? PTLs after a period become aged and the color can 

go from shiny silver to fully black. The emitted light from a laser is also known as “coherent 

light” since the light emitted is different to that of emitted by the sun or a light bulb. The 

light emitted from a laser if directional while the light emitted from the sun, or a light bulb 

goes in many different directions.  

2.3 Regulations 

RPA operations over the vicinity of Canada are currently governed by Transport 

Canada and for operations in the United States (US) the airspace is regulated by the Federal 

Aviation Administration (FAA). Transport Canada, like FAA oversees the establishing, 

managing, and developing safety and security standards and regulations for civil aviation, 

which also includes unmanned civil aviation.  
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As the popularity of RPAS increases, more regulations are being implemented to 

control how RPA are being used. These regulations ensure that any misuse of RPA will 

result in fines, jail time or both. For RPAs pilots in Canada should follow the rules in the 

Canadian Aviation Regulations (CARs) more specifically the rules and regulations in 

CARs Part IX [28]. For RPA pilots in USA should follow 14 CFR Part 107 Small 

Unmanned Aircraft Systems [29]. 

In comparing the rules and regulations from both Transport Canada and FAA there 

are a number of similarities, there are however some differences in the two. FAA was the 

first to implement a section of their airspace regulations specifically for RPAS as Canada 

followed some time after. For both, there is a requirement for the RPA to be registered and 

the registration number on the RPA to be always visible. RPA pilot certificate is required 

for both. Transport Canada has their RPA certificate divided in basic operations and 

advance operations, FAA label theirs recreational and commercial operations. The basic 

and recreational section are very identical, they are both the lowest level certificate for 

which an RPA can have. Next level for Transport Canada and FAA is the advance 

operations and commercial operations respectively, this level allows for RPA pilots to 

perform services and receive compensation. Operations involving beyond visual line of 

sight (BVLOS), for Transport Canada they have a special flight operations certificate 

(SFOC) a copy of this application can be found in the appendix section of this document. 

For the FAA, their have a BLVOS wavier and it is reviewed on a case-by-case basis. Some 

of the main RPA rules and regulations both Transport Canada and FAA have are as follows; 

fly at or below 400 feet above ground level (AGL), keep your drone within sight, do not 

fly in restricted airspace, do not fly near other aircraft, especially near airports, do not fly 
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over groups of people, do not fly over stadiums or sporting events, and do not fly while 

impaired. As of this moment, FAA is starting to implement the use of Remote ID in all 

RPA registered in the US[30]. 

Both FAA and Transport Canada classify their airspace differently and this can be seen in 

Figures 11 and 12 respectively.  

 
Figure 11: FAA Airspace Classification[29] 

 
Figure 12: Transport Canada Airspace Classification[31] 

 

For this research, the focus will be on the Transport Canada rules and regulations. 

Part IX of CARs contains most of the rules and regulations that apply to drones up to 

twenty-five kilograms, (above 25 kilograms a special flight operation certificate is 
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required) operations over civilians, and beyond visual light of sight operations. Transport 

Canada divided up their obtainable certifications for RPAS operators from Basic 

Operations, which are for recreational or negligible risk operators. The next certification is 

Advanced Operations certificate, this is based around the operators using their RPA for 

commercial purposes, in controlled airspace (non-Class G) and/or near bystanders. These 

operations both require a visual observer to be present. 

For unusual circumstances where an operation has been done outside of the of 

Advanced operations certification, the operator/s would have to apply for a special flight 

operations certicate (SFOC). A scenario of this would be an overhead line inspection, these 

operations usually involve the RPA being beyond visual line of sight (BVLOS). As of 

writing this document, SFOCs are only issued if the operator demonstrates to the Minister 

(Transport Canada) that they will be able to perform the operation without affecting the 

safety of others in the operations area.  
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2.4 Examples of Remotely Piloted Aircraft Systems   

Table 1: Examples of RPAS used in Overhead Line Inspections 

Make/Model of 

aircraft: 

Payload (s): What it was used for but not 

limited to: 

DJI M200 and M300 

series 

DJI Zenmuse L1, H20T, XT2 R, 

P1 

LiDAR mapping, surveying, 

infrastructure inspections etc. 

DJI Mavic 2 

Enterprise: Industrial 

Scout Package 

Spotlight, Beacon, loudspeaker Search and rescue and 

structural inspections etc. 

Autel Evo II Dual FLIR thermal 640 sensor, 8K 

Visible Sensor 

Infrastructure 

inspections, search, and rescue 

etc. 

Altura Zenith RTF Pensar, minirae 3000, RFID 

scanner 

Landfill monitoring, 

infrastructure inspections etc 

 

Table 1 gives an example of a few RPAS that can be used for conducting PTL 

inspections, these are the more commercially available RPAS. Custom RPAs are also used 

to perform these types of operations. Harris Aerial’s carrier h6 hybrid is one such custom 

RPA used in operations like that of overhead powerline inspection. This is just one example 

of a custom RPAS as there are many other excellent examples. The benefit of having a 

custom build RPA is the flexibility of customizing of the different components based on 

the operation to be performed. The PIC of custom RPA should ensure that their aircraft 

follows the guidelines provided by Transport Canada. As these RPAS can be used for 

inspection, they would also have the capability for being used in detection of PTLs as well. 
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2.5 Proposed Solution  

By reviewing the previously mentioned research papers, one common limitation 

for RPA performing PTL inspection was the detection aspect as PIC focus more on their 

proximity to the PTL rather than collecting the data, directly increasing the margin for error 

in the collected results. Since LiDAR systems are already being used in the inspection of 

the PTL structures, the focus of this research will be accuracy of detection of different 

PTLs of light-weight low-cost LiDAR systems on RPAS. The RPA systems used will be 

the smaller and more commercially available ones. To complete the objectives mentioned 

in Chapter 1, the research will have been conducted in a neutral environment (neutral 

environment refers to an environment with as minimal interference as possible) and 

different samples at different distance to evaluate the limits of the selected LiDAR systems. 

The theoretical solution for this thesis investigated the development of LiDAR 

systems for RPA. LiDAR systems has proven to be a very resourceful system for detection 

and avoidance as it is already used for vehicles’ detection and avoidance systems. The 

focus of the research and analysis portion of this paper will investigate and compare 

available LiDAR systems (2D and 3D LiDAR). The comparison will look at how well the 

LiDAR are able to detect selected objects and then a de-energized and energized PTL 

sample. In addition, the LiDAR must be lightweight to prevent any significant lost in the 

RPA’s flight maneuverability. As many RPA already have some version of a camera, and 

at this moment very few uses LiDAR. For the ones that use a LiDAR system, it is also a 

matter of looking into retrieving additional information for detection of PTLs. 
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Chapter 3: Methodology  

3.1 Overview 

LiDAR systems have been used on RPA to assist in PTL inspection process and in 

other applications, such as object detection for autonomous vehicles and robots as well as 

3D scanning of buildings, terrain, and objects. Currently on the market there are many 

LiDAR systems including 1D (single point), and 2D, 3D scanning versions. As such it is 

important to select to correct LiDAR or combination of LiDAR systems that will fulfill the 

mission. This chapter provided an overview of the methodologies used to complete this 

thesis, as well as the software systems used to assist with the evaluation of the LiDAR 

systems.  

3.2 Testing Set up and Mission Profile 

LiDAR systems used in PTL inspections focus on the structural components as 

shown in Figure 13. The testing for this research focused entirely on the PTL and how the 

selected low-cost light-weight LiDAR systems performed around the PTL conductors 

themselves. The LiDAR data was collected from each of the selected LiDAR systems and 

was analyzed post collection. Each test was run more than once, this was done to check 

consistency in the results. 
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Figure 13: Single Circuit, Horizontal Configuration, Self-Supported Lattice Tower[32] 

In evaluating LiDAR systems, the first approach is performing a bench test to 

understand the strengths and limitations of each selected LiDAR systems. Bench tests 

simplify the evaluation process by removing the requirement to obtain special flight 

operations certificates and outdoor laser operation permits from Transport Canada in 

performing a bench test it achieved the following: 

• Understanding limitations of the selected LiDAR systems 

• Determining the software compatibilities  

• Testing various objects to understand the selected LiDAR systems 

After the bench test was done, the selected LiDAR systems will be mounted on an RPA 

and with the motor running to identify any sources of interference. The data collected from 

each LiDAR system are post-processed by analyzing using Microsoft Excel and MATLAB 



27 
 

and compared to each other. Microsoft Excel was used for the initial comparison and rapid 

visualization by means of the function “conditional formatting” and to clean up the data 

for use in MATLAB. MATLAB was used to perform the root-mean squared deviation 

(RMSD) which is how the accuracy of each LiDAR system was determined. The LiDAR 

was then mounted on some of the RPAS (listed in Section 3.4) and similar test to that of 

the bench test was done. For the LiDAR mounted on a RPAS test was to see the following: 

1. LiDAR performance around another RPAS components  

2. Any differences in the data collected on the bench versus on an RPAS, and 

3. Does there need to be a combination of LiDAR systems better detection 

A testing matrix was used for understanding the capabilities of each of the selected 

light-weight LiDAR systems, mostly from a visual perceptive. To ensure the accuracy of 

the test being conducted a testing stand was used (as shown in Figure 14), the purpose of 

this is allowing all test to be consistent testing conditions. 

