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Revised Project Design 
There are many styles of drones, each with their own capabilities. However, each drone design               
has its own tradeoffs. The major designs that we looked at are quadcopters, hexacopters, and               
fixed wing designs. The basic design we chose is the hexacopter. The major components that               
make up each drone are its motors, speed controllers, flight controllers, communication receiver,             
battery, and various sensors that assist in flying. In addition to the aforementioned items, we               
have the ability to capture thermal images and video.  
 
Hexacopters are unmanned aerial vehicles (UAV) that are designed in a similar manner to              
quadcopters, but with six propellers instead of four. Like the quadcopter, each blade is attached               
to a motor, which is attached to an arm of the drone. There are six arms on a hexacopter. The                    
main electronics are housed on the central portion of the body. To keep the drone in the air, the                   
propellers spin in different directions, as shown in the figure below. Generally, Hexacopters             
have the same capabilities as quadcopters, and operate in much the same way. 
 

 
For the drone to fly safely, there are multiple on-board sensors and controllers. There are two                
main controllers on the drone, flight controller and electronic speed controllers (ESC). ESCs are              
circuits that take an input signal and power from the flight controller, and output a variable                
amount of power to the connected motor. Different models of ESCs have different input options,               
often pulse width modulation (PWM), component area network (CAN), or other proprietary            
protocols. The ESCs on our drone use PWM, which uses pulses to tell the motor controller how                 
much power to deliver to each motors. However, PWM does not give any feedback to the flight                 
controller. 
 
A flight controller is the central “brain” on the drone. It accepts input from various sensors,                
communication receivers, and ESC (if supported), and sends signals to ESCs that communicate             
how to run the motor. flight controllers have a range of supported sensors, protocols, and even                
GUI interfaces. The controller we used, the Pixhawk 2.1, has features such as autonomous              
flying, flight planning, onboard system logging, support for a variety of communication protocols,             
software development kits (SDK), software simulation of hardware, gimbal support, ground           
station solutions, and additional onboard sensors such as inertia sensing, GPS, and            
barometers. The Pixhawk 2.1 uses an open source software package called ArduPilot to give              



the user more control over advanced systems and settings. 
 

There are multiple communications methods supported by our flight controller. Examples           
including radio control (RC), bluetooth, WiFi and radio frequency (RF) are the most popular              
options. The flight controller generally does not have these modules on the controller, so a               
receiver/transmitter accessory needs to be purchased that will interface with the flight controller.             
The Pixhawk 2.1 supports most major RC and RF transmitters.  

 
To be able to scan roads for separation, the UAV must have an onboard thermal imaging                
camera. Traditionally, thermal cameras are hand held with a small screen and the ability to write                
the video feed to a storage device. With the rise in popularity in drones, thermal cameras are                 
now being released with smaller form factors, which allow them to be carried by drones. The                
thermal camera on our UAV is the Flir Vue Pro R. This small camera fits in the palm of your                    
hand, which allows for use on or off the drone. 
 
New government regulations provided by the federal aviation agency (FAA) regarding           
commercial or professional drone usage were released in 2016, which require pilots of             
unmanned aerial vehicles less than 55 lbs. to have certain certifications. Pilots must be remote               
pilot airman certified, at least 16 years of age, keep the piloted drone below 400 feet, fly during                  
daylight hours, and fly slower than 100 mph. 

Implementation Details 
 
Due to the high cost and dangers of sending employees to observe the deterioration of               
infrastructure, the unmanned UAV system will be used in their replace. This will be achieved by                
using the compatible modular devices attached to the drone which includes high-quality camera,             
thermal camera, GPS, and even potentially LiDAR sensors. 

Civil engineers or drone operators will fly the drone over roads, under bridges, and around other                
infrastructure to record video and collect thermal data. They will be able to draw conclusions by                
analyzing crack severity, weak areas, and other faults in the structures. This information will              
help them determine the health of the structures and highlight areas in need of maintenance. 

