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taan. Tässä projektissa hyperspektri kuvantamisen ja tekoälyn teknologioita 

yhdistämällä tuotetaan tuotekehitys prosessilla prototyyppi, joka pystyy ha-
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reagoida ympärillä olevan maailman kanssa ja ruoka on tuotettu niillä. 

Uloste on kaikista yleisin kontaminaation syy ruokatehtaissa. Projektin tulos 
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1. Introduction 
Hand Hygiene is important in places that demand high levels of cleanliness. 

Our hands are the medium with which we interact with the world. Even 

though soap was first recorded to be produced in the Babylonian civilisation 

(Vermeil et. al., 2019), humanity still comes face to face with hygiene out-

breaks. These challenges have been tackled in different ways. Before 1990's 

the widely agreed way to clean hands was to wash with soap and water, until 

a Swiss research group developed a new strategy to disinfect healthcare 

workers hands with rubbing alcohol (Vermeil et. al., 2019). This eliminated 

touching the sink in order to disinfect the hands. Hands have always been 

assumed to be clean, but what is the reality? If they are always so clean, why 

do these outbreaks still happen? This thesis aims to tackle the question: are 

my hands clean? by taking existing technology of contamination detection 

and developing it into a prototype, that could be further developed into a 

product.  

 

Multiple US and European hospitals reveal that hand washing compliance 

was lower than 50% (Zaragoza, 1999). Since then, the World Health Organi-

sation (WHO) has made guidelines for hand hygiene, which are being ad-

hered to by 78% of healthcare workers (Chavali et al., 2014). Unfortunately, 

that is not the case everywhere. After consulting a hospital about their ICU 

units, hand hygiene performance went up from 46,9% to 98,5% when they 

made the hospital implement a system with mandatory sprays of alcoholic 

sanitizer to hands in order to open the doors to the intensive care unit 

(Shapiro et. al., 2022). So, enforcing hand hygiene rituals increases the hand 

hygiene level, and making employees check their hand hygiene would make 

them take care of it as well.  

 

The important thing is to know if your hands are clean. Currently hands are 

washed and disinfected, but not checked if they are clean after all. So, it is 

important to know if the hands are clean or not. In this case, the contamina-

tion that is being checked for is faecal matter. Faeces on employees’ hands is 

one of the reasons why food recalls happen from a bacterial source (Para-

mithiotis et al., 2017). Faeces often contain Listeria (Jemmi & Stephan, 

2006) and Salmonella (Voogt et al., 2000) bacteria. For this reason, faeces 

were chosen as the contamination to be detected on hands. Faeces can be 

excited (Lefcourt et. al, 2005), and this excitation can be seen as lumines-

cence. This phenomenon will be one of the main components of this proto-

type for detecting the contaminations.  

 

The result of the project is a prototype that gives a binary result of dirty / 

clean. In addition to detecting contamination, the prototype displays the 



8 

 

location of it, so that the user is informed in which area of their hands they 

have to clean the contamination off. This will be aided by hand detection soft-

ware.  

 

In this project a prototype will be made, that has cameras, filters, and some 

image analysis software. This prototype will by the end of the project, detect 

if the inserted hands have faeces on them and the location of the contamina-

tion, in order for the user to effectively increase hygiene in those areas. For 

hygienic testing purposes, olive oil will be used instead of faeces, because ol-

ive oil contains the same fluorescent component as in faeces, chlorophyll 

(Giuliani, 2011). 
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2. State of the art  
In current solutions, hands are washed and sanitised and then expected to be 

clean after this process. But this does not count in human error or just lazi-

ness. Some studies suggest that people fail to wash their hands correctly 97% 

of the time (USDA, 2018). But this number is hopefully a lot lower now, be-

cause of the recently raging pandemic. Everybody has noticed how every pub-

lic bathroom now has strict instructions on how to wash hands properly, and 

people have been reintroduced to the importance of good hand hygiene.  

 2.1. Current technology 
 

The customer of the project is currently using quite common types of solu-

tions for hand hygiene. They use Meritech Handwashing Stations and Med 

Alliances HANDY UV-C Hand Sanitizing Solutions. The washing stations can 

be integrated into hygiene gates, so that the employee of the factory must 

wash their hands before the gate opens and lets them through. But this is not 

always the case, the responsibility for washing the hands correctly falls to the 

employee. HANDY, is a UV-C bacteria killing hand hygiene machine that 

shoots UV-C on a person's hands killing bacteria. The idea is that the user 

puts their hand into the machine, and lamps from four directions fry every-

thing on their hands. But it is widely accepted that UV light is the biggest 

stressor to human skin (Biesalski & Obermueller-Jevic, 2001). Even though 

the time under which the skin is eradiated with the UV rays is short, around 

under a minute, the long-term effects cannot be ignored if an employee has 

to subjugate their hands to the UV rays multiple times per day potentially for 

decades.  
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Image 1. The HANDY UV-C Hand Sanitation system.  (MED Alliance 

Group, 2022)  

 

 

 

 
Image 2. The Meritech Handwashing station integrated to a turnstile. 