 
Figure 14:Initial LiDAR Testing Stand 

Mission Profile 

The mission profile from the research phase (beginning) to the completion (end) 

phase was as follows: the research and bench test phase involved the gathering equipment 

PTL 
2”X4” SPF 
aged lumber 

Zip-ties 

C-clamp 

LiDAR test stand Background 
(project screen) 
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and setting up test. The next phase was the validation and verification phase (validation 

refers to equipment meeting the users needs and objectives, while verifications determines 

if the design meets the requirements and specifications as advertised) which involved 

collecting test data to verify the LiDAR system worked as expected. The verification 

section of validation and verification phase suited the needs of this research regarding the 

initial examination of the selected low-cost light-weight LiDAR systems. This was 

achieved by evaluating the LiDAR system against different objects.  

The following phase was the performance comparison, which involved comparing 

the advertised specifications of the selected LiDAR systems to each other, this allowed 

better understanding of the specifications such as the advertised FOV and the detection 

range. A data comparison was done, where the data of selected systems were comparison 

based on actual measurements versus the measurements taken by the selected LiDAR 

systems along with the conditional formatting technique being used. The root mean squared 

(RMSD) deviation for the data used in the pervious phase and a graph of RMSD vs 

observation was plotted to examine how each of the selected LiDAR system performance 

and the possible deviation in the data results. The RMSD method was used to better 

understand difference between the actual vs taken measurements and what were the highest 

deviation at what observation. Data was collected for PTL samples de-energized and 

energized; an interference comparison was also done to determine how much the 

background (and/ or testing area) behind the PTL samples had an influence on the results 

and analysis. After a mini case study was done, which involved collecting data at 0.5m 

using the LiDAR systems attached to an RPA to see if when powered on, the components 
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of the RPA would have an additional impact on the selected LiDAR systems. With this a 

conclusion was written, and recommendations were provided along with future work.  

3.3 Power Transmission Line Samples  

There are several types of PTLs used in the field, to ensure the accuracy of the the 

light-weight low-cost LiDAR systems of this research, various samples of PTLs were 

obtained and evaluated. These samples are predominantly used in a real-world situation, 

so it allows for closer to real world simulation. This section will describe the collected PTL 

samples, their technical names, and a brief description about each sample.  

“KCMil – A method of measuring conductor size that stands for thousand circular mils. K 

represents kilo for 1,000. C represents circular, and mil, M, is 1/1000 of an inch. A wire 

that is one mil in diameter has an area of one circular mil or 1 KCMil. KCMil replaced 

MCM for sizing conductors.”- Electric Utility Training by Professional Training Systems, 

Inc 

 
Figure 15:PTL Sample Codename: ACSR Drake 

PTL Sample Specifications 

Size: 795 KCMil 

No. of Strands: 26 

Nom. OD: 28.13 mm 

Nominal total linear weight: 1627 kg/km 

Construction: “Aluminum 1350-H19 wires, concentrically stranded about a steel core. 

Standard core wire for ACSR is class A galvanized. Class A core stranding is also available 

in zinc-5% aluminum-mischmetal alloy coating.”[33] 

 

Length of sample: 1.83 m 
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Figure 16:ACSR Drake cross-section 

 

 

Figure 17:PTL Sample Codename: ACSR Condor 

PTL Sample Specifications 

Size: 795 KCMil 

No. of Strands: 54 

Nom. OD: 27.73mm 

Nominal total linear weight: 1521 kg/km  

Construction: “Aluminum 1350-H19 wires, concentrically stranded about a steel core. 

Standard core wire for ACSR is class A galvanized. Class A core stranding is also available 

in zinc-5% aluminum-mischmetal alloy coating.”[33] 

 

 
Figure 18: ACSR Condor cross-section 

Dia: 0.032 m 

Length of sample: 0.49 m 

Dia: 0.023 m 
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Figure 19:Sample PTL Codename: ACCC Rome 

PTL Sample Specifications  

Size: 1169 KCMil 

No. Of Strands: 21 est. 

Nom.OD: 29.90mm 

Nominal total linear weight: 1641.9 kg/km 

Construction: ACCC is produced with 1350 O-tempered aluminum. ACCC exhibit lay 

length (ratios) that conform to ASTM B 857 or EN 50540. Minimum tensile strength of 

annealed aluminum conforms to ASTM B 609 and EN 50540 

 

 
Figure 20: ACCC Rome cross-section 

 
Figure 21: PTL Sample Codename: ACSR Cardinal 

PTL Sample Specifications  

Size: 954 KCMil 

No. Of Strands: 54 

Nom.OD: 30.38mm  

Nominal total linear weight: 1826 kg/km 

Construction: “Aluminum 1350-H19 wires, concentrically stranded about a steel core. 

Standard core wire for ACSR is class A galvanized. Class A core stranding is also available 

in zinc-5% aluminum-mischmetal alloy coating.”[33] 

Length of sample: 0.62 m 

Dia: 0.032 m  

Length of sample: 0.61 m 
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Figure 22: ACSR Cardinal cross-section 

Table 2: Power Transmission Line Sample Specifications Summary 

PTL Sample 

Codename 

Size (KCMil) No. of Strands Nom.OD (mm) Nominal total 

linear weight 

(kg/km) 

ACSR Drake 795 26 28.13 1627 

ACSR Condor 795 54 27.73 1521 

ACCC Rome 1169 21 29.90 1642 

ACSR Cardinal 954 54 30.38 1826 

 

Table 2 summarizes the specifications of each of the PTL samples. From the 

specifications ACCC Rome as the highest KCMil while ACSR Drake and ACSR Condor 

have the lowest, ACSR Condor and ACSR Cardinal has the most strands while ACCC 

Rome have the least. For the total kg per km ACSR Cardinal is the heaviest and ACSR 

Condor is the lightest. From the table, it would be expected the PTL sample with the largest 

number of strands to be more visible to the selected LiDAR systems, the same is expected 

for the PTL with the largest Nom. OD. 

3.4 LiDAR Systems and Specifications  

This section showcases the selected low-cost light-weight LiDAR systems used in 

this research. These LiDAR systems were chosen based on availability, weight (as this will 

Dia: 0.025 m 
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be a key factor in relation to the RPA flight performance) and specifications. For the 

remainder of this document, the Hypersen HPS-3D160/ 3D Solid-State LiDAR/ 3D TOF 

Ranging Sensor and the Cygbot CygLiDAR D1 will be labelled as “LiDAR A” and 

“LiDAR B” respectively. This research focuses on characterization and comparison of the 

LiDAR’s specifications and features rather than the company and brand. 

 

LiDAR A- Hypersen LiDAR: HPS-3D160/ 3D Solid-State LiDAR/ 3D TOF Ranging 

Sensor 

 
Figure 23:HPS-3D160/3D Solid State LiDAR (LiDAR A)[34] 
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Table 3: HPS-3D160/3D Solid State LiDAR Specifications 

Measuring range 0.25 – 12 m 

Weight 110 *1 g 

Power consumption 3 – 5 W 

Precision ± 2 cm 

Frame rate 35 Hz / Adjustable 

Communication interface USB, RS23, IO, LAN 

Power supply 12 – 24 V 

Operating temperature -10 ℃ – 55 ℃ 

Output data Depth data, average distance, signal 

strength, quantity of weak signal pixels, 

quantity of saturated pixels, maximum 

distance, minimum distance 

Emitting angle 76 °（Horizontal）x 32 °（Vertical） 
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Figure 24: LiDAR A Field of View[35] 

 

Table 4:LiDAR A Timing Modes 

Integration time mode 

Mode Applications Integration Time 

Description 

Frame Rate 

HDR-DISABLE Static and fixed 

environment 

Manual setting The longer the 

integration time, 

the lower the frame 

rate 

AUTO-HDR Obstacle avoidance, 

sensitive to close 

proximity 

environment 

Auto adjust High 

SUPER-HDR Most objects in the 

environment, black 

objects are also 

identifiable 

Calculate the 

remaining frames 

based on the set 

maximum 

integration time 

Low 

SIMPLE-HDR Measuring 

environment within 

a specified distance 

Adjust two sets of 

integration time 

according to the 

measurement 

distance range 

Medium, stable 
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Figure 25:LiDAR A Advance Settings 

