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Executive Summary: 

Consumers Energy has been researching a more efficient solution for the inspection of 
their power lines. This project has accomplished that objective by employing a drone to 
perform remote power line inspections. Thermal image inspection of power lines is an 
industry-wide method for detecting present or potential faults in power lines and other 
electrical equipment. Electric utility companies currently perform their inspections by 
either using handheld thermal cameras or using thermal cameras mounted to helicopters. 
These methods are both problematic as helicopter operation is expensive and using 
handheld thermal cameras in remote areas is dangerous and difficult. To address this 
issue, the team’s goal was to create a drone-mountable system to be used in the detection 
of defective power lines. Detection is performed using a thermal camera and 
microprocessor mounted on a drone. Video from the thermal camera is transmitted to a 
base station for human viewing. When a problem is detected, the operator instructs the 
system to record the thermal video and a GPS location of the problem area. All problem 
areas are subsequently plotted on Google Maps for further inspection. Each plot-point 
will contain the video recorded at that location. 
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I. Introduction and Background  

Power line maintenance for electric utility companies is expensive, dangerous, and time-
consuming. Therefore, Consumers Energy has been researching alternative methods for 
detecting faults on power lines. Their main method for fault detection is thermal hot-spot 
recognition, which uses a thermal camera to inspect power lines for high-impedance 
areas, also called “hot-spots” or “problem areas”. These high-impedance areas generate 
more heat than the surrounding equipment and are thus visible on the thermal camera. 
Also, these areas signal that there is a fault on the power line. It is often practical for a 
person on the ground to use a thermal camera to monitor the power lines, but this can be 
laborious and time-consuming. Additionally, this method is impractical when power lines 
are located above rugged terrain. Consumers Energy currently solves this problem by 
using a thermal camera in a helicopter. Helicopter use is also problematic as it is very 
expensive - costing $1,200 per hour. This cost is exceedingly prohibitive if routine 
monitoring is desired. In addition, helicopters generate too much noise and cannot be 
safely flown above power lines that provide power to residential areas. Therefore, 
Consumers Energy employed Team 14 to explore the feasibility of using a drone to 
remotely monitor their power lines.  

The goal of Team 14’s design project was to create the components and software that 
would be used by the drone to make power line monitoring more effective and efficient. 
The objective of the design is to simultaneously stream and analyze video from two 
different cameras - a thermal camera and a regular video camera. When a problem area is 
detected in the video feed, the operator can signal the system to record video of the 
problem area. The video is subsequently uploaded to a back-end and plotted on a Google 
Map. This design is shown in Figure 1.1. 
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Figure 1.1 Design Objectives. 

As drones are becoming more prevalent, utility companies can benefit advantage of the 
latest technologies. The system would make effective use of drone technology while 
eliminating the expense of using helicopters. Unlike previous power line monitoring 
systems, this design will be capable of uploading all of the information to a back-end 
database for future analysis. This will allow utility companies to review the findings and 
locations of all of their recorded problem areas. The database of these recorded problem 
areas could then be used for future detection methods. With the front-end software 
communicating to the utility companies servers, they will be able to instantly deploy 
crews to high priority fault sites. Implementation of this design would allow crews to 
assess problems at a greater distance, creating a safer environment for workers.  
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II. Exploring the Solution Space and Selecting a Specific Approach  

For this project, the main goal was to plot power line faults on Google Maps. To do so, it 
was necessary to record video, record location, and detect power line faults. The drone 
must capture video by hovering over the power lines. For fault detection, a human 
operator must analyze the video feeds coming from the drone. The video feeds are 
transmitted from the drone to a base station via analog transmitters and receivers. After 
gathering the videos, the operator’s console at the base station will query the GPS on the 
drone to extract the GPS data, which will then be sent to the back-end. After completing 
these three steps, it will be possible to plot all power line faults on a Google Map. A 
FAST Diagram of these functions is shown in Figure 2.1. 

 
Figure 2.1. FAST Diagram. 

For each of the three basic functions (record video, record location, detect faults), it was 
possible to implement them in many unique ways. This required the team to make design 
decisions using the sponsor’s specified requirements. The following sections describe the 
team’s design approach for each basic function.  

Recording Video 

The process of recording video involves utilizing a thermal camera for infrared video and 
a GoPro camera for regular, non-thermal video. The solution space for this function did 
not involve a choice of cameras, as these devices were chosen and provided by the 
sponsor. Controlling the drone to hover over power lines was outside the scope of the 
design. 
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Detecting Faults 

In order to detect faults on power lines, it was necessary to live stream video from the 
drone to the base station. The team conceived two separate methods to accomplish this 
function. The first method involved connecting each camera on the drone to a 
microprocessor, and transmitting both video feeds to the base station over Wi-Fi. The 
second method was to transmit the video feeds through analog transmitters. These two 
methods are shown in Figure 2.2. 

 
Figure 2.2. Possible Designs for Video Transmission. 

The team originally thought that Wi-Fi transmission would be the optimal design in order 
to eliminate the cost and weight of transmitters on the drone. However, this choice 
proved to be impractical, as Wi-Fi transmission required the microprocessor on the drone 
to simultaneously convert both analog video feeds to digital. This capability required a 
very powerful processor; it was discovered that incorporating such processing power on 
the drone would not be practical given the weight and power constraints. The team 
therefore modified the design to eliminate analog-to-digital conversion on the drone, and 
instead incorporate analog transmission. 

