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Executive Summary 
The popularity of the DJI systems has piqued the interest of many hobbyists and industry 

experts, to use them in various remote sensing applications. Remote sensing is the process of 

acquiring information about an object using available sensors without making physical contact 

with it. Cameras and LiDAR are the most commonly used sensors onboard UAVs.   

First responders use UAVs to record videos and images of various emergency situations. Bridge 

inspectors use UAVs to capture high-resolution images of the structure to analyze them in detail. 

Farmers use UAVs and multispectral cameras to assess crop damages. City planners use UAVs 

to map large cities to aid in city planning. The list goes on and on as the applications of a UAV 

and a camera is bounded by the user’s imagination.  

The Mission Box is a portable console that aids the Ohio Department of Transportation’s 

(ODOT) UAS center in surveillance and inspection missions. These missions include but are not 

limited to infrastructure inspections (bridges and buildings), surveillance of a construction 

project, and natural disaster surveillance (landslides). The system will aid remote pilots to store 

Unmanned Aerial Vehicles (UAV) /Small Unmanned Aerial Systems (sUAS) data, stream video 

captured using UAVs and program UAVs to efficiently capture images of structures to build 

their 3D model.   

The project consists of three main parts, the mission box hardware, the mission box user 

interface, and the mission planner android application.   

The mission box hardware consists of mainly three components: 1) Intel NUC PC, 2) Arduino, 

3) Sierra MODEM. Ubuntu was used as the operating system for the PC, as it was open source, 

coder friendly, highly customizable, and the system requirements are less. The mission box UI, 

built using Python, allows a user to monitor the system’s power levels, control the MODEM and 

analog transmitter (which broadcasts the UAV feed), view and record the video from the UAV 

camera, and finally open the android emulator to view the mission planner application.  

The mission planner android application augments the functionality of the DJI flight planning 

application that allows users to create plans for UAVs that automates flights to capture images as 

per requirement. The application was designed to improve the functionality of the DJI GS Pro 

application by allowing users to specify their image requirements and generate step by step 

instructions that would allow users to program plans on the DJI GS Pro efficiently. The 

application allows the user to plan missions to aid in bridge, facility and construction site 

inspection. 
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Introduction 
This report provides detail and information that led to the completion of the Mission Box senior 

design project. This project successfully built the 4th version of the Mission Box concept, that 

would allow its users to process and broadcast Unmanned Aerial Vehicle (UAV) videos and 

generate instructions that would allow them to program UAVs to map structures to construct its 

3D model.  

The Mission Box is a portable console that would aid the Ohio Department of Transportation’s 

(ODOT) UAS center in surveillance and inspection missions. These missions include but are not 

limited to infrastructure inspections (bridges and buildings), surveillance of a construction 

project, and natural disaster surveillance (landslides).  

The senior design team consisted of two members; Aswin Balasubramaniam (Electrical 

Engineering Technology), and Jingbin Yang (Computer Engineering). The team was advised by 

Dr. Arthur Helmicki, Dr. Victor Hunt, and Dr. Mehdi Norouzi all who are a part of the 

University of Cincinnati Infrastructure Institute (UCII). The members of the team have a shared 

interest in UAV technology and have worked at UCII on similar UAV projects which motivated 

them to undertake this project.  

This project spanned over the course of two semesters, where during the first semester the team 

focused on budgeting and researching and, during the second semester the team focused on 

developing and implementing the research work. The project was entirely funded through UCII 

and the final product was built using the equipment provided by UCII.  

The following sections of the report will illustrate the design and implementation process 

undertaken by the team to complete the project.  

Problem/Need 

 

In the current market there is no universal solution that would aid ODOT’s remote pilots to do 

the following: 

• Store, stream and process UAV videos 

• Efficiently program a UAV to capture the necessary images of a structure that can be 

used to construct its 3D model.  

UCII works with the Ohio Department of Transportation’s (ODOT) UAS center conducting 

research on effectively employing UAVs to improve its core business functions that include but 

not limited to infrastructure health inspections and traffic monitoring. Conducting inspections 

involve recording and saving videos and images which will be analyzed and processed later. 

