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APPENDIX 2 - REQUIREMENTS

. The appearsnce of the microscape shauld be conform the appearance of ofer medical devices in the sub-Seharan context o, The

1. The rment should Bt in the medical sub saharan context

Crealive sessian

2. The housing of the smbodiment shauld be able to be produced by local manufacturers

3. Use of the device should be intuitive:

3. Use of the device showid be intuitive.

4. The device should be able io ke maintsined locally

5. The appeasrance of the devios shoud be peasing

b. The calar of the hausing should be white mainly

©. Details should be blue

a. The housing should be deanable with soft S==ues
b. Parts that are frequently louched shoud not be cheer white becouse it gets dity very fast

Interdew MIS lyiona, nterdew Brics
Creative sessian, Allemative coverup lest

Inteniew Animashaun, interview Brice, Creaive session, Alernalive coveru test

b. The should be able to wi i it of the context e The jment should furcian in ci from 151 a. The house ing of the ittt i int publicSons ey BT BE24001 8643
b, The: masterial of e hausing sheukd have excsllent UV resistence Cusstorner joumey
. The embadimen shoud be dustizard resistnt a. The sample inserian cper be the cheviee: i ot wezed Cusstomer joumey, Altaratvie caverup lesl

. The embodiment shoud be easy o camy around

d. The device should work without being attached 1o the pawer grid

. The device should work when being aliached 1o 2 pawer grid

a. The producticn iechrigue should be avslasle in Nigeria

. The material should be Incaly sourced

. The: producsion technigue shoud be fssible with a batch size of 100 producss

a. The device should stand stable on the surface i is going io be used
b M shauld be clear how bo Use e devies on first sighl

. Training to wark with the device must require less than ane day for commurity volunlsers and lay persans
d. The use of the device should be easy 1o understand by means of a (online) manual

. The device should make sound when i is scaming

f. The device should indicate when the scan i finished

a. The device should stand stabie on the surface it is going 1o be used

b. M should be clear how to use the devios on first sight

= Trasining o work with thee deevices st require les han ane day for commurity volnisers and lay persans
d. The use of e device shouid be easy o understand by mesns of a {online) manual

. The device should ke sound when it is scaming

. The: device shoull irdicate when the scan i finished

2 The pouranes of the msnsirance should be may. nce = year
. The housing should be able o be disessemiled and assembled mulge imes whie stying niact
= The cpiical parts should be reachable far ceaning puposes

a. The Aesthelics should be improved

b, The Meaning should be improved

© The Emosion should be improved

g. The embodiment should be reasonable weterproal

. The device should be able 1o perform a scan with 2 dased sample nserion aoening

w

. The embodiment shoukd be waterproal aco

ing o 150 IPE3APE standards

Aternaiive coverup test

Creative sessian, Interview Brice Il

b The menit should b ot . The elscirnics of the device shoud be prolcted from condensation and humiity Cusstomer joumey, Altemative caverup lesl
© The embotiment should be mbust enough to withstand by ks 2 The i e framm the b b shiock resistant Cusstomer joumey
2 ing shouid be able to withstand ch detergents witheut d 2. The material of the hausing should be made of medical grare User experience map

a. The embodiment shauld have an integrated screen

b. The embodiment should have a handle

& The embodiment shoud be compact
d. The embodiment zhould be ight enough i be cvied by siang dulls
. The embodiment should f in  backpack

a. The device should fve 2n soo

. The device should have = power inlet zuitsbls for connection (o main grid

. The produciicn iechrigue should be a 'basic schnology

a. Parts should be mate by means of injectionmeiding ar Themmofommen
b. The ment should cansist out of parts maainly

a. The aniaff butian should be posSoned in eyesight
b, M shauld be chyiaus how the data will be presented

It shoukd b abvious where (o pul in e samplk:

d. M shauld be passiale b prind cul 3 report of the resulis

a. The aniall butior, shauld be posianed in eyesight
b It shouid be chviaus how the dats wil be presented
It should be obwious where o putin the sample

d. i shauld be possile t print out a reparl of the resulls

a. The: protuct shauld ook nlriguing
b The product shouid look dedicated
. The product should lack praffessinal

a. The product shouid feel robust

b, The product shawid fies! portable
& The product should feel modem
a. The product showld evake tnst by the user

b. The product shauld instil impeneiratabiity
& The procuct should rdiate confidence

a. The screen should be 10 inch
b, The position of the screen should be adjusiable (o the preferences of the e

 The sereen shauld be sble ta be controlled by means of louch, mouse and keyboend

d. The =creen shoukd be able 1o be exended irough HDAI

. The screen should be easy reachable (o chan

g. The screen should be prolected from direct Tits”

. The screen shoukd be altached fo the device, nal a sepaste unil

i. The: sereen should be posianed in such & way thist it i on the same side =3 the sempie inseran during use
j. The rrain commurication shaid be dane by via the sreen, nol addSanal fghis

. The: mechanism attaching the screen to the housing should be robust

L i screen io the housi b sl

m. The mechanism aliaching the sereen (o the bousing shoud be small

. The wires connecling the screen to the hausing shaud nol stick aut

a. The =creen shoukd be powesed fom the scou drecly

a. The handle should not stick out of the embodiment

. The handie: shoukd be integrated in the fiow of e design

a. The accu must kst for ot least B hours
. The accu must be rechargeabie

a. The: product shauid have variely in materiss, shape and cdars
a. The important functions shaul be phyius and stressed

. The: prosiuct shauid bave 2 remarkable it in arder b stand oul in i envionment
b The: product shauld look ke a5 belanging to an exisiing brand

. The shape of the product shouid be siressing the function of the product

. The: praduct shauid have obiuse angles, consistant over a langer surfacelarea
The: praduct shouid kave texdured faoes

. The proguct should look denss

. The: whalee system should be desigred with eye (o inauiiive poratiity
The: device should hive 3 dean sleciranic loak

. The: praduct shovid have robust edges in arder i look desipned for accidents

b, The product shawid be shaped for endurance

a. The product shauld look bk being made of ore pisce

a. The praduct shauld belang in it envimament thiough i medical look

ARCEORLE

Inleriew Animashaun, inlerview Brice, Creafive session, allerralive covens test

Alternative coverup lesl, inerview Brice Il
bnterview Brice, Crentive seasian, Campeny

Entervie Brice, Compary

Interview MIS lyina

Inteniew Brice, Crestive sessian, allemative coverup fest
Enterview Brice

bnterview Brice, Crestive s=asin

Interview Brice

Foam proiciyping

Hiinge screen prowiyping

Hinge screen profalyping

Hinge screen protalyping

Hinge screen proalyping

Interview Brice, Cretive sssion

Ahernative coverup test

Interiew Brice, Crestive session, allemative coverp fest
Cusstomer joumey, ahsmalive coveru lest

Inlervie Brice, Cressive smssian, allematve covenp test
Interview Brice, Company discussion,

Inteniew Brice, Company discussion

Inteniew Brice, Company discussion
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Interiew Brice, creative session

Alerrative coverup test
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Interview Brice
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Crealive sessian

Alermative coverup test

Compary
Company
Interview MLS yiana

Appezrance msearch
Appezance mesearch
Appesrnis rsearch
Semantic network of product experience
Semantic network of product experiencs

. The: shape af the product should only be composed out of needed slements Semantic network of produc experience
. The: design of the device shoukd be Tuent Inlenviews
The: design of the device should by symmetrical Inlenviews

Appeaance research
Appearance msearch

Semantic network of product experience, ceative session
Appearance research

Appearance msearch

Appearance research

‘Semantic network of produc experience

Appaarance rmsearch

Appearance msearch



APPENDIX 3 - JOURNEY MAP REPORT

Stuck in the process

After my initial burst of creativity, following a structured
way of design, | got stuck. Together with my mentor |
realized that | was designing in phase ‘one’ of the product
design circle. During this phase | used all my OWN know-
ledge and inspiration for designing the next AiDx NTDx.

We came to the conclusion that | needed to step out and
involve people that will be working with the AiDx assist in
the future. The goal is to involve them in such a way that
they will be ‘designing’ the AiDx NTDx from their perspec-
tive. Ultimately | will combine their world of ideas with my
world in order to come up with the best redesign.

Approach

In order to reach the users | wanted to work with, | contac-
ted a lecturer at the Adeleke University in Nigeria with the
help of Temitope. She connected me with a group of six
community health final years students who have been
trained to use the AiDx NTDx during a field visit in Novem-
ber 2021. These are also the future users of the device.

To steer their minds in the right direction and sensitize
them before our meeting, | created a Journey map on
MIRO with the main tasks from getting the assignment to
screen a certain village until they finnished their assign-
mend. The students were asked to spend approximately
15 minutes on this Journey map and fill in all the ‘pain’and
gain points’ they experienced. Also | asked them to com-
ment on the order of activities in the journey map. The set
up and results of this Journey map can be found on the
next page

WiIth these students | planned a creative session in which
we discussed how they would approach certain design
challenges. These design challenges originate from my
analysis and the journey map they filled in

WiIth these students | planned a creative session in which
we discussed their reactions on the Journey map and how
they would approach certain design challenges. These
design challenges originate from my analysis and the
issues they filled in on the journey map.

After this | discussed the Journey map , the insights | got
from the students, interaction and the design challenge
with Brice in order to verify my assumptions and insights
from the students. Brice is a PhD parasitology student at
Leiden University originally from Gabon. He has three
years of training to be able to distinguish NTD’s and
malaria. Current expertise is new diagnostic devices
benchmarking; evaluating diagnostic devices in the local
contact. He is doing this by taking devices to tropical
countries like Nigeria and Gabon.



Journey map set up

Instruction

With this assignment | want to get some insight in the process
and your experiences of going on a mission in order to test a
part of the population in a rural village on a disease. Please
imagine that you are going on such a mission with the AiDx
assist you have been working with.

In the top part, steps that you go through during such a missi-
on are listed chronologically. Feel free to add steps | forgot.

In the bottom part positive and negative experiences are
shown. Please provide me with what kind of experiences or
thoughts you would have during this process. This can be
negative thoughts, but also positive. Please add as much
thoughts as possible!

©or would you put it in a suitcase or would you prefer another
or something else than a type of transportation on such a
backpack? mission?

Packing your
equipment ina destination to

Get your survey backpack Travel by setupafield Take the

assignment and ; motorbike to lab' equipment

equipment ' avillage "

Using the device

In order to add negative thoughs, edit the red text boxes. For
positive thoughts or experiences, edit the yellow text boxes. If
there are no fields left, please add new fields to fill in. | already
added some positive or negative thoughts. If you would not
experience the aspect as | expect, please edit that textbox too!

No thought of experience is wrong! You are the experts in this
case, because you know the situation in which it will be used
better than me! (the best way you can help me is to come up
with as many negative experiences as possible)

As seen on the right of this explanation block, each of you have
their own Journey map to fill out.

After use

Start scanning Take out shut down and
sample disconnect power

Put all parts back in
the bag

. - : & ° . ° S ©

Gain poin it 3 ' Gain poin’ it : : : : i
: - | Conveniént that it fits 2 . : . Gain point ) ERER B b al
© fhedevicsfesisiagiie | inabackpack “ EEETEEE I like that the device ! ' & painpeint
i L Pain point ! has sound when itis [ ] L T
' 4 feels quite big 1 -_ ! scanning : - © painpoint ) Pain point :

T ; :  rainpont ’ ’
Pain point 1 i ' : :
) Ppain point :

Fig. XX: Empty Customer Journey Map Miro to be filled in by the community health students



Journey
map
results

Or would you put it in a suitcase Or would you prefer another
or something else than a type of transportation on such a
backpack? mission?

Find the right
destination to

Travel by set up a field
motorbike to

Take the Turn on the

assignment and
equipment

equipment
out of the bag

device

a village

Gain point

Gain point Gain point

Conveniént that it fits o . Gain point

in a backpack 4
 painpoint
1
1
1
1
i
i
1
1
1
1
i

Gain point

Gain point

ey
Gain point !

