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Abstract

In the event of natural disaster, there is an immense need for disaster response. Although

there are currently many methods used to survey damaged areas and dispatch rescue operations,

there are also many improvements that can be made to make these responses more efficient and

effective. One of the most needed improvements is the need for faster response times to sudden

disasters. More specifically, there needs to be a method of surveying that is able to map a disaster

stricken area quicker and at minimal cost to first responders. Current disaster data and image

collection processes are an overnight process, which significantly delays the abilities of first

responders to take proper and knowledgeable action to assist people who have been affected and

are in need of help.

With the advancements in Unmanned Aerial System (UAS) technology, and the growing

use of drones around the world, there is now an initiative to create a drone system that is capable

of both quick image processing and low-cost. This can be done by focusing on three areas:

design of the drone itself, communication between the drone and a ground system, and then the

final image processing to create an updated map of the disaster-stricken area. By quickly

producing a map of the damaged areas, first responders will be able to survey and identify

potential emergencies in a timely manner.
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Introduction

Natural disasters could happen at any moment, so having an effective method of getting

an extensive view of the affected areas is important for fast first responders. That is where our

project comes in. This project's aim is to be able to use a drone to create a map of disaster

stricken areas in a short amount of time. This requires quick data transmission for sending down

image and quick image processing for stitching the images together. The map that the drone

provides will be able to give a variety of information about the scanned area and which should

give the user a better understanding of a possible disaster situation. A better understanding in a

shorter amount of time will go a long way to improving disaster response.

For this project, we are beginning from the design of the drone and the communications

between it and a ground station which will handle the image processing. Our focus will be on

creating functional software to drive the drone’s communications as well as the following image

processing and stitching of the final map. In addition, we also plan to program the drone’s flight

controls which includes the ability to follow a pre planned flight path as well as allow for manual

control. The final deliverable should give enough functionality to act as a proof of concept for a

low-cost UAS for disaster response.
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Section 1: Team Roles and Communications

As part of the project, our team had to design the drone from scratch while satisfying a

number of requirements that were provided for us. We had to focus on several areas ranging from

communication between our drone and a ground station to image processing on large data sets.

In order to efficiently make progress on the project, our team split up responsibilities so that each

member focused on a different area of the project.

The team is made of four members: Alex McGowan, Dylan Gauch, Grant Darling, and,

myself, Teddy Tran. Our roles for the project are as follows:

Drone Design and Flight Controls - Alex McGowan

Drone Communication and Data Transmission - Dylan Gauch

Team Lead, Project Engineering, and Documentation - Grant Darling

Image Processing/Stitching - Teddy Tran

Although we focused on our assigned roles, there was also overlap between our work.

There were often times where some members helped out with other areas of the project in order

to effectively complete the work.

We maintained team communications over the platform, Discord, where we planned

periodic goals as well as discussed problems we ran into with possible solutions. In addition, we

had weekly meetings through the platform, Zoom, with our project sponsor, Jerry Hendrix and

class instructor, Dr. Buren Wells. Through these meetings, we gave updates on our current

progress on the project as well as requested any assistance that we may need.
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Image Processing: We were able to obtain a test data aerial image set from our mentor,

Casey Calamaio. Using the OpenDroneMap tool, we stitched the image set together to test this

part of the project. To save memory on our computer, we needed to make sure that the split and

split-overlap parameters are set appropriately since this image set was over 1500 images. Once

that is done, the images will then be processed and stitched together. This will produce the final

map of which can be viewed through OpenDroneMap.

Image of test set of aerial images of UAH

Future Improvements and Recommendations

Although we were not able to finish everything we planned on doing, we still were able

to plan for the future of this project.

First off, a new airframe will eventually need to be designed. The Rascal 110 provided us

a template for us to add our software to, but it does not satisfy all of the project requirements

such as the biodegradability and the vertical take off. The 3D printed cubesat that contained our

raspberry pi was created using a biodegradable material, however the frame itself is not.

Therefore we suggest that any future teams consider designing a new airframe from scratch if

possible.
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As for the data transmission portion, we still hope for the drone to support 5G

communications. We were unfortunately unable to implement this functionality this semester

despite considerable effort to obtain access to AT&T firstnet. That being said, we have a parts list

as part of our documentation that lists a possible 5G router and module that can be implemented

with AT&T Firstnet. This router can also be used with 4G as well, so it provides some flexibility.

The image processing is an area that could use some tweaking and possibly a new

program for implementation. The reason for this is the current lack of functionality that

OpenDroneMap provides in the area of “real-time” image stitching. As a main feature of the

project is quick image processing, the need for real-time image stitching is important. With

further research, we discovered that the DroneDeploy’s Live Map tool is able to real-time image

stitching very similar to what we were aiming for. One of the downsides to this is that it requires

a subscription fee and is not open-source. This would go against the low-cost requirement as well

as provide less flexibility. Nonetheless, it is still something that could be considered for what

seems to be a good fit for our project.
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Conclusion

The main goal of this project is to create a low-cost, biodegradable drone that is able to

survey a disaster-stricken area and retrieve data that can be of use to first responders. That being

said, through the course of the semester, we have had to change the scope of our project as a

result of time constraints and limited expertise in certain areas such as the airframe design.

There were many unfortunate circumstances that we encountered which held us back from

getting more tasks done. Nonetheless, we were able to produce a project that can demonstrate the

fundamental functionalities which includes the flight controls, image collection, and image

processing.

What we aimed for was to make a project that any future teams will be able to pick up

and continue with ease. This means that we had to create a solid base product that had the ability

to be upgraded. We also made sure to make sufficient documentation to explain how the drone

and its components worked as well as suggest some possible improvements that could be made

to it.

After spending this past semester working on this project, I was able to experience what

designing a piece of hardware and software entails. From the planning stage and through the

design and development stage, I learned the general process of developing a product as well as

the difficulties that come with it.
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