Therefore, there is a need for a system that would enable users to efficiently plan these missions, 

record and store data, and stream this data real-time on-site and off-site.  
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Solution 

The proposed solution is a portable on-site solution that stores, streams, and processes live and 

recorded videos, and plans efficient UAV flights. 

The Mission Box system will transmit and store various video feed, is compatible with the 

majority of commercial UAVs, has the functionalities to share and view videos on multiple 

devices and an application that will help remote pilots to generate efficient flight plans as per 

their requirements.  

Figure 1: Completed Mission Box 

Credibility 

The team consists of two members; Aswin Balasubramaniam an Electrical Engineering 

Technology undergraduate student researching in the field of photogrammetry and the 

applications of UAVs in the inspection of infrastructure health monitoring. He has worked at 

UCII under Dr. Arthur Helmicki for more than a year researching in this field and has also had 

practical experiences in the field of automation and manufacturing.  

Jingbin Yang a Computer Engineering undergraduate has also worked at UCII developing 

solutions to improve the inspection process for a year and has had both technical and practical 

experience in the field of computer networks and information technology.  

The team was advised by Dr. Arthur Helmicki, Dr. Victor Hunt, and Dr. Mehdi Norouzi who are 

a part of the University of Cincinnati Infrastructure Institute (UCII) collectively have multiple 

years of experience in the field of research and development. 
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Goals/Methods 

The primary goal of the project was to build a portable, well-designed rugged system that would 

be an improvement on the previous versions of the Mission Box system. The primary project 

goals are highlighted below and were used as a guide in the product development process.  

• View live video stream from a UAV 

• Record and view the live video stream 

• Stream the live video stream wirelessly using a local network  

• Stream live video to an FPV goggle.  

• Stream the live video to a video server using the MODEM 

• Monitor internal component status 

• Develop a user-friendly application to plan efficient UAV flights 

• Package the system in a rigged and portable enclosure 

• Develop a user-friendly UI to interact with the system 

• Design a professional looking front panel with intuitive controls 

To achieve these goals successfully the entire project was divided into three sections which 

include the mission box hardware, the mission box user interface, and the mission planner 

android application.   

The mission box hardware consists of mainly three components: 1) Intel NUC PC, 2) Arduino, 

3) Sierra MODEM. Ubuntu was used as the operating system for the PC, as it was open source, 

coder friendly, highly customizable, and the system requirements are less. The mission box UI, 

built using Python, allows a user to monitor the system’s power levels, control the MODEM and 

analog transmitter (which broadcasts the UAV feed), view and record the video from the UAV 

camera, and finally open the android emulator to view the mission planner application.  

The mission planner android application augments the functionality of the DJI flight planning 

application that allows users to create plans for UAVs that automates flights to capture images as 

per requirement. The application was designed to improve the functionality of the DJI GS Pro 

application by allowing users to specify their image requirements and generate step by step 

instructions that would allow users to program plans on the DJI GS Pro efficiently. The 

application allows the user to plan missions to aid in bridge, facility and construction site 

inspection. 

The table in Figure 2 shows the Engineering Design Process created that aided in the progress 

and defining the goals of the project.  

1. Research 2. Plan 3. Develop 4. Prototype 5. Finalize 

Communication Budget Initial UIs Troubleshoot Design 

Flight Settings Timeline Test Cases Debug Poster Presentation 

Hardware  Hardware Assembly 

Schematics 

Final Tests Technical Expo 

Figure 2: Engineering Design Process 
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Discussion 

Project Concept 

The final product of this project would provide remote pilots (the user) a one-stop solution to 

stream video/images securely, control their UAV, and plan efficient flight paths to capture 

images. The user would be able to conveniently carry a Pelican case box around and use their 

handheld devices (that has Wi-Fi capabilities) to control their drone with ease. The user would 

not have to worry about carrying multiple devices and will be able to conduct flight missions 

with ease. The map shown in Figure 3 summarizes the project concepts.  

Figure 3: Mission Box Project Concept Map 

Design Objectives 

The following lists the primary design objectives that fall in line with the project goals: 
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• View and record the live video feed 

o Allow the user to view live footage from the UAV during its mission. The user can 

record video when needed and can play back any video file using the UI. This would 

provide the user with the flexibility to record only the necessary part of the mission 

and review the clips at any point.  