' Pain point

________._______.,___

.....-._4444.,4444

Gain point for the work to be smoothly
nd meaningful.

Yes and it's will be hard to be carry along
anyhow and it's will not be benefit for
people use especially in rural area

Motorbike transportation with the device
will be more difficult to village because of
bad roads and the larger of the device. |
think we can get another means of
transportation or make the device more
smaller and portable to be carry around.

fes the looks makes me feel like al
)mature, because it's techniques

Yes,the device needs electricity to
operate.But | think you should also make
! itin solar power,for the benefit and of
It's must be easily taking out | peopleliving in the rural area because
1 the electricity supply there is very low

The equipment will not be useful
because there must be on and off button
in the device

It's can takes some time and it's will be
more stressful

Student 1

it feels fragile and also not portable
The equipment cannot be easy to carry
inside the backpack | thinkit's should be
made smaller than before

Yes,people living in rural area may likely
not have access toit and it's will also hard

S0 to mak
1 need for electricity but why can't you

1 make it a solar and electricity dependable
! device because of those community

1 without electricity (most rural
-ommunity have no access to electricity)

9
equipment the people in the rural
community should be able to transport it
with the use of motorbike but for those
without a means of transportation | think
it will be somehow inconvenient for them

No could not find

Gain point to make the work easier Yes,but | think it's should be in smaller

size for easy to carry along

Nojit's not easier to be carry along with
motorbike because of bad road and i
think we can make another means of

' thinks we should make its in solar form 1 There should be on and off button to
'
'
'
Yes because it's big and its can be able to  transportation
'
'
'

! not only electricity especially for people ! make the work easier and to ends and
dbeinformofphone | inrural to be able make a prompt use of | start the process
y to operat 1 the device if there is no electricity supply

Yest's May require some effort because
is heavier

be carry around anyhow
e d

ransport a




Evaluation

After the student had filled in the journey map |
erta studied their reactions. Unfortunately only four of
prparedgss jche six students filled in. the journey map. By putting
. in some example experiences of my own, | steered
i them into thinking about their experience in the

S S .........
4 __...____ .
L= ......_
W

— @ ® same way. However maybe | suggested things that
— | | ' Gompoe g — o — Gain point were not the case in'their experience apd they
pg— E Lﬁiﬁfﬁffﬁi?ffi ¢ ) Sm— i — . Pain point agreed, bgcause I'sald so. Therefore | will ask deepgr
; | scanning , _ : ; about their experiences around the sense of fragility,
: ¢ amature look and the sound during scanning.

; ’ Next to this | realized that my explanation was not
: ’ ’ : ' clear enough because by every ‘pain or gain’ point |
created they responded with ‘yes’ or ‘no’ This did not
ey oncome ™ oo e R e affect the results of the journey map in a negative

After the process i thinks the insert or device fault.
device should stop by itselfand
‘we note the outcome before

removing the slide

way | think. Because they reacted on each point like
that, they had to think about each step in the journey
,,,,,,,,,,,,,, in depth.

Ilike that the device has sound
when scanning because it will put
the mind of the user at rest that it
is functioning properly

The most important insight from this journey map is:
- The device is currently too big for the intended goal

The device should be shut down in
appropriate way

Yes,it's make the user to be more
focus and look attentively to find
out the result

Interesting things Il need to explore during the
session are:

- In what way does the scanning sound contribute to
the experience of operating the device?

- Why and how should there be a guideline when
inserting the slide

- What techniques makes you feel like an amature?

- Why does the device feels fragile?

- How big should the screen be?



Creative discussion set up

During this session we discussed the
insights and questions based on the jour-
ney map. However the focus of this session
was on having a discussion on‘how’to
tackle certain challenges. Therefore the
following focus points and questions were
asked after some introductory questions.

In order to give them inspiration after their
initial thoughts were given, | presented
them with the exemplary devices as shown
below. The outcomes can be seen on the
next page.

Portability

Would you want to carry it around?
How would you like to carry this device
around?

Would you prefer a strap, handle? a
suitcase?

Robustness

How can you improve the robustness?
Edges? Material?

What portable robust devices do you know?
How do you value the way robustness is
implemented in these devices?

Which of these devices seem the most
robust to your opinion?

Screen

How to incorporate a screen in the housing?
Should it be stuck on the device or should
you be able to loosen it?

Do you prefer it to be adjustable?

How to make sure the screen is not dama-
ged?

Proffesional look

What device in your environment looks
medical to you?

Why does it look medical?

What specific characteristics in color shape
etc.

Fig. XX: Exemplary
devices shown to

Robustness
the students

Screen

Portability

Medical look




Insights journey
map questions

- In what way does the scanning sound contribute to the experience
of operating the device?

The loud sound is positive because it helps us to know when a scan is
finished while we are doing other things. Next to that it ensures us
that it works in a serious way

- Why and how should there be a guideline when inserting the slide
Next to a manual, we like to get a warning when we did not insert the
slide correctly

- What techniques makes you feel like an amature?
The looks of the device do not ensure that it will survive rain.

- Why does the device feels fragile?
Because it is too light for its size.

- How big should the screen be?
As small as possible, maybe even get the results of the machine on
your phone.

Portability Robustness

Screen

Insights Creative
session

Portability
When the device is made smaller, the device would be transported by
means of a backpack. The handle should be obvious and easy to reach.

Robustness
Include rubber to increase robustness because it does not add a lot of
weight. To make it seem robust, make it compact through a dense shape.

Screen

Include the screen on the front because then you are the ‘boss’ over your
machine. You can make it in such a way that you can take the screen off
the device and put it in the bag separately to make sure it will not be
damaged.

Professional look

Make sure that the design is in balance. Also include blueish details
together with a white color.

BORRAL  vovsmm senen

Professional look (positive)

Professional look (unbalance)



Evaluation
Creative session

Whereas only four of the six students had filled out the journey map,
during the creative session only three of the six students were
present. This was mainly because the power and the internet was
failing that day | heard. It was a quite difficult session because of bad
connection, however | got a lot of valueable insights.

Through talking with them | realized that they really are the future
users of the AiDx assist. Through this session, | got a more detailed
image of the future user through which | can iterate the persona.

The medical students never have gone on a‘real’ mission. After reali-
zing this, | knew | had to verify some of the findings | got with an
expert who has done some real missions. This expert is Brice.

Set up Interview
Brice

With Brice | firstly walked through the Journey map and the insights | got
from the group of students in order to validate the information they gave
me. After this, | asked what they thought about the interactions | thought
of including in the device. Lastly we discussed several possible solutions
regarding portability, robustness, professionality and the screen.

Insights interview
Brice

Journey map

The updated journey map with the information of Brice and the
students can be found on the next page. The most important assump-
tions that I made that are turning out to be wrong are:

- The device is going to be transported by motorcycle

- The device can be powered by means of net power or separate accu
- The looks of the device is less imporant than if it works

Interaction

Do not use a seperate light to indicate scanning status, this will result
in extra workload for the mind. e.g. what does this light mean. | forgot.
Rather display status on the screen in text.

Portability
Include a backpack with room for orther supplies. The handle should
not stick out of the housing

Robustness
Make it smaller while keeping the weight the same

Screen

Include the screen in such a way that the screen is covered during
transport. Make it able to fold in such a way that the screen is ‘inside’.
The screen should be attached to the device in order prevent theft
and loosing it.

Professional look
Omit the black of the current design, include blue. The device should
not have such a simple shape as it has right now.



Timeline

Action

Experience

Before the day

Get your survey
assignment and
equipment

Envisioned scenario: one day trip, roads and electricity are available

During the day

7.30%

Packing your
equipment in

Travel by car/

bus to a village,

10.00

Find the right
destination to

10.15

Set up equipment
on a table provided

10.30

Gather
participants,

13.30

Turn on device

17.30

Times x, depends on
willingness to participate

Insert a glass slide
Start screening
Analyse results,

Shut down device,
pack equipment

a cardboard box equipment on chair set up a‘field lab’ by locals in the registration, communicate results,
NTDx in backpack shadows stain glass slides give treatment
\ \ \

20.00

Go back to hotel by car,
charge equipment.

You want to be impressed
at first sight:

Does it look professional?
How robust does it feel?

Frustration if not clear:
How to use the device?
How do | get my data?

e

The less weight, equipment
etc. the better.

Is the backpack not taking
too much space?

Feel like an expert due

to your equipment because
you are able to give realtime

analysis

e

Can be tiring because
of previous negative
experiences of the local

people due to bad follow

up

e

Confident because you
know how long the
battery is going to last

Feeling of trustworthy because
you have given them a diagnosis
and medication and give them
their blood samples back in
order to burn it.

Go back to hotel by car,
charge equipment.

Envisioned scenario: multiple day trip, roads and electricity are unavailable

Timeline

Action

Experience

20.00

Go back to accomodation,
change accu

Before the day During the day
7.30% 8.00 10.00 10.15 10.30 13.30 17.30
Times x, depends on
willingness to participate
Travel by car/
bus to a endpoint, Insert a glass slide
Get your survey Packing your equipment on chair, Find the right Set up equipment Try to gather Turn on device Start screening Shut down device,
assignment and equipment in Walking with card- destination to on a table provided participants, Analyse results, pack equipment
equipment a cardboard box board boxes in the set up a‘field lab’ by locals in the stain glass slides communicate results,
NTDx in backpack hand to village shadows give treatment
A A

You want to be impressed
at first sight:

Does it look professional?

How robust does it feel?

Frustration if not clear:
How to use the device?
How do | get my data?

The less weight, equipment
etc. the better.

Is the backpack not taking
too much space?

* Start time is dependent on how far away the village is
**These scenarios are checked with three Microscopists with experience in the field. A change made after consulting them is that the time in between staining and starting to scan should be 3 hours.

Feel like an expert due

Can be tir'ing because

to your equipment because
you are able to give realtime
analysis

of previous negative
experiences of the local
people due to bad follow
up

Confident because you
know how long the
battery is going to last

Feeling of trustworthy because
you have given them a diagnosis
and medication and gave them
their blood samples back in
order to burn it.

Luckily | can use my
spare accu’s



APPENDIX 4 - FRAME INNOVATION

Archeology

The problem we have is that we want to be able to screen a
population in a remote area in Nigeria on NTD’s. If people have
these NTD’s, they can spread it easily to others, or they can die
from it. Especially in hard to reach regions NTD’s flourish.
Therefore the healthcare sector in Nigeria wants to treat these
people. In order to diagnose the locals, advanced instruments
are needed. However the problem is that no infrastructure is
present to support these instruments in these area’s. Also, in
order to diagnose the people, skilled personel should be
available that are able to diagnose locals on by looking
through a microscope to the samples. This skilled personel is
scarce in Nigeria (and the whole of Sub-Saharan Africa), and
these skilled people are making human errors, especially when
they are getting tired.

Previously, treatment teams were solving the problem by just
treating everyone in a village, without knowing who is infec-
ted. When villages are treated like that, you are very inefficient:
you do not know if someone is sick and you also do not know
the result of your treatment. Next to that these teams can also
take blood samples of locals and research them by using
microscopy after which they are treated. This is a very time
consuming and costly process, because it is all done by hand.
Due to this and a limited budget, it is difficult to treat large
populations and keep track of the result of your treatment. Also
for some diseases Rapid Diagnostic Tests (RDT’s) are available.
The problem with these is that people do not trust these all the
time because there are a lot of fake tests in circulation.

Paradox

What makes this problem hard to solve?

Because NTD’s flourish under Nigerian people in remote area’s
with poor infrastructure, these people should be treated.

Because Nigerians with an NTD should be treated, huge
amount of Nigerians should be tested to determine who to
treat.

Because a huge amount of Nigerians should be tested, advan-
ced instruments should be used to test efficiently.