 

Thermal 
Camera 

Video 
Camera 

Microprocessor 

Base Station 

Wi-Fi 

Video 
Camera 

Thermal 
Camera 

Transmitter Transmitter 

Receiver Receiver 

Base Station 

5.8 GHz 

(Wi-Fi Transmission) (Analog Transmission) 

Used in course on PDHclass.com



5 

In the analog transmission design, the video streams are transmitted from the drone using 
analog transmitters and receivers. Analog-to-digital converters at the base station transfer 
information from the receivers to a Linux-based computer - the base station. A human 
operator who monitors the videos for hot-spots then analyzes the video feeds at the base 
station. When a hot spot is detected, the operator records the video feeds and uploads 
them to the back-end. The two videos are then stored in a database with their associated 
GPS coordinates. This design allows for faults to be detected and recorded from the base 
station while maintaining reasonable weight and power requirements. The problem areas 
can then be plotted on a Google Map for further analysis. 

Recording Location 

Another basic function of the project was to record location of the detected problem 
areas. To accomplish this, it was necessary to relay location information from a GPS on a 
drone to the base station. The drone provided by the sponsor already had a stock GPS 
attached to the drone, but using the provided GPS would present some issues. Thus, the 
team was faced with a design decision - choosing between using the provided GPS or 
obtaining another GPS. Each design option had advantages and disadvantages.  

The main benefit of using the provided GPS was to avoid extra weight and power 
consumption on the drone. However, there were several disadvantages of using the 
provided GPS. First, the GPS operated on proprietary software from the drone 
manufacturer, which makes programming more difficult than a non-proprietary GPS. 
Second, the team had limited access to the drone during the semester as the drone was in 
Jackson, Michigan while the team operated in East Lansing, Michigan. This situation 
would cause difficulty with testing. The third disadvantage dealt with modularity; 
because the software on the provided GPS was proprietary, additional drones purchased 
in the future would need to be from the same manufacturer in order to operate with the 
designed software.  

For these reasons, the team chose to obtain a separate GPS to mount on the drone. This 
decision caused the additional cost, weight, and power of a GPS as well as a 
microprocessor for the GPS to connect to. However, using a new GPS has many 
advantages. First, this design method allowed the team to easily test functionality of the 
system. Second, it was much easier to program the GPS as the output stream was not 
proprietary and could easily be read. The most important advantage is that, when using an 
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off-the-shelf GPS, the entire system can be mounted on any drone with no compatibility 
issues  

The GPS was used to record the drone’s latitude and longitude while recording a problem 
area. These locations would later be plotted on a Google Map. This was achieved by 
using the GPS receiver in conjunction with the microprocessor, which constantly reads 
the GPS data. When the operator selects the upload button on the front-end, the 
microprocessor is pinged for a coordinate pair. Afterwards, the two videos and GPS 
coordinates are uploaded to the back-end, where the coordinates are recorded in a SQLite 
database, and the videos are uploaded to the server with their file locations stored in the 
same database entry. Completing this process will successfully record the GPS data, 
which will ultimately be used to plot the problem areas. 

Component Selection 

After the overall design was outlined, it was necessary to select specific hardware 
components to be used for the drone and base station. The team had several options with 
regard to the type of processor, GPS and power converter to be used. The list of options 
was reduced to a single component using several design criteria. The potential processors, 
GPS’s, and types of power converters, along with the project’s design criteria and relative 
importance rankings can be seen in Table 2.1. From this figure, it can be seen that the 
Raspberry Pi processor and BU-53S4 GPS were chosen. Also, a switching power 
converter proved to be the most optimal for the project. 
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Table 2.1. Solution Selection Matrix. 

Project Schedule 

In order to achieve timely completion, it was necessary to separate and plan the 
comprising elements of the project; this was done using a Gantt chart. The Gantt chart 
divided the project into three main stages - project definition, research, and design. Each 
main task was divided into several subtasks. As the team progressed and became more 
familiar with possible design solutions, the Gantt chart evolved to become more 
appropriate. This is discussed further in Chapter 5. The originally devised Gantt chart 
tasks are shown below in Table 2.2.  

Engineering 
Criteria Importance 

Possible Solutions 

Processor GPS Power 
Converter 

  Pi BBBlack Laptop Pi2 BU-353S4 Spark 
Fun Switching Linear 

Power 
Consumption 

5 9 9 1 9 9 9 9 1 

Processing 
Power 

3 3 9 9 9     

Software 
Availability 

4 9 3 9 3     

Weight 4 9 9 1 9 9 9 9 3 
Size 5 9 9 1 9 9 9 9 1 
Cost 3 9 3 1 9 3 3 3 9 
Programmabilit
y 

5 9 3 9 3     

System 
 Compatibility 

5     9 3   

Durability 3     3 1   

          

Total  243 189 125 207 189 153 135 49 
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Table 2.2. Original Gantt Chart Tasks. 
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Expected Budget 

Figure 2.3 shows the expected cost of each component in the project; together, they total 
$182.72. Note that the two cameras (thermal and video cameras) are not included in the 
budget, as the sponsor provided these. If other systems are to be made in the future, the 
budget should include an additional $700 and $300 for the thermal and video cameras, 
respectively. Also, the cost of the drone is $5,000. Thus, the project had an expected 
budget of less than $200, while an entire system should cost about $6,200. 

 
Figure 2.3. Expected Budget. 
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III. Technical Description of Work Performed 

Hardware Design 

Figure 3.1 depicts the all of the hardware involved in this project, except for a Linux-
based computer that can interface with the analog-to-digital converters. The system’s 
architecture allows for the swapping of any hardware components with higher quality 
parts. This flexibility allows for a smaller prototyping budget and a more modular design.  

The components to be mounted on the drone, pictured on the platform in  the front of 
Figure 3.1, consist of the following: 

● FLIR Tau 2 thermal camera 
● GoPro Hero3 camera  
● Raspberry Pi 2 
● Wi-Fi dongle  
● GPS Receiver 
● Two analog video transmitters 
● USB Hub  
● Power Converters (pictured in Figure 3.2) 

The components at base station are pictured on the platform in the back of Figure 3.1. 
That platform contains the following components: 

● Two analog video receivers 
● Two analog-to-digital converters 
● Router to keep the system under the same network 
● Linux-based computer (not pictured) 
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Figure 3.1. Prototype Components. 
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Figure 3.2. Power Converter System. 