 

• Stream live video wirelessly 

o Allow user to view live footage on any device that has wireless internet capabilities 

that include mobile phones, laptops, tablets, and Hololens. Wireless streaming is 

accomplished through the Mission Box local area network (LAN). 

o Allow the user to view live footage using First Person View (FPV) goggles. Transmit 

analog live footage over 5.8 GHz signal. 

 

• Post process recorded video 

o Allow the user to save the video in multiple segments and providing them with 

playback/storage options. 

 

• Monitor modem connection status 

o Allow the user to monitor critical system data from the cellular modem including 

signal quality, WAN IP address, GPS location, and GPS satellite count. 

 

• Monitor internal system components 

o Allow the user to monitor the power consumption of the entire system as well as 

specific devices 

o Monitor statuses of internal relays used to turn on and off devices.  

o This will help the user diagnose if one or more components in the mission box are not 

working.  

 

• User-friendly 

o Provide the user with a touch screen interface to control and monitor the system. This 

eliminates the need for physical buttons and extra hardware. 

o The mission planner application is designed to help users easily program flight plans 

as per the requirements.  

 

• Portable and rugged 

o The mission box system is packaged in a Pelican case with wheels, which is rugged 

and will allow users to easily transport them. 
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Technical Approach 

Hardware 

The hardware system of the Mission Box was designed following industry standards. The 

Mission Box has two control layers, the high and low levels of data processing unit and 

controller.  

The high-level data processing unit and the controller comprises of the Intel NUC PC, which aids 

in processing videos using OpenCV, processing low-level controller (Arduino UNO) data, and 

streaming videos locally, and to the cloud servers.  

The low-level data processing unit and the controller comprises of the Arduino UNO, which aids 

in controlling the MODEM and analog transmitter using relays and reads the voltage and current 

levels of the system.  

To ensure system reliability, and smooth operation fuses are used to prevent damages due to 

overcurrent draw (or shorts), current and voltage levels are monitored, cooling fans are used to 

prevent overheating of the components, and the system was thoroughly tested in varying 

temperature conditions.  

Figure 4 shows the top-level hardware system design. This gives a general understanding of how 

all the parts used in the project communicate with each other and how they are connected. This 

block diagram only aids to give a general understanding of how the system is laid out and not the 

accurate depiction of the entire system. 

Figure 4: Top-Level Hardware System Design 
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The following subsections discuss selective important information regarding the hardware 

system of this project. 

1. DJI UAVs (Matrice 100 and Matrice 210) 

Majority of the DJI UAV platforms are fully customizable and have a programmable 

flight platform. The DJI Onboard SDK allows to build powerful, automated drone 

applications for the Matrice 100 and Matrice 210 UAVs. Both the DJI Matrice 100 and 

210 are capable of carrying a wide variety of sensors. The M100 and M210 were chosen 

as they are widely used by ODOT’s remote pilots. These systems were used to test the 

functionality of the Mission Box. 

 

Figure 5: DJI Matrice 100 (Left) and Matrice 210 (Right) 

2. Intel NUC Kit 7th Generation 

The Intel NUC PC has an i5 processor with integrated graphics. The NUC PC was chosen 

for its small form factor and its robust performance with impressive processing power. 

The NUC PC can handle a maximum memory of 32GB and has an M.2 storage slot. The 

wireless card present in the PC is the Intel Wireless-AC 8265 + Bluetooth 4.2. It has 4 

USB 3.0 ports. There are HDMI 2.0a and USB-C ports to connect external displays. The 

high-level data processing unit and the controller comprises of the Intel NUC PC, which 

aids in processing videos using OpenCV, processing low-level controller (Arduino UNO) 

data, and streaming videos locally, and to the cloud servers. 

 

 

 

 

Figure 6: Intel NUC PC 7th Generation 

 

3. Sierra Wireless MODEM RV50 

The RV50 Sierra MODEM provides high-performance LTE at 2G power consumption. 

The system has an automatic network operator switching. The RV50 offers GPS 
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information that would allow us to track its position. The RV50 enables the box to stream 

video to a server and provides users access to the internet. 