Because advanced instruments do not work in a remote area
setting without infrastructure, Nigerian people living in these
area’s can not be treated.

The context

The inner ring of stakeholders dealing with this problem are
the Nigerian people in remote settings having a NTD. These
can be people that are feeling sick already, but also people that
are carring the disease with them without them knowing it.
Also NGQO'’s and missions providing treatment to these groups
are in close contact with this problem. Lastly, the microscopists
screening the samples of Nigerians and treating them are
stakeholders. These groups have been involved in the mentio-
ned interventions to eradicate NTD’s in Nigeria.

The technological space for change is constrained by the poor
infrastructure and difficult changeability of that situation in
remote area’s of Nigeria.
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Resource providing NGO'’s provides money for
NGO'’s that are executing the microscopist tasks on
ground. The last NGO’s have specific program
managers per country and/or NTD who will
contract State microscopists for the duration of a
treatment/diagnostic mission of a few months.

The State microscopists are employed by a state
mission manager normally. These state mission
managers are executing a treatment/diagnostic
mission on behalf of a state NTD center. The Abuja
NTD center is the ‘head’ of all these centers. These
centers are financed by the Ministry of health.

These missions are only executed if a community
healthcare worker has prepared the local populati-
on in such a way that they support the treatment.
These community healthcare workers are known
and trusted by the locals. That way the missions can
be executed safely.

Next to this, people sometimes find help for their
diseases themselves. Most of the time they end up
by public hospitals. In these hospitals the CMD
determines the available diagnostic instruments. In
the hospital medical laboratory the diagnostic tests
are performed by the hospital microscopists. Some-
times people with NTD end up in a private hospital,
but that only occurs in rare cases where a private
hospital is founded by churches or retired healthca-
re workers and located in a remote area; NTD’s are
diseases for the poor.

NTD-researchers are distant stakeholders in this
scenario, because they are involved in providing
‘heat maps’ of the presence of NTD’s but not trea-
ting the population.



The field

The broader social field for the treatment of NTD’s in Nigeria is
very huge. | will go in more detail to a few stakeholders, the
other stakeholders can be seen in figure xx. Approximately 100
million people are affected by NTD’s in this country. Not only
the people getting these NTD’s are affected, but also their
families. Secondly, the regional and national economy is affec-
ted through a decrease in productivity of the population. Also
the public an private hospitals are stakeholders. They provide
treatment to people arriving sick to their hospitals. Fourth, the
companies providing medicine in order to treat these diseases
are stakeholders. Fifth community healthcare workers who are
confronted with villagers with NTD’s when teaching and
helping a local community with regard to healthcare are invol-
ved. Lastly the regional and national department of health of
the government is affected because the Nigerian population
expects the government to take care of their citizens by organi-
zing treatment.

Themes

Trust

One theme coming back in this problem is trust. The trust
people should have in the people and technology that are
diagnosing and treating them. This trust could be gone throug
previous actions by researchers by not coming back to treat
people after they researched the samples of the local populati-
on and false test results.

Scaleable quality

In this context, the theme ‘scaleable quality’is a theme that can
be encountered in multiple situations. The available money,
time and expertise should be spend efficient in order to maxi-
mize impact in a scaleable way. Previously, initiatives were
focussed and organized in a local way resulting in good diag-
nostic results very locally with good quality follow up. Other
initiatives are focussing on a big group, but the diagnostic and
treatment results (sometimes even not checked from behind)
in these cases are not good enough to be able to determine
the quality of given treatment.

Measuring

With the previous theme the theme ‘measuring’is closely
related. Not only should be measured who has a certain
disease in order to treat them, but also the results of the treat-
ment should be measured in order to validate if the treatment
has worked.

Isolation

NTD’s are most common in distant area’s. The people living
there are isolated from the rest of the world. Therefore the
diseases they have are also not frequent present in the rest of
the world, isolating the diseases in this population from the
rest of the parasite-landscape. Lastly the infected people will
get isolated from the rest of their community because they will
not be strong enough to work and provide for their families
when they are not treated.



Saviour

The treatment of NTD’s in a remote area relies on missions send
by an external party mostly . This can be the government or an
NGO. Therefore the local population that are sick (knowingly or
unknowingly) wil get saved by an external party outside their
village. By ‘strangers’ The AiDx NTDx can also be seen as a
saviour. It comes from abroad to the country to save the local
people from parasites.

Verification

In order to determine the type of infection and the type and
amount of needed treatment, skilled personal should be
available. Currently the training of this personal requires a lot of
time. At the same time a many uncertified people claim that
they have the skill to diagnose and treat without this training.
This results in misdiagnosis and mistreatment.

Frames

If the problem situation is approached as if it is a problem of
instilling trust in the outcome of a diagnostic test, then the
solution should be that:

The outcome of the test should be a hundred percent trustwor-
thy and be communicated to the tested people in a transpa-
rant way. This way of communication must be so clear that
everyone can see for himself that the result is trustworthy as
well.

If the problem situation is approached as if it is a problem of
scaling up high quality diagnostics in an affordable way, then
the solution should be that:

A solution should be developed that is able to perform multi-
ple tests in a affordable way. The solution should not rely on an
abundant presence of skill and money, but it should be easy to
operate and understandable for common people.

If the problem situation is approached as if it is a problem of
measuring then the solution should be that:

There are easy accessable measuring locations throughout the
area. People should go to these measuring locations regularly
and their results should be registrated in order to measure the
quality of the treatment and the infection load under the
population. There can be tought of making it a standard of
living that you should do yearly checkups.



If the problem situation is approached as if it is a problem of
isolation of the local population then the solution should be
that:

Better infrastructure should be developed in order to make the
local population less isolated from the rest of the world. Make it
easy for people to go in and out of the area. That way treat-
ment is always closeby. Also it can be thought of bringing the
solution in isolation as well. If the population is quite isolated
we can also enter the isolation and make a solution that works
very well in isolation which can also we maintained in isolation.
Bringing the treatment in a place where the isolated populati-
on will pass by already like a water reservoir or specific markets
will increase the reach from within the isolated population.

If the problem situation is approached as if it is a problem of
relying on saviours then the solution should be that:

The saviours should always be present. It should not be people
or devices from outside. Diagnostics and treatment should be
from the local people for the local people. This way treatment
will always be available for the locals. We can create this by
teaching dedicated local people how to use the device and
how to treat the diseases that are encountered.

If the problem situation is approached as if it is a problem of
verifiation of the personel, then the solution should be that:

The device should only be accessible by trained personel. The
equipment to diagnose and treat should only be available for
certified persons. This means that someone seen with a‘diag-
nose kit’automatically can be seen as an expert.

Futures

Two broad possible future directions can be destilled out of the
previous themes.

The first future direction pictures a diagnostic center at a
central point where a large part of the population comes over
time with other purposes. During this trip that people are used
to undertake a yearly test can be done in order to diagnose
diseases. This yearly checkup will become a standard for the
people. The people performing the test at these centres should
be local people educated by a certified organization. This
makes sure that the quality standards are reached. Also becau-
se the center will be manned by locals, people will know each
other and trust each other with regard to the diagnosis.
Through the regular yearly checkups, people will create a bond
with these centers creating even more trust. It can also be that
these centers are moving to a different place each month, but
repeating the same locations every year.

The other future direction pictures local people educated like
the community healthcareworkers by a certified organization
going from village to village. They bring all they need with
them. By means of their equipment, appearance and local
knowledge, they instill trust in the locals. Because they are
locals, they know the areas where to look into because they will
hear where their service is needed the most. Also they can
target the required areas quite specific because they are highly
mobile.

In both scenario’s the equipment should be very easy to use
because it relies on teaching locals how to deal and operate
with the equipment.



Transformation

The first envisioned future explained in the previous section
requires a change in ways of working of the organizations. They
should establish multiple centers all over the remote area and
maintain them. Also they need to find people that are willing
to do this job. The condistions will be harsh because you will
have to move from area to area. Also the amount of locations
where a center should be placed is quite high. The amount of
money and effort needed to organize this will be too high.

The other scenario will require less change for the current
organizations. The only requirement for this is to have all the
equipment they need with them. The only thing missing right
now is a portable diagnostic device that can work in remote
area’s. The transformation that should be made is that an initial
investment should be made in the purchase of such a device.
Also community healthcare workers should be trained to
operate and maintain the equipment.

Concluding, the latter is an easier transformation than the first
‘envisioned future’

Integration

With the second option, the transformation should be initiated
by the organizations that are currently performing the diagno-
sics already. They need to diagnose the local population in
remote area’s. When there is an easier solution where they can
scan a larger amount of people with less needed effort, but
with a little investment on beforehand they will persue that
option. They have a little money to invest because they are
operated by the government or NGO'’s. The people who have
the most to win in this case are the people who should take the
biggest action. Therefore this future can be integrated in the
broader context relatively easy.



APPENDIX 5 - 9 MOMENTS OF APPEARANCE

| chose the microscope on the next page because they all belong to the product category of
diagnostic microscopes. Furthermore a selection criteria was that they should work in combi-
nation with a screen. This could be a monitor or an onboard screen. Lastly | selected a few
microscopes from Sysmex because they are seen as one of the outstanding automated
microscope brands in the world.

On basis of this analysis | can say that the Unity of the AiDx Assist should be reduced by
increasing its Variety. Next to that, ‘'novel designs’ score high on Aesthetics. Therefore | should
make the design look more novel to increase the Aesthetics. However | should investigate
how much value the future user acknowledges to novelty. Including different textures and at
least one shiny surface will increase the novelty. Lastly the autonomy should be improved.
Including robust design features will surely increase the autonomy.
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Aesthetics

Unity

6

Variety

3

Typicality

geis
itaunified look texture decreases the variety
i order Ithas no compartments, however it has many different elements The shape i a typical medical device shape
tnottypicalatal
thelack Very. | The col

of variety makes ita tte boring

4

This design is very typical, but does not have much novelty

5

4

The device is unified through the black in the midde.
However the back screen reduces the symetrcality

7

However it clearly has different parts

The col

4

Novelty

3

The texture and shape s boring and commonly used

4

The colour on the whole device is very novel, howeverthe
shape s decreasing the score

5

The round shape of the top partis novel

3

Itisarectangle box mainly

The novelty of the design s high, however the variety is alte lacking “The coloursfit with each other. Also lear division betueen ithas
the interaction part and the rest o the housing typical white colour
c w the shapels The shape is novel. The size of the screen s novel

white and the shiny black it has a high variety.

The lack of the:

housing

5

4

o the
variety i present through the diferent colour accents

6

The contrast ofthe colors and diffrent textures gives it high
h the

a
White colour makes t coherent too.

6

Clearly odered. Green for the sample placement, black for the:
9

plain faces

1

t00 novel for the product category

2

novelty and connectedness, it scores very low on asthetics

variation i present.

4

nottypical

reducing the variaton ithas
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6

Variations in colour,and textures

2

The variation in colours s nsuffcient

1

5

“The shape and colours are quite typical

2

“The only thing that i typica is the white colour

4

2

The designis very common in medicaldevices

7

The way the screen s included is novel

7

The shape with rounded and elegant edges is novel

oraddedshapes,

However the edges are not soft like a normal medical device

Connectedness

5

The colors Iso the

Autonomy

3

shape i quite normal.

nooutstanding
shape or colors

6

4

distinguish myself

else'than the rest

6

The shape and colors are exacly what you can expect in
this product category

3

The right colors are missing. to belong in the product
category.

5

The colors are rormal, also the shape s quite ke a'box

3

“The colors are normal, however a microscope consisting
outof three upright modules s not normal

7

The box s a typical microscope with the right colors

6

“The colors and shape connect tothe field o microscopes

2

I the field of microscopes, it does not connect with other
fesignes through it grey colors

3

Through the overal shape and color can it be tolerated in the
medicalworld

2

This device s very norma for a medical device, no outstanding
shape or colors

6

The shape of the front of the device in combination with the sharp edges
is autonomous

7

The big screen that makes up one whole side makes t asy toto stand out

5

is quite outstanding

However the shape.