(MERITECH, 2022) 

 2.2. Current problems 
 

UV light is divided into three categories: A, B and C. A is so called soft UV 

light, B is medium, and C is strong. UV-C light burns skin the strongest, 

which is not very good for someone, who has to daily fry bacteria off their 

hands with the HANDY device. As stated on their website, it can take up to 

14 seconds to get rid of most of the bacteria.  

 

The problem with these systems is the expectation of cleanliness. People have 

different sizes and shapes of hands, some are lazy or do not care about hy-

giene, and then there are accidents and human error cases. Just expecting 

that every pair of hands is clean is not enough. As it can be seen, food recalls 

still happen, and the cost of one is approximately 10 million USD (Zhang, 

2019). This does not include the cost to the whole industry producing the 

same type of food either. 
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3. Methods 
The methods taken during the project were the creative and iterative pro-

cesses from technology to prototype. Iterating the parts and the bigger pic-

ture throughout the project. The methods chapter will go through the differ-

ent iterations of the different components included in the project, explaining 

advantages and disadvantages of each. Many products have been created 

trough the iterative process. For example, SpaceX rockets are built with an 

iterative process. They build and immediately test what they have designed 

in order to see if it works (Lacatis, n.d.). Space rockets are not very expenda-

ble. They need to work once they’re produced so testing trough iteration is 

paramount. Similarly, a hygiene verification product in which people are 

meant to be able to trust in should be built so that the results can be relied 

upon. The iterative process helps with this by allowing the engineers to con-

centrate on one aspect at a time and making sure it works. 

 

The iterative process is very important for good results (Dou et. al., 2017). 

Iterating with a team teaches giving, receiving, and reacting to opinions. This 

opens more points of views on the ideas that are being worked on. The more 

points of view, the more likely every end user need is taken into account. First 

a low fidelity prototype is made, in order to determine if the theory works. 

Then the prototype is upgraded with better parts making it more reliable. Fi-

nally, the sensitivity of the prototype is honed into required levels. 

 3.1. Hardware 
 

The hardware chapter contains descriptions of all the parts and processes of 

the prototype and what is important for the prototype to succeed. The parts’ 

qualities and how they fit in the whole of the product. Finally, the result chap-

ter explains which parts were chosen for the final prototype and why.  

 3.1.1. Cameras 
Cameras are the centrepiece of the technology. Finding the right cameras de-

termine everything else in the product. What kind of filters are needed, what 

is the size of the casing. It can affect the amount of lighting needed as well. 

 

The first option for cameras were the same camera modules, PI Camera Mod-

ule V2.1, that Cleandet use in their other prototypes. PI Camera Module V2.1 

can be plugged into the Raspberry Pi by themselves, but in this case, at least 

two cameras were needed. The 1st camera would have a filter in front of it 

that would filter out all unwanted light and let through only the luminescence 

of the contaminations. The 2nd camera would be used as a user interface 

(UI), that would guide the user to insert their hands to the device correctly 
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and display the locations of the contaminations on the hands. For this dual 

camera setup to work, a special adapter called Arducam Multi Camera 

Adapter Module V2.2 was needed which can connect up to four cameras to a 

Raspberry Pi. 

 
 

Image 3. The PI Camera Module V2.1 (ELFA DISTRELEC, 2022) 

 

 
Image 4. The Arducam Multi Camera Adapter Module V2.2 with 4 Cam-

era Modules attached to it. (AMAZON, 2022) 
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The benefit of using these cameras is that there was already knowledge on 

how to use and code them. They had been proven reliable beforehand. Cons 

on this setup is that the cameras are not able to be used by the Raspberry Pi 

simultaneously. This would prove to be a problem for user experience (UX), 

because then the user would have to stick their hands in, then the UI would 

have to go dark or change anyways in some way, while the 1st camera does 

the actual measurement, and then they would have to wait there for a time, 

before finally the results would be displayed via the 2nd at the end. Another 

issue was a long focusing distance on the cameras. This makes the device big-

ger. 

 

To combat the simultaneous camera use problem, a setup which can use two 

cameras was sought out. Arducam 8MP Synchronized Stereo Camera was 

chosen out of the options. This setup had the cameras already attached to the 

control board. The pros of this setup were that it can use the cameras simul-

taneously and that the focus distance was a lot shorter than with PI Camera 

Module V2.1. The disadvantage was that the coding for the usage of this setup 

has to be done from scratch, and that would require a lot of time. 
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Image 5. The Arducam 8MP Synchronized Stereo Camera (UTRONICS 

2022) 

 3.1.2. Filters 
 

The first option for filters were Edmund Optics tester pack thin film bandpass 

filters. Bandpass filters let a certain narrow bandwidth of light through while 

blocking the rest of the wavelengths. Faecal luminescence can be detected 

with 668 nm, 678 nm, 685 nm and 700nm bandpass filters (Lefcourt et. al., 

2005). They were after the same thing as the aim of this project, but the lack 

of modern electrical applications, they did not see the same potential in their 

findings as nowadays. The filters chosen based on this finding out of the Ed-

mund Optics tester pack list of filters, would be the closest to 670 nm +-10 

nm. Trying to include the 700 nm into the bandpass filter would possibly let 

through too much ambient lighting and lower the accuracy of detecting the 

contamination so it was left out.  

