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Project Re-Mask Proposal:   

Objective Statement:  

This project’s goal is to develop a cost-effective and easily replicable device to allow for the 

reuse of N-95 masks in Non- Academic Health Science Centers (rural hospitals, remote 

providers, and underfunded healthcare centers). In addition, it will provide a clear guide on a 

website on how to construct and test the device in the field.  

 

Background:  

The situation of a PPE shortage, specifically face masks, caused by the COVID-19 Global 

Pandemic, has shown that a device is needed to allow for the reuse of PPE [11]. This project is 

focused on developing a cost-effective and replicable device that allows for PPE to be reused in 

Non-Academic Health Science Centers (rural hospitals, remote providers, and underfunded 

healthcare centers).   

Preliminary research and development showed that a device could be made that sterilizes N-95 

masks using UVC lamps to allow for their reuse [6,7,9,10,11]. Exploratory research also showed 

that many cost-effective UVC lamps on the market do not have information about how long they 

take to produce 1J/cm^2, which is the required irradiation amount needed for sterilization of an 

N-95 mask [10]. A cost-effective procedure was needed, to investigate how long any system took 

to produce 1J/cm^2 of irradiation in the field [10]. The field procedure is required so that when 

the device is replicated in the field, the operator can define the time required to sterilize the masks 

and inactivate the virus.  

During the preliminary research, two prototypes were constructed. One was used as a test stand 

for the UVC lamps used and the other was fabricated to validate the general design concept.  
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Figure 1: First design concept prototype  

 

 

Methodology:  

Field Procedure:  

As per the project objective, a field procedure was developed during the preliminary research 

stage, more investigation into refining and substantiating the standard field procedure will 

continue. To achieve this goal, more substantial research needs to be conducted to gather more 

data sets, and better define both the time required for the 8 and 11W systems to achieve the 

required irradiation. Our team believes that, for all UVC lamps tested, 20 more tests will be 

required to better understand the time required for the system to produce the required amount of 

irradiation. These will be conducted using the standard field procedure and the test stand, 

dosimeters, and the 8W and 11W lamp systems. The data will then undergo analysis to find the 

average time and other statistical measurements (max and min times, standard deviation, and 

uncertainty) that it takes for the UVC to generate the needed irradiation. 
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Test Stand:  

The test stand will model half of the prototype. The prototype uses two UVC Lamps on opposite 

ends with copper wire to suspend the mask/dosimeter. The test stand, however, will only use one 

UVC lamp mounted on the lid of the test stand above the copper wire used to elevate the 

dosimeter. For each lamp tested, the time it takes for the dosimeters to read 1J/cm^2 of 

irradiation will be measured 20 times. Using the computer vision code created by the Software 

team, 8 and 11Watt UVC lamps will be tested in the test stand. The test stand consists of a plastic 

toolbox that will prevent the excess UVC light from escaping [18]. A hole will be made in the lid 

so that a camera can be used to capture the amount of time required to fully irradiate the 

dosimeter. To construct the test stand, we will need a 19.1”x9.9”x10.3” box that can absorb UVC 

irradiation [18]. By having the dosimeter and lamp inside the plastic toolbox, only the irradiation 

produced by the lamp will be measured, this makes the test as accurate as possible because, 

while it keeps the rays inside of the box [4]. The lid will also allow for a secure and stable 

platform for the camera to capture the irradiation process of the dosimeter and see when it 

reaches the desired result. For the test, the dosimeter will be set on the bottom of the enclosure 

below the lamp, while the camera is used to measure the change in the dosimeter related to the 

irradiation.   

 
Figure 2: General Schematic  

(Used for inspiration of the design of the next prototype) 
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Automated Data Collection:  

The slicing process involves breaking down the experimental video of the dosimeter into many 

individual images, called frames. The splitting is done 30 times each second or at 10 second 

intervals within the video, depending on the user’s preference when running the program. Each 

frame is then sent off to processing where the RGB values are sampled. Figure 3, below, outlines 

the sites from which the RGB values are sampled. Sites a through h are placed within the inner 

circle and sample the changing RGB values as the dosimeter is exposed to increasing irradiation.  

Sites 1 through 8 are placed within the lower semicircle to keep an accurate value of the target RGB 

color that the inner circle must reach to achieve a satisfactory level of irradiation.   

A set of initialization frames are taken around 2 seconds into the video. These frames are used to 

determine where the dosimeter is within the image. Open-cv2 is used to find all the shapes within 

an image, called contours. The contours are sorted by size and checked to see if the dosimeter is 

within it. Once the dosimeter is found, the region’s size is recorded for future use. After 

initialization, a similar process takes place for each frame. The contours are found, the dosimeter 

is searched for, and the RGB values are measured and saved. Open-cv2 and PIL allow the pixels 

in each frame to be converted into RGB values.  

 

 
Figure 3: Dosimeter RGB sampling site  
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Communication:  

To communicate the information and data found through this project, a website will be created.  