2

s device s very norma for a medicaldevice, no outstanding
shape orcolors

7

iteasy tostand out

3

medical device

2

Through the box-design, it does not stand out,
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Travel with product ~ Pre-engagement

Setup

Measuring

Packing up

User experience map

Action

Learn to work with the machine,
get explanation

Get the assignment,
learning about the objectives of the operation,
get to know the team

Taking a backpack with all necessary parts

Travel by motorbike to a remote village,
over unpaved roads

Find the right destination to set up a‘field lab’
being welcomed by the local people

Take the microscope out of the bag

Connect mouse, keyboard and monitor

Press the on/off button

The monitor turns on, indication light turns on
Click on the application

The application launches, the sample holder comes out
Insert a prepared glass slide

Move glasslide to the centre

Select type of scan

Push ‘start’

Start scanning

Analyse scan

Click on eject

Take out sample

Exit application

Shut down interface

Shut down power

Disconnect mouse, keyboard and monitor

Put all the parts in a bag

RASERUARRRAARARARR IR

Experience

Takes little time to understand
The machine feels fragile

Big assignment, but with this device it will go quite fast.

However | hope it will not break down and that it is easy to repair
| need to bring lot of loose parts

I hope that the device is still working when | arrive

It is easy to bring all the parts with me in the bag

However | am not recognized with this bag as medical personel**
I need quite a big, stable flat table to set up this device

Through the handle it is easy to relocate the device

Lot of different wires

I can not find it at first, it is on the back

The blue indication light confuses me

What are all the other functions | can click on? | do not need to
see this interface**

The sound of the ejecting slide indicates that | can use the machine
Good access to insert the slide.

However through this hole dust can come in easily

Inconvenient step, can it be pre-programmed?**

Nice that the types are already pre-programmed

By the sound | know it is working
Clear overview of the ‘possible parasites’
Through the sound | know that it works,

Can this not be done automatically at the end of each scan?**
Easy to reach

Lots of steps in order to shut down**
So many loose parts

I hope | have everything packed

Marked with “**' means that | will not focus on improving this aspect

Envisioned user experience map

Phase

Travel with product ~ Pre-engagement

Setup

Measuring

Packing up

Action

Learn to work with the machine,
get explanation

Get the assignment,
learning about the objectives of the operation,
get to know the team

Taking a backpack with all necessary parts

Travel by motorbike to a remote village,
over unpaved roads

Find the right destination to set up a ‘field lab’
being welcomed by the local people

Take the microscope out of the bag

Connect power

Press the on/off button

The monitor turns on, indication light turns on

The application launches, the slide insertion door opens,
sample holder comes out

Insert a prepared glass slide
Select type of scan

Push ‘start’

Start scanning

Analyse scan and eject automatically

Take out sample
Click shut down
Disconnect power

Put all the parts in a bag

Experience

Takes little time to understand
The machine feels unbreakable

Big assignment, but with this device it will go quite fast.
| feel that | can trust the machine to keep supporting me

Everything is very compact

It is easy to bring all the parts with me in the bag
The device feels very stable

Through the handle it is easy to relocate the device

The sound of the ejecting slide indicates that | can use the machine

Good access to insert the slide.

Nice that the types are already pre-programmed

By the sound | know it is working

Clear overview of the ‘possible parasites’
Through stopping sound | know that the scan is finished

Easy to fit in the product

Marked with “**' means that | will not focus on improving this aspect



Joy

32

Primary school, Secondary school

Mother, Community health worker

Worked with community health worker
Committed, pragmatic

Creating a healthy and growing community
Not enough surveillance of infectious diseases
Unable to diagnose by herself easily

Not enough available diagnostic instruments

After Joy finished primary school,
she started to work in the pharma-
cy of her neighbor. Through this
work she saw the need of commu-
nity health workers and she volun-
teered for this job. Joy is proud
that she can fulfill the role of com-
munity health worker in her villa-
ge now for ten years already.



Meaning

Micro:

The white housing is clean

The black housing is dramatic

The rectangle shape looks sturdy
The simple shape looks dull

The sharp edges look cheap

The thin glossy plastic housing
feels weak

The structure of the white plastic
housing feels robust

Mechanic scanning sound feels
goal oriented

The size feels too big for its weight
The black handle feels robust

The blue Indication light is confu-
sing

The On/off button feels old fashio-
ned

Macro

The product belongs to the pro-
duct category of Automated
microscopes

The functionality can be experien-
ced as:

Use

Surprising as it is easy to learn to
work with this high tech device.
Slow because it is not really porta-
ble like it should be

Activities
Helpful as it is helping microsco-
pists do their work faster

Functionality

Can feel like an upgrade from
using a motorbike to a car; much
more speed and reach can be
created by using this device

Mechanism

Unfinished feeling through the
high amount of noice that is being
made by the device.

Need
Indispensible because it is incre-
asing public health

Meta

The product will be brought to
areas where the it is needed and
can save lives. Therefore it can be
experiences as a live saving pro-
duct.

Other people will see the product
and perceive it as a high quality
product because in the context of
local use in Africa there will not be
much high quality med tech pro-
ducts

Compared to other products in
the context, this product is quite
high tech. This can result in admi-
ration for the product.

Trends in rural Africa are that more
and more medical products are
coming to boost their health. This
product can be seen of one of the
first products. Maybe it will come
across as an intruder; a product
from the outside. On the other
hand it can be seen as a live
saving device.



Thee moments of Meaning




Emotion

EMOTION VISION

With the AiDx NTDx | want to
support a trusting relationship
between human and product. In
such a way that the user knows
that he can rely on the product

This reliability should be emitted
by the product through it robust
appearance.

This appearance should ‘say’ that
this device is a proffesional medi-
cal device

Also it should be a product that is
easy to use by non educated
people

EMOTIONS DURING PRODUCT
INTERACTION

a. emotions of the user before she
enters the design context:

Joy because the AiDx NTDx is
going to help the user to fulfill his
job easier and faster, helping more
people.

Eagerness to learn how to work
with a technical medical device

Worried if the product is able to
withstand the environment

Doubtful because the amount of
assesories is big, so it is not porta-
ble enough

b. emotions during user-product
interaction:

Confusion because it is difficult to
understand how to turn the
device on

Pride because they are able to use
such a complex product

Nervous because they experience
the fragility of the device and do
not want to break it

Boredom through the little user
interaction/aesthetics

Uncomfortable by the amount of
sound it makes during use

Empowered through that the
machine does the work and that
the users still make the decisions

Amazed by the quality of the
images and Al

c. emotions that result from the
user-product interaction?

Inspired by and enthusiast
through the possibilities of moni-
toring treatment with this device

Embarrassed to other medical
personel because the current
product does not look like a medi-
cal device
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Thee moments of Emotion

Emotion

Technical Too many big, open holes During use, the sound/feeling of

the cheap plastic housing when The simple rectangle shape
it is touched

Experience

if the product is through the feeling of through the
able to withstand the fragility unproffessional looks of the
environment device




Current matrix

s, Pride of being a

== Feels boring “ ' health specialist Amature

identity

is taken away
A lot of unity, no variety in materials,
shape and colors

' Feels like it
breaks easily

Thin black glossy plastic housing

Worried about
withstanding
environment

Too many big, open holes

No novelty through the rectangle
plain box

Makes you
~ feel slow

The amount of equipment you need
to bring with you

- Nervous by
fragility

Cheap feel of the plastic when touched

Autonomy is very low trough the

simple shape
Feels like an
A5 amature with

Y I,

secondhands

Does not fit in the modern medical
devices product category

Embarrassed
through unprof-
| fessional look

Simple rectangle shape that makes the
product ‘any product’



Envisioned matrix

Intriguing

Variety in materials, shape and colors
‘you want to touch it, feel it, just to explore’

{
{
Robust feeling

Obtuse angles, consistent over a longer
surface/area of the product, texture

Thick rubber black edges say:
| am designed for accidents

Dedicated

On the device, the necessary functions
should be obvious and stressed

Portable feeling

The whole system should be designed
with eye to intuitive portability

Impenetratable

The looks of being made of one piece

Proffessional

Add remarkable detail to increase auto-
nomy; white monitor vs dark environment

§wlﬁ Modern feeling

A'clean electronic look’ should be inte-
grated in order to be experienced as‘new’

Confident
feeling

‘I am made for this’ The product should
stand in its environment and ‘belong’



Semantic network of product experience: Robustness

Trained ~
) Athlete — An athlete starting to run a marathon—Starting to run— Powerfull repeated steps
Obviously shaped for endurance =~

Older Brand  Logically ordered Doing something hard

/ / without doubting your
. ability
Teacher Explaining Composed of needed elements
/ l
An experienced teacher Confident
explaining math to students
[ orange — Bright colored

Communicating something Strong Healthy Someone doing something

that has to be the case ——Sure / ~ toimprove himself — Man eating orange

eating —— Compatible

Reliable — RObUSt
/ \ ___ solid
" Tractor < Big

Pursuing a goal without — Determined Resistant —— Powerful — Moving something heavy — A tractor dragging Loud

. . with regard to normal a heavy cart
deflecting from it even- ( i .
though it is difficult human capabilities Dragging — Movement
l Hardy

A bullet going through Sharp |
the window and without Bullet P h Experiencing rough circumstances
altering its course hitthe — ute < Urpose shape but work through it because you feel
target / Metal challenged

) A horse dodging falling branches from trees
Going through in a storm when walking over the pavement
without altering course ’

Dodge Horse

Unbreakable Ukpable / \ / I

Elegance Speed Muscular  Good shape Long legs
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APPENDIX 6 - DESIGN LIMITATIONS
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In the future design modules 1 to 3 with the
dimensions as seen in the drawings below
should be placed.

The first drawing is the mechanism that scans
the sample.

The second module is the microcomputer Nano
Jetson

The third module is a custom PCB

Next to that the size of the screen plays an
important role. The field of view of the optical
system is a set size. When decreasing the size of
the screen, the size of the cells on the captured
image will decrease, making it more difficult to
distinguish between the different objects in the
image.

On the other side, increasing the size of the
screen would result in more expenses and a
bigger device.

The screen size on which it is clear enough what
is seen on the picture is the screen size we
should implement, whereas this is the most
important function. To determine this screen
size five employees of AiDx Medical are confron-
ted with three (20, 25 and 30 cm in width)
printed out ‘screens’ with the interface of the
AiDx assist. The participants were asked which
of these screens presented to them had just
enough detail to recognize the difference
between the objects on the image.



APPENDIX 7 -
Interviews

In this appendix, several interviews are reported. Some of the
conversations. The information in these interviews is supplemented
by Whatsapp conversations | had during my whole project.

Nigerian recycling & production company
Community healthworker student

MLS lyiola

Brice Interaction

Brice Concepts

Animashaun Introduction

Animashaun style

Nooabkowd=



Victor Boyle recycling company Justin Egwudo
10-2-2022

What recycled plastic is available?
PET, HDPE, LDPE. They collect from households and businesses
directly.
They also make PP and PS plates of 3, 5 and 20 mm thickness

What are the costs of these plastics?
25 cents per KG approximately Recycled plastic is cheaper than
virgin plastic

What facilities are available around them?
Injection molding and thermoforming

Do you know a company that does recycled Aluminum?
They collect and recycle Aluminum cans themselves, however they

do not manufacture with Aluminum.

Contact: justin.ek@givo.africa



Goal
The goal of his session is to come up with ideas to tackle certain
design challenges together. And | am especially interested in how
you would tackle certain issues if these are presented to you.