FLIR Tau 2 Thermal Camera 

The FLIR Tau 2 thermal camera is the main component used to detect faults on power 
lines. It is an uncooled thermal camera with dimensions of 1.75 in. by 1.75 in. by 1.18 in. 
The camera outputs an analog video stream. Specifications of the camera can be found in 
Appendix III. The sponsor provided this camera. 

GoPro Hero3 

GoPro Hero3 was used to get a video feed of the area surrounding faults detected by the 
thermal camera. It also gives the operator a better understanding of the fault type, as it 
can be difficult to deduce from the thermal image. The GoPro Hero3 has an internal 
battery, which makes it a more power efficient camera, as it does not draw power from 
the drone battery. The sponsor provided this camera. 

Raspberry Pi 2 

The Raspberry Pi 2 takes the input location from the GPS and sends it to the base station 
through a wireless dongle. The Raspberry Pi 2 will power the GPS. The team originally 
planned to use the Raspberry Pi 2 to transmit both video feeds through the wireless 
dongle. However, this approach was ultimately infeasible because the Raspberry Pi 2 
could not process the bandwidth of both video feeds. The live streams were choppy due 
to frame losses. This led to using analog transmitters to transmit the video feed.  
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GPS  

The GPS used is the GlobalSat BU-353S4. It is a USB powered GPS receiver. The BU-
353S4 is a serial device and outputs GPS information in NMEA format. 

Analog Video Transmitters/Receivers 

Monoprice 5.8Ghz Wireless Audio/Video Transmitters/Receivers were used to send an 
analog video stream to the base station. There are multiple channels to reduce 
interference between the two transmitters. These transmitters operate at 12 V and 250 
mA. The cameras feed into the two analog video transmitters, which transmit the analog 
signal to the receivers at the base station. The transmitters have a range of about 200 ft. 
with clear line of sight.  

USB Hub 

The USB hub used is the Plugable USB 2.0 10-port high-speed hub. The USB hub will 
power the FLIR TAU 2 thermal camera and the Raspberry Pi 2. The GPS will be 
indirectly powered by the USB hub through the Raspberry Pi 2. 

Analog to Digital Converters 

The Hauppauge 610 USB-Live 2 Analog Video Digitizer and Video Capture Device was 
used as the analog-to-digital converter (ADC). There are two ADCs, because there are 
two video feeds. Each ADC connects from the video receiver to the base station.  

Router 

The components on the drone are all operating under the router’s subnet, which is located 
on the base station. The router acts as the central hub where all data passes. The front-end 
software connects to the back-end through the router. 

Linux Computer (Base Station) 

At the base station, the laptop is connected to the two analog-to-digital converters, which 
are connected to the two analog video receivers. The video feed is interpreted by the 
computer using various open source software that will be discussed in the next section. 

Power Converters 

The drone is powered by the TBM Ultra Power DJI S1000 21000mAh 6S1P 30C 22.2 V 
Li-Po Battery Pack. This system uses the battery as the power source, which outputs 
roughly 22 V depending on the charge of the battery. The Raspberry Pi, GPS, and 
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thermal camera operate at 5 V while the analog transmitters operate at 12 V. Therefore, 
the battery voltage must be stepped down using two different DC-DC buck converters. In 
order for the converters to work for the project they must meet the following criteria: 

● Wide input voltage range (18 V to 25 V) 
● Overcurrent protection 
● Stable output 
● High efficiency 
● Wide operating temperature 
● 2 A output for 5 V converter 
● 500 mA output for 12 V converter 

The converters must tolerate variations in input voltage without affecting the output 
voltage due to the fact the battery will not output a constant voltage. Overcurrent 
protection and stable output ensures that the system is not damaged due to a malfunction 
or short circuit. Efficiency is important because the system is drawing power from the 
drone battery. The more power the system uses, the less flight time the drone has. It is 
necessary to note the drone will fly during both the summer and the winter, so the power 
converters need to be operational in hot and cold temperatures.  

Using the above criteria, the Linear Technology LT3697 was chosen as the 22 V to 5V 
DC-DC buck converter. The LT3697 was designed for USB applications which made it 
an ideal choice for the project. The main drawback to this converter is the complexity of 
implementing it. Additional components are needed to complete the converter circuit. 
The chip comes in a 16-lead MSOP package. This package is small and difficult to 
solder. From the datasheet found in Appendix III, it can be seen that the package size is 3 
mm by 4 mm. The pin size is 0.17 mm wide so it takes a precise hand to solder only one 
pin and not short pins together. While attempting to solder the chip to the MSOP-16 to 
DIP-20 SMT adapter board used for prototyping, multiple chips were overheated and 
damaged. In order to avoid spending more time or money, the team decided to find a new 
chip that would be easier to implement. 

After careful research using the criteria listed above, the Delta S24SE05003 was selected 
for the 5 V DC-DC converter. This converter is an all-in-one chip, which has six pins. 
The package allows for quick prototyping and through-hole soldering. It also comes with 
features such as overcurrent protection, overvoltage protection, over temperature 
protection, an operating temperature of -40 °C to +85 °C, and a wide input voltage range 
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of 9 V to 35 V. In addition, it has a maximum output of 3 A which meets the design 
criteria. More information about the chip can be found in Appendix III.  

As stated previously, the Monoprice 5.8Ghz Wireless Audio/Video Transmitters operate 
at 12 V and 250 mA. All of the same specifications are needed for this new 12 V 
converter. The Delta S24SE12001 was chosen as the buck converter for the transmitters. 
This converter is in the same package as the Delta S24SE05003 so no additional design 
work was needed to implement this new converter. The Delta S24SE12001 outputs 12 V 
and has a maximum output of 1.25 A. All other specifications are the same as the Delta 
S24SE05003. Figure 3.3 shows the power converter connected to the PCB. More 
information can be found in Appendix III.  