The drone is designed with modularity in mind unlike the current market leader in drone               
systems. Depending on the user’s intended use, he/she can swap and/or add additional parts              
as long as it is compliant with 5-6V input operating voltage. By implementing open source               
resources via flight controller, we are able to achieve the flexibility and lower customization cost               
that is beneficial to the clients needs. With the recently popular market of drones, there has                
been a large push for new technology and new updates to previously-built systems. This              
means, the more adapting the system, the better. Since our system contains open source              
software, it will consistently update its performance and range of compatible devices for the next               
couple of years due to its enthusiasts based community. 



The image processing and data collection aspect is not complete, but will be continued by               
another student who will be working for our client next year. As of now, our system has the                  
ability to record images and video from the imaging sensors and through post processing in               
Matlab, it is able to detect cracks. The documentation on the data is currently being done                
manually, but can potentially be automated to a certain extent using GPS. 

 
 
 

Testing Process and Testing Results 
 
We adopted a testing strategy focused on immediate testing of newly implemented systems.             
First we tested new systems in an isolated environment, to ensure basic functionality. After the               
new system satisfactorily met any requirements, we integrated it with the systems already in              
place. By following this procedure, we avoided possible complex troubleshooting after fully            
integrating each system with each other. We could be sure that each subsystem functioned              
individually, which allowed us to focus on other possible issues, such as communication             
problems. 
 
The subsystems we tested and implemented include the following: 

● Power Distribution 
● Control Systems 
● Imaging Systems 
● Module/Wire Placement and Management 

 
Each of these subsystem had to meet a different set of requirements, and we adjusted our tests                 
to suit each component in turn. 

Power Distribution 
Each part, including GPS, ESCs, flight controller, and thermal camera needed separate voltage             
requirements to operate correctly and efficiently. To solve this issue, we first installed a power               
distribution board to power the flight controller and the ESCs. The flight controller itself is able to                 
pass power to connected modules such as GPS and thermal camera. 

Control Systems 
The two main channels of communication on the drone are between the remote control and the                
flight controller, and between the flight controller and ESCs. The settings for these             
communication channels are set in the ground station ArduPilot software. We defined remote             
control functions so that the drone can be safely piloted, in addition to controls that allow the                 
user to capture image and change thermal image settings. Motor communication settings,            



including PID constants, are most easily tuned during flight tests. One of the final steps in                
completing this project was tuning the flight controls to be a stable, predictable system. 

Imaging Systems 
The two main issues to solve with the thermal camera are where to mount it, and how best to                   
control it. We are 3D-printing a mounting plate that will attach to the mounting bars under the                 
drone body. Additionally, adding this plate will make it simple to swap or add other sensors or                 
parts to the drone. 

Module/Wire Placement and Management 
A basic, yet easily overlooked facet of testing and quality assurance is making sure the drone                
can support the load and stresses it will experience during use, and placing components so that                
they all fit easily. We placed each component to that it was as easy as possible to troubleshoot                  
any issues. It is critical that the each signal path is traceable, and care was taken to minimize                  
confusion during troubleshooting. 

 

Our Solution Compared to the Market 
Our UAV solution differs from pre-built drones on the market in a few key areas. Our drone uses                  
the FLIR Vue Pro-R for thermal imaging. This camera provides the highest quality aerial thermal               
imaging. The FLIR 76005-1505 Aerial Utility Inspection Kit R is a basic quadcopter produced by               
DJI that contains the same FLIR Vue Pro-R camera. While this drone does include a gimbal for                 
the thermal camera, our drone has some clear advantages over this DJI drone. Our drone also                
has the ability to carry a regular HD camera and is a hexacopter rather than a quadcopter.                 
Hexacopters are more reliable than quadcopters as they allow up to two engines to fail and still                 
safely complete an emergency landing. In addition, our solution ended up costing around             
$11,216.01 while the DJI drone costs between $14,000 to $16,0000 depending on the seller.              
Since highly accurate thermal readings is critical to our clients needs, no other market drones               
can fill our needs. So by creating our own drone and sacrificing the gimbal ability to rotate the                  
camera mid flight, our client gained a drone with a better safety net against motor failure and                 
saved around 3,000 dollars. 
 

Appendix I: Operation Manual 

Ground testing 
Before the drone is powered on, it should be very closely inspected for any issues. The big 
things to look out for are: 

● Any physical damage. Look over the main platforms, the arms, the motor mounts, 
landing gear, propellers, and the motors. 