First questions

Tell me about your background (done via text message in
whatsapp group after introducing myself)

Good day, ., ¥

I’'m Student 1,Am also glad meeting you.Am Community Health
Practitioner in training and final year student,| use my spare time to
watched football & .My opinions about AiDx machine is that | think
you should make it smaller than before so that it's will be easy to
carry along and you can also make it in solar system form in case
there is no electricity so it's can be charged by sun processed..

Good day sir,My name is Student 2.Its nice meeting you,Am
Community Health Practitioner in training,and its my final year
session.l use my spare time to Read and written story.My opinion
about AiDx machine is that you can make it more easier to operate
and we can use phone to operate the proccess not only laptop.And
make it smaller not so big like usual. Motivation: | saw a community
health worker. | only saw doctors and nurses. This looked reachable
for me when | want to help in the community.

Hi
My name is Student 3, a student of Oyo state college of health
science and technology studying diploma in community health In

my spare time | am mostly on my phone watching movies or
reading comics

Good evening everyone,my name is Student 4, | am a final year
student in the department of community health,Oyo state College of
Health science and Technology, Eleyele, Ibadan.In my spare time i
watch movie and also reading of books

Aidx is a good machine and it operates well, but | will suggest that
manual/hand book should be provided for those that will be making
use of it, so that it can serve as a guide for them.

Good evening everyone

I'm Student 5,a final year student of Oyo state college of health
science and technology and studying diploma in community health.
In my spare time, | listen to music and reading of books.

Aidx is very good but my suggestion is you should make it more
portable for it to be easier to carry... Make it a machine everyone
will be able to operate.

Good day

I'm Student 6, Am also glad meeting you.Am community health
practitioner in training and final year student,| use my spare time to
visit music house,My opinion about AiDx machine is that | think you
should minimize the size of the machine for easy access and also it
should come with inbuilt manual or guides that can be easily
accessed by the user also the machine should come in with trade
protection. Motivation: | grew up in a village without a health facility.
Had to travel a few miles. Wants to save life and rescue her
community. Previously she went to some health workers and
learned some things. | did that for 3 years. Then she was admitted
to school



Interview general:
How often do you use automated microscopes?
We sometimes use it, but these are not devices like the
AiDx machine. These machines are big ones based in laboratories
and not portable to to remote villages

When you are using this or a likewise microscope, did you
encounter any challenges?

This AiDx is easy to operate compared to similar
microscopes. In other microscopes you need to zoom yourself and
find the right position on the glass slide.

Is there anything you wish you could do with the AiDx Assist
which is currently not possible?

Reduce the size for easy transport. Also make sure that it
can be used without relying on the power grid. You can think about
a power supply like an accu or do it via solar. You can use solar
through the window, or include two battery packs for separate
charging outside.

Interview regarding journey map
Why does the device feel fragile?
Too big for its weight. Color is good, white gets dirty too fast,
so make it not entirely white.

What should the interaction of the on-off button be? Where
should it be placed?

You connect it and then turn it on. Some people did not
know that button was on the back. Front is better. buttons are most
of the time bright colored with a contrast color of black.

Why and how should there be a guideline when inserting the
slide?

Guide in the pack in the form of a manual. Do not use
medical language, but just easy language for the manual. Indication
on how to put in the slide. When the device is turned on, the
machine should indicate that the device is ready. Also please
design an indication that the slide is received correctly, and a
warning when this is not done.

In what way does the scanning sound contribute to the
experience of operating the device?

Sound was perfectly oke. Sound is not annoying. Sound is
bit loud. but I prefer it like that. We multitask. Then we are able to
hear that it is working through the sound. Also we like to have a
light on the device which indicates if it is running or finished from a
distance. This can be a green or a red light.

What techniques makes you feel like an amature?
Currently the machine does not look like it is able to
withstand the rain. People should see that it can not be easily
damaged by the rain. Like using an Iphone. Iphone comes
waterproof, so the water does not affect the functionality much.

How big should the screen be and how should it be included in
the device?

As small as possible. maybe it should be able to beam to
your phone. When the slide is inserted you have the whole program
on your phone. Everyone knows how to use a phone, but not how
to use a screen or a monitor.



Ideating together:

Portability

Would you want to carry it around?

How would you like to carry this device around?
Would you prefer a strap, handle? a suitcase?

I would put it in a backpack if the device is made smaller. Right now
it is too difficult. The shape is alright. Take into account back pain,
so make it not too heavy. | prefer a handle.
The handle should be on the side, because
I think the robustness will be better that
way.

The handle as present in this image is
prefered, because it is obviously present.

Robustness
How can you improve the robustness?

Try making it from metal or superior plastic.
Rubber is better. Because it does not add a lot
of weight. You can also think about making
the bottom from metal. The suitcase to the
right was chosen to be the most robust. This
was due to the black color and the compact dense shape.

Screen
How to incorporate a screen in the housing?

The screen should be on the front, because other people will
be standing around it. In such a scenario, you want to be the ‘boss’

of the machine and see what is going on yourself. That is possible
when you put the screen on the front. Therefore the screen on the
front like is done in the device on the right would be preferable.

Should it be stuck on the device
or should you be able to loosen
it?

The screen should be
able to be taken off the device to
carry it around separately. That
way it is easy to replace, repair
and store it in such a way that it
does not damage

How to make sure the screen is
not damaged?

Easily attached screen. It can easily be broken, therefore
make it next to the device and when you finish using it, you pack it
separately in a box.



Professional look
What did you think of the look of the device?
The color is alright. Everything about the shape is excellent

The device on the right is not liked because it does not look
balanced.

The device below was how they would imagine the device to look.
It touched their imagination. This mainly came because this looked
like a small, easily portable medical product to them. The
medicality was induced by the rounded edges Also the details are
blue, making the device belong in their experience of medical
devices.




Ismaila Olaosun

17-2-2022
Introduce yourself?
Medical labarotist. Parasitology. Teaching parasitology and
examiner for 6 years.

Microscopist

What motivates you to do this job?

| was a science student and | liked evidence based thinking. When
doing this study, | saw someone working as a parasitologist, | got
interested and pursued this career. | like the science part of it, but
also the help you can give people when you diagnose them and
give them the right treatment.

What were your first thoughts when you saw the AiDx NTDx?

Was excited because this device complements the microscopy work
we are doing right now. we will have quicker results with this device.
It was very simple and easy to use compared to other microscopes.
That is because the process is simple to understand and there are
not many different interfaces and steps where you can end up on
accident.

Would you be able to set up the whole system yourself (connect
keyboard, mouse, monitor?
quite easy.

Who are future users? How are they schooled?
Should know how to use computers. The primary healthcare
workers here understood the device easily within the hour.

What other microscopes or devices do you use? What do you think
of their appearance?

A binocular microscope - Microscope is robust and compact.

Did the AiDx assist come across as a microscope?
Yes, however you should work on the size. It should be more
portable. weight is good.

What do you think about adding a touch screen instead of mouse
monitor and keyboard?

| think that that would be very valuable! We clean the outside of the
device with soft tissue paper. The lenses are cleaned by using lens
tissue. During use, it is important to be able to clean the lenses.

Do you think a backpack around the machine in which you can
store the materials you need is a valuable addition?
Yes, that will make is easier to carry around

Which of these microscopes do you think is the most appealing
one?

| like number 8 the most because it looks compact. | also like the
green accents.



Brice PhD parasitology at Leiden University

3 years of training to be able to distinguish NTD’s and malaria.
Current expertise is new diagnostic devices benchmarking;
evaluating diagnostic devices in the local contact. He is doing this
by taking devices to tropical countries like Nigeria and Gabon.

Journey map
So the assignment we get is: go to village x and scan as many
people as possible. This results sometimes in five, sometimes in 50
scans a day. It depends on the willingness of people to participate
in the scanning. Due to reluctance against medical innovations
sometimes they do not want to. Also they have the right to know the
results of their test and that was promised by previous groups of
medical staff, but they never come back to tell them the results. As
a result, people do not trust the medical staff anymore, resulting in
less willingness to participate. When being able to scan the
samples locally by AiDx the people will get their result directly,
eliminating this factor. When people get their result, you just present
them with a paper on which you state that they are infected or not.
They do not understand the pictures of the cell. Therefore you do
not want other people to see what is visible on the screen.

The first thing | would experience when | get the assignment and
the equipment is the attractiveness by the looks of it. | do not care if
it works or not, just that it looks professional.

Currently it looks a little professional and robust throughout the
material and the color of the box. The white color is nice, but the
black is not the way to go. Please include some ‘blueish’ tints
instead of the black. And only for the details. | am not impressed by
the looks of it. And that is what | want to be. | want to be impressed

by the looks of it. When | take it up, it feels not robust anymore
because it feels like a lot of empty space inside. The box is too big
for its weight.

Secondly | search where | can turn it on. If | do not see that
immediately | get frustrated already. Questions that | ask myself
when | see the device is: how does it work? Where to turn it on?
How do | get the results?

Currently when going to the field, we always get by bus or by car.
We put all our equipment in a big cardboard box and putiton a
chair because that is shock absorbing. Then depending on the end
location, we arrived with the car, or traveled further by foot, carrying
the cardboard box in the hand or head. In this cardboard box we do
not have any padding or antishock. If a device looks robust, just put
it in the box and we suppose that it will survive.

A bag to put in the device would be nice, however this should not
be a handheld bag. This is because then we can carry less by our
hands; the other equipment should come with us too. Also this bag
should not be big with shock absorbing pads increasing the size.
Then the total box we need to carry with us will be increased. We
had that once, a bag for a microscope with a lot of padding that we
should hold in our hand. We were reluctant to bring it with us. If the
bag is on the back with room for accessories it would be perfect.

There should also be a handle on the device but it should not stick
out of the device, because it will be difficult to store it or putitin a
bag.



When coming to the area where we are scanning we are helped by
the households. They provide a table and chairs for us. We prefer
to be set up outside in the shadows because it gives a better
person interaction outside (except for when it rains).

A surveying day would consist of traveling from the hotel to the
village. You arrive at 11, set up everything, try to get participants for
the test and start scanning at 1 pm. At the end of the day around
5;m you pack your stuff and go back to the hotel. Sometimes you
repeat this for a few days, sometimes you go on a ‘test mission’ for
a few days.

Outside there is most of the case no powersource. Also in these
villages, no power is available. So a powersource included in the
device should be perfect. This powersource should be able to
support a working day. Preferably 8 hours (charge it when you
come back to the hotel). This accu should be replaceable to be able
to function in a remote area for a few days. In such a scenario you
should bring a few accus with you. However there should be an
accu included in the device. An auto accu next to the device results
in more different parts to bring with you. The device is right now
very light, so there is room in weight to include an accu.

Current interactions:
- Are there other interactions that are missing?
- How would you shape these interactions
- Would a light work well enough?

The device is turned on The indication light turns on,

screen turns on

Device is ready to scan The indication light indicates
that the device is ready to scan

and sample holder comes out

Device is scanning The indication light indicates

that the device is scanning

Device has finished scanning The indication light indicates

that the scan is done

The device is turned off The indication light is turned off

Action Interaction

For me the main communication should go via the screen. A light
will not be very visible outside in the sun. Also it gives me an extra
thing to think about; what did the blinking light mean? And then |
have to check the manual. When | press the power button, | like to
see some light around that, because then | know that | have turned
it on.




Perform creative session

Robustness

The box on the right is the best option I think, because it looks
dense. | think that the insides of this thing will be robust enough. |
do not know why, but this box looks robust to me

Screen

The screen should be visible from the front, because other people
should not be able to see the screen. As a medical officer you want
to be in charge. The screen could be of phone size, however you
should test this. Preferably make it a little bigger. You can also
position the screen on the side and make it openable like a camera.
Do not make a separate screen module, because it will be stolen,
get lost etc. People on the field will just take it with them if you do
not pay close attention. Therefore make it fixed to the device.

Also make sure that a second screen can be connected to make it
easier to use for larger groups. Or still use it when the screen is
broken.