There will be a page on the research including the research paper, data collected with an 

explanation in lay terms, as well as a list of financial contributors. The ‘Assembly’ page will 

contain instructions on how to create a setup with a list of suggested materials and materials to 

avoid based on previous research collected as well as a link to the ‘Testing’ page. This page will 

include instructions on how to test/validate the created device using the computer vision 

program, mentioned in Automated Data Collection, along with instructions on how to properly 

record the video and troubleshooting suggestions. This page will also include information on 

how to use the field procedure to validate the time required to reach the required irradiation level 

for sterilization. Finally, the ‘About’ page will contain background on how this project was 

created, difficulties encountered, and contact information of the team. Additionally, the team 

may include and produce videos that correspond to each section. Overall, the goal of the 

website’s creation is to be a resource to individuals and non-academic health science centers in 

need of this device can build and self-verify their device, starting from our estimated time and 

adjusting from there using the field procedure and the code developed by this project. The 

website will only be up for two to three years, but it will create a pathway for those in need to 

create an easily replicable, cost-effective device to reuse N-95 masks in Non-Health Science 

Centers during a pandemic.  

 

Prototype Development:  

Currently, only one prototype has been built (see Figure 1). After data is gathered from the test 

stand and average, minimum, and maximum irradiation times have been found, the new 

prototype will be tested 4 times without a camera using the field procedure, which uses 5 

dosimeters per test, to determine the time needed to generate the necessary irradiation levels 

needed to clean the mask. The prototype will be constructed out of a standard plastic toolbox 

19.1”x 9.9” x10.3” with copper wire, chosen for its antimicrobial properties, to hold the testing 

dosimeters and eventually two-three masks between two UVC lamps [3]. A new prototype will 

be built using the specifications mentioned above to match the test stand as the previously built 

prototype was just a proof of concept.  

Through analysis of both the general design, budget, and convenience of consumers the 

improvements of minor details can greatly benefit the overall outcome of the next prototype.  

Originally fishing line was used to suspend the masks within the device, but the use of an 

antimicrobial metal that is more malleable while also more durable than fishing line would 

improve the mechanism overall. Not only is the copper antimicrobial which adds a layer of 

sanitation, but the additional sturdiness of copper creates a more durable prototype [3,16].  

Additionally, copper wire will be used to suspend the dosimeter/masks, and it was chosen for its 

antimicrobial properties [3]. The manipulation of the dimensions of the box would make it more 

portable and convenient for consumers. If we were to modify the dimensions from 21”x 8”x 

10.5” to 19.1”x 9.9” x 10.3” with only two-three masks able to be sterilized by the UVC light 
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versus four it makes it more portable and lighter regarding weight for users. If we can make the 

devices more portable, there is a higher chance that a consumer will replicate the prototype. The 

lower the cost of the device the more replicable and more accessible the device is. 

 

Team Structure:  

• Project Lead: Moses Hinrichsen  

o Organize and lead bi-weekly meetings, organize and delegate who needs to work  

on which section of the data analysis process, assist all Sub-Leads in the  

completion of all tasks, approve all final decision related to the project, and  

communicate progress and issues encountered with Faculty Research Advisors.  

      • Networking Sub-Lead: Mitch Hunsucker  

o Contacting research faculty, sponsors, and suppliers, and general   

communications.  

• Documentation Sub-Lead: Clara Poffenberger  

o Assists in research and writing of the proposal. Additionally, serves as 

research paper writing lead.  

• Communication/Website Sub-Lead: Samantha Williams  

o Website design, recording videos for the construction and testing processes, and 

organizing tasks to be done to complete the website.  

• Prototype R&D Sub-Lead: Madison Adams  

o Construct and document the construction of the second prototype, and research 

possible improvements for the design and the field procedure, also help with the 

data collection process.  

• Data Collection Sub-Lead: Chris Roesch  

o Construct and document the creation of the test stand, help with the data 

collection process, and analysis of the data collected  

• Software Sub-Lead: Wilton J. Aviles  

o Writing any additional improvements to the code, helping integrate any functions 

that are needed to improve the code, and communicating how the code works and 

it should be used.  

• Other Student Research Members: Tyler Harkcom, Michael McGarty, Tony Meola Paul 

Stuckey  

o Assist sub-leads through research, writing, and technical applications in each 

subsection.  
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Timeline:  

The project is estimated to take 12 weeks. Data collection will take approximately 4 weeks this 

includes constructing the test stand, running all the tests required, and analyzing the data. At the 

same time, website construction and continued prototype development will start; these parts will 

take 6 and 3 weeks. The website part of the project will include creating a website and filming the 

videos for it. Once the data has been analyzed and collected, the writing and editing of the 

research paper will start; this will take approximately 6 weeks. 

Budget and Justification:  

The team already has access to enough scrap wood and UVC lamps required to complete the 

project. The team also needs:  
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