 

The initial technique to test the filters is visual inspection. The chosen filters 

were tested with a light source if the luminescence of the contamination is 
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visible with human eyes. If our human eyes cannot see the contamination, 

the camera will not be able to either. After choosing the best one of them a 

piece of it was fashioned to fit in front of the camera. Pros on this filter is that 

it is free, and in its thin film form, it is easy to manipulate to stay in front of 

the camera. The disadvantage is that the bandpass it lets through is quite 

wide, and so, it lets through quite a lot of other light as well. Even though the 

filter would be darker, then the opacity is just smaller, but it lest a wider spec-

trum still through. This creates a need for a brighter light source, that would 

luminesce the contaminants stronger, but also let some of the other light 

through. 

 

The second option were Roscolux filter slips by Rosco. These filter slips 

seemed better, because they let in less ambient lighting. But they have the 

same issue, which is that the information on them is not exact. 

 

 
 

Image 6. Roscolux by Rosco. 

 

A third option was also included when comparing different filter options. 

This was Edmund Optics 25 mm diameter Hard Coated Optical Density 4.0 

25nm Bandpass Filter. These are filters on a glass plane, coated with a metal 

anodized ring. The good side of these filters is very detailed information on 

the wavelength of the centre and its bandwidth of ±10nm. This helps with 

choosing the best filters out of the list in order to let through the exact wave-

lengths of the luminescence. The cons are that they are very expensive, and 

the structure of the filters makes it hard to integrate them to low fidelity pro-

totypes. The slips can be attached quickly in front of the cameras, but the 
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hard coated ones need some special setup prototyping to be mounted in front 

of the cameras. The slips also have more surface area that can be used for the 

mounting, but the hard coated ones do not have that extra wiggle room. 

 

 
Image 7. The Edmund Optics Hard Coated Optical Density 4.0 25nm 

Bandpass Filters. (Edmund Optics, 2022) 

 3.1.3. Light source 
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Image 8. All the self-made light sources.  

 

The light source is a crucial component for our process in checking hand hy-

giene. The light source is designed to use certain wavelengths that excite the 

contaminations. This excitation is then emitted as fluorescence in another 

wavelength that is captured by a filtered camera that lets through only a nar-

row bandpass around the wavelength of the fluorescence.  

In the background research, research has proven that faecal matter can be 

excited with ultraviolet (UV) light 300nm-400nm and blue light around 410-

420nm (Lefcourt et. al., 2004 and Kim et. al., 2003). Kim's research on 

410nm-420-nm is more accurate and direct to our needs for the project, than 

Lefcourt's general range of the UV spectrum. According to these findings 6 

different precise wavelength light emitting diodes (LEDs) within 300 nm-

420 nm were chosen. Three were in the UV spectrum and three were in the 

blue spectrum of the visible light spectrum. 

 

The first tested light source was a self-made one. One of each of the chosen 

LEDs was attached to a printed circuit board (PCB) and this was all hooked 

up to electricity on a breadboard. This setup was then tested with olive oil.  
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Image 9. The first self-made light source’s mission was to test all the LEDs 

to see if there is detectable fluorescence from faeces and olive oil. 

 

The next step was to determine whether the performance of the light source 

was the same without the UV light. Removing UV light for the equation is a 

benefit because UV light can be harmful to human skin. The UV LEDs were 

also more energy intensive, needing 1 ampere to operate, when the blue spec-

trum LEDs needed only 0,7 amperes for operation. Only the three different 

blue light spectrum LEDs were used and concluded that it still worked as well 

as with the UV LEDs. After finding the optimal number of combined wave-

lengths, the next step is to increase the amount of these LEDs for a more lu-

minous setup.  

 

 

 
Image 10. The second step in the process was to add more blue light, since 

the fluorescence worked without UV light. This did not work so well 

though, because it was tricky to get all the LEDs to work on full power. 
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As the first option for the light source, the self-made one had its pros and 

cons. The exact wavelengths are used, instead of buying a ready-made one 

with different, unwanted, or even unknown wavelengths. The main issue was 

to get the LEDs to receive the full needed amperage. Final advantage was that 

all the LEDs could be inserted into the same PCB for optimisation and easier 

further development. The final disadvantage is that these light sources burn 

easily. The optimal operating temperature is 90°C, which burns the PCBs, 

and with long running times, even melts the solder between the connections.  