The image on the right is a nice positioning of the screen. however
the screen is not protected. That is a must in the use scenario. You
can put a cover over the screen, or make sure that the screen is on
the inside.

Professional look (already addressed)
Portability (already addressed)




Interview Brice 31-3-2022

What do you think about these concepts?

Toolbox

| like that | can get an extra cable if the cables do not work and then
connect it and make it work again. A stand of behind the screen
works well | think to place the screen somewhere.

The way the sample opening is covered all the time in this design is
nice. Because the machine will stand there for hours. It should be
closed also if the machine is working.

The handle is not universal. It will not fit people with bigger hands.

Camscreen

I am concerned about the robustness of the mechanism. It looks
like sophisticated technology and also fragile. If people are going to
use this, they need to read the manual. But ideally you should have
a device that you know how to use without a manual. | mean: what
happens if someone rotates the screen clockwise instead of anti
clockwise. Are the wires breaking? Also people will be worrying
about using the device in a wrong way. Of course you can include
design cues, but it is not intuitive.

Through this complex mechanism the repairability is very low.
People can not easily get special spare parts.

The cord holding the silicone cap for the sample opening is
vulnerable to wear, so | would not implement this

This design looks fancy through the curve at the top. It is not a
rectangular box as the others. This one is the most aesthetically
pleasing. Big black edges of the Toolbox are not nice. A mixture
with white, blue and gray is more attractive.

Coverup

Also with the cover of the screen while transportation, the sample
opening should be covered. The device will stand in dust for hours,
making it possible for dust to come inside.

When you make sure that people understand that they have to
open the screen at the front of the device, it will be obvious which
step to take next. All the interaction will find place at the front of the
device.

Regarding the buttons, use conventional buttons. The power button
should be a red button, operating switch with zero and one. This is
very informative. The least technical people know how to use such
a switch. A round button that you have to press is conventional here
because we are used to computers. However, people in LMIC have
never seen a computer. They do not know how to use such a
button. Therefore | prefer an old fashioned red on off switch.



What do you think about the placing of the screen in the prototype?

Previously | have been working with a device that had a flat screen
on the top of the device. People were complaining about neck pain
while working with that machine. So a device with a screen as can
be seen on the prototype picture would be good.

How waterproof should the housing be?

In a rural village, there might be no inside. You may have no shelter.
We stop working when it starts to rain because we can not stain
slides anymore then. But we can be surprised on the way back
suddenly by a storm. The backpack should be waterproof. But when
it is not, we will end up with a soaked backpack. How does the
backpack survive and how long does a device last in a soaked
backpack?

Should the screen be adjustable?

In the field, in a remote area, we will be working on a table. Most
often we use the device standing in these cases. People might not
have chairs. When working in a village with more luxury we can find
chairs. Then we will be working mostly while sitting. Therefore the
screen should be adjustable. It should be easy to work with while
sitting, but also while standing.

What do you think about the devices in this selection (encountered
collage)?

- Top left: Has a good screen, good orientation of the screen
under an angle.

- Middle left: beautiful mixture of blue/sky blue - white

- Middle bottom: Buttons are not clear.

- left bottom: Color blue not attractive. It is too much in your
face

- Mostly white not good: We are used to a mixture as
microscopists.

What do you think about the devices in this selection (envisioned
collage)?

- Blue is a diagnostic color. Green not.

- Touchable surfaces not clear white, because of dirt

- Gray better than black

- Design stands/ rubber foots for stability and vibrations.
When going back from a village we sometimes use the
device in the back of a bus during traveling. Then the device
should be standing very stable.



Animashaun Microscopist

11-2022

Introduce yourself

olawale Animasaun. Lautech University: Advanced degree medical
sciences. Masters degree in global health. PHD molecular biology.

How did you perceive the interaction with the AiDx assist?
Easy to use. less than 20 minutes to learn it.

Would you be able to set up the whole system yourself?
People should be schooled on how to use computers. Then | think
they know it.

Would other future users be able to do that as well?
Senior scientist to health workers are going to use it. | think that
anyone with basic education is able to use the device

Who are future users? How are they schooled?

At least they have basic education and should know how to use
computers

What other microscopes or devices do you use? What do you think
of their appearance? He will share pictures.

Did the AiDx assist come across as a microscope?
In the optical world white and blue are used mostly. Devices are
usually white. White appeals to the eyes. The details can be done
with blue and black. Blue is better

Where will it be used?
It will be used in very different scenarios. It can be in a laboratory or

it can be in a remote village.

What improvements in handling the device can be made?

Moving it to the center was difficult

The device could be smaller in order to be more portable

By the sound you know that the device is working, so keep the
sound.

What do you think about adding a touch screen instead of
mouse monitor and keyboard?
I think this will give the device a huge advantage in portability.
However the screen size will become smaller this way. | think that
anything in between laptop size screen and a notepad is good.

What kind of equipment should be taken with you when
going to a remote village in order to use the machine?
Glass slide compartment, microscopic oll

Do you think a backpack around the machine in which you
can store the materials you need is a valuable addition?
Yes | think it is nice to have. However the handle on the device itself
should not be omitted. Like that it is easy to carry around in the
room. However for transportation, it would be nice if we could
deliver a backpack for the microscope.

Which of these microscopes did you think is the most appealing
one?

Number four is nice because it has one compartment. Three is also
nice. Four is cute, whereas three is like a monster. | like the
cuteness of four better. Also the color of four is better. Number two
is also beautiful.



look. But the form language is not as important as the
Animashaun Il style interview compactness. If you can make the device more compact by
Animashaun has experience with microscopy both in villages and adopting a certain form language, just do it.
hospital labs. He is working from the government side.

Other questions

Concepts What kind of on/off button should | use?
What do you think about the concepts? A button on a CPU like the round one where you

should press in and out to turn on and off the device
I like that the toolbox concept is quite revolutionair. Also it is easy to is nice. However both will be alright. It is important
take it to the field by the handle. The screen should be covered with to have a small button. The rounded one is more
transparent Nylon to prevent the screen from direct touch. That way modern. The switch one is old. The people will
the screen can not get scratched easily and not get dirty by understand the round button and you better
touching it with the hand. | do not have preference for one of the implement that button, because we are developing
concepts, but | like the handle of the toolbox. Also | like to get an modern equipment.
integrated device. Therefore the loose screen as the Toolbox has is
not the best solution. Do you have experience with trust issues?

It has multiple reasons
Appearance - We fight Quakerish microscopy. They have no license to do
What colors do you like? it. They do not know how certain parasites look like and they
| like white, blue and gray. Blue is the color of a hospital will mistreat you.

- Tired people

What material do you like? - A good Giemsa stain can not be made by anyone.
This depends on the function. If the device has a lot of functions - Sometimes people do not believe the results because they
that are vulnerable, | like the do not feel anything.

: S d sh Rounded sh
more rugged des|gn. But the quared shapes ounded shapes

more clean white rubber design
has a more medical look.

Is there a standardized way of showing the results to someone on
paper in 1) a remote village 2) in a laboratory

- We give the results back by paper and also we consult them
What form language do you like? on how to proceed with medication. We are trained in how to
| like the rounded edges more e ~ ~ do this.
because it has a more medical ST “ | ;/\" - The results are really easy to understand on paper




- They may choose not to treat, but that is their right. They
sometimes say | am healthy, | do not need treatment. but
this does not happen frequently

- Especially when you work for a renowned organization.
They believe you because they know that you are a
professional



APPENDIX 8 - CARDBOARD PROTOTYPING

Cardboard prototyping

Introduction

In this section my experimenting and prototyping using
carboard is documented. This phase is done before choosing
and iterating the three concepts.

| have been experimenting with the possible positioning of
the screen on or next to the device. This is done for screen
sizes of 7,8, 9 and 10 inch. This range is chosen because from
my creative session (appendix x) with the students it appea-
red that they thought a phone size (big phone is almost 7
inch) would be suitable. The upper boundary of 10 inch is
chosen because that is the size that would fit the size of the
device if the total side surface is used. The 7 inch screen could
be positioned anywhere, so | experimented only with the
positions for the seven inch screen where the other screens
do not fit.

This experimenting is done on a cardboard box | made with
the minimal dimensions that the device should have because
of its inner components and arrangements. These dimensions
are 230x180x12mm.

Also a promising ‘screen protecting solution’ by using the
shape of the device was experimented with.

After this experimenting with the positioning of the screen, |
also experimented with several options of closing of the
sample insertion opening when traveling to prevent dust
from coming in. Lastly, options to create a bigger opening for
cleaning purposes of the lenses were tested.
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7 inch screen possibilities

The 7 inch screen can be placed in a lot of different ways.
Here the positions that are only suitable for the 7 inch screen
is shown.

In figure 1 the basic position can be seen. The hinge around
which the screen rotates is positioned in the middle of the
device (figure 2).

Advantages:
Protected screen, simple mechanism (one hinge) and easy
access to the screen

Disadvantages:
No place for a handle on the top of the device

In figure 3 the basic position can be seen. The hinge around
which the screen rotates is positioned on the front (figure 4)

Advantages
Protected screen, simple mechanism (one hinge), place for a
handle on top of the device and easy access to the screen

Disadvantages




8 inch screen possibilities

Two specially suitable for the 8 inch screen are explained
below.

In figure 5 the basic position can be seen. The hinge around
which the screen rotates is positioned on the right of the
device (figure 6). In figure 7 the sceen is rotated around its
axis to allow the screen to be turned in such a way that it is
easy to use

Advantages:
Protected screen, protects sample insertion from dust during
transport

Disadvantages:
Complex mechanism (two ‘hinges’), unusual portrait orienta-
tion, difficult access to the left part of the screen

n figure 8 the basic position can be seen. The hinge around
which the screen rotates is positioned on the front (figure 9).
After the screen is opened, the screen can be rotated around
its axis (figure 10).

Advantages
Protected screen, protects sample insertion from dust during
transport, landscape orientation and easy access to screen.

Disadvantages
Complex mechanism (two ‘hinges’)
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9 inch screen possibility

In figure 11 the basic position can be seen. The hinge around
which the screen rotates is positioned on the back of the
device (figure 12). At the time the screen is opened, the
screen is pushed to the front by means of a spring. In figure
13 the sceen at its end position and is rotated around its axis
to allow the screen to be turned in such a way that it is easy
to use.

Advantages:
Protected screen

Disadvantages:
Complex mechanism (two ‘hinges’and a spring) difficult
access to the right part of the screen




9 inch screen possibility

In figure 14 the basic position can be seen. When the screen
has to be used, the screen is rotating around its hinge at the
front (figure 15). In figure 16, the screen is rotated around its
axis to turn the screen towards the ‘outside’ After that the
screen can be turned in such a way that you get a landscape
view of the screen (figure 17).

Advantages:
Protected screen, easy acces to the screen

Disadvantages:
Very complicated mechanism, no place for a handle at the
top



10 inch screen possibility

In figure 18 the basic position can be seen. The screen is
placed in its mount on the side of the device. When the the
screen has to be used the screen can be taken out of its
mount and positioned next to the device (figure 19). The
screen will always be attached to the device by means of
wires and an additional cord in order to counter theft and the
phenomenon that parts are always disappearing

Advantages:
Protected screen, no mechanism, always good access to the
screen

Disadvantages:
Vulnerable cables, prone to theft




Square screen possibility

In figure 20the basic position can be seen. The screen is
attached to the side of the device. When the screenis
opened, the screen rotates around a hinge on the top (figure
21). After that, the screen can be tilted until it has a nice

position to work with the screen. (figure 22)

Advantages:
Protected screen, good access to screen

Disadvantages:
Complex mechanism
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Alternative protecting screen

In figure 23 the basic position is shown. Two diagonal stiff,
robust edges are ‘wraped’around the corners of the device.
The screen is attached on top of the device, between the
‘edges. If the device is to be used, the screen can be rotated
upwards (figure 24) and turned in landscape mode (figure 25)

Advantages:

Protected screen, good access to screen, robust edges, when
falling, no impact on screen or hinge of the screen, easy
portability through carrying the device on the ‘edges.