 
Figure 3.3. Delta S24SE12001 

 Printed Circuit Boards (PCB) were designed using the CadSoft EAGLE PCB design 
software. The converter needed to be custom designed as the converter was not in the 
parts library. A PCB is a more robust and reliable solution as opposed to a breadboard. It 
also is lighter than a breadboard. The PCB Layout can be seen in Appendix III. The 
approximate size of the PCB is 2.3 in. by 1.35 in.  

In order to connect the system to the drone’s battery, an adapter was needed. The drone’s 
battery uses an AS150 and XT150 connecter. A parallel connector was used to connect 
the system to the battery. This is the best option as it can be easily removed when the 
system is not needed on the drone.  

The USB hub and video transmitters use DC power ports for their power source 
connection. The USB hub uses a size “H” power port and the video transmitters use a 
size “M” power port. These power ports were soldered to the output of the power 
converters. 
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Hardware Implementation and Photo Documentation 

Figure 3.4 gives a block diagram of the wireless communication in the system. As stated 
before, the GoPro camera, thermal camera, GPS, Raspberry Pi, and analog transmitters 
are mounted on the drone. The analog receivers, analog to digital converters, and router 
are located at the base station. 

 

 
Figure 3.4. Block Diagram of Wireless Connectoins 

Figure 3.5 gives a block diagram of how the system is powered. The battery is connected 
to the power converters through the AS150 and XT150 parallel connector. Both analog 
transmitters are connected to the 12 V power converter. The USB hub is connected to the 
5 V power converter. The thermal camera and Raspberry Pi 2 are powered through the 
USB hub. The Raspberry Pi 2 powers the GPS. 
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Figure 3.5. Diagram of the Power System 

Software and Interface Design Requirements 

The sponsor’s design requirements originally entailed the capacity to record data on the 
ground station and also the ability to automatically detect any failures or problem areas 
on the power line. The team investigated the capacity to automatically detect failures and 
determined that in order to do so, a pattern recognition algorithm must be implemented. 
However, in order to train the algorithm, a large training data set must be available. Since 
the sponsor did not have such a training set, the team had to resort to using the human 
element to detect failure on the power line. 

The investigated pattern recognition algorithm involved using an artificial neural network 
to analyze the video feed. In order to train the network, the team considered using a 
heuristic approach to the training methodology. The heuristic solver would require a large 
training set, which would modify the connections in the artificial neural network to 
achieve the most efficient solution. 

Another approach was to use evolutionary algorithms in order to evolve the artificial 
neural network. This method is highly experimental and would require immense amounts 
of computing power. A suggested incubator for the evolutionary system would be 
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Michigan State University’s High Performance Computing Center. The fitness function 
of such an algorithm would consist of the ratio of accuracy between correct identification 
and false alarms. Over time, and depending on the fitness function and landscape, the 
algorithm would improve. 

Since both of those methods require a training set, the team proceed to design a system 
that would allow a human operator to determine whether the given feed was indicative of 
a problem area. This path of action would still satisfy the sponsor’s requirement of 
identifying problem areas. In fact, since a reliable training set would be difficult to 
compile, the human’s accuracy in determine power line failure excels beyond that of an 
automatic algorithm that has not been sufficiently trained. 

Software Implementation 

The aforementioned method of human observation of problem areas requires the 
development of two systems: a front-end and a back-end. In the scope of this project, the 
front-end is the software that the operator will run on the Linux computer at the ground 
station, whereas the back-end is the software that will run on a server located somewhere 
on the internet, most likely part of the sponsor’s domain. 

The front-end software consists primarily of a Python program. The choice of using 
Python as the programming language was due to the fact that the language is highly 
flexible, and because there are many open-source science-based libraries available to use. 
Planning for any future pattern recognition capacities, the team determined that the 
language’s flexibility and potential for growth was an objective reason to utilize Python 
as the programming language. There are some drawbacks to this method, however. 
Python is a scripting language, which is inherently slower than a compiled language, like 
C++. On the other hand, programming in C++ requires explicit management of memory, 
which would detract from the high-level essence of the primary objective of coding a 
GUI to capture streamed video. 

After choosing the language, the team was still in need of a reliable and flexible 
Graphical User Interface module to use with Python. After significant research, the team 
concluded that using TKinter was the right tool for the job. The module was highly 
flexible and allowed for quick changes to the User Interface. Also, the GUI ran in its own 
root thread, allowing other processing to take place by using other threads. 
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Since there are multiple videos streams and communication to the Raspberry Pi must take 
place, the team was in need of a library to handle multi-threading. The module 
“multiprocessing” was a popular, well-documented option. This module allows for 
synchronous data sharing between threads by the use of a custom multiprocessing queue 
and the class, Value. 

Afterwards, the team dealt with the video processing issue using the gargantuan OpenCV 
library, which is a massive library dedicated to video processing. It should be noted that 
this library is available for both, Python and C++. This library allows the python program 
to extract frames from the USB ports, which come in from the Analog-to-Digital 
Converters. The library stores files in .avi format to ensure that no compression takes 
place that might reduce from the videos’ quality. 

Having discussed the front-end, the back-end is just as important in the mapping of the 
problem areas. The back-end consists of a Ruby on Rails instance running under the 
sponsor’s domain. Ruby on Rails is a Model-View-Controller supportive framework. In 
the application, there is a primary model for the recordings, which stands for the database 
table scheme that the user can communicate with. This allows for the application’s 
controller to access the database without concern that the model’s specifics might change 
in the future. Had this type of framework not been used, the language would have to craft 
custom queries to the database every time the table’s architecture changes. 