 

 
Image 11. The final self-made LED setup with which most of the develop-

ment was done. 

 

An alternative to the many self-built light sources, is an ordered one from a 

professional electrical designing company. This light source contains a total 

of 24 blue wavelength LEDs. They are all spread out on four different plates 

that are connected to a central control unit. This setup is a lot brighter. The 

brightness is a good thing because it increases the brightness of the lumines-

cence as well. This way the luminescence is relatively stronger than any pos-

sible light contamination, and so easier for the camera to see. The only dis-

advantage is that it is very expensive, and it takes a long time to arrive. First 

the order has to go through designing and then manufacturing and finally 

shipped to the customer. Almost half of the budget was used for the light 

sources.  
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Image 12. The Sofeltech light source in its entirety.  

 

 
Image 13. One of the four LED boards of the Sofeltech light source.  

 

 

So, each of the four plates contains 6 of the blue LEDs, making the total 24. 

This setup had the strongest lumens, which correlated directly to seeing the 

luminescence of the chlorophyll. 

 3.1.4. Casing 
 

The first option for a case was built during the PD6 event of the PDP course. 

The first step is to gather requirements for the case. The case has to be 
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enclosed enough to block light contamination, it has to have hand holes for 

the user to insert their hand for contamination detecting and it has to be big 

enough for the cameras to visualise the whole hands. The minimum focus 

length of the PI Camera Module V2.1 was measured to be 35cm. The first case 

was then made to be a circle. This would eliminate waste space, which the 

corners or a square box would have. The cameras and lights were attached to 

the other end of the circle and a hand hole was cut into the opposite end of 

the cameras. The pros of this case were that it was easy to make, and it was 

space efficient. It had to be a circle instead of an oval, because the hand holes 

required relatively quite a big space at the front of the case. It had an open 

back that would be covered by a cloth, so that working on the electronics 

would be easier. For some reason, when testing everything together, worse 

results were obtained with this case, rather than having the components in 

the open, but in a totally dark room. So as a con, the case still just did not 

work, and another version was needed.  

 

 
Image 14. The first case  

 

Due to the detecting issues, the second option for the casing was a black mov-

ing box with a lid. The aim was to replicate the lightless room in a much 

smaller environment and see if the results were replicable. The advantage 

with this option was that the results were better, but the problem was that 

there was now hand insertion hole with this box. 

 

The third option combined the first two. The result was a self-built box, made 

from laser cut plywood. The good side in this is that all the dimensions are 

designable and can be iterated when making it yourself. The combination was 
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the handholes from the cardboard version, and from the moving box, the 

square shape was used as well as the black colour. The colour that was used 

to paint over the plywood was the so-called blackest black colour, Black 3.0 

by Stuart Semple. This colour was chosen because it absorbs up to 99% of the 

visible light. This was chosen to fight against light contamination bouncing 

inside the casing that was coming from the hand holes. The advantage of this 

casing was that it was big and spacious. Really good results were obtained 

within this case. Cons were that it was quite big, and the paint was water sol-

uble acrylic, so it could not be washed and cleaned. So, it would have to be 

coated with something that protects the black colour, but that might affect 

the shininess.  

 

 
Image 15. The plywood version of the case. 
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Fourth option was a fabricated case ordered from a manufacturer. This case 

was made from metal and painted with a matte paint, so it could be cleaned. 

It is fairly smaller than the third option. 

 

To combat the self-made light sources burning out, a proximity sensor was 

integrated into the case designs. This proximity sensor sends a signal to an 

Arduino which was programmed to turn on the lights for 10 seconds, while 

the user is testing for contaminants. This combats the overheating of the 

LEDs, as well as lowers energy usage, because the lights are off while no one 

is using the product. The lights are the most energy intensive component of 

the product. 

 3.2. Programming 
 

Programming is an essential part of the end product. The reliability, accuracy 

and speed of use all are affected by good or bad coding. Even though one 

would have the best parts in the world, if they cannot communicate well with 

each other, you do not have a good product in the end. But even the world’s 

best code cannot conjure up good results if the physical parts are not good 

enough for the intended use. It is a delicate tango between these two worlds, 

which can yield the best results.  

 3.2.1. Thresholding 
 

Thresholding means setting a value that something should not go over, set-

ting a threshold. In this case, it is the way the prototype detects if the inserted 

hands are contaminated. The code detects, if any of the pixels on the video 

feed go over the assigned threshold value. This breaking of the threshold 

value is the fluorescent light hitting the filtered camera. The camera being 

filtered and doesn’t let any other light than the specific wavelength emitted 

by the fluorescence. If the light that comes through the filter is strong enough, 

it triggers the threshold code. This threshold value is low enough, that the 

faint luminescence is detected, but high enough that, other kind of external 

light does not trigger it.  