 

 

 

 

Figure 7: MG90 Sierra Wireless Modem 

4. Arduino UNO 

The Arduino UNO microcontroller is the low-level data processing unit and controller. It 

aids in controlling the MODEM and analog transmitter using relays and reads the voltage 

and current levels of the system. The voltage sensor (DIYmall DC 0-25V) is used to 

measure PC voltage, MODEM voltage, the 12V junction box voltage, and the 5V 

junction box voltage. The current sensor (ACS712 -10A to 10A) is used to measure the 

12V junction box current. These measured values are sent to the PC, which is then 

displayed on the user interface that would allow the users to monitor the status of internal 

components and diagnose issues easily. 

 

 

 

 

 

 

 

 

 

Figure 8: Arduino UNO Circuit Diagram for Control Relays 
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Figure 9: Arduino UNO Circuit Diagram for Voltage and Current Sensors 

 

5. Power Supply Unit  

The power supply supplies required power to all the electrical components in the box. 

The system requires 12V and 5V to power the different electrical devices. Therefore, a 

450W ATX PSU was used since it has a high wattage 12V line and 5V line and has a 

small form factor. The PSU has a cooling fan that is activated when the temperature of 

the system increases. The PSU is connected to an ATX breakout board in order to utilize 

all the features of the PSU. A 12V to 19V boost converter rated at 8A was used to supply 

the voltage to power the Intel NUC PC. A 12V to 24V boost converter rated at 3.5A was 

used to supply the voltage to power the Edge Router X. 

The system runs in idle at ~30W and ~130W at full load, and all the electrical 

components are fused protected. 

 

 

 

 

 

 

 

Figure 10: Corsair SF450 Power Supply Unit 
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6. Initial Assembly Schematics 

Figure 11 shows the schematic of the front panel pate designed to enclose all the internal 

hardware components. The plate is constructed out of anodized metal and will be laser 

cut. The vents on the front panel ensure air circulation within the box and make sure the 

components inside the box remains cool.  

The front panel has cutouts for the following ports: 

1. Video Input – HDMI Female Port 

The video input port has an HDMI female port that connects to the UAV’s remote 

controller that communicates with the UAV and transmits the video.  

2. Video Output – HDMI Female Port 

The video output port has an HDMI female port that would allow users to connect an 

external monitor to the box.  

3. WiFI Antenna/Access Point – RJ45 Female Port 

An external PoE (Power Over Ethernet) access point/antenna can be connected here.  

4. SMA Antenna Connectors – SubMiniature Version A Female Connectors  

5. Input Power Port – IEC Male Connector 

6. Power Button – Non-latching LED Pushbutton 

7. Power Receptacle 

8. 7” Touchscreen LCD  

Figure 11: Mission Box Top Panel Schematic Diagram 
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7. Electric Wiring Diagram and Power Line Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Electrical Wiring Diagram 
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Figure 13: Power Line Diagram 
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Software 
 

1. Mission Box UI 

This is an improvement of the project version 2 (previous senior design project) and 

3(production version). After discussing together and with the advisors, the team Decided 

a web application would be the best way to create a dynamic interface for the system. It 

should be noted a console application could be developed to achieve the same results and 

is being considered for future revisions. HTML was used for the interface layout along 

with JavaScript, Ajax, and jQuery to provide dynamic data and communication to the 

web server.  

Live Video & Mission Box Status  

 

Figure 14: Live Video & Mission Box Status 

The panel in the left of the page, under the ‘Live Stream’ label, designates the window 

for the live video feed. The button next to the label ‘Video Record’ with text ‘Record’ 

starts a recording of the live video feed which is stored as an mp4 file when the user stops 

recording. Recording stops when the button with text ‘Stop’ is pressed. The ‘Video 

Playback’ button is a navigation button. When pressed, the user will be taken to the video 

playback page. Under the ‘Device Control,’ labels are three labels with its buttons, 

‘Stream’, ‘Modem’, and ‘Analog Streamer’. Button with ‘Stream’ label on the right 

launches the Wi-Fi streamer using FFmpeg and FFserver software. Button with ‘Modem’ 
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label on the right turns of the Sierra RV50 MODEM after the MODEM is turned on will 

launch the YouTube live stream using FFmpeg software.   

The panel in the right of the page labeled “System Status” gets populated with modem 

data as well as system status of the Mission Box. The button of the “System Status” is a 

button labeled “Shutdown” safely shuts down the entire system.  