The database itself is a SQLite database. The team decided to go with this option, 
because it was the simplest to deploy and manipulate. SQLite does not have a server 
running to interface with it; the database exists simply as a file on the operating system. 
Some disadvantages to using SQLite exist. Since the database is simply a file, the 
operating system will lock the file in the event of writing to the database. This means that 
only one instance of writing to the database is allowed at a time. For prototyping and 
small-scale purposes, this is perfect; however, for distributed applications with many 
operators uploading to the database simultaneously, a database like MySQL or 
PostgreSQL must be implemented. These databases run as a server and can handle 
concurrent writing to the database. 

There are two primary views in the back-end, the Google Maps page and the page that 
displays the site recording data for each makers on the Google Maps page. The former of 
the views is primarily a Javascript endeavor, although it uses embedded Ruby markup to 
fill in the variables of which coordinates to get from the database. The latter of the pages 
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simply displays the database table and relevant files based on the ID passed into the page 
via HTML parameters.  

Problems 

In order to correctly implement the OpenCV module in Python with the two incoming 
video streams, the team had to manage the limited bandwidth of the laptop’s USB hub. 
This required the Python program to multiplex the hub in order to avoid video lag. 
Although this method introduced frame drops in the live streams, the recordings of the 
videos are smooth. The team determined that video lag was worse than frame drops, 
because the operator requires a live feed of the immediate vicinity under the drone at a 
given moment in time; a loss of frames is less detrimental to the recordings than a lag in 
the live video, because the operator controls the starting and stopping of the recording. 

Another problem that was encountered earlier in the software design implementation was 
limited Wi-Fi bandwidth on the USB dongle. The team was originally planning on 
converting the analog signal to a digital stream on the drone, rather than at the base 
station. After much experimentation, it was concluded that the Raspberry Pi could not 
handle streaming via Wi-Fi, as there was not enough bandwidth to smoothly stream two 
videos of the .avi extension. Furthermore, the team attempted to use a Raspberry Pi 2 
rather than the original model to no avail. At that point, the team made a strategic 
decision, which cut down further experimentation time, to transfer the video feeds in an 
analog manner rather than digitally, and then multiplex the signal at the base station. This 
solution worked, although it required the purchase of two sets of analog transmitters and 
receivers. 

Used in course on PDHclass.com



21 

IV. Test Data with Proof of Functional Design 

The prototype created is completely functional and can be simply mounted onto the drone 
for use. As previously described, Figure 3.1. showcases the hardware components of the 
design. This equipment will be mounted onto the drone or placed at the base station. 
During operation the base station will have an operator that will be viewing the front-end 
of the system, shown in Figure 4.1. The operator will be presented with the video feeds of 
both cameras. Each video feed will be a live stream from each camera. This figure shows 
the thermal camera displaying the thermal signature of a toaster being used. The red 
circle displayed on the thermal was manually put on for this example to show the hot-
spot. The operating system will not contain this. When the operator detects a problem 
area, he/she will press “START” and the system will begin recording both video feeds. If 
the operator feels enough video has been recorded then the “STOP” button should be 
pressed to end the recording. Afterwards, pressing the “UPLOAD” button will upload 
both video feeds to the back-end with the corresponding GPS coordinates. These 
coordinates are the exact latitude and longitude coordinates of the GPS device when 
“UPLOAD” is pressed. 

 
Figure 4.1. Front-End 

The back-end can be accessed by any person who has access to the network the back-end 
is placed on. Accessing the back-end simply presents the Google Maps application with 
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markers of where each recording was executed on the front-end. Shown in Figure 4.2 
below is the landing page of the back-end. To view the recording done at this location the 
operator will click on the marker shown. 

 

 
Figure 4.2. Back-End. 

Upon clicking the marker on the dashboard, the user will be directed to the site recording 
data page. Figure 4.3. below contains an example of this page. This page contains the 
specifics of the problem area recorded. These details include the exact time the problem 
area was recorded, the GPS coordinates of the problem area, and the two video feeds that 
were recorded. To view any of the video feeds that were recorded, the user will click on 
“Thermal” or “Regular” (for the GoPro) to download the specific video feed onto their 
machine. 

Used in course on PDHclass.com



23 

 
Figure 4.3. Back-End Video/GPS. 

Each problem area that is recorded will be placed on the back-end that can be viewed at 
time while it is stored in the network. This allows for multiple users to view the 
recordings at any time. In order to have a system that consistently works, much testing 
was performed on various aspects of the prototype. 

The cameras were tested individually before attaching them to the system. The cameras 
were connected to an Analog to Digital Converter (ADC) connected to a laptop via USB. 
Testing the GoPro was trivial as it is a normal video feed. To test the thermal camera, the 
team pointed it at various objects to see if there was a thermal difference. A thermal 
image of power lines taken with the thermal camera can be seen in Figure 4.4 below. 

 
Figure 4.4. Power Line Test. 

To test the system without the power converters, the individual components were 
connected, as they would be on the drone, except the power was supplied via AC 
adaptors that the various components came with. The Raspberry Pi, base station laptop, 
and back-end laptop were then configured to the proper IP addresses and ports. The 
software was then started on the base station laptop, and the back-end software was 
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started on the server laptop. The software and hardware functioned as expected on the 
first test.  

While the system was able to display video from both cameras, record and send that 
video to the back-end, the back-end application, as seen in Figure 4.2 was placing the 
Google Maps pin in the wrong location. The pin was being placed miles away from 
where it should have been. It turned out to be a string parsing error in the program that 
runs on the Raspberry Pi to get the GPS coordinates. The program gets the coordinates as 
a string of characters and this string is parsed and manipulated to get the coordinates in a 
format that can be used with the Google Maps API. The problem was corrected and the 
system began to function properly. 