 3.2.2. User interface 
 

The aim was to make an as intuitive machine as possible. This would be as-

sisted by a good user interface (UI). The UI is the medium with which the 

user of a product reacts with it and uses it. Good UI design makes a compli-

cated product easier to use, and bad UI can make a simple product feel like a 

lot of work to use (Alsos, 2012 and Yan et. al. 2017). Even though hand con-

tamination detection is not as stressful of a situation like controlling a 
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nuclear power plant this still represents the importance of good UI design. 

The UI was to be made simple. The aim was to have as little as possible inter-

actable factors for the user. That's why the casing design had only a screen 

and the hand hole. Simplicity brings intuitiveness. The best design is when 

the user does not even have to think about how to use the product, but as they 

approach it, they can already sense what they have to do (De Jong et. et., 

2017). Even though a hand contamination detector is a lot more complex 

than a door handle or a juice squeezer, this philosophy can be applied to any 

project to maximise the benefits of good UI. This was aided with text-based 

instructions on the screen. The text would be an instruction on how to start 

using the prototype. It should be short so that it is quickly manageable. 

 3.2.3. Light control 
 

Light control was initially done by an Arduino and coded in Arduino’s own 

coding language. The light was attached to a proximity sensor which was in 

turn attached to the Arduino. In the Arduino, a code can that allowed the 

power to run to the light, whenever the proximity sensor sensed something. 

This way, the light turned on only when there are hands inside the prototype 

so that they do not burn.  

 

An alternative was though up later, which eliminated the Arduino all together 

from the picture. It was replaced by a small device, that is specialised letting 

electricity through when getting a signal. This way no coding was needed and 

the probability of the Arduino accidentally crashing mid use was eliminated.  

 3.3. User testing 
 

User testing is very important for the product development process, to 

achieve the most optimal result for the set targets. More exactly, user testing 

would affect the user experience part of the product. In this case, it does not 

matter to the users what the technology is inside the box, but how they inter-

act with it should be smooth and inviting. If the UI is hard to read and not 

clear on the results, then it brings down the UX as the product is hard to in-

teract with. 

User testing combats this by asking the end users themselves what is good 

and what is bad. Usually in user testing, one must define the end users and 

look for these kinds of people to do user testing on. In this case, the end user 

was already known to be food factory workers. We did user testing around 

the university campus. This is not ideal, but it was some user testing in the 

end. It is good to hear what others think and how others perceive something 

you created and if they understand what you have intended.  
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Questions \ An-
swers Person V Person S1 Person E Person S2 

Is it comfortable to 
use? Is higher or 
lower elevation 

more comfortable? 

Yes, lower is more 
comfortable than 

higher 

Comfortable. 
Lower is more 
comfortable 
than higher. 

It was a bit 
small. The 

height mat-
ters a lot 
when it is 

small 

Comfortable on the middle 
high 

Is there enough 
space for arms? Yes 

Not quite if the 
hands are ver-
tical. Some big 

man hands 
could be too 
tight to fit. 

It was small-
ish 

There was but I hit the 
edges so if there is some 

protective thing it would be 
better 

Is the screen size 
enough? Yes Fine 

The screen 
size is big 

enough, but 
never hurts 
to be bigger 

Yeah, it should be enough 
size wise but then you have 
to be careful on the height if 
there is light reflection from 
outside. about eye height or 

a little lower. 

Is the experience 
fun? Yeah Sure 

Maybe, 
maybe it 

could have 
been more 

fun. 

Implement user guiding, the 
experience would be smooth 

with the guiding. 

Is the UI polite 
enough? 

I would want to 
see a smiley face 

or a frowny face or 
between. Then the 
experience would 
make me feel bet-

ter. 

It was nice, I 
would like 

some audio 
feedback. I 

want a whole 
jingle for the 

results. 

It is polite 
enough. 

I think it is fine, I do not 
think it is rude. Some things 
could help like pointing ar-
rows or text hold for a few 

seconds 

Would you wish text 
included in the re-

sults? 

Nah, just the smi-
ley face is enough, 
I don't want a jin-
gle because every-

one can hear. 

No, I just want 
the jingle. 

I don't need 
a text in the 

result. 

Not necessarily, but it could 
have instructions. 

Table 1: The results of the user testing 
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There are many user testing services online nowadays. Over 100000 compa-

nies use the top three most popular services which are Selenimun as the big-

gest, Apache Jmeter and HP Unified Functional Testing. The top three fields 

of the companies are consistently information technology (IT) and services, 

computer software and financial services. The fourth most popular field is 

either hospital & healthcare or the internet. (Enlyft1, 2022 and Enlyft2, 2022 

and Enlyft3, 2022) 

 

User testing for IT services easier. The user can answer questions and use a 

prototype program or website from home. While physical product prototype 

testing is more complex and harder to do. Sometimes, the development team 

knows its end user, and it can go to them to test how they like the prototype. 

Other times the thing that is being developed does not have a clear end user. 