● Look for any loose connections. Look at the PWM connectors on the Pixhawk to make 
sure they are all plugged in. Look at the Pixhawk to make sure the GPS, RC in, and 
power are securely connected. 

 
After a physical inspection, plug in the battery, BUT LEAVE THE PROPELLERS OFF. After 
plugging in the battery check to make sure the following things are met: 

● Make sure all motors are producing a light beeping noise. The motors may all beep at 
the same time, so make sure to check all the motors.  

● Check that the receiver and transmitter are communicating. This can be seen by 
checking for a green status light on the receiver 

● Connect the PC to the drone. Look below for details on how to do this 
● Check to make sure ground station is not producing errors. If it is, you may have to 

unplug the drone, and plug it back in. 
● Wait for the GPS to get a lock. The GPS will blink green if it has a GPS lock. It will green 

faster if it has a better lock. 
● Press and hold the red ring button on the GPS till it is solid. This will enable the drone. 

The motors will also play a chime at this time 
● Arm the drone, and test all the motors. Also test all flight modes to make sure they are 

responding as expected 
 
At this time, the drone will be good to fly. Power off the drone and attach the propellers. Then 
you can proceed to the startup sequence. 
 

Startup Procedure 
After doing all the pre flight checks listed above, the drone is ready to power on and fly. At this 
time, you can attach the propellers to the drone. Each motor takes a gold ring, a silver 
attachment plate, and two bolts. First put one gold ring on the shaft of each motor. Then match 
the correct color propellor to the correct color motor. Place the sticker side down (on the motor 
side). Place propeller on the gold ring, and set the silver disk on top of the propeller. Then screw 
the propeller to the motor.  
 
To power on and arm the drone, complete the following: 

● Insert the battery into the battery holder, and power on the drone. 
● Connect the drone to the computer via the telemetry radio 
● Wait for the GPS to get a green signal.  
● Lower the throttle all the way and rudder to the right for 5 seconds to enable the drone. 

The ground station will display armed, and the motors will start spinning.  
 
To disable the drone: 

● Safely bring the drone to the ground 
● Lower the throttle all the way and rutter to the left for 2 seconds.  



● Motors will then stop spinning 
At this time, you can safely approach the drone and remove the battery 
 

Connect the Drone to the PC 
To connect the drone to the PC, first plug in the long range telemetry to the laptop. Below is a 
picture of the component 

 
 
After it is plugged in identify which COM port it is plugged into. You can find this by going to the 
device manager (Right click on windows icon -> Device Manager). It will be listed under Ports 
(COM & LPT). If unsure which device it is, unplug the telemetry unit, and notice which one goes 
away. Note the COM port, and head to mission planner. In the upper right of the screen, select 
the drop down menu and select the correct COM port device. Set the baud rate to 57600. When 
the drone is powered on, click the connect icon and wait for the drone to connect. 
 
If using a USB cable to connect the drone and the ground station, follow the same steps above, 
but do no connect the telemetry unit. Also set the baudrate to 115200 instead.  
 

Operation Modes 
The drone comes configured with 3 easly swapple flight modes, acro, stabilize, and loiter. A full 
list can be found here: http://ardupilot.org/copter/docs/flight-modes.html 
The acroflight mode mode (up on the flight mode selector) is used in a lot of FPV drone racing 
applications. In this mode, the angle of the transmitter joystick correlates to the angular velocity 
of the drone. This mode requires the least amount of sensors, so it is preferred the other two 
flight are not responding as desired 
 
The stabilize flight mode (middle on the flight mode selector) is used for more automated 
control. In this mode, you have complete manual control. However when the joysticks are let go, 
the drone will auto level itself. However the throttle will still need to be controlled by the pilot. 

http://ardupilot.org/copter/docs/flight-modes.html


 
The loiter flight mode is used to maintain location, heading, and altitude when the pilot does not 
send input to the copter.  This mode uses the GPS to keep its position, but otherwise acts as 
stabilize mode. This mode is the easiest to take pictures with, and is the suggested flying mode. 
If the GPS is not responding, then stabilize is the next best option. 