Another issue was discovered involving the GPS. When testing the design in the 
Engineering Building at MSU, the system was not uploading the videos. It was 
discovered that inside a large building, such as the Engineering Building, the GPS could 
not receive information from satellites and therefore could not output location 
coordinates. The front-end requests GPS coordinates from the Raspberry Pi when the 
operator clicks the upload button. When the GPS is not receiving a satellite signal, the 
Raspberry Pi cannot get the coordinates, so it does not respond to the front-end request. 
Thus, the front-end program will perpetually wait for the Raspberry Pi’s response. This 
problem was overcome by manually sending GPS coordinates to the back-end. This GPS 
reception issue is only problematic for testing; it would not exist in the outdoors 
environment for which the system is designed.  

With those issues resolved the system worked well. The system was tested by setting up 
objects with varying temperatures, such as a toaster as can be seen in Figure 4.1 above, 
recording the videos, and uploading them to the back-end. From there, the team was able 
to see the pins on Google Maps and by clicking the pins were able to see the GPS 
information as well as links to download the videos as shown in Figure 4.3 above. 

Testing the Power converters 

The Delta S24SE05003 and Delta S24SE12001 were tested using a similar procedure. 
The first step was to build the circuit using a breadboard. This can be seen in Figure 4.5. 
Using the Agilent E3611A power supply in the lab, the circuit was energized with no 
load connected. The output and input voltages were measured using the Agilent Infiniium 
DSO-9064A Digital Storage Oscilloscope. A resistor bank, which is equivalent to 10 Ω, 
was then connected to the 5 V power converter. The output voltage can be seen in Figure 

Used in course on PDHclass.com



25 

4.6. A resistor bank, which is equivalent to 24 Ω, was then used as a load for the 12 V 
power converter. The result can be seen in Figure 4.7. These same steps are repeated 
while the power converters soldered to the PCBs to ensure the operation is the same.  
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Figure 4.5. Breadboard Prototype. 

 
Figure 4.6. 5 V Converter Output. 
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Figure 4.7. 12 V Converter Output. 
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V. Final Cost, Schedule, Summary and Conclusion 

Conclusion 

In conclusion, Team 14 completed the design specifications. However, this was not 
without its struggles. One failure of the project came from overheating and damaging the 
LT3697. This did not affect progress due to early failure in the timeline of the project. 
Consequently, a better option was found for a power converter and only a small amount 
of money was the tradeoff. The team originally planned to use the Raspberry Pi to 
transmit all of the video provided by the GoPro and the thermal camera. Another setback 
was encountered due to the lack of processing power on the Raspberry Pi. To resolve the 
situation, the team tried to upgrade to the Raspberry Pi 2; unfortunately, there was a lack 
of enough processing power with this device as well. The team made a design choice of 
keeping the video files completely analog and used transmitters for a faster more efficient 
live stream. Another deemed failure of the project was that the sponsor initially required 
the team to create automatic hot-spot recognition software. After some consideration, it 
became clear that this method was unrealizable, because the team did not have access to a 
database of hot-spot images or videos. 

Ultimately, the design project was a huge success. The design and time requirements 
were met. The primary success of the project is a manifestation of software’s solid 
architecture. The completion of this project demonstrated the team’s ability to stream live 
videos from two cameras and be able to pinpoint the problem areas using GPS. The team 
was also able to keep the weight under 22 lbs. and be able to power the entire system 
from the drone’s power supply. The sponsor was highly pleased with the team’s 
performance. 

Future Improvements 

Based on the success of this prototype, there are a few features that can be implemented 
to make it more applicable for the sponsor. A key feature of the thermal camera is the 
ability to calibrate the detectable temperature range. Compensating for ambient 
temperatures or even scenarios such as clouds casting a shadow on an object is key for 
accurate readings. Currently, the camera may be calibrated by connecting it to a computer 
running on a Windows operating system. As the base station will operate under a Linux-
based machine, the camera cannot currently be calibrated while the drone is in the air. To 
address this issue, a software development kit (SDK) may be purchased. The SDK is 
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rather expensive, but the main reason this feature was not implemented in the prototype is 
due to the risk of damaging the camera. Sending the wrong set of instructions to the 
camera can permanently destroy the hardware, as it has no user-safe mode. With careful 
implementation of the SDK, the sponsor will be able to calibrate the camera wirelessly. 

As previously mentioned, automatic detection of a hot-spot was not feasible for this 
project. In order to implement automatic detection, the software analyzing the video feed 
must be presented with a data set. This data set will contain images of power lines and 
frequently sampled areas being inspected. Since the software currently does not have 
enough data to create said data set, automatic detection cannot currently be implemented. 
With enough use of this prototype, the software will eventually gain this data set as the 
database grows. Afterwards, when the program receives images, it can compare the 
captured image with images from the data set. If the program is used to detect enough 
problem areas, the system can then automatically signal a hot-spot. 

These two improvements will be the main factors to create a robust system that will 
greatly benefit the sponsor. This prototype was designed with a low prototyping cost in 
mind. Creating a prototype with a low-cost solution ensures that the architecture is 
operational. Higher quality transmitters and wireless devices can easily replace the 
components to create a more robust system that can operate at greater distances.  

With the video feeds being displayed in “avi” format they are presented as large data 
files. This prototype can be improved by implementing a way to compress these files. 
Compressing the video data will create less frame drops on the front-end while also 
saving money on preserving space on the client’s servers.  