Playback Screen  

 

Figure 15: Video Play Back 

Located in the top of the page is a button labeled “Choose File” which allows and only 

allows the user to browse the computer’s storage and select a video for playback. After a 

file is selected, the gray media displayer will play the video of the selected file. The blue 

button labeled “Stream” is the navigation button to Live Video & Mission Box Status. 
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Code Samples  

Figure 16: video.py code sample handing recording thread 

 

Video.py holds the video functionaries. Figure 16 contains the class for toggling the 

recording of the live video feed using threading at a mean time save the file in the local 

directory.   
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Figure 17: video.py code sample reading camera data and handing recording thread 

Figure 17 contains the class operating the camera and post video processing outputting to 

1080p(1920x1080), and also using the previous threading class to record video.   
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Figure 18: web.py code sample handing recording 
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Web.py holds the backend functions. Figure 18 contains the functions for using video.py 

class to toggle the recording status of the live video feed and outputting the live video.  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 19: load_video.html sample for loading video file to the browser 

Figure 19 is a segment of code that is used to construct the video playback page. The 

“video” tag is the HTML code that hosts the video file. And the code between the 

“script” is the JavaScript to select a video from storage and load it to the server.  
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Figure 20: modem.py sample for modem communication 
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Figure 20 is a python code used to communicate with the modem. The code executes AT 

commands over a Telnet connection to retrieve data from the modem. And then parsed 

and populated into the table.  

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 21: modem.py sample for modem data parsing 

Figure 21 is the python code used to parse the modem data into CSV format data and then 

populated in the table.  
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Figure 22: Ajax setting modem status table via HTML element id 

Figure 22 is the ajax function for setting the HTML elements to the data pulling from the 

modem function contains the corresponding data in the CSV format.   
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Communication between Arduino & PC  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 23: Arduino reading voltage and current 

 

Arduino Uno analog input is limited to a 5V DC, but 20V DC measurements were 

needed. A 5:1 voltage divider was implemented using 30k and 8k ohm resistors (Voltage 

Sensors). The sensor could measure up to 25V DC. The Arduino connected to PC 

through USB. The code above in Figure 23 shows how voltage and current were read and 

calculated. Data were sent to the serial port for PC shows below in Figure 24. Read by 

python code shows below in Figure 25.  

 

  

 

 

 

 

Figure 24: Arduino outputting voltage and current 
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Figure 25: PC reading Arduino voltage and current 

 

Video Streaming Over Network  

Video streaming was a main feature which needed to be implemented in the Mission 

Box. The box supplies an internal router for a local area network (LAN) as well as a 

modem which can connect to the internet over the cellular connection. Different software 

packages were considered when selecting a method to handle video streaming to different 

connected devices. There were lots applications available, however, they either need 

admin permission or not flexible enough to be controlled through the web server with a 

single click, Ultimately, Ffmpeg and ffserver were chosen as the multimedia framework 

and server. Down below in Figure 26 shows how the visualization of how FFmpeg and 

ffserver works.   

Once streaming is initialized, the web application provides the confirmation to the user 

that the stream is in fact started and online via the “Live Stream & Box Status” page. To 

view the stream, a user must connect to the Mission Box Wi-Fi network, and type in the 

URL provided in the UI into any giving web browser. This allows the user to view the 

stream in multidevice (smartphones, laptops, and Microsoft HoloLens), and cross-

platform, no additional application needed, just native web browser.  

Additionally, using the modem, the streaming server’s port can be forwarded allowing 

the stream to be accessed remotely. This could allow a remote user to share the live video 

and save the video feed. Mission Box provided two ways of streaming, either private 

server or public server.   
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Figure 26: Visualization how FFmpeg and ffserver interact to create a stream. “I” – video input, “S” – streams created from the 

input, and “P” – peers connected to the stream to the desired video 

2. Mission Planner Application 

The Mission Planner application is an Android-based application that would allow users 

to plan UAV missions to capture images for inspections, as per the user’s requirements. 

Users can then process these images on Pix4D to augment the inspection process.   

 

Commonly used flight planning applications (DJI GS Pro) do not take into consideration 

the user’s requirements when planning a mission. This application does not intend to 

replace the existing functionalities of flight planning applications, like DJI GS Pro, but 

rather complements their functions, by providing instructions that would guide users to 

generate efficient flight plans based on their inspection needs.   