Figures 23 – 25, and Tables 3-4 display the essential information about LiDAR A 

available at the time of conducting this research. Figure 23 displays how the LiDAR A 

looks without the connection wires. Table 3 shows the specifications of LiDAR A such as 

weight, frame rate and emitting angle. Figure 24 shows what the projected area would be 

for LiDAR A based on the FOV with mathematical calculation. Table 4 show the timing 

modes integrated into LiDAR A, for this research SUPER-HDR mode was used. Figure 25 

show the advance settings that were used for this research.  
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LiDAR B-Cygbot CygLiDAR D1 

 
Figure 26: LiDAR B- Cygbot CygLiDAR D1 2D/3D Dual Solid State TOF LiDAR[36] 

 

Table 5: LiDAR B Specifications 

Detection Range Range affected by reflectivity 

2D: 200mm ~ 8,000mm 

3D: 50mm ~ 2,000mm (*DRM) 

Distance Accuracy ±1% 

Resolution (mm) 2D: 1° (Angle) 

3D: 160 x 60 (Pixel) 

Field of View (FOV) 2D/3D Horizontal: 120° 

3D Vertical: 65° 

Wavelength *Laser Diode: NIR 808nm 

LED: NIR 808nm 

Measuring speed 2D: 15Hz 

3D: 15Hz 

Dimensions (W H D) 37.4 * 37.4 * 24.5 (mm³) 

Weight 28g 

Interface UART TTL 3.3V 

3,000,000 bps 

Input power source 5V, 500mA 

Operating temperature -10°C ~ 50°C 
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Figure 27:Cygbot's CygLiDAR Viewer for LiDAR B 

 

  Figures 26 – 27 and Table 5 display the essential information about LiDAR B 

available at the time of conducting this research. Figure 26 displays an image of how 

LiDAR B looks without the connection wires. Table 5 summarizes the specifications of the 

LiDAR B, with information on the detection range, FOV and weight. Figure 27 show the 

setting (on the left side of the image) and the real-time data viewer (on the right side of the 

image).  
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3.5 Remotely Piloted Aircraft Systems (RPAS), specifications and control systems 

Towards the end of this research, different RPAS were used to conduct test/ 

simulations flights. Even with the focus of this thesis being comparing the different LiDAR 

system, the type of RPAS being used are commercially available and purchased by the 

Carleton University’s Mechanical and Aerospace engineering department. The reason for 

using commercially available RPAS is to have reliable test flights and test how the LiDAR 

system affects the flight characteristics of the commercial RPAS. This section will outline 

relevant information of each RPAS, and control systems used and/or researched for 

potential work. 

3DR Iris+ 

 
Figure 28: 3DR Iris+ multirotor RPAS 

 

The 3DR Iris+ is a quadcopter designed and sold by 3D- Robotics, the intent behind 

this quadcopter was to allow researchers and developers a DIY (do it yourself) RPA that 

can be modified to accommodate several types of payloads. This RPA was useful for 

understanding how to mount and integrate different LiDAR systems into a current RPA. 

Unfortunately, RPA has been discontinued and is no longer in production. However, the 
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completed CAD models and drawings were released and made open source by 3DR for 

continued community development. 

Table 6: 3DR Iris+ Specifications 

Motor to motor dimensions 550 mm 

Weight (with battery) 1282 g  

Average flight time 16- 22 minutes  

Payload capacity  400 g 

Flight controller Pixhawk  

 

Raspberry Pi 3 

 
Figure 29:Raspberry Pi 3 Model B 

 

Raspberry Pi3 Model B is the first model of the generation three of the Raspberry 

Pi models. The Raspberry Pi3 was used with LiDAR A for data collection. The Raspberry 

Pi was able to successfully collect the average distance of the nearest object to LiDAR A. 
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The Raspberry Pi3 was to be the replace of a desktop, to allow different programming 

languages to be used with the selected LiDAR system for this project. 

Table 7: Raspberry Pi 3 Model B Specifications 

Processor Broadcom BCM2837 64bit 

Clock Speed 1.2GHz 

Memory  1GB LPDDR2 

Power  Micro USB socket 5V1, 2.5A 

GPU Dual Core Video Core IV® Multimedia 

Co-Processor. Provides Open GL 

ES 2.0, hardware accelerated OpenVG, 

and 1080p30 H.264 high-profile 

decode. 

Dimensions 85 x 56 x 17mm 

 

3.6 Ground Stations 

The ground station refers to the hardware platform which was used for data 

processing as this plays a significant role in how the data was processed for this research. 

The following mentioned computers are what were to process the several types of data 

produced by the LiDAR systems. 

HP ENVY x360 I-3- Laptop 

Table 8: HP ENVY X360 I7 Specifications 

Operating Systems Windows 

Processor Intel® Core™ i7-1165G7 2.8GHz, 4 

cores + Intel® Iris® Xe Graphics and 8 

Logical Processors 

Installed Physical Memory (RAM) 12.0 GB 

Resolution  1920 x 1080 x 60 hertz 
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Microsoft Surface Pro 7 I-3 

Table 9: Microsoft Surface Pro 7 I-3 Specifications 

Operating Systems Windows  

Processor 11th Gen Intel® Core™ i3- 1005G1 1.20 

GHz, 2 cores, 4 Logical Processors 

Installed Physical Memory (RAM) 4.0 GB  

Resolution  2736 X 1824 X 59 hertz  

 

 

Figure 30: HD Digital Camera by ELP 

Figure 30 shows the camera used to take the photos, the camera was chosen based 

on availability and image quality. The model of the camera is ELP-USBFHD05MT-

KL36IR. It was determined the camera has a smaller FOV than both selected LiDAR 

systems. The FOV was determine by visibly comparing the objects in captured by the 

camera and the objects captured by the selected LiDAR systems, and it was determined 

that the LiDAR systems had a larger FOV. This information is important for the 

verification section of this research. 
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Table 10: HD Digital Camera Specifications 

Resolution  2.0 Megapixel 1080p 

Sensor  1/2.7" CMOS OV2710 

Connectivity Technology  USB 

Operating temperature -20°C – +70°C 

Dimensions  42mm *42mm*42mm  

Capture Speed 30 FPS  

Weight 199.58 g 

Image Stabilization Optical  
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Chapter 4: Performance Evaluation of Systems  

This chapter discusses the performance evaluation of the selected LiDAR systems. 

The evaluation was a validation and verification test done with the selected objects 

(aluminum water bottle, baseball, and football). The next evaluation was the comparison 

of the selected LiDAR specifications to each other. After the root-mean squared deviation 

was performed to evaluate the accuracy of the LiDAR systems, an interference test was 

done after to validate the there was not much interference product by the background.  

Conditional formatting is a function in Microsoft excel that helps make patterns 

and trends in the data visible to the user. The data value formatting and presentation are 

changed based on a set of rules defined by the user. For this research project the conditional 

formatting rules were set as shown in Figure 31. 

 
Figure 31: Microsoft Excel-Conditional Formatting Rule 
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4.1 Verification of Selected LiDAR Systems   

In this section the selected LiDAR systems were evaluated against different objects 

to verify that the light-weight LiDAR system worked as advertised based on their 

specifications. A testing matrix was used assist with the verification process, as the 

limitations of the selected light-weight LiDAR systems were examined. These limitations 

included distance from the object in question, if material and surface texture had any affects 

on the LiDAR systems ability. The selected objects used were an aluminum water bottle, 

CFL (Canadian Football League) official size football and an official league baseball. 

These objects were chosen based on their dimensions, texture, material, and availability of 

information on the objects. The aluminum water bottle was chosen due to its similarities to 

that of a PTL. For the verification of the selected LiDAR systems the other objects in the 

FOV of the LiDAR system were not considered as the distance from the LiDAR systems 

were known as well as the shape of the objects. 

Images of the objects and their dimensions can be found in the Appendix section 

of this document. For this section, the data displayed/discussed will be from for the metal 

water bottle at 0.5m as it would be the closest selected object in material to that of the 

PTLs. 

General Tasks of the Verification of Selected LiDAR Systems: 

• Determine the software needed for each of the selected light-weight LiDAR 

systems interface. 

• Examine data output and finalize a common data output between the two selected 

light-weight LiDAR systems. 
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Figure 32:Aluminum water bottle from LiDAR stand view 

4.1.1 LiDAR A 

 

 
Figure 33:LiDAR A screenshot of aluminum water bottle at 0.5m 

 

Figure 33 shows a screenshot of the LiDAR A as it was collecting the point cloud 

data at 0.5 m, Figure 32 shows a picture of the original object. In Figure 33 the highlighted 

yellow box shows the location of the aluminum water bottle, and the color scale was red 

(object closest to LiDAR system), orange has the mid point and black as the LiDAR system 

Water bottle  
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is not detecting any objects in that area. The data output came as CSV files, then conditional 

formatting function was used to be able to view the point cloud data in a 2D format for 

verification purposes. Along with what was shown in Figure 33, LiDAR A interface also 

as a graph mapping the average distance, a visual representation of the 3D point cloud data. 