Further, the user interface on the front-end may be upgraded. With enough use the drone 
operators may feel that more options should be presented upon hot-spot detection. The 
options may be comment fields or drop-down menus to assign a priority field to a hot-
spot. Much of these improvements will depend on what the sponsor feels necessary after 
enough use of the prototype. 
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Project Execution 

Week Activity 

Jan 26 - Feb 1 Brainstormed prototype ideas 

Feb 2 - Feb 8 Met with sponsor 

Feb 9 - Feb 14 Specified project objectives 
Delivered proposal to sponsor 

Feb 15 - Feb 21 Finalized project research  

Feb 22 - Feb 28 Met with hardware compatibility setbacks 
Discovered automatic detection is unfeasible 

March 1 - March 7 Discussed alternative methods with sponsor 

March 8 - March 14 Obtained live stream from cameras, separately  
Selected new  5 V power converter 

March 15 - March 21 Incorporated GPS functionality 
Began back-end programming 
Began front-end programming 

March 22 - March 28 Discovered digital transmission was impossible  
Explored alternative solutions 

 March 29 - April 4 Ordered analog video transmitters receivers 
Ordered analog-to-digital converters 
Ordered new 12 V power converters 

April 5 - April 11 Finished front-end 

April 12 - April 18 Finished back-end 
Finished project 

April 19 - April 25 Presented final product to Consumers Energy 

April 26 - May 1 Design Day 
Table 5.1. Project Execution. 

Budget 

The project cost is based on the final design components, and not the total cost of 
prototyping. The total comes out to be $423, with the most expensive parts being the 
transmitters. The manufactured cost has a few slight differences than that of the team’s 
project comes out to a cost of $467. Most utility companies’ maintenance vehicles 
already have internet and routers on the vehicles; therefore, the sponsor would not need 
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to purchase a router. Also, for manufacturing purposes of the product, it would be 
necessary to purchase better transmitters for the design. Although the chosen transmitters 
work well with the prototype, they are directional transmitters and may cause 
connectivity issues when mounted on a drone. It should also be noted that the cost of the 
design does not include the price of the two cameras that were provided, at an equivalent 
cost of $1000. These charts also do not include the price of the drone or mounting unit 
that have an equivalent cost of $5,000. That would make the total cost of implementing 
this design $6,500. Although the design may appear to be expensive, it is much cheaper 
than the alternative of flying a helicopter; the drone approach is significantly more cost-
effective. 
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Figure 5.1. Project Cost. 

 

Figure 5.2. Manufactured Cost. 
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Appendix I - Technical Roles, Responsibilities, and Work Accomplished 

 
Pictured (left to right): Cody Wilson, Faisal Tameesh, Dan Pittsley, Mitch Johnson,  

Jake Hersha, Ian Meredith 

Cody Wilson - Lab Coordinator 

The primary work for Cody was writing the software to retrieve the coordinates from the 
GPS. Cody had familiarity with Python and the Linux operating system. He was able to 
code parts of the project from the early stages of the project. 

Writing the software for the GPS meant Cody needed to know a great deal about how the 
GPS worked, such as the what type of device it is, serial or block,  the output rate, format, 
etc. This meant Cody initially had to spend the bulk of his time researching how the GPS 
worked and properly interpreting the data that he did find. 

Once Cody understood the GPS, he began by running tests to connect the GPS to a linux 
system. He then needed to read data from it. Cody had previous experience with Linux. 
He was able to research the proper terminal commands to set a USB port speed and read 
from a serial device. 
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At this point Cody understood what the program needed to do and began to write the 
Python code. The first program he wrote used the serial library in Python to read the 
input from the GPS just like the Linux commands, so that he knew his method worked. 

From there Cody began to write the code for the program that would read from the GPS 
and parse its output for the two coordinates that were needed. As Cody finished his code, 
he found a Python library, pynmea. This library allowed Cody to simplify his code as it 
was built to handle the output from GPS devices that use the NMEA format, like the one 
used in the project. 

When done revising his code, Cody worked with Faisal on getting the Raspberry Pi to run 
the GPS code. This was done in order to communicate with the front-end software that 
would be requesting the GPS coordinates. 

Faisal Tameesh  - Presentation Preparer 

Faisal was the architect behind how the software systems operated and communicated 
with one another. After studying the requirements with the team, Faisal was responsible 
for delegating various parts of the software to the team members. Faisal stressed the 
usage of version control and tests, and also reviewed merged code to ensure that the 
system was operational from a big-picture perspective. Faisal’s pragmatism was central 
to the project’s success. 

The primary parts of the software that Faisal worked on were the front-end and the low-
level details of the back-end. The front-end consisted of utilizing Python to code the 
Graphical User Interface, and the back-end work consisted of coming up with a database 
scheme to store the relevant information for the project, while allowing the database to 
operate quickly. An example of how this was done was to use file paths to store in the 
database instead of the video files themselves. This allowed for much faster access to the 
database, as it was significantly less cluttered. 

Thanks to Faisal’s prior knowledge of Python, Javascript, and Ruby on Rails, the system 
was fairly divided into the various components amongst the team. Investigation of which 
modules or gems to use with the frameworks was also conducted by Faisal, as his 
previous experience of what to use was tremendously useful to ensure that project was on 
track, and that no part of the software was lagging behind. 
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Dan Pittsley - Team Manager 

The final system designed by Team 14 used many different programming languages such 
as Ruby, Python, and JavaScript. Dan’s fundamental responsibility was to research, 
design, and implement the Google Maps JavaScript API used for the back-end. Dan 
completed a lot of preliminary research and practice in order to become familiar with the 
technology. Fortunately, Dan had previous experience with object-oriented programming 
languages and this step progressed smoothly. An important consideration with regard to 
this portion of the project was the implementation of model architecture as part of the 
Rails project; Dan worked to ensure that this was accomplished. To ensure correct 
operation, it was necessary to become familiar with the chosen database - SQLite. This 
required more independent research and collaboration with Faisal, who was developing 
the database scheme. Dan also took great care to follow relevant standards during 
development, which was important in order to ensure an effective product, and a product 
that can be easily used and understood by other engineers in the future.  