The flight planning application has five main pages:  
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1. Mission Type  

2. Missions List  

3. Camera Data  

4. Calculators  

5. Information and FAQ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Mission Planner Main Pages 

The application is created using the Android Studio. The front end of the 

application is coded using XML (Extensible Markup Language). The back end of 

the application is coded using Java. The algorithms for the various calculators 

present in the application was derived by Aswin as part of his research for the 

Master of Science degree.  

Mission Type 

The “Mission Type” page lists all the available UAV inspection missions a user 

can plan for using the Android application. There are mainly three categories of 

inspections available in the application:  
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1. Facility Inspection  

2. Bridge Inspection  

3. Construction Site Inspection  

Facility Inspection  

Under the facility inspection page, the user is provided with three more 

options:   

1. Roof Inspection: Instructions and calculations to generate flight plans to 

aid in the facility roof inspection.  

2. Façade Inspection: Instructions and calculations to generate flight plans 

to aid in facility facade inspection.   

3. Quantitative Inspection: Instructions and calculations to generate flight 

plans to aid in facility quantitative inspection (i.e. capturing images to 

generate 3D models using Pix4D to make measurements of the structure)  

 

Each of the options given above opens a new page with a set of 

instructions that would aid users to create efficient flight plans for their 

respective inspections.   

After following the instructions given in the page the user has the option 

to save the generated information in a PDF file, which they can later view 

under the “Missions List” page.  

  

Figure 28: Roof Inspection Page 

  Missions List 

The “Missions List” page lists all the mission plans created using this application 

and saved in the phone’s storage. Clicking on the image icon will open the pdf file 

below the button and users can view the generated mission plans by swiping 

horizontally. The user can close the pdf file by clicking on the button again. 
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Figure 29: Saved Missions Page 

  Camera Data 

The “Camera Data” page lists all the commonly used UAV cameras for this 

ODOT project. Clicking on each camera lists all the information about the 

camera, provides the user an idea of obtainable GSDs using the camera at 

different heights, a surface plot for varying triggering intervals that shows all the 

possible sets of GSDs, image overlap, and flight speed for that triggering interval, 

and finally user notes. 

Calculators 

The “Calculators” page lists all the calculators that are useful to plan UAV 

missions and allows the user to see all the separate calculators that were used to 

build the flight planner pages (e.g. the facility roof inspection page).   

The following are the calculators present in version 1 of the application:  

1. GSD Calculator: Calculates the GSD on top of a structure and ground for a 

flight height entered.   

2. Image Overlap Calculator: Calculates the overlap between images on the 

ground and on top a structure for a flight height entered.   
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3. Camera Surface Plot Calculator: Generates characteristic surface plots for a 

camera and a triggering interval entered.  The plot allows users to visualize the 

sets of all GSDs, image overlaps, and flight speeds when missions are flown 

under the equal timed mode of capture. This gives users an idea when DJI GS Pro 

would switch a user’s preference of image capture from Equal Timed to Hover 

and Capture. For sets of GSDs, overlap, and flight speed that does not lie in the 

plot generated would force DJI GS Pro to switch a mission’s mode of capture to 

“Hover and Capture”.   

4. Distance between Coordinates Calculator: Calculates the distance between two 

points (Latitude and Longitude) using the GRS80 Earth’s model.  

5. Video Frame Extractor Calculator: Calculates every Nth frame to be extracted 

from a video recording of a structure, based on the required overlap between 

frames, which can then be used in Pix4D Mapper to construct a 3D model. 

Information and FAQ 

The “Information and FAQ” page has the following options:   

1. About: Displays information about the application.  

2. FAQ: Displays a list of FAQs about the application.  

3. Standard Operating Procedures: Displays the list of available standard 

operating procedures being developed for ODOT to aid in their UAV based 

structural inspections. 

Budget 
Majority of the equipment required to complete the project was provided by the UCII lab. The 

total cost of the project, that includes hardware, software, and labor was $50,833. The labor cost 

per hour was estimated using the average pay scale for an electrical engineer. Figure 30 shows 

the breakdown of the project’s budget.  