For this research, the software used was HPS-3D160 client master which was developed 

by the Hypersen company for use of their HPS-3D160 devices.  

 
Figure 34:LiDAR A point data conditional formatted 

Figure 34 shows the conditionally formatted data from LiDAR A at 0.5 m, The 

color scale helped understand data distribution and variation of the object in question. The 

color scale was selected based on the point thresholds, minimum point (red), midpoint 

(yellow), and maximum point (green). Visually comparing Figures 34 and 33, the FOV of 

Figure 29 is larger than that of Figure 28. Comparing the Figure 33 to Figure 32, the 

aluminum water bottle image is slightly disfigured, this can imply that LiDAR A does not 

work well with curve surfaces. 

Water bottle 
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4.1.2 LiDAR B 

 
Figure 35:LiDAR B screenshot of aluminum water bottle at 0.5m 

Figure 35 shows a screenshot of the LiDAR B (the original object can be found in 

Figure 32) as it was collecting the point cloud data at 0.5m. The data output came as text 

files, these files then had to be converted to CSV file by importing them into Microsoft 

Excel. For LiDAR B interface it shows the color scale and the relative distance in 

milliammeters as the data is being collected. The aluminum water is highlighted in the red 

box of Figure 35, the FOV of LiDAR B is notably larger than that of LiDAR A which is 

corrected based on the specifications of both LiDAR systems. The interface of LiDAR B 

is simple to use, for this research the software downloaded was CygLiDAR Viewer, 

developed. Developed by the Cygbot company for use with their devices.  

 
Figure 36:LiDAR B data 2D conditional formatted 

Figure 36 shows the conditionally formatted data for LiDAR B at 0.5 m. After the 

data was collected, it was then imported into Microsoft Excel and use its conditional 

Water bottle 

Water bottle 
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formatting function to be able to view the point cloud data in a 2D format for verification 

purposes. The color scale was selected based on the point thresholds, minimum point (red), 

midpoint (orange), and maximum point (yellow/ green) as shown in Figure 31. In 

comparing the Figures 35 and 36, it is clear to see the difference in FOV and detail in the 

items detected. As LiDAR A the aluminum water bottle along with objects in the 

background as they were visible with some detail. However, LiDAR B the PTL was visible 

but not many of the objects in the background were visible.  

Table 11: Verification of LiDAR System Results 

Objects LiDAR System Distance measured (meters) 

0.5 1 1.5 

Aluminum water 

bottle 

LiDAR B 

 

LiDAR A X X X 

Baseball X X X 

Football X X X 

*X- denotes that the test was successful  

4.1.3 Verification Results Summary  

The results from Table 11 show that both LiDAR systems passed the verification 

test for this research. The test was considered if the LiDAR system was able to detect the 

objects in the raw data point cloud and post process data. The point cloud data provided by 

both systems was able to identify the selected objects. This test does not cover the accuracy 

at which they were able to see the object, and for a test to be denoted as successful, the 

LiDAR system had to detect both in the interface and in the post data analysis as shown in 

Figures 33 to 36.  
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4.2 LiDAR Performance Comparison  

In this section, a direct comparison of the selected LiDAR systems mentioned in 

Chapter 3.4, their specifications. As both of this LiDAR systems are considered light 

weight low-cost systems, a comparison between the manufacturer specifications. The 

specifications used were taken directly from each manufacturer’s user manual and these 

can be found in chapter 3.4  

4.2.1 Specifications Comparison  

Table 12: Specifications Comparison 

Specifications LiDAR A LiDAR B 

Weight 110g 28g 

Measuring Range 250mm to 12000mm 2D:200mm to 8,000mm 

3D:50mm to 2,000mm  

Field of View Horizontal: 76 ° 

Vertical: 32 ° 

2D/3D Horizontal: 120° 

3D Vertical: 65° 

Operating Temperature -10°C ~ 55 ℃ -10°C ~ 50°C 

Precision  

 

± 20 mm ± 10 mm (based on the data 

from this research) 

Power Supply 

 

12 – 24 V 5V 

Dimensions 

 

78 x 40x 30 mm 37.4 x 37.4 x 24.5 mm 

 

4.2.2 Specifications Comparison Summary 

The LiDAR B is 82 g (grams) lighter than LiDAR A. This weight comparison is 

just on the actual system itself and not the cable components as that can changed depending 

on the application. With a lighter weight system, LiDAR B would have less of an impact 

on an RPA performance. The measuring range starts 50 mm more on the LiDAR A, 
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however, LiDAR A as a measuring 4000 mm more than that of LiDAR B. Theoretically 

that would make the LiDAR A better for longer range detecting. The FOV is wider both 

vertically and horizontally on LiDAR B, and both have similar operating temperatures. 

Since the LiDAR B can only do USB (as of writing this document) that limits it to 5V for 

power supply while LiDAR A requires 12-24 V for operating. Base on the specifications 

provided by each manufacture both LiDAR systems have particularly useful features and 

depending on the application use one may have an advantage over the other. For usage on 

lightweight RPAS, (just based on specifications) LiDAR B would be the light-weight 

LiDAR system of choice.  

4.3 LiDAR Data Comparison  

This section compares the data values taken from each LiDAR system, this will be 

the first comparison done as it consisted of evaluating the LiDAR systems de-energized 

and at room temperature (20° C and 25 °C), the second comparison evaluated at the PTL 

being energized with temperature between 60° C and 120° C, these tests were done in the 

safety of the lab at Kinectrics, Inc. The data shown in this section are all for the distance at 

0.5 m. Note: all LiDAR distance values are in millimetres (mm). The actual measurement 

is the measurement from the LiDAR system to the PTL sample, the farthest measurement 

is the measurement from the LiDAR system to the background behind the LiDAR stands 

and the nearest measurement is the closest measurement taken by the LiDAR systems to 

the PTL. These measurements are taken from the center of the PTL.  
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4.3.1 De-Energized at Room Temperature 

Sample 1: ACSR Drake  

 
Figure 37:Conditional Formatted LiDAR A ACSR Drake at 0.5 m 

 

 
Figure 38:Conditional Formatted LiDAR B ACSR Drake at 0.5 m 

Table 13:ACSR Drake LiDAR A, B Results at 0.5m 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1348 406 94 

LiDAR B 500 4081 605 105 

 

Figures 37 and 38 show sample 1: ACSR Drake conditional formatted at 0.5 m (500 

mm), notably LiDAR B has the larger field of view as it was able to detect the LiDAR test 

stand. Using the same conditional formatting rules from Figure 31, LiDAR A shows the 

background as majority a midpoint while LiDAR B identifies it as the furthest point. Table 

13 compares the real-world measurement (actual measurement) to the closest data value of 

each LiDAR system and LiDAR A has the lowest difference of 94 mm. 
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Sample 2: ACSR Condor aged 

 
Figure 39:Conditional Formatted LiDAR A ACSR Condor aged at 0.5 m 

 
Figure 40:Conditional Formatted LiDAR B ACSR Condor at 0.5m 

Table 14:ACSR Condor aged LiDAR A, B Results at 0.5 m 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1100 412 88 

LiDAR B 500 4081 358 142 

 

Figures 39 and 40 show the conditional formatting for sample 2: ACSR Condor at 

0.5 m by LiDAR A and B, respectively. Both LiDAR system have the background as the 

midpoint, comparing the real-world measurement (actual measurement) to the 

measurement taken by the LiDAR systems, LiDAR A had the lowest distance difference 

of 88 mm. It should be noted, for this sample that it is an aged sample, which means the 

sample has served its operational life span. 
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Sample 3: ACCC Rome 

 
Figure 41:Conditional Formatted LiDAR A ACCC Rome at 0.5m 

 

 
Figure 42:Conditional Formatted LiDAR B ACCC Rome at 0.5m 

 

Table 15:ACCC Rome LiDAR A, B Results 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1259 471 29 

LiDAR B 500 4081 442 58 

 

Figures 41 and 42 show sample 3: ACCC Rome conditional formatted at 0.5 m for 

LiDAR A and B, respectively. This sample is different than the samples 1, 2 which are 

ACSR samples. LiDAR A has the lowest difference of the actual versus taken value of the 

LiDAR systems with a value of 29 mm. 

Sample 4: ACSR Cardinal  

 
Figure 43:Conditional Formatted LiDAR A ACSR Cardinal at 0.5m 



55 
 

 
Figure 44:Conditional Formatted LiDAR B ACSR Cardinal at 0.5m 

Table 16:ACSR Cardinal LiDAR A, B Results 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1086 506 6 

LiDAR B 500 4081 550 50 

 

Figures 43 and 44 show the conditional formatted for sample 4: ACSR Cardinal at 

0.5 m by LiDAR A and B, respectively. LiDAR A has the lowest difference between the 

actual versus the taken value of the LiDAR systems with a value of 6 mm. This is the 

lowest difference value of all the samples taken. 