Controller Layout 

 

Charging batteries  
To charge the batteries, you will need to plug the battery into a power supply. After the charger 
powers on, select the charge menu. Change the battery type to 22.2 V / 6S option. Change 
capacity to 13,000 mAh. Connect the battery positive to positive and negative to negative. MAke 
sure to plug the battery signal cable into the breakout board, and into the charger. This allows 
the battery and charger to communicate and properly charge the battery.  

Appendix II: Alternative Versions of Design 
 
Here are the different versions of our design of the project. There were quite a lot of changes                  
due to various reasons which we will describe below: 
 



Version 1 
When we first met with our client, this was the original idea that was pitched to us: 
 
Using an Unmanned Aircraft System, or UAS, it is our responsibility to evaluate the safety and                
effectiveness of bridges, roads, and any other infrastructure that needs inspecting. This will be              
done through HD visual monitoring, Infrared Thermography, LiDAR sensors, and 3D Rendering.            
UAV can help contribute to a new era of civil infrastructure health monitoring. 
 
The end product we were expected to produce is a UAV (drone) equipped with an HD camera,                 
a thermal camera, and a LiDAR sensor. In addition to the drone and its control system, we will                  
compile a set of open-source programs to use in analyzing the data.  
To meet our end goal of a complete data collecting and analyzing system we must complete the                 
following major deliverables: 

● Build a drone (minus sensors and cameras) 
● Configure control system 
● Design and build mounts for sensors and cameras 
● Assemble full drone including sensors and cameras 
● Organize suite of open-source software for data analysis 

 
Our team consists of computer and electrical engineers, so for us learning about drones and               
civil infrastructure was going to be quite a challenge. 
 

Version 2 
By the end of the first semester we decided that in order to meet all the goals that our client                    
proposed, we had to build our own drone and order parts. This was one of our biggest                 
challenge, due to the fact that this was all new to us and a lot of drone parts are purchased                    
overseas and that causes problem for when we order parts.  
 
Also, halfway through the first semester we realized that purchasing a LiDAR sensor was not               
going to happen due to the high cost and the inaccuracy of lower cost models. The cheapest                 
one that we could find that suited our project was $8,000 and the error parameters were not                 
within our client’s standards. Our client was paying for everything out of his pocket, so we                
decided as a group that we will focus on purchasing everything else and leave the LiDAR                
detection for the future teams’ work. Instead, our focus is now on detecting all the vulnerabilities                
through the HD and thermal camera.  
 
After a lot of research and headache, our 2nd revised version for this project consisted of: 
 



Us to be able to use an Unmanned Aircraft System to evaluate the safety and effectiveness of                 
bridges, roads, and any other infrastructure that needs inspecting. This will be done through HD               
visual monitoring, Infrared Thermography. Our goals to finish that semester were:  

● Research about the specific parts, sensors needed for our drone, ex. Thermal camera,             
gimbal, etc. 

● Being able to modify a drone, to meet our project specifications 
● Build the actual drone 
● Test out the sensors and parts, and make sure everything can run smoothly 
● Organize suite of open-source software for data analysis 

 

Version 3: 
 
There is not much change from Version 2 to Version 3. We still were going to build our drone                   
because there is nothing in the market that does everything our drone will do at the price that                  
we got it. In this final version, we had to switch some parts out because they would not fit                   
properly with some of the other expensive parts that we bought. Also 3D rendering was not                
going to happen because the LiDAR would have helped with that, and we did not have enough                 
time to find another way.  
 
We put in 2 major orders for all the pieces to build our drone, and they are shown below: 
 