 

 

 

 

 

 



 

Team Mission Box: Final Project Report 

Page 36 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 

Figure 30: Project Budget Breakdown 
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Timeline 
The Gantt chart shown in Figure 31 shows the timeline of the entire project. The summary of the 

entire timeline is shown in Figure 32. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31: Project Timeline Gantt Chart 
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Figure 32: Project Timeline Summary 

Issue Discussion 
Hardware Issues 

There were some initial assembly issues due to the number and size of electrical components 

present inside the box. After multiple trials, all the electrical components were made to fit inside 

the Pelican case and was assembled in a way that would prevent any malfunction due to heating.  

Software Issues 

There were some issues on the software level, the main issues are communication between PC 

and Arduino and display live video and record using the same HDML Capture card on high 

quality(1080p). 

The first issue, communication between PC and Arduino via a serial connection, on this way 

latency should be lesser than 1us. When backend was first writing, the latency was less than 1us, 

and when time moves, the latency increases. After multiple trials and debug, the issue was serial 

port at dormant by the Linux policy. So, there is a bash script keeping serial port alive to achieve 

real time data retrieval between PC and Arduino. 

The second issue, display live video, and record using the same HDML Capture card on high 

quality. After many discussion and research, OpenCV was decided to be used as video 

processing package. OpenCV can output a video in FHD resolution (1920x1080) in maximum. 

But many parameters where adjusted, the outputs always come to 480p. Many adjustments were 

at the output rate, but OpenCV defaulted input at 480p, after changing the input rate that has 

been solved. So, the video is displaying on the screen, but the recording is not yet implemented, 

the first way come across were using bash or another python function for running the recording, 

which fails. Then, threading comes across mind, threading can allow the processor to fork a sub 

processor to do work and still under control of the program itself, in another work still can end 

the process whenever stop record is performed which solved the problem.  
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Future Recommendations 
The mission box system in its current state can be efficiently used by the remote pilots of 

ODOT’s UAS center to aid infrastructure inspections. A remote pilot can connect their UAV 

controllers, to the box and broadcast the video feed locally to inspectors on the field over the 

local network. If given an ODOT issued SIM card the MODEM can be configured to send the 

video to ODOT’s Milestone server, where inspectors can view live UAV feeds at one’s leisure 

/view them during a live or virtual team meeting. Moreover, the mission planner application 

would also allow remote pilots to plan efficient flights to capture the necessary images of 

structure to build its 3D model. 

The mission box is a black box that has a plethora of capabilities limited by the designer’s 

imagination. Given the availability of the Intel NUC PC inside the box, the UI can be re-

designed to run computational heavy processes. This includes but not limited to processing 3D 

models using images captured by the UAV, image and video processing to estimate traffic data 

using the videos captured by the UAV, and control the UAV using available Software 

Development Kits (SDKs). 
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Appendix 

Component List 

1. Plug Socket  

 

 

 

 

 

 

Figure 33: Power Plug Socket with Fuse and Switch 

2. Electrical Outlet/Receptacle 
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Figure 34: Electrical Outlet with USB Charging Ports 

3. Corsair SF450 Power Supply Unit 

 

 

 

 

 

 

 

 

Figure 35: Power Supply Unit 

 

 

4. Power Supply Breakout Board 

 

 

 

 

 

 

                 Figure 36: Power Supply Breakout Board 

5. Fuse Box 
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         Figure 37: Fuse Box  

6. Boost Converters (12V-19V & 12V-24V) 

 

 

 

 

 

 

 

               Figure 38: Boost Converter 

7. Noctua Cooling Fan 

 

 

 

 

 

 

 

 

Figure 39: Noctua Cooling Fan 

8. Sierra MODEM RV50 

 

 

 

 

 

 

                 Figure 40: Sierra MODEM RV50 

9. Ubiquiti Edge Router X 
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Figure 41: Ubiquiti Edge Router X 

10. Ubiquiti Access Point 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 42: Ubiquiti Access Point 

11. Relays 

 

 

 

 

 

 

 

Figure 43: Arduino 4-Relay Module 

 

12. Touchscreen Display 
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Figure 44: 7” Touchscreen Display 

13. Intel NUC PC 

 

 

 

 

 

 