In this case, the development team must think about who their user is and 

organise user testing with people who fill the role of the end user. Occasion-

ally it can be random people they find. The more defined the user is by the 

development team the easier is to find people who can do the testing for 

them. The more people take part in the testing, the more reliable and diverse 

the data gets. In the case of user testing diverse data does not automatically 

mean bad. Because, the aim is to fulfil all the needs of the users, so the more 

diverse the data is, the more the developers can be sure that they have found 

a larger amount of customer needs.  
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4. Results 
In the end the fisheye cameras were chosen as the best option for the end 

prototype. Their quality of footage, close focus distance and wider field of 

view ranked them the highest. The simultaneity of the cameras was also a 

very big factor in choosing these as the final decision. The short focus dis-

tance and wide field of view helped a lot with making the casing very small, 

because the cameras could more easily detect the whole hands in a much 

smaller space. 

 

The final choice for the filters was the Edmund Optics Hard Coated Band 

Pass filter. This filter was unmatched in its ability to block unwanted light 

and let through the luminescence. It was very easy to attach it securely once 

the design for the attachment was made. For the UI camera, two grey filters 

were fashioned to bring the brightness down and get the thresholding to 

work. 

 

The final decision on the light source was to use the professionally made ones 

by the electrical design company. They were unmatched in reliability and in 

the amount of light they produced. As discussed before, more light means 

more luminescence, which means easier detection and detection of smaller 

concentrations. The pros outweigh the cons on this option, as the self-made 

ones burnt easily.  

For the casing, the final choice was the metal case fabricated by the manufac-

turing company. It was the most compact, best-looking case, and yielded 

good results. The finishing looks on the metal case made it seem like a ready 

product. This benefits Cleandet with customer happiness and further funding 

into their project.  

In the end, for the UI, a text instruction "Please insert hands" was added to 

the screen, while the prototype was waiting for hands to detect.  

 

The team had more of a vision that people would be interested and happy to 

test the device and interact with it. But in reality, the majority of people were 

nervous, cracked some nervous jokes about dirty hands, or even wiped their 

hands on their pants to make sure they were clean. Some claimed they for 

sure didn't have clean hands. Some didn't understand that the dirt that the 

prototype was looking for was only faeces, so they were asking more specific 

questions like how does it know what all is in the hands? or how does it cover 

such a wide variety of contaminants? The team thought on this too, that the 

project would be more easily understandable. But then again (for ordinary 

people), looking for faeces on factory workers hands is not the first thing that 

comes to mind, when talking about hand hygiene.  
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Cleandet was very happy and satisfied with the product. The CEO took many 

pictures of it and a promotion video showing that it works. Cleandet wanted 

a working prototype they can send to customer P for further testing. 

 

The verification of the technology was done with Cleandte's already existing 

prototypes that have been proven to work through proof of concepts and cus-

tomer pilots. It is important to verify the technology and the prototype and 

compare it to something that already works. The way the verification works 

is the same as how the prototype detects luminescence. The blue light excites 

the chlorophyll in the olive oil which can be seen as luminescence and then 

the cameras with the correct filters pick it up and can differentiate it from the 

background.  

 

The technology was tested on a white table and with olive oil, with a mixture 

of blue light and white light. There were 20 measurements done for the veri-

fication. 10 measurements were with the same blue light as in the project's 

prototype uses, and then 10 measurements were taken with white light. 

These measurements were given to an artificial intelligence (AI) to train the 

convoluted neural network to detect olive oil fluorescence. Simply put, the AI 

is given an area from the image, that the user knows to be dirty or clean, and 

then the AI checks what kind of values the pixels have. Training of the AI 

gives out an accuracy rating of the AI. But this number is what the AI thinks 

it should do and how well it did it. It should not be trusted in face value, es-

pecially with low quantity datasets. In this case, the AI training also gave an 

accuracy rating of 100%, which is visible in image 18.  

 

The results of what the prototype sees improved when better parts were used. 

The biggest improvement came from switching to the more expensive filter, 

which let through more exactly the wavelengths that were emitted by the flu-

orescence.  
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Image 16. The first images gotten out of the prototype, with the Edmund 

optics filter slip in front of the camera. The green circle indicates the area 

where there is correct luminescence from the contamination. 

 

The difference of the performance comes from combining two cameras, one 

for UI vision and one for the thresholding. This way the whole hand is nicely 

visible, and the results are more reliable. During the initial testing, the unfil-

tered camera was not used, because the aim was to nail the filtered camera’s 

vision. The filtered camera does not need to see the hand, only the lumines-

cence, and then that information is overlayed on top of the unfiltered camera, 

so that the user can see where their hands are unclean.  
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Image 17. Results of the final prototype. It has detected contaminants on 

the fingers of the user and marked theses sports with red pixels. The 

smaller green square around the hand of the user is the hand detection 

software. The indication that the result of the test is the red square around 

the edges of the screen.  