Disadvantages:
In this embodiment difficult to implement other functionali-
ties like including an openable part to clean the inner parts.




Drawer tests

To use drawers in the design to create closeable openings in
the device was an idea that came up frequently. In this secti-
on the use of drawers is researched

In figure 26 the sample insertion opening is closed in order to
protect the inside of the machine from dust during transpor-
tation. This is done by means of a drawer (figure 27).

Advantages:
Easy mechanism

Disadvantages:
Difficult slide insertion due to the front part of the drawer. It
requires space and conductors inside the device

In figure 28the use of a drawer in order to reach the inner
parts for cleaning purposes is discovered. The sample inserti-
on opening was not made in this case on accident but drawn
on the image (figure 29).

Advantages
Easy mechanism

Disadvantages

It requires space and conductors inside the device in a place
where there is limited space already, it is difficult to reach the
inner parts



Hinge tests

Using ‘doors’in the design to create closeable openings in the
device was an idea that came up frequently. In this section
the use of these doors or hinges is researched.

In figure 30 a door which opens up to the top (figure 31) is
tested in order to discover the use of this mechanism for easy
access to clean the inner parts. This test is also done for a
door which opens up downwards (figure 32) and to the side
(figure 33).

Advantages
Easy mechanism

Disadvantages

Opening upwards: you can not see what you are doing, you
have to hold the door with one hand and clean with the other
Opening downwards: high chance of opening automatically
Opening to the side: -



Conclusion & Evaluation

Much can be said about the positioning of the screen. | tried
to discover all possible positions, but | am sure that | missed
some of them. However doing this helped me a lot in disco-
vering the consequences of placing the screen at certain
positions.

Screen positioning

There are broadly three suitable options of implementing the
screen | discovered

- Seperate from the device, connected through wires

- On front of the device, using a mechanism to position the
device for use

- On the side of the device, using a mechanism to position the
device for use

| learned that having a separate screen next to the device
which can be stored on the side of the device is a very user
friendly solution requireing a limited amount of mechanisms.

A screen on front of the device is quite convenient because it
covers the sample insertion opening at the same time when
it is not in use. However a simple mechanism is needed in
order to make the screen intuitive to use. Another advantage
of this is that the screen will be positioned at a heightened
place. This makes it easier to use the screen because it is
closer by the eyes of the user. However when the screen is
positioned in such a way, the stability of the device should be
looked into.

Lastly there are a lot of different options of positioning the
screen on the side of the device. However | experienced that
the screen is not easy to use because one side (left or right)
will always difficult to reach to because it is attached to the
device. Next to that the mechanism for such a positioning of
the device tends to become quite complex

Protecting screen by using shape of device

Experimenting with this was a good way of discovering the
value of this design. The ‘edges’ do not only protect the
screen, but also the corners of the device itself. Therefore it is
a robust solution. However the ‘edges’as it is implemented
right now limits the possibilities of implementing openings
etc. Therefore if to proceed with this, the ‘edges’ should be
made narrower and be removed from the front side of the
device.

Closeable openings

Interestingly | discovered that using drawers to make these
openings is not a good idea. Drawers make it difficult to reach
the parts behind it and they need room inside the device
where there is almost no room.

The panels with hinges are a better option for this. Especially
a panel opening to the side. Panels opening to the top, will
close automatically due to gravity and panels to the bottom
will open automatically due to gravity during use. Therefore a
panel opening to the side is considered superior.

Also during experimenting | realized that the sample opening
only needs protection when the device is not used and
transported



APPENDIX 9 - SCREEN SIZE TEST

Objective

Determine the minimum size the screen should
have where objects in the image still can be
recognized.

Equipment
7,8,9 and 10 inch printed ‘screens’ on which
parasites are seen (see appendix 1)

Participants

People with experience with looking at samples
through a microscope in order to determine if a
sample is infected or not

Method

- Show the participant the four screens (image 1)
- Ask which screen size they prefer in order to
determine a infected sample and why

- Ask the participant what the minimal size of
screen should be

Results

Software developer: After looking at the enlarged
images of the mozaik, microscopists want to see
some more details around a specific object.
Therefore they need to see a larger area with
some detail. So the 7 inch screen is too small. Also
for seeing smaller parts than the displayed ‘worms
the screen should be bigger than 7 inch. For me,
the bigger the screen, the better. However it
should be easy to implement. Therefore the 9 inch
screen would also do the job.

7

Morrocon Laboratorists:

At the time | wanted to perform the
test, Temitope was on a field trip to
Morocco for partnering with Moroc-
con labarotists. | asked him to
perform the screen size test in
Morocco for me. He printed it out and
showed it to two experienced
laboratorists with experience on the
field. They said that the bigger the
screen was, the better. Next to this
they said that the 10 inch screen
would be good enough.

Image 1: four sizes of screens
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APPENDIX 11 - 10 IDEA SKETCHES

1%

1. Light it

2. Small holes

3. Ergonomic housing

4. Rubber edges

5. Door

6. Handle

7. Close off unreachable parts
8. At sample insertion

9. Round edges

10. Curved planes

7 (drawer on back)
2 %

1. Contrast in color

2. Overhang

3. Screen side towards housing
4. Obtruse angles

5. Drawer

6. Obvious way of carying
7.Take out optical parts

8. Under device

9. Symmetry

Advantages

- Big screen

-‘electronic’look

- Screen same direction as sample
insertion

Disadvantages

- The screen is not protected

- The size of the device will be big due
to the orientation and size of the
screen

Advantages

- - Screen same direction as sample
insertion

- Protected screen

- Robust look

Disadvantages
- Big size
- Not medical



3

1. Lines to important part
2. Overhang

3. Integrated

4. (big) pads

5. Brushes

6. Bar

7.Closeable opening

8. Behind transculent parts

9. Contrast detail

4 %

1.1n eyesight

2. Small holes

3. Separate screen

4, Bumper

5. Door

6. Obvious way of carrying
7.Closeable opening

8. On the front

9. Curved planes

Advantages

- Big screen

- Robust look

- Screen same direction as sample
insertion

- Easy to clean

Disadvantages

-The screen is little protected

- The size of the device will be big due
to the orientation and size of the
screen

- non medical shape

- non centered handle

- Box design

Advantages

- Protected screen
- Robust look

- Big screen

- Easy to clean

Disadvantages
- Box design
- unbalance due to weight of screen



5

1. Light it

2. Overhang

3. Screen side towards housing
4. Rubber edges

5. Drawer

6. Strap

7. Take out optical parts

8.0n top

9. Symmetry

6 %

1. Contrast in color

2. Raster

3.Sliding

4. Bumper

5.Flap

6. Bar

7. Close off unreachable parts
8. Inside device

9. Curved planes

Advantages

- Big screen

- Protected screen

- Easy to clean insides

Disadvantages

- Strap prone to wear
- Extra mechanism

- Box design

Advantages
- Robust
- Protected screen

Disadvantages
- Increased size due to the screen
- complex mechanism



7%

1.In eyesight

2. Small holes

3. Integrated

4. Rubber edges

5. Door

6. Obvious way of carying

7. Close off unreachable parts
8.0n the front

9. Curved planes

8 %

1. Lines to important part
2.Small holes

3. Integrated

4. Bumper

5. Door

6. Obvious way of carying
7. Closeable opening

8. Under device

9. Round edges

Advantages

- compact design
- intriguing design
- protected screen
- adjustable screen

Disadvantages
- small screen

Advantages

- Robust look

- Protected screen
- Compact design
- adjustable screen

Disadvantages
- small screen



9 %

1.In eyesight
2. Overhang

3. Cover over screen
4. Rubber edges

5. Door

6.‘inside’ handle

7. Closeable opening
8. Blue details

10

1. Stick out

2.Small holes

3. Screen side towards housing
4. Metal bottom

5. Drawer

6. Ergonomic grip

7.Closeable opening

8. Symmetry

Advantages

- protected screen

- protected openings
- compact design
-‘electronic’look

Disadvantages
- small screen or‘two’screens.
- not adjustable screen

Advantages
- Protected screen
- compact design

Disadvantages
- small screen
- Not medical
- Heavy design



Conclusions and considerations

In the previous section ten ideas are sketched, after
which they are rated on different aspects. Out of
these ten idea’s, three concepts are chosen. This is
done by choosing three ideas which are totally
different from each other.

To create concepts the three ideas are combined
with several aspects of other ideas. The ideas will be
worked out with regard to Aesthetics, interaction,
size and materialisation.

The most important selection criteria is the relation
of compactness against size of the screen.

Idea 1, 2, 3 and 10 fall of on this criteria. They have
either a screen that is resulting in a housing that is
too big or a screen that is too small.

Secondly the robustness is of importance, especially
robustness regarding the screen.

The screen mechanisms of 6 and 7 are likely to be too
fragile through its complexity. Also the screen in 7 is
still prone to damage

Idea 8 is interesting to look into because it is a whole
other way of protecting the screen or the device
from damage. Therefore some of the characteristics
of this idea will be translated into one of the
concepts.

Idea 4, 5 and 9 will be translated into concepts by
adding some characteristics from the other ideas.

Before the ideas are worked out into concepts, | did
some cardboard prototyping (appendix 8) in order to
discover the best configurations regarding screen
positioning and closeable openings.

Idea 4 appears to work quite well in practice. Howe-
ver including a screen mount on the side of the
device will result in a bigger device. Also the screen
should be attached to the device in such a way that
you can not separate these parts. Next to this the
wires connecting the device and the screen should
be put away smartly when the device is transported
in order to mitigate the rist of damaging the cables
and connections.

During the prototyping | discovered that having a
screen attached on the back of the device is
annoying because you cannot reach the right part of
the screen easily. Also it can be difficult to see what is
on the screen. Therefore the hinge of the screen
should be positioned on the front of the device. This
results in a mechanism that should open the screen
after which it should be able to turn the screen
around. Next to that | discovered that the screen
should be positioned on the lower part of the side of
the housing in order to ensure stability when the
screen is smaller than the side of the housing. An
advantage of positioning the screen on the side of
the housing is that a big screen can be implemented
which has a higher height than regular ‘tablet’ size
screens. So the screen on the side can be more
squared.

The result of this prototyping on idea 9 was that the
screen opening to the side of the device is resulting
in a compley system. Also when the only a screen is
implemented on the ‘door’ the orientation of the
screen is counter intuitive and the left part of the
screen is not easy to reach. Therefore it was chosen
to let the front part open towards the top, after
which it can be rotated in landscape mode.

These things are taken into consideration when idea
four, five and nine are transformed into concepts. The
concepts will be worked out with regard to:

- Considering all HKJ's

- Aesthetics drawing

- Foam model

- Interaction

- Rubustness

- Dimensions

- Initial materialisation

- Initial production techniques



APPENDIX 12 - THREE IDEAS

Toolbox

Rubber edges Handle

to ensure
robustness
_———-——::-‘-:"’f Power button

4 _--—d":-_[:____::‘;:;d:_,_,..-:"".