Figure 45: Intel NUC PC 

14. Arduino Uno 

 

 

 

 

 

 

 

Figure 46: Arduino UNO Rev 3 

15. Voltage Sensor 

 

 

 

 

 

 

 

Figure 47: Arduino Voltage Sensor 

 

16. Current Sensor 
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Figure 48: Arduino Current Sensor 

17. HDMI Splitter 

 

 

 

 

Figure 49: OREI 4 Port HDMI Splitter 

18. Capture Cards (Magewell) 

 

 

 

 

 

 

 

Figure 50: Magewell USB 3.0 Capture Card 

19. Capture Card (HopCentury) 

 

 

 

 

 

Figure 51: HopCentury USB 3.0 Capture Card 

20. USB Hub 
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Figure 52: 4 Port Sabrnet USB Hub 

21. Non-Latching Pushbutton  

 

 

 

 

 

Figure 53: Non-Latching Pushbutton  
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Component Datasheets 

1. Plug Socket Wiring Diagram 
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2. Power Supply Datasheet 
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Mission Box Version History 
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3. Power supply Breakout Board Schematic 
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4. Cooling Fan 
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5. Sierra MODEM 
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6. Edge Router X 
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7. Ubiquiti Access Point 
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8. 4 Relay Module User Guide 



 

Team Mission Box: Final Project Report 

Page 73 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 



 

Team Mission Box: Final Project Report 

Page 74 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 



 

Team Mission Box: Final Project Report 

Page 75 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 



 

Team Mission Box: Final Project Report 

Page 76 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 



 

Team Mission Box: Final Project Report 

Page 77 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

 



 

Team Mission Box: Final Project Report 

Page 78 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

9. Touchscreen Monitor User Manual 
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10. Intel NUC PC Datasheet and Technical Reference Pages 
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11. Arduino UNO Rev 3 Datasheet 
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12. Voltage Sensor 
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13. Current Sensor 
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14. Magewell Capture Card Technical Specifications  
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15. HopCentury Capture Card 
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16. Non-latching pushbutton wiring schematic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Team Mission Box: Final Project Report 

Page 105 

 

Aswin Balasubramaniam & Jingbin Yang, 2019 University of Cincinnati 
 

Program Flowcharts  

Mission Planner: Android Application  

1. Facility Roof Inspection Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 54: Facility Roof Inspection Page Flowchart 
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2. Facility Façade Inspection Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55: Facility Façade Inspection Page Flowchart 
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3. Facility 3D Inspection Page Flowchart 

Figure 56: Facility 3D Inspection Page Flowchart 
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4. Saved Missions Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 57: Saved Missions Page Flowchart 
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5. DJI Z3 Camera Information Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 58: DJI Z3 Camera Information Page Flowchart 
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6. DJI X5 (45mm) Camera Information Page Flowchart 

Figure 59: DJI X5 (45mm) Camera Information Page Flowchart 
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7. DJI X5 (15mm) Camera Information Page Flowchart 

Figure 60: DJI X5 (15mm) Camera Information Page Flowchart 
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8. DJI X5s (45mm) Camera Information Page Flowchart 

Figure 61: DJI X5s (45mm) Camera Information Page Flowchart 
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9. DJI X5s (15mm) Camera Information Page Flowchart 

Figure 62: DJI X5s (15mm) Camera Information Page Flowchart 
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10. DJI XTR Camera Information Page Flowchart 

Figure 63: DJI XTR Camera Information Page Flowchart 
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11. DJI Z30 Camera Information Page Flowchart 

Figure 64: DJI Z30 Camera Information Page Flowchart 
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12. GSD Calculator Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 65: GSD Calculator Page Flowchart 
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13. Image Overlap Calculator Page Flowchart 

Figure 66: Image Overlap Calculator Page Flowchart 
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14. Flight Parameter Surface Plot Generator Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 67: Flight Parameter Surface Plot Generator Page Flowchart 
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15. Distance Between Coordinates Calculator Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 68: Distance Between Coordinates Calculator Page Flowchart 
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16. Application Information Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 69: Application Information Page Flowchart 
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17. Application FAQ Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 70: Application FAQ Page Flowchart 
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18. Standard Operating Procedures Page Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 71: Standard Operating Procedures Page Flowchart 