4.3.2 Energized between 60℃ to 120℃ 

Sample 1: ACCC Rome 

 
Figure 45:Conditional Formatted LiDAR A Energized ACCC Rome at 0.5m 

 
Figure 46:Conditional Formatted LiDAR B Energized ACCC Rome at 0.5m 

Table 17:Energized ACCC Rome LiDAR A, B Results 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1050 528 28 

LiDAR B 500 4081 401 99 
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Figures 45 and 46 show the conditional formatted for the sample ACCC Rome- 

energized at 0.5 m by LiDAR A and B, respectively. LiDAR A has the lowest difference 

between the actual vs nearest measurement of 28 mm.  

Sample 2: ACSR Condor aged 

 
Figure 47:Conditional Formatted LiDAR A Energized ACSR Condor aged at 0.5m 

 
Figure 48:Conditional Formatted LiDAR B Energized ACSR Condor aged at 0.5m 

 

Table 18:Energized ACSR Condor aged LiDAR A, B Results 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1050 384 116 

LiDAR B 500 4083 327 173 

 

Figures 47 and 48 show the conditional formatted for ACSR Condor aged- 

energized at 0.5 m for LiDAR A and B, respectively. LiDAR A had the lowest value for 

the difference between actual versus nearest measurement of 116 mm. 

4.3.3 Summary of Results  

This section summarizes the data displayed in Sections 4.3.1 and 4.3.2. These 

sections focus on the measurements taken by the LiDAR systems vs the actual 

measurement from the LiDAR to the PTL sample. Note: the main assumption for this 

section is that since the LiDAR systems were placed directly 0.5 m away from the PTL 
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sample that the nearest point calculated by the systems should be approximately 0.5 m or 

500 mm. 

Table 19: Summary of LiDAR Data Comparison 

 LiDAR A: Difference 

between actual and 

nearest measurement 

(mm) 

LiDAR B: Difference 

between actual and 

nearest measurement. 

(mm) 

De-Energized 

Sample 1: ACSR Drake 94 105 

Sample 2: ACSR Condor aged 88 142 

Sample 3: ACCC Rome 28 54 

Sample 4: ACSR Cardinal  6 50 

Energized 

Sample 1: ACCC Rome 28 99 

Sample 2: ACSR Condor aged 116 173 

 

Table 19 displays the results from the data comparison test, as shown LiDAR B 

was less accurate at determining the actual distance to the PTL samples than LiDAR A. 

The farthest measurement (mm) and nearest measurement (mm) were found using the 

Microsoft Excel using the =max(), =min() and =avg() functions .One of the main take 

aways were:  these differences in measurements are mostly outside of what the manufacture 

advertised, which were 2 cm or 20 mm and 1% for LiDAR A and LiDAR B respectively 

except for sample 4: ACSR cardinal. For sample 4 is which the difference between actual 

and nearest measurements were 6mm for LiDAR A. With sample 3 and 4 being the lowest 

measurement difference, this is potential due to the material and surfaces of samples 3 and 

4 as these were the shinier of the samples. Comparing the de-energized and energized PTLs 

there does not seem to be that much of a difference, a raising the question if heat has any 

impact on the LiDAR system performance. A general conclusion of this analysis can be 
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made that LiDAR A performed closest to the advertised specifications and overall better 

than LiDAR B. 

4.4 Root-Mean-Square Deviation Comparison  

One of the most notable features for a LiDAR system is the accuracy, in this section 

will examine the accuracy of the selected LiDAR systems. The accuracy in this section was 

determined by method of root mean squared deviation technique (RMSD). The root mean 

squared deviation or more commonly known root mean squared error (RSME) is the 

standard deviation of the prediction errors. The predicted errors look at how far the data 

points are from the line of best fit. How this method is beneficial for this research, is the 

RMSD, takes a series of observations (frames) collected by the LiDAR systems by 

calculating the squared difference between the collected value and the theoretical/ 

predicted value, adding then dividing them by the number of observations, giving the 

equation shown below. Note: all LiDAR values and RMSD values are in millimetres (mm).  

The general equation for the RMSD:  

                                                         𝑅𝑀𝑆𝐷 = √
∑ (𝒳𝒾−�̂�𝒾)2𝑛

𝑖=1

𝑁
                           (Equation 1) 

𝑅𝑀𝑆𝐷 = root-mean-square deviation 

𝑖 = variable i 

𝑁 = number of non-missing data points 

𝒳𝒾 = actual observations time  

�̂�𝒾  = estimated time  
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4.4.1 De-Energized at Room Temperature 

Sample #1- ACSR Drake  

RMSD between LiDAR A and LiDAR B = 2359 mm 

 
Figure 49:LiDAR A RMSD for ACSR Drake at 0.5 m 

 
Figure 50:LiDAR B RMSD for ACSR Drake at 0.5 m 
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Figures 49 and 50 show the RMSD vs the number of observations at 0.5 m for 

LiDAR A and B respectively for ACSR Drake sample. First notable observation is the 

difference of the number of observations between LiDAR A and B, LiDAR A with an 

approximate 58 observations and LiDAR B with 13. The RMSD per observations are 

higher for LiDAR A than LiDAR B, however, they are more constant during majority of 

the observations. In both LiDAR systems there are spikes in the RMSD, this indicates 

higher difference of actual versus the measured value than the other observations.  

Sample #2- ACSR Condor aged   

RMSD between LiDAR A and LiDAR B = 3667 mm 

 
Figure 51:LiDAR A RMSD for ACSR Condor aged at 0.5 m 
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Figure 52:LiDAR B RMSD for ACSR Condor aged at 0.5 m 

 

Figures 51 and 52 show the RMSD vs the number of observations at 0.5 m for 

LiDAR A and B respectively for ACSR Condor aged sample. Like the previous sample 

LiDAR A has more observations and higher and more spikes in the RMSD. With LiDAR 

A having much larger spikes, the data can be unreliable since some of the values are 

approximately 1400 mm. LiDAR B highest RMSD value was 225 mm compared to LiDAR 

A 1400 mm. The spikes represent the change in accuracy of the data taken, the larger the 

spike the less accurate that data is, and the lower the spike (or RMSD) the more accurate 

the data is. 
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Sample #3: ACCC Rome 

RMSD between LiDAR A and LiDAR B = 2951 mm 

 
Figure 53:LiDAR A RMSD for ACCC Rome at 0.5 m 

 
Figure 54:LiDAR B RMSD for ACCC Rome at 0.5 m 
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Figures 53 and 54 show the RMSD vs the number of observations at 0.5 m for 

LiDAR A and B respectively for the ACCC Rome sample. LiDAR A shows a lot more 

spikes in the RMSD while LiDAR B have frequent spikes but at a lower RMSD.  

Sample 4: ACSR Cardinal 

RMSD between LiDAR A and LiDAR B = 3847 mm 

 

Figure 55:LiDAR A RMSD for ACSR Cardinal at 0.5 m

 

Figure 56:LiDAR B RMSD for ACSR Cardinal at 0.5 m 
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Figures 55 and 56 show the RMSD vs the number of observations at 0.5 m for 

LiDAR A and B respectively for the ACSR Cardinal sample. Like the previous samples 

LiDAR A has the higher value, and more spikes per observations. 

4.4.1.1 Discussion of results 

Figures 49 to 56 shows the results of the RMSD for the data collected by LiDAR 

A and B for samples 1-4. Based on the results LiDAR B has the lower RMSD per 

observation than LiDAR A. For this section, it was not the expected result as LiDAR A 

was more accurate than LiDAR B in the data comparison section (Section 4.3). It is to 

know that LiDAR A has more observations than LiDAR B, during the test LiDAR A frame 

per second (fps) was 13-15 fps while LiDAR B was closer to 5-10 fps. The theory for the 

larger RMSD spikes for LiDAR A, is since LiDAR A can detect more of the objects around 

the PTL and the background, it is possible that it also is picking up more local interference 

causing less accurate results. Another theory about LiDAR A, is that the power supply was 

fluctuating causing some distortions and leading to higher RMSD values.  

4.4.2 Interference Comparison 

Based on the results from Section 4.4.1 an interference comparison was performed 

to understand if the interference level due to the background of the background and from 

the LiDAR systems. To perform this test the LiDAR systems were pointed at a blank 

surface (in this case, the background behind the PTL set up). The RMSD was calculated 

for the interference comparison and compared to that of LiDAR A and B. Samples 2 and 4 

were selected for this section. 
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Sample 2: ACSR Condor aged 

LiDAR A RMSD difference = 3229 mm 

LiDAR B RMSD difference = 1334 mm 

 
Figure 57:Sample 2 Interference Comparison LiDAR A at 0.5 m 

 
Figure 58:Sample 2 Interference Comparison LiDAR B at 0.5 m 
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Figures 57 and 58 show the interference comparison for LiDAR A and B 

respectively at 0.5 m, these graphs show the RMSD per observation for the data with PTL 

and without the PTL. The orange (or data line) graph shows the RMSD without the PTL 

sample (just the background and the LiDAR stand) and the blue graph shows the RMSD 

per observation with the PTL. Figure 57 indicates for LiDAR A, without the PTL the 

RMSD per observation is exceptionally low, almost zero is some observations. While 

LiDAR B (Figure 58) the RMSD per observation is higher without the PTL than without 

and have more spikes in the RMSD. 