 

There are singular red squares all around the screen. This is some noise 

around the hands and in the dark areas of the video feed. These could be fixed 

with future adjusting of the thresholding values and more optimal parts, as-

sembly, and coding. Noise aside, this works a lot better than the results seen 

in image 16.  
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Image 18. Results of the AI training. 

 

In reality the AI is usually given other data, which is used as a verifier, if the 

AI has learned what it was actually meant to. In this case, the verifying data 

is an image, that is divided into 30 sections in order to test, if the AI has been 

trained correctly. The image was divided into 10 columns and 3 rows. Then, 

an estimation was calculated, of how many pixels should have been classified 

as dirty in each section. Then the actual number of pixels, that the AI has 

classified as dirty is counted. These two numbers are compared to each other, 

and the accuracy rating of each section is determined.  
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Image 19. Result for the dirty blue light case. There is a clear smiley face 

visible on the white melamine made out of olive oil. 

 

 
Image 20. The approximation of contaminated areas in image 19.  

 

What the AI does in this process is, that the AI cuts the images into small 

pieces, and then averages the pixel values, and then classifies those as dirty  
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or clean. As some noise can be seen in image 19, these small red squares that 

are 10x10 pixels. This is the one cut up unit to which this process has been 

done. The noise pixels have been falsely classified as dirty. Even all the green 

in the image is the AI’s classification of the image as clean.  

 

Table 2. The number of pixels in each section, which should be classified as 

dirty.  

 

  A B C D E F G H I J 

1 0 0 4100 30860 16900 18560 4800 100 0 0 

2 0 0 0 3700 32880 31100 14090 300 0 100 

3 55000 12700 400 12900 1700 0 0 0 0 100 

Table 3. The number of pixels classified dirty by the AI. 

 

The calculations of accuracy were done so that there was an estimation of the 

images and how many pixels were supposed to be dirty. The estimation was 

done by eye which adds a small factor of error in the calculations. AI also 

bunches up 100 pixels, the 10-by-10-pixel squares, and averages the pixel 

values and marks the 100-pixel area either clean or dirty. This also adds a 

small inaccuracy to the calculations, because the majority of the pixels has to 

be dirty in order for the AI to recognise the area as dirty. The smiley face 

drawn on the melamine surface was done by hand. This also adds a small 

inconsistency to the quality of the contamination. As can be seen from image 

19, the right side of the smiley mouth is denser in dirty area than the left side. 

This could be caused by the way the smiley is drawn, the swiping motion is 

not perfectly evenly pressured along the whole motion of the swipe. Also, the 

amount of olive oil on the finger diminishes as the smiley is being drawn. This 

means, that the thickness of the layer of the olive oil gets thinner as the smiley 

face is being drawn. A thinner layer of contamination is harder to detect, be-

cause the amount of fluorescence depends also on the amount of contamina-

tion that is present. So, it is harder for the AI to detect the contamination. 

This is evident in image 19, the left half of the smiley is less dense with dirty 

squares.  

 

 

 

 

 

 A B C D E F G H I J 

1 0 0 4320 42450 6830 22350 16840 620 0 0 

2 0 0 0 13560 30900 39740 21980 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 
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  A B C D E F G H I J 

1 
100,00 

% 
100,00 

% 
99,84 

% 
91,32 

% 
92,25 

% 
97,23 

% 
90,98 

% 
99,60 

% 
100,00 

% 
100,00 

% 

2 
100,00 

% 
100,00 

% 
100,00 

% 
92,62 

% 
98,51 

% 
93,54 

% 
94,10 

% 
99,76 

% 
100,00 

% 
99,93 

% 

3 58,85 % 90,50 % 
99,70 

% 
90,35 

% 
98,73 

% 
100,00 

% 
100,00 

% 
100,00 

% 
100,00 

% 
99,93 

% 

Table 4. The accuracy of each section. Green square means that the section 

had too many clean pixels, and red means that the section has too many 

dirty pixels. 

 

The accuracy of each section is calculated by comparing the number of cor-

rect pixels with the total number of pixels in the section. The number of cor-

rect pixels is calculated differently in different sections, based on if the sec-

tion should have dirty areas or not. If the area should be clean, then the num-

ber of dirty pixels is subtracted from the total amount of pixels and this num-

ber is divided by the total number of pixels in the section (1). If the section 

should have dirty areas, then the number of pixels the AI has classified as 

dirty is compared to the number of pixels that is estimated to be actually 

dirty. The number of incorrect pixels is subtracted from the number of total 

pixels and again subtracted like in the previous example and the accuracy is 

gotten (2). For the final total accuracy, an average of all the section accuracies 

is Aave=96,26%. This percentage is quite high, taking into consideration the 

false dirty results in the bottom left corner of image 19. As can be seen from 

table 4, AJ1=58,85%. If sections from A3 to E3 are ignored, then the total ac-

curacy of the test Atotal=98,32%, which is over two %-units higher.  