 
First Order 

Name Description Supplier Units Qty Cost (each) 
Cost 

Total 

Tarot T960 Frame 
robotsho

p.com 1 1 $299 $299 

Tarot T810 T960 T1000    

Multi-Rotor Foldable  

Landing Gear Landing Gear 
hobbykin

g.com 1 1 $68.40 $68.40 

Tarot T810 T960 Gimbal    

Mount Kit Mounting Rail 
hobbykin

g.com 1 1 $16.95 $16.95 

Here GNSS/GPS for Pixhawk    

2.1 GPS 
robotsho

p.com 1 1 $48.00 $48.00 

Pixhawk 2.1 
Flight 

Controller 
robotsho

p.com 1 1 $198 $198 

HKPilot Transceiver 
3DR Radio  

Telementry 
hobbykin

g.com 1 1 $32.67 $32.67 



FrSky Tranais Qx7 
Radio 

Transmitter 
hobbykin

g.com 1 1 $104.99 $104.99 

FrSky X8R 
Radio 

Reciever 
hobbykin

g.com 1 1 $36.80 $36.80 

Tiger Motor Flame 80A 

Electronic 

Speed 

Controller 
tmotor.c

om 1 7 $119.99 $839.93 

P80 Kv100 Motor 
tmotor.c

om 1 8 $199.90 
$1,599.2

0 

T-Motor G29x9.5 Propellers 
tmotor.c

om 2 4 $270.90 
$1,083.6

0 

Venom 13000mAh 22.2V Battery 
venompo

wer.com 2 1 $413 $413 

Venom Pro Touch Screen HD     

45A RC 
Battery 

Charger 
venompo

wer.com 1 1 $239.99 $239.99 

     Subtotal $4,981 

       

Second Order 

Name Description Supplier Units Qty Cost (each) 
Cost 

Total 

jD-RF900Plus Longrange 
Long Range  
telementry JDrones 1 1 $259.95 $259.95 

Flir vue pro R, 30hz,     
640x512, 13mm lens 

Thermal 
Camrera Flir 1 1 $4,699.00 

$4,699.0
0 

Tarot TL03FLIR 
Thermal 
Gimbal Alibaba 1 1 $176.00 $176.00 

HS-200-HV 14S Power Module 
Craft&Th
eory 1 1 $27.00 $27.00 

4-14S HYB-BEC / 5.30V    
DF13-4P 

Power Module  
BEC 

Craft&Th
eory 1 1 $36.00 $36.00 

HS adapter cable for    
Pixhawk 2 

Power Module  
cable 

Craft&Th
eory 1 1 $5.00 $5.00 

Tarot 1755 Carbon   
Propellers 

Motor 
Propellers GetFPV 2 3 $71.90 $215.70 

U7-V2.0 KV420 Motor GetFPV 1 6 $149.90 $899.40 

XT150 Charge lead w/6mm    
Gold Connectors Connectors 

MotionR
C 1 1 $4.06 $4.06 



     Subtotal 
$6,322.1
1 

       

     
Sum of Both   
Orders $11,303 

       

     

Cost of  
unusable 
parts 

$2,682.8
0 

 
 
This was paid out of clients pocket, and it seems very expensive but it is the cheapest option to                   
evaluate the safety and effectiveness of bridges, roads, and any other infrastructure with a UAV.  
 
The next steps after receiving these parts is to start assembling it, and that is what we did. After                   
a lot of hard work we were finally able to build and fly our drone. Here is a picture of the drone                      
fully assembled: 
 

 
 
 



 

Appendix III: Other Considerations 
In this section we discuss the lessons we learned, what we found issue with and would change                 
about the project, and advice for others interested in similar projects.  

Lessons Learned 
At the beginning of this project, in the Fall 2017 semester, we were very excited about the idea                  
of creating our own drone and doing image processing to provide meaningful data. Nobody on               
the team had ever flown a drone or done much research into them at all. Through the two                  
semesters we all learned much more about drones and how complicated projects like this can               
be. Murphy’s Law is painfully true, everything (or almost everything) that could go wrong, did go                
wrong. We ordered incorrect parts that we couldn’t return, we had parts break on us, and we                 
had drastically incorrect timeline estimates for ourselves, among other things. We realized that             
everything must be consciously reviewed by more than one team member before being acted              
on because it is so easy to make mistakes on big projects.  
 
Our view of senior design when we started was that we had to meet every goal the clients had                   
for us in order consider our project any amount of successful. However, we learned quickly that                
the real point of senior design is to learn how to be a member of a project team and plan out a                      
solution that fits the clients’ goals, not necessarily execute it perfectly. Nobody is going to be                
able to create a perfect solution with little to no roadblocks, so we just have to do our best and                    
learn from our mistakes. 
 