Sample 4: ACSR Cardinal  

LiDAR A RMSD difference = 3536 mm 

LiDAR B RMSD difference = 1241 mm 

 
Figure 59:Sample 4 Interference Comparison LiDAR A at 0.5 m 
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Figure 60:Sample 4 Interference Comparison LiDAR B at 0.5 m 

 

Figures 59 and 60 show the interference comparison for LiDAR A and B 

respectively at 0.5 m, these graphs show the RMSD per observation for the data with PTL 

and without the PTL. The results are like that of sample 2. 

Discussion of results 

Figures 57 to 60 show the results on the interference comparison test and for 

LiDAR A and B the environment/background. For LiDAR A the background did not have 

an affect on the actual results, as the RMSD was significantly lower than that of the RMSD 

taken with the PTL sample. It would appear there are other factors, which would have to 

be considered or there is interference going on internally with the LiDAR system, with 

LiDAR B the affect on the background is directly proportional to that of the data with the 

PTL sample included. The theory going into this test was, the RMSD with the PTL would 
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be like the RMSD without the PTL. This test does prove the theory incorrect, highlighting 

LiDAR A and B results were affect by the background/ environment.  

 4.4.3 Energized between 60℃ to 120℃ 

For this section, the test was performed at Kinectrics Inc. in their high voltage lab. 

The purpose of this test was to examine how the LiDAR systems data would be affected in 

more realistic operational conditions. As the PTL span was energized its temperature was 

between 60℃ and 120℃. The frequency was approximately 60 Hz and the voltage was 

approximately 120 V. The data is shown for the distance of 0.5 m. 

Sample 1: ACCC Rome- Energized  

 
Figure 61:LiDAR A RMSD for ACCC Rome-Energized at 0.5 m 
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Figure 62:LiDAR B RMSD for ACCC Rome-Energized at 0.5m 

 

Figures 61 and 62 show the RMSD for ACCC Rome-energized at 0.5m for LiDAR 

A and B, respectively. As expected with this test being performed in a high voltage lab and 

the ACCC Rome being having a shiny surface, the RMSD values in the results are 

significantly lower than the de-energized RMSD values.  

 

 

 

 

 

 

 

 

 

 

 

 

 



70 
 

Sample 2: ACSR Condor Aged-Energized 

 
Figure 63:LiDAR A RMSD for ACSR Condor aged-Energized 

 
Figure 64:LiDAR B RMSD for ACSR Condor aged -Energized 

 

Figures 63 and 64 show the RMSD for ACSR Condor aged-energized at 0.5m for 

LiDAR A and B, respectively. LiDAR A the RMSD values have similar spikes to the de-
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energized test done, however the low RMSD are approximately 200 mm. LiDAR B the 

RMSD values are slightly higher than in the ACCC Rome sample.  

4.4.4 Discussion of Results 

The test described in this section were performed in an actual testing lab for high 

voltage power transmission lines, under the careful supervision of the lab technicians. This 

allows for less interference from external sources (such as background or other random 

objects. The ACCC Rome sample had lower RMSD values for LiDAR while LiDAR B 

results were the same as the de-energized samples. The results from this section indicate 

that there is more accuracy from the LiDAR systems when the test is performed in a high 

voltage lab and energizing the PTL samples there were no significant difference in results 

than that of the de-energize PTL samples. The RMSD data didn’t accounted for false 

detections as the distance from the LiDAR system to the PTL sample were known and 

there were no objects between. The RMSD vs Number of Observations graphs represent 

the RMSD for every observation (frame) taken by the LiDAR systems, in each observation 

the RMSD is calculated based on predicted values and actual values taken by the LiDAR 

system. Each observation includes the PTL sample and the background (projector screen), 

the ACSR Drake PTL sample was the only sample which included the 2’ x4’ spruce-pine-

fir wood and zip ties to stop the PTL sample from coiling and causing potential injury to 

anyone in the area. 

4.5 Performance Evaluation Summary  

This section is a general summary of the results of Chapter 4. Both LiDAR systems 

were able to pass the validation and verification test as both were able to detect the selected 

objects (shown in section 4.1 based on the point cloud data. This test does not cover the 
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accuracy at which they were able to see the object, and for a test to be denoted as successful, 

the LiDAR system had to detect both in the interface and in the post data analyzation as 

shown in Figures 33 and 35. The next performance evaluation done was comparing the 

specifications from LiDAR A and B. LiDAR B is 82 g (grams) lighter than that of LiDAR 

A. This weight comparison is just on the actual system itself and not the cable components 

as that can changed depending on the application. With a lighter weight system, LiDAR B 

would have less of an impact on an RPA performance. The measuring range starts 50mm 

more on the LiDAR A, however, LiDAR A has a maximum range of 4000 mm more than 

that of LiDAR B. Theoretically that would make the LiDAR A better for longer range 

detecting.  

The FOV is wider both vertically and horizontally on LiDAR B, and both have 

similar operating temperatures. For communication interface, while LiDAR A can do USB, 

RS23, IO, and LAN, the LiDAR B can only connect via USB at the time of conducting this 

research. Since the LiDAR B can only be connected via USB, it limits it to 5V for power 

supply while LiDAR A requires 12-24V for power supply. Base on the specifications 

provided by each manufacturer both LiDAR systems have particularly useful features 

however, depending on the application use one may have an advantage over the other. 

 The performance evaluation examined the data collected by the LiDAR systems; 

Table 19 highlights the results from the data comparison test. LiDAR B was less accurate 

at determining the actual distance to the PTL samples than LiDAR A. The farthest 

measurement (mm) and nearest measurement (mm) were found using the Microsoft excel 

using the =max() and =min() functions. One of resulting factors were:  the differences in 

measurements are mostly outside of what the manufacture advertised, which were 2 cm or 
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20 mm and 1% (for this research 10mm) for LiDAR A and LiDAR B respectively except 

for sample 4: ACSR cardinal. For sample 4 is which the difference between actual and 

nearest measurements were 6 mm for LiDAR A 

 Comparing the de-energized and energized there does not seem to be that much of 

a difference, this does bring up a question if heat has any impact on the LiDAR systems? 

LiDAR A uses a wavelength of 850 nm and LiDAR B uses a wavelength of 808 nm. 

 
Figure 65:Electromagnetic spectrum[37] 

Based on the wavelength of both LiDAR systems, it would place them just above 

the visible light and in the IR spectrum. “Thermal radiation is electromagnetic radiation 

emitted from all matter that is at a non-zero temperature in the wavelength range from 0.1 

μm to 100 μm.”[38] which places both LiDAR systems in that range, with LiDAR A at 

850 nm and LiDAR B at 805 nm, for their operational wavelengths. One micrometre (μm) 

is equal to one thousand nanometres (nm). Suggesting that IR radiation does have an affect 

on the data taken from the LiDAR systems.  

A general conclusion of this section can be made LiDAR A performed better in this 

test. The final performance evaluation was the determination of the RMSD and comparison 

between the LiDAR systems. Figures 49 to 56 shows the results of the RMSD for the data 
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collected by LiDAR A and B for samples 1-4. Based on the results LiDAR B has the lower 

RMSD per observation than LiDAR A. For this section, it was not the expected result as 

LiDAR A was more accuracy than LiDAR B in the data comparison section. It is to know 

that LiDAR A has more observations than LiDAR B, during the test LiDAR A frame per 

second (fps) was 13-15 fps while LiDAR B was closer to 5-10 fps. It is LiDAR A could 

have experienced a lot more interference (noise) than LiDAR B due to the power supply 

or scatter in the room where the test was conducted. Figures 57 to 60 show the results on 

the interference comparison and for LiDAR A the environment/background of which the 

test was performed had little affect on the results, it would appear there are other factors, 

that would have to be considered or there is interference going on internally with the 

LiDAR system, with LiDAR B the affect on the background is directly proportional to that 

of the data with the PTL sample included. This test does prove that with LiDAR A and B 

there was interference from the background/ environment of which the test was performed. 

The results of this section were performed in an actual testing lab for high voltage power 

transmission lines, under the careful supervision of the lab technicians. This allows for less 

interference from external sources, which is visible in the lower RMSD values to that of 

the de-energized values. 