 

𝐴𝑐𝑙𝑒𝑎𝑛 =
𝑃𝑡𝑜𝑡𝑎𝑙−𝑃𝐴𝐼

𝑃𝑡𝑜𝑡𝑎𝑙
   (1) 

𝐴𝑑𝑖𝑟𝑡𝑦 =
𝑃𝑡𝑜𝑡𝑎𝑙 −(max (𝑃𝑑𝑖𝑟𝑡𝑦,𝑃𝐴𝐼)−min (𝑃𝑑𝑖𝑟𝑡𝑦,𝑃𝐴𝐼)

𝑃𝑡𝑜𝑡𝑎𝑙
 (2) 

 

Where Aclean is the accuracy of a section that is clean, Adirty is the accuracy of 

a section that contains contamination. Ptotal is the total number of pixels in a 

section, Pdirty is the number of pixels that should be dirty in a section, and PAI 

is the number of pixels classified dirty by the AI.  
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5. Discussion 
 

People's reactions are strong because it is new technology. On that front 

nothing much can be done about it, but it should be made as friendly as pos-

sible and less threatening. People were afraid that they're being told that their 

hands are dirty and maybe they would have felt some judgement from having 

dirty hands, either from the machine or from the other people around them. 

This can bring the user experience UX down because of their experience with 

the prototype can be loaded with negative emotions. This can also be due to 

the environment. Maybe a gala where there are a lot of strangers is a bit too 

open a setting for getting your hand hygiene checked, because it can be an 

intimate thing for the person, because of the societal supposition that hands 

should be cleaned regularly. If the scene would have been a factory, where 

hand hygiene matters a lot, and the workers know each other, there is more 

trust that they're not being judged, and that they are checked is a good thing 

for everyone involved from themselves to the managers to the customers 

later buying the products they make. Sadly, the setting of the factory can be 

negative too, if they have a bad work environment there, but that is out of the 

scope of this project.  

 

In the end blue light was favoured over the UV light. Even though UV light 

might bring more fluorescence, with the correct combination of filters the 

contaminations were clearly visible with only the blue light as well. Filters are 

a static and purely mechanical part of the system, so using them to get similar 

results is not that crucial in the decision process. While the UV light might 

bring more fluorescence of the contamination, UV light also fluoresces many 

other substances, so when using contamination specific blue light wave-

lengths, the chances of detecting non contamination substances are reduced. 

Blue light is not harmful for organic material, which in this case would be the 

skin of the factory workers hands. High wavelength UV light is usually not 

considered too harmful to humans, but it is the skin's biggest stress factor 

causing ageing and even skin cancer (Biesalski, 2001). 

 

For the verification results, 20 measurements is a little low amount of data 

points, and so, the AI most probably is doing some overfitting (Tainio, 2022). 

This research was done by a Cleandet employee with similar techniques and 

datasets, so it is very reliable. In the future, the verification could be done 

with the prototypes in the correct environment, but this time, it was not pos-

sible. Using the correct environment and a large number of tests adds to the 

reliability of the verification, because one gets confirmation that it works in 

the intended way. 
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6. Conclusions 
How people see the product can be affected by good design, but not all exter-

nal factors can be negated by it. At this point it is important to concentrate 

on improving UI and UX, so that the overall feeling of the product is as good 

as possible, due to the newness of the technology, and new technology always 

faces initial pushback (Mordini, 2007). 

In addition to the "Please insert hands" text, a background less line sketch of 

hands being inserted into the hand holes could be a good visual instruction 

to add, as it can be seen from table 1 in the answers from the user testing that 

some visual communication from the product’s end would aid the process.  

 

Another iteration of the parts should be done with mass production in mind. 

The aim of this project was to prove that the theory behind the technology 

can be turned into a product. Filing out the rough edges in the parts and the 

code would increase performance and reliability. Every iteration improves 

the design and can steer it more into a certain direction, like mass production 

for example.  

 

New technologies divide people into two groups. Those who oppose it be-

cause it is new, and those who are intrigued because it is something new. Easy 

use and financial gain or benefit really help with the adoption of new tech-

nologies. Good design affects both factors and having someone in the team 

who specializes in the development and design process can aid the journey 

from technology to product.  

 

This prototype compares a little bit differently than other similar products. 

Firstly, it is only a prototype which need a little more to go to be a resalable 

product. Secondly, it is a hygiene checker, and not a cleaner. Most current 

methods are cleaning methods. The industry standard is to overclean every-

thing and hope that no errors occurred. Which has worked quite well so far, 

but in order to minimise or mitigate any food contamination cleanliness 

checks should be incorporated. In the modern age of AI and machine learn-

ing, and all the so fantastical electronics, humanity would be able to take 

cleanliness to the next level. 

 

While other products use harmful UV light or soaps and alcohol that irritate 

the skin this prototype uses only non-harmful ordinary blue light. This has a 

welfare effect on the workers of factories, and it can not only save recall costs 

for the company, but also healthcare costs for the workers’ irritated skin or 

other possible symptoms of using these harmful methods.  
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