Criticism and Changes 
The project was originally meant to consist of two parts, the drone design/construction and then               
the main part, the analysis of images and sensor data. Our team of Computer and Electrical                
engineering students was a good fit for the second part of the project, but not the first part. It                   
was easy for our clients to assume that a team of Computer and Electrical engineering students                
should be able to design and build a drone with little effort and roadblocks because drones are                 
regarded as a hobby and thus not as complicated as they really are. Our clients consistently                
referred to the drone as just a tool that shouldn’t be the hard part of the project, but this is not                     
the experience we had and at times that mindset discouraged us further. While DJI and other                
premade drones are relatively user friendly, the custom drone market is much newer and more               
of a niche area. As a result, it can be a challenge for beginners to understand the nuances of                   
the many different parts and combinations possible for a drone. Our team spent basically the               
entire two semesters working on the first part of the project because we didn’t already have the                 
basic knowledge of propellers, frames, motors, etc. that an Aerospace engineering student is             
much more likely to have. I believe we could have been significantly more efficient and               
successful if we had at least one Aerospace engineering student on our team from the               
beginning. Another route could have been buying a premade DJI drone or something similar              



and then having our team focus on adding sensors and figuring out how to collect and process                 
the data.  
 
With each member of our team taking at least 10 other credits besides senior design, it wasn’t                 
realistic to expect us to become proficient enough to build such a large scale drone and                
incorporate all of the state of the art sensors and create a system to process the data and                  
identify structural faults. I believe our clients forgot that we are not graduate students working on                
a thesis related to drones. We are undergraduates in our last semester trying to balance a lot of                  
responsibilities and learn a completely new subject to all of us that none of our classes have                 
prepared us for. Taking our inexperience and outside roadblocks into account I believe we were               
fairly successful by being able to build the drone we did. This project could definitely continue                
next year for another senior design team as long as it is better balanced with skill sets and                  
accurately explained to those choosing between it and other projects. If our team had started               
with a finished or nearly finished drone, we would have been able to devote time to the data                  
collection and processing that our clients wanted.  
 
Our clients’ project goals were extremely ambitious and since neither the clients nor our team               
had much drone experience, we didn’t understand they weren’t as achievable as they were              
made out to be. We appreciate that our clients believed we could accomplish so much in just                 
two semesters, however, we had a low chance of complete success from the very start. For                
example, Computer and Electrical Engineering students do not learn how to design mechanical             
devices in our classes, we learn how to program and design circuits, so expecting us to feel                 
comfortable designing a two or three axis gimbal that would support a camera worth several               
hundreds or thousands of dollars is not reasonable. Students should be challenged to learn new               
things with these projects but there is a limit to what is possible in our limited time. My main                   
point for this entire section is that professors and clients proposing projects should make sure               
they understand the skillsets of the students and what is reasonable to expect them to learn and                 
accomplish in just two semesters.  
 

Advice 
A major pitfall in our process was not considering all the possible problems we could encounter                
nor all the options for solutions. This was bound to happen because of our lack of experience                 
working on projects of this scale and it is honestly a major reason for participating in senior                 
design. You learn the most from making mistakes. We recommend extensive brainstorming of             
possible mistakes and failures during the planning phase and throughout the project. For             
example, we accidentally ordered propellers that were the wrong size and then were unable to               
return them because of the supplier’s strange return policy. We could have prevented this error               
by brainstorming things that could go wrong and what to watch out for or check when ordering                 
parts. We probably would have thought of both checking measurements of parts and checking              
return policies in this brainstorm which would have prevented the issue.  
 



Another struggle we had was being confused about our goals. We were given a set of ideal                 
goals for the drone and general project, but several were unrealistic and needed to be adjusted                
as we went. For example, we were asked to attach LiDAR and an HD camera to the drone. The                   
LiDAR units that were capable of detecting the desired size of cracks were not a realistic price                 
so we shifted our focus to the HD camera. We spent over two months trying to figure out                  
camera options for the client before finding out that they would rather use one they already                
owned. When clarifying these and other goals we would not always get far because the clients                
expected us to have more expertise than we did. As a team we should have researched more to                  
be helpful and our clients should have done their best to understand the current state of drone                 
technology and what is realistic to strive for. We recommend working jointly with the client to set                 
goals that are realistic for your drone project and make sure both sides are willing to                
compromise.  
 

Appendix IV: Code 
 
All code was provided by ardupilot, specifically their copter implementation.  