4.6 PTL Sample Section Analysis  

In this section, Figures 66 and 70 was divided into three sections and each section 

analysed by graphical method. The purpose of this analysis is to understand the change in 

LiDAR data measurements from the PTL sample relative the background. The first frame 

of each data set was used. For each graph, the X-axis numbering starts from the section to 

the bottom and the Y axis denotes the distance measurement at the corresponding point. 
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The numbering on the X-axis starts at 1 and end at 59 with 30 being the midpoint (as the 

mid-point of the sectional cut).  

 

 
Figure 66: LiDAR A Conditional Formatted ACCC Rome at 0.5 m 

 

 
Figure 67: ACCC Rome at 0.5 Sectional One for LiDAR A 
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Figure 68:ACCC Rome at 0.5 Sectional Two for LiDAR A 

 

 
Figure 69:ACCC Rome at 0.5 Sectional Three for LiDAR A 

 

Figure 66 shows the location of the sectionals S1, S2 and S3 for ACCC Rome at 

0.5 m for LiDAR A. In Figure 67 for S1, from 1-33 the measurement values are consistently 

around 700 mm, and then fluctuates down to 400 mm which corresponds to the location of 

the PTL. After, the location of the PTL at 41 the measurement goes up to 1000 mm. For 

S2 (Figure 68) the graph shows the measurements are consistent with a few spikes at the 
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beginning (number 1), near the center (number 33) and closer to the end (number 55). 

Around 37 – 41, the goes down to 471 giving the nearest value at the center of the PTL 

sample. S3 (Figure 69), which shows the measurements on the right side of the PTL are 

consistent around 700 mm until number 39 where it goes down under 400 mm and at 

number 45 it spikes up over 1000 mm correlating to where the PTL ended, and the 

background area started. 

 

 
Figure 70:LiDAR B Conditional Formatted ACCC Rome at 0.5 m 

 

 
Figure 71:ACCC Rome at 0.5 Sectional One for LiDAR B 
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Figure 72:ACCC Rome at 0.5 Sectional Two for LiDAR B 

 

 
Figure 73:ACCC Rome at 0.5 Sectional Three for LiDAR B 

 

Figure 70 shows the location of the sectionals S1, S2 and S3 for ACCC Rome at 

0.5m for LiDAR B. S1(Figure 71), the measurements are consistent at 900 mm then drops 

until 800 mm at the midpoint (number 33) spikes up to 1000 mm at number 37 then down 

again to 600 mm at number 45. For S2 (Figure 72), the measurement values are on a 

constant decline from number 1 to number 29, where is drops to 442 mm at the midpoint. 
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Then goes up to 850 mm at number 39. Denoting the location of the PTL to be between 

number 33 and 39. S3 (Figure 73), the measurement values are constant around 900 mm 

then declines to 580 mm near the location of the PTL. 

4.7 Miniature Case Study 

This section will look at RMSD per observation of the selected LiDAR systems as 

they are initially attached to a selected RPAS (3DR Iris+ multirotor RPAS). For safety and 

regulatory purposes, this test was done in the safety of mechanical and aerospace laboratory 

and with a safety observer. The propellers were removed as this test focuses on how the 

RPAS’ components will affect LiDAR A and LiDAR B data results. The samples used was 

sample 1: ACSR Drake de-energized, and the LiDAR systems were placed at the same 

height and distance away as it was on the bench test.  

 
Figure 74: LiDAR A mounted on 3D Iris+ multirotor RPAS 
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Figure 75:LiDAR B mounted on 3D Iris+ multirotor RPAS 

Table 20:ACSR Drake LiDAR A, B mounted on 3D Iris+ multirotor RPAS results at 0.5 m 

 Actual 

Measurements 

(mm) 

Farthest 

Measurement 

(mm) 

Nearest 

Measurement 

(mm) 

Difference 

(Actual vs 

Nearest) 

(mm) 

LiDAR A 500 1309 400 100 

LiDAR B 500 4081 633 133 
 

 
Figure 76: RMSD per Observation of LiDAR A mounted on a RPAS at 0.5 m 
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Figure 77:RMSD per Observation of LiDAR B mounted on a RPAS at 0.5 m 

4.7.1 Discussion of results 

Figures 74 and 75 show how the LiDAR systems with initially mounted on the on-

3D Iris+ multirotor RPAS. The RPAS has a gimbal located at the bottom, which was the 

ideal place for the LiDAR systems to be mounted as this is where it would be mounted in 

a real-world scenario. Also, the gimbal assists with dampening the vibrations cause by the 

rotation of the motors and the propellers. The difference between the real-world 

measurement and the nearest measurement taken by the LiDAR A, B were 100 mm and 

133 mm, respectively. The RMSD per Observations graphs on Figures 76 and 77, show 

comparable results to when the test was performed without the RPAS. To conclude, the 

miniature case study, the results illustrate that the components of from the RPAS does not 

have significant enough impact to affect the results of the select LiDAR systems.  
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Chapter 5: NRC Case Study 

5.1: Introduction/ Overview  

The LiDAR data used in this section was provided by the National Research 

Council of Canada. These data were incidentally collected by a field team as they were 

using an OPAL LiDAR system within proximity of PTLs during other flight tests. It is 

important to note that the PTLs were not the main subject for the field teams’ data 

collection and only after reviewing the data, did they notice the PTLs. This case study 

looked at how the OPAL LiDAR system performed with PTL and their structures in its 

FOV while performing its main mission. The LiDAR system used was a redesigned 

OPAL™ 3D LiDAR scanner from Neptec Technologies. The mission for which this 

LiDAR system was used, and data collected show, the primary focus was not to detect/ see 

the PTL. However, as the PTL were within the FOV for the LiDAR. The data represented 

in this study will focus entirely on the PTL and their structures. The objective of this case 

study is to understand how an advanced and expensive LiDAR system will behave around 

live operating PTLs in a real-world scenario.  

 

Figure 78:OPAL™ PERFORMANCE SERIES –CONICAL 3D LiDAR[39] 



83 
 

5.2 OPAL-CONICAL 3D LiDAR Specifications  

Table 22 summarizes the basic specifications of the OPAL-CONICAL 3D LiDAR 

system. Other features of this commercial system include: 

• High resolution (300,000 points per second single return mode) 

• Rugged (resistant to shock and vibration) 

• Obscurant penetrating (unparalleled performance in dust, smoke, rain, and fog) 

• Intelligent (integrated multi-core CPU with PoE and USB ports for GPS/INS and 

peripherals.) 

• User friendly (intuitive 3DRi™ software tools for rapid application development.) 

• Consistent (dependable low-reflectivity target detection in real-world scenarios) 

• Connectivity (integrated GigE switch and port for GPS/INS 
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Table 21: OPAL-CONICAL 3D LiDAR Specifications 

Measuring range Up to 1000 m   

Weight 11.8 kg  

Power consumption  3 – 5 W 

Precision  < 2cm 

Pulse Repetition Frequency  25kHz, 50kHz, 100kHz, 300kHz 

Communication interface  Ethernet (Integrated Gig E switch with 

PoE), PPS (Time synchronization)  

Operating Voltage  18- 36 VDC 

Operating temperature  -40 ℃ - 55℃ 

Data Format 

Data Stream Format 

Time-stamped position (x, y, z) plus 

intensity  

IPv4 Multi-cast UDP packets 

Field of View Conical 45°, 60°, 90°, and 120° 

 

5.3 LiDAR Data  

The data in this section will not be analyzed using the same method as that of the 

samples of the PTLs described previously in Chapter 4. The OPAL LiDAR data was 

collected in the south-eastern area of Ottawa, Ontario Canada, near Mer Bleue Bog and the 

Geological Survey of Canada Geomagnetic Observatory. The flight path of the helicopter 

was estimated to be circling the nature preserve as the objective of this flight was to 

evaluate the LiDAR system for the first time as shown in Figure 80. The Google Earth 

screenshot of that area is shown in Figure 79. 
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Figure 79:Google Earth screenshot of LiDAR Data Collection Area 

*Notes: 

Red = the direction of the flight path of the helicopter with the LiDAR system 

Blue = highlighting some of the more obvious PTLs   

Orange = highlighting a few of the towers 

“This is not an ideal dataset, but it is the best one I have found with what we have flown 

so far. Also note that we are having issues with the LiDAR itself, so there is some jitter in 

the positional information.”- the National Research Council Canada representative. 