For all components of the project, it was required to match the customer’s specifications, 
but it was particularly so for the Google Maps view, as it may be used by non-technical 
people. Dan worked to ensure that this portion of the project matched the sponsor’s 
descriptions. It was also necessary to fully understand the technology in order to 
communicate with the sponsor about possibilities and limitations of the final design. For 
example, the original sponsor specifications called for all data to be accessible in a single, 
monolithic Google Maps view. However, after attaining a sufficient understanding of the 
Google Maps API, it was communicated to the customer that this was a feature that could 
easily be added in the future. But, having a good knowledge of the Google Maps API, 
Dan was able to provide several alternative approaches - such as linking a plot-point to a 
new page - and implement the sponsor’s chosen design. 

Mitch Johnson - Assistant 

Mitch was primarily involved in hardware development in the design process. 
Specifically he helped with creating the power converters with Ian and Jake. All of the 
power had to come from the drone therefore the only source that was available for the 
system was the drone battery. It was important for the created power converters to be 
efficient for the system so that the drone could have more power to work with. Mitch also 
contributed to testing of the system. 
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 Ian did most of the design on the power converters and Mitch laid out the converters on 
Eagle. Eagle is a software that is used to layout a circuit design onto custom designed 
PCB. Since Mitch had little prior knowledge of the software he had to teach himself the 
software language in order to create a useable PCB board. He taught himself how to 
create unique components on the software because the converter needed to be a custom 
design. With the help of the MSU ECE shop Mitch was able to print out the designed 
PCB that was created on Eagle. Once the PCB was created, Mitch assisted Jake and Ian 
with soldering the components onto the created board. 

Mitch worked with Jake and Ian to pick components that would work best for Cody, 
Faisal and Dan who were programming the bulk of the software. This includes the 
selection of the transmitters and also the Raspberry Pi, which initially was going to do 
most of the processing. 

Once the project was completed Mitch helped Jake and Dan to create the display the 
project on. This includes selecting cost effective and durable materials that have the 
ability to be visually appealing. Overall Mitch learned a lot about drones and their 
hardware specifications over the course of this project. 

Jake Hersha - Webmaster 

Jake had the responsibility of working with the hardware for the system. More 
specifically, he aided in powering the system and determining which hardware 
components would fulfill the project’s requirements. Since the system will be mounted 
onto the drone, the incorporated components must be supplied power other than a power 
outlet. In order to do this, all components must be provided power from the drone’s 
battery. Jake initially began the project by determining specifications of all the 
components used for the system. The components used for the system all operate at either 
5 V or 12 V so the 22 V provided from the drone would have to be stepped down. 

After inspection of the power specifications, Jake assisted Ian in providing initial designs 
of power converters for the system and researching current converters to purchase. Once 
the power converters were successfully designed and tested, it was necessary to 
understand how to physically connect the drone battery, power converters, and 
components all together. A simple adapter was found to connect the battery and the 
power converter. Soldering the wire from the adapter to the converters had to be done 
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once purchased and then could be connected to the necessary DC power ports such as the 
USB hub and transmitters. 

Jake also did intensive research into selecting the hardware components to use for the 
whole system. In order to get real time GPS coordinates he found an easy to use GPS 
device. There are many GPS devices available on the market so Jake compared multiple 
devices and found one to suit the project that was sturdy and compatible with the Linux-
based machine.  

Originally, it was proposed to have the Pi perform video analysis directly, but this was 
found to be problematic as mentioned earlier in the report. Jake aided in determining that 
transmitting these signals to a machine is actually much more efficient. Analog systems 
are much easier to transfer data with, as they are less tolerant to noise and make good use 
of bandwidth. Therefore, low cost analog transmitters and receivers were selected to send 
the video data to the base station machine. Since this analog data must be interpreted by 
software created by the team, Jake found simple devices to convert the analog data into 
digital streams with the analog to digital converters. 

After completion of the prototype, Jake worked with Dan and Mitch on packaging the 
prototype to make it portable and ready for presentation. This entailed cutting wood and 
putting together a nice looking base for the equipment to sit on. The base station box has 
a compartment to hide some of the wires of the system so it can show case the actual 
components being used while hiding the clutter of all the wires. 

 

Ian Meredith - Document Preparer  

The primary responsibility for Ian was powering the system. This includes selecting 
components, prototyping, and testing. Since power was being drawn from the drone 
battery, this included selecting DC-DC buck converters and the components needed to 
implement the converters. Selecting the converters meant working with Jake to get 
specifications on all of the components selected for the system. Initially, the components 
used all operated at 5 V so only one converter was necessary. As the semester progressed, 
new components were used which operated at 12 V so Ian selected a second converter.  

Ian worked to prototype and test both converters first using a breadboard. All of the 
wiring was carefully checked to ensure accuracy. He tested the converters at multiple 
input voltages and loads to ensure the converters could power the system in all situations. 
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He then worked with Mitch to create the printed circuit boards using the Eagle software. 
The converters were then soldered to the printed circuit boards and tested again to ensure 
the converters operated as designed. Heat Sinks were added by Ian to ensure the 
converters would not overheat while in operation. This included selecting the correct 
thermal adhesive to maximize thermal contact. 

Ian next worked with Jake to select the components, which would be used to connect the 
system to the battery through the power converter. This involved selecting an adapter, 
which would connect the drone’s battery to the power converters. Careful research was 
used to find a reliable connector that will not affect the performance of the drone. The 
transmitters and USB hub are powered through DC power ports. The ports needed to be 
sized correctly, which involved taking measurements. The full system was then 
connected through these components and tested to the fullest extent possible as the team 
was not able to access the drone’s battery.  
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Appendix III - Detailed Technical Attachments 

 

Figure A3.1. PCB Layout for Delta S24SE Series. 
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Figure A3.2. Delta S24SE Datasheet 
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Figure A3.2. Continued. 
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Figure A3.2. Continued. 
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Figure A3.3. Linear Technologies LT3697 Datasheet. 
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Figure A3.3. Continued. 
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Figure A3.4. FLIR Tau 2 Datasheet. 
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Figure A3.4. Continued. 
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