Towers 
and PTLs 
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Figure 80:OPAL-Conical 3D LiDAR Data 

 

Figure 79 shows the Google Earth screenshot of the approximate area and the view 

from the height of which the LiDAR data was taken, and Figure 80 presents it in a point 

cloud data (PCD) format. The data was taken at a distance ranging from 760 – 790m above 

ground level (AGL). Not considering interference or any environmental factors, this 

LiDAR system show immense potential for PTL detection. As previously mentioned, one 

of the notes upon receiving the data were there was some issues with the LiDAR, and it 

did not perform at full capacity as it was the first time this LiDAR system was used.  
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Figure 81: Zoomed in screenshot of OPAL-Conical 3D LiDAR Data 

 

Figure 81 shows a zoomed in version of Figure 80, revealing more of the PTL 

structures (denoted by the red squares). There are several factors that can influence the data 

result produced by any LiDAR system, one of them is the change in heat of the PTL 

(Equation: 2), and how absorption impacts the wavelength of radiation caused by current 

flowing through PTLs. Radiation also known as electromagnetic waves cause 

electromagnetic fields. The strength of the electromagnetic field is directly proportional to 

the amount of current flowing through the PTLs.  
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The Heat transferred by the process of radiation equation[40] (Equation 2) 

                                                            𝑄 =  𝜎 (𝑇𝐻𝑜𝑡 − 𝑇𝐶𝑜𝑙𝑑) 𝐴                              (Equation 2) 

Q = Heat transferred 

σ = Stefan Boltzmann Constant = 5.67 × 10-8 kg s-3 K-4 

THot = Hot temperature 

TCold =Cold Temperature 

A = Area of surface 

5.4 Contribution to the Research  

The approximate cost of the OPAL-Conical 3D LiDAR is $100,000 CAD at the 

time of writing this document, in comparison to the 150 – 600 CAD for the selected light-

weight low-cost LiDAR systems used in this research. This case study was able to 

understand the capabilities to larger more expensive systems and have some understanding 

of its performance around PTLs. As previously mentioned, the data shown in Figures 80 

and 81, were taken incidentally using the LiDAR system being evaluated. Since the data 

taken for the case study was not collected under the same conditions as this research or in 

the same environment using the performance evaluation testing methods, would not 

provide accurate and comparable results. 

5.5 General Conclusion  

The OPAL™ performance series 3D LiDAR is a very impressive LiDAR system, 

as from approximately 760 plus meters it was able to see PTLs and the towers. The data 

shown was just a testing of the system and the PTLs happen to be in the field of view of 
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the LiDAR system. There is a level of noise in the PCD, to understand and possibly mitigate 

noise to the LiDAR system, more data collection will have to be done and data analyzed 

following what was done in Chapter 4.With an approximate value 100,000 CAD at the 

time of writing this document, in comparison to the price of the LiDAR systems used in 

this research of 150 – 300 CAD, there was a clear different in performance, from the 

specifications to how much information was stored in the PCD. 
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Chapter 6: Conclusions, Recommendations and Future Research  

PTLs are being inspected by a combination of utility line personnel, helicopters 

with a line person and recently companies have developed PTL inspection robots that 

attach to the PTL and are able to conduct an inspection in situ. With the introduction of 

RPAS for PTL inspection, the risk of injury or fatality has been reduced. This approach is 

also less expensive than traditional methods, in addition to the reduced mission set up time. 

With the use of RPA for PTL inspection comes the possibility of the introduction of 

different sensors such as LiDAR systems, and their dual use of inspection and obstacle 

detection.  

6.1 Conclusions 

This thesis presents the characterization of small light-weight LiDAR systems with 

remotely piloted aircraft systems for powerline detection. This thesis only represents one 

method of light-weight LiDAR characterization as there are many scientific research 

methods available. Most LiDAR systems are used in PTL inspections are more focused on 

detection and/or analyzing PTL structures. By changing the focus of these LiDAR systems 

to just that of PTLs, important questions arise which were, at what accuracy can small 

LiDAR systems to detection high voltage PTLs and would it be better to invest in a more 

expensive LiDAR system even if a small RPA is being used. It is important to note that the 

selection of the LiDAR systems used were determined availability, price, weight, size, and 

applications for detection. The results of this thesis research as shown, there are some 

considerations for users to understand when selecting LiDAR systems not just for PTL 

detection but how detection in general.  
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Based on the performance from LiDAR A and LiDAR B, they both did not perform 

as well as claimed by manufacturers. LiDAR A being the HPS-3D160/ 3D solid state 

LiDAR/ 3D TOF ranging sensor by Hypersen Technologies Co, Ltd and LiDAR B the 

Cygbot CygLiDAR D1 by Cygbot. 

The accuracy as this would is the most important part of a detection system, did not 

perform as expected Section 4.3 where the real-world measurement versus measurements 

taken by the LiDAR systems at lowest was 6 mm, 50 mm for LiDAR A, B respectively 

and the largest difference being 116 mm, 173 mm for LiDAR A, B, respectively. As these 

LiDAR systems range from 150 to 300 CAD at the time of drafting this research LiDAR 

A being the more expensive of the two. It can be concluded that LiDAR A performed better 

based on the performance evaluation test performed. LiDAR A did have more spikes in its 

RMSD values than that of LiDAR B. These spikes could have represented any factors such 

as fluctuations in the power supply or limitations in the LiDAR system. Which is why an 

interference test was performed for the background and it was determined that there was 

more interference from the background for LiDAR B than LiDAR A. For connectivity 

LiDAR has more options standard USB like that of LiDAR B. For the specifications and 

properties at price range of 150 – 600 CAD, this is what should be expected with more 

expensive and advanced systems currently available on the market. The selected low-cost 

light-weight LiDAR systems had a harder time detecting objects that were smooth and 

shiny (ACCC Rome and the aluminum water bottle) in addition to darker objects (almost 

black) such as the PTL sample ACSR Condor aged. 

Most of the objectives for this thesis were met, either partially or fully as follows: 
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• Determine the accuracy of the chosen LiDAR systems in different operating 

conditions. This was determined by performing the data comparison and the RMSD 

• Be able to detect power transmission lines. This was successful, as shown in Section 

4.3. 

• Be able to be mounted to most RPAS without significantly decreasing its 

performance? This was partially successful as due to regulations the RPA was not 

able to be flown outside during this research. 

• The detect and avoid system must be able to withstand electromagnetic 

interference. This was evaluated in section 4.4.3 with the energized PTL in a high 

voltage lab and the results determine that the selected LiDAR systems were able to 

withstand the electromagnetic interference from the PTLs.  

 

After examination of the results from these LiDAR systems, pairing these systems with 

other sensor(s) such as cameras and ultrasonic rangefinders with data fusion (making it a 

multi-physics system) would help mitigate some of the limitations of LiDAR while still 

benefitting from their ability to directly measure distances and generate 3D point clouds. 

6.2 Recommendations  

To improve the results of this research here are some recommendations: 

• For optimal the LiDAR data measurements should be taken in a high voltage 

laboratory like the one at Kinectrics Inc. 

• Different data comparison methods to determine the accuracy of the results.  

• A wider range of LiDAR systems in the price range of 150 – 300 CAD to 

understand if price and specifications influence the accuracy of the LiDAR systems 
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• Performing more flight test with the LiDAR mounted and having the data collected 

and run-in real time 

• Pairing the selected LiDAR systems with an optical sensor (making this system 

now a multispectral system) 

6.3 Future Research 

LiDAR systems are becoming smaller and more efficient with new developments 

in technology. This thesis presented the characterization of two light-weight LiDAR 

systems, there are many options available on the market and based on the mission profile 

should be considered. There is a lot of room for improvement in this experiment as the de-

energized PTL data and the energized PTL data were collected in different environments, 

and the energized data examined showed that there was less interference. This research 

only focusses on a small section on detection and avoidance for PTL for RPA. Detection 

and avoidance are better done with a multispectral system as it does not rely on the data 

from one system. 

 LiDAR A has a diverse interface allowing for more integration with other systems, 

with one of the main drawbacks being that it is not fully open- source and the experience 

with customer support has been slow due to time zone and language barriers. To improve 

upon what was done in this research, having all data collected in a high voltage lab to 

mitigate interference from external sources. Diverse systems which can all use the same 

programming language allowing for better comparisons should be selected for future work.  
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Appendices 

Appendix A- Validation of LiDAR system Object set 

 

Official League Baseball 

Dimensions: 4 inches L and 4 inches W 

 

Standard CFL (Canadian Football League) Football 

Dimensions: 14 inches L and 10 1/5 inches W 
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Aluminum Water Bottle  

Dimensions: 12 inches L and 4 ½ inches W 
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Appendix B- Sample MATLAB code used for separating the data. 

function [Data Organized] =Separate_Data(Data) 

index=find(isnan(Data(:,1))); 

rd=size(Data,1); 

r=size(index,1); 

k=2; 

Data_Organized{1}=Data(1:index(1)-1,:); 

for i=1:r-1 

    if index(i+1)-index(i)>1 ||i==r-1 

        if i==r-1 && index(r)<rd 

            Data_Organized{k}=Data(index(r)+1:rd,:); 

        else 

            Data_Organized{k}=Data(index(i)+1:index(i+1)-1,:); 

            k=k+1; 

        end 

    end 

end 
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Appendix C- Power Transmission Line Specifications Sheets 
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