-

elA=

Screen stand i
Cleaning door

‘seperate’screen

Sample door



Interaction

Replaceable accu

— HDMI

™ Power

Air vent

1 Travel by using the handle 2 The handle s easily folded in the surface 3 (from the back) Connect the power
of the top of the device or use the accu

Inseperable
connection

\» USB port

3 Take the screen out the device 4 When the sample comes 5 Toclean the lenses,
in order to use the device out, it pushes the sample open the
door open cleaning opening



Materialisation

Bought in

AEE SIS Custom plastic housing

(thermoformed)

__'_""-'-::..5-:“"‘-‘-‘. Custom rubber housing

(molded)

———  Bought in metal button

210mm

Custom molded

/ plastic

Bought in tablet
(including stand)
Screen size:

214x135 (10 inch)



Camscreen

Power button

Stand

Cleaning cover

Hinge

Rubber edges

Anti-dust cover
Ventilation



Interaction

= _\‘ | =0\ |
1  Travel by using the handle, 2 To use the device, |
connect power or use the accu open the screen L

A‘\gx

It

3 Rotate the screen around in order 3 Tostart scanning, remove 3 Toclean the lenses, remove
to face the screen from the front the anti-dust cover the cleaning cover



Materialisation

Custom plastic housing

th f d
(thermoformed) Custom rubber housing

(molded)

Boughtin A
plastic handle

Custom button
(molded)

210mm

Custom molded

plastic \

Bought in tablet
(including stand)
Screen size:
214x135 (10 inch)

Custom molded
soft plastic




Coverup

Obtruse angles Hinge

//Screen

Ventilation

Open button

Hinge ‘slot’



1

Travel by using the handle,
connect power or use the accu

2

Interaction

Pull the ‘open’ button to
open the screen

Screen

Cleaning cover

—

S

Rotate the screen around its 4 Open the cleaning cover
axis to retreive horizontal to clean the lenses
positioning of the screen.

The hinge falls in the ‘hinge

lock’



Materialisation

Molded laid up
rubber

Bought in screen
Custom housing
(thermoforming)
Screen size:

195x110 (9 inch)

-

210mm

—————— Boughtin hinge-
system

<4

Thermoformed //

custom housing

280 mm

130 mm



Selection criteria explanation

The concepts will be evaluated on different aspects
by using an Harris profile. In this Harris profile, the
most important aspect will be positioned at the
top and the least important aspect will be positio-
ned at the bottom.

The most important aspect is the portability of the
device. During the ‘creative session’and the inter-
views with some labaratorists | discovered that this
was the most important concern according to
them. Portability is defined as the ease of which it
can be transported to distant places. This aspect is
directly related to the compactness and weight of
the device (interview Brice).

Next to that the actual robustness of the device is
important. This because the device should be
working in a rough environment and still keep
functioning.

Also, the experience of robustness of the device is
important. This means that when someone is
seeing and touching the device that the person
‘knows’ or experience that the device is robust
enough.

Fourth the size of the screen is a concern. The
students from the creative session said that a
mobile phone size was big enough. However they
do not have the experience on the field as the
other microscopists who said that at least 10 inch
was needed. Therefore the bigger the screen, the
higher ‘positive’ score on this aspect.

Fifth we consider the aesthetics of the device.
When people are confronted with the device for
the first time, they want to be intrigued by the
design in such a way that they feel that they ‘want’
to work with it; that they want to be seen with it.

Sixt, the complexity of the screen-mechanism
should be as low as possible in order to take as less
space as possible. Also, the lesser the complexity is,
the easier it will be to create a robust device.

Lastly the‘Intuitivity’ of the design should be
considered. When the device is shown to the user
the user should immediately know how to use the
device, otherwise the person will get frustrated
(interview Brice).



Selection criteria Toolbox Camscreen Coverup

Portability

Actual robustness
Perceived robustness
Screen size

Aesthetics

Mechanism complexity

Intuitivity




Foam prototyping




Foam Toolbox

Creating the Toolbox out of foam was quite
easy. The device is merely a box with a recess
for the screen on the side. The screenside is
faced inwards in order to protect the screen
from damage. The screen has a stand attached
to it in order to make it possible to position it
next to the device. In order to avoid theft of
the device, the screen will be attached by
means of an inseperable wire. This can be
made from metal for example.

When ‘using’ the prototype, some drawbacks
were discovered. When you are in a haste, and
you grab the device, it can be that you did not
put the screen in the holder yet. Then you will
pull the screen from the table and dangle it on
the wire. This will damage the screen very
easily.

Also the interaction with the device finds
place in two different ‘planes’ the side and the
front plane. This makes the interaction with
the device less smooth.

Thirdly the wires connecting the screen with
the device undergo a lot of twisting which can
easily lead to broken cables.

Fourth, a seperate screen gives not the feeling
of an integrated device

On the other side, the handle on top of the
device is robust and easy to use.

Next to that this device conveys a robust,
stable and simple look and feel through the
dense shape, and rounded edges.




Foam Camscreen

The Camscreen was the second prototype |
made. Therefore | experienced already that |
should work with ‘big’ parts instead of small
details. This resulted in quite a big hinge to
connect the screen. To make use of the screen

it should be opened and turned upside down.

From prototyping this, | learned that to imple-
ment such a hinge, you need quite some
space. This needed space will result in a smal-
ler screen and a higher width of the device.

Next to that | realized that the wires connec-
ting the screen with the Rasberry Pi will be
turned around very often, resulting in broken
cables inside. Even screens like this used in
video-camera’s feel fragile.

Also | learned that the screen should be
supported when the device itself has rubber
‘feet’ for increased stability. Otherwise the
screen is hanging loose all the time.

Throuh the placing of the hinge and the
‘rubber’ on top of the device, the screen has a
nice natural angle to hold itself in place.

Also the screen was easier to reach than
expected from the carboard prototyping. This
is probably because the screen is tilted and
placed entirely on the front.




Foam Coverup

This concept took the most time to make. This
was maily through the complicated mecha-
nism which requires a lot designing. Also the
shape of this concept took more time to
fabricate. For this concept the screen is loca-
ted on the inside of the front. It has to be
opened to the front and then turned into a
horizontal position.

A drawback of this design is mainly that it
requires a quite complex mechanism in order
to position the screen. This mechanism will
cost a lot of research and money to produce.
Expecially when the system has to be robust
and intuitive.

Next to this, the location of the handle on top
is not centered. This is annoying when picking
up the device.

Thirdly, the cables are very vulnerable in this
design

An advantage of this design is the covering of
all functionalities through the screen, therefo-
re making it a robust design.

Also the thinner, curved shape of this concept
makes the design look like a sleek product.

Lastly all the interaction of the device finds
place at the front. Therefore it is easy to find al
the functionalities.




Mentor & chair meeting

At this point | again had a mentor meeting, during this
meeting | had a lot of new information to share. This was
because | got out of my confort zone and interviewed
future users. This meeting was in between developing
the concepts and creating the foam prototypes. Through
this session we discussed the progress and as a result of
this new ideas came up:

- The future users prefer a‘normal’ design over very
futuristisch

- A visual journey map will convey clearer the different
user scenario’s

- Make a collage of the envisioned appearance of the
AiDx

- Include something that people know that they are
treated righteous

A few days later | had a meeting with my chair and
company mentor. For this meeting | created the mentio-
ned fysical concepts out of foam in order to play with it
when | presented my concepts. From this meeting we
reached the following conclusions:

- Read the paper of the ease of use of the AiDx Assist

- Look into existing mechanisms if you are going to use a
mechanism

- Make a fourth concept with a hinge-screen on the front
- Do a field test with screen orientation and ask Tope to
perform this test in Nigeria.

- Do this BUT take into account that we are aiming at a
quantity of less than 100 devices, so make it simple to
produce!

Through this chair meeting, | realized that | had limited
myself by considering the small width of the device as a
given. Therefore it was good that we had this conversati-
on to open my eyes. How to prevent this from happening
the next time?

Brice & concepts

These drawings and models are also discussed with Brice.
He gave me valuable insights which are partly the same as |
heard from my mentor. The most important insights were:

- Make the mechanism so easy that it is easy locally repaira-
ble

- Make sure that the mechanism is not very complex, vulne-
rable or difficult to understand

- The loose screen is the best option of these three. Howe-
ver if a mechanism is easy to make for the Coverup system, |
prefer that one: all the interaction finds place at the same
time

- I like the curved appearance of the Camscreen. over the
box designs of the others

- The sample opening should be covered also during use

- Use a simple red on-off switch. People who are not used to
computers might not understand a round power button.

Medical students & concepts

| reached out the the six Nigerian medical students to give
their opinion on the concepts | created. Two of them filled
in the questionnaire. The exact results can be found in
Appendix XX. The main results from this enquete were:

- The position of the screen of the Camscreen is better than
the of the Toolbox.

- The positioning of the screen of the Coverup is good, but
the design of the first and second one is prefered.

- The Toolbox looks most robust.

- The Camscreen looks most aesthetically pleasing

- Device 3 looks most aesthetically pleasing

Due to the low amount of respondents, | should not heavily
rely on these results. However | can take some insights from
them when selected carefully



Animashaun & concepts

| discussed the concepts and alsos styling with an experien-
ced microscopist and chairman of the Association of medi-
cal laboratory scientists of Nigeria . The main insights are
displayed below. More details can be found in Appendix xx.

- I like an integrated device, so the Toolbox is not the best
solution

- The screen should be protected during use with a transpa-
rent nylon cover to prevent it from damage and dirt

- | like white, blue and gray

- | like curved clean shape language over rugged squared
design language

- | like a modern round button like a CPU button over a
simple on/off switch because we are developing a modern
device here.

- We do not have to deal with trust issues, becaus we work
from a trusted organisation and treat people directly.

Concept conclusion

The foam prototyping was a good step to take. Through
this physical prototyping | encountered a lot of physical
flaws in the concepts I made. Also it was an easy way to
discuss the concepts | had; people could feel and interact
with it. Discover the flaws themselves and together we
could think of other solutions to develop the concepts in
a better way.

Through these discussions we ended up by creating a
fourth prototype. Actually this prototype is an iteration on
the Coverup with respect to the placement of the screen.
However the mechanism is made easier by implementing
one hinge. This hinge is placed on the front-top side of the
device. This mechanism was chosen because it is the most
robust mechanism that is easy to produce with a low quan-
tity of 100 pieces. That is also the reason why the other
concepts were not chosen; the mechanism is too complex
and vulnerable.

The screen is placed horizontal on the device. This means
that the width of the screen is higher than the width of the
device. To make sure that the screen is still protected from
damage during transport, the front of the device is made
wider. This is illustrated in figure XX.

If this change is made in the third concept, the conceptwill
score‘+2"on screen size and '+1” on mechanism complexi-
ty,+2’ on robustness, resulting in a score of +10.

This third concept, the Coverup, is chosen to proceed with.
To summarize the reason of this choice:

- It has the advantage of all interaction on front

- The mechanism for the screen is the most simple

- It directly protects all openings and buttons from being
damaged during transport

In order to test what the future users are thinking about this
concept, an user test is carried out. The setup and idea of
this test is explained in the next chapter. The individual test
results can be found in appendix xx



Alternative Coverup test

The week after | chose to proceed with the alternative
Coverup, Tope went to Nigeria to demonstrate our
current prototype. This was an opportunity to test the
basics of the concept | am developing. Therefore | created
the prototype displayed in figure xx. The screen is atta-
ched to the current AiDx NTDx, so all the functionalities
are included. The screen can be folded to the front and
opened to the top by means of a hinge. The screen has a
diameter of 10.1 inch. Unfortunately, the edges around
the screen also take up a lot of space. Therefore, the
whole width of the system is 265 mm whereas the screen
only has a width of 216 mm. The screen for this prototype
has a resolution of 1280x800 whereas the interface is
programmed for 1920x1080 resulting in an interface that
did not fit the screen. Together with the software develo-
per we managed to solve this issue.

This system is tested with 10 high profile Nigerian medi-
cal practitioners with a range of experience between 15
to 47 years. Figure ... shows the test setup.

The main results of this experiment are:

- The screen is big enough

- The placement of the screen is ideal

- The sample opening should be covered during and also
after use.

- White, grey, black and blue are colors that convey medi-
cal appearance in our proffession

- A integrated fixed handle is prefered

More detailed results can be found in appendix xx.

Figure ... Prototype to test principle of concept ‘Coverup’

Figure ... Test setup in Nigeria

The interaction of the participants was filmed. Some
important insights from this interaction are:

- There should be a possibility to print the results of the
AiDx NTDx, but is should not be included in the device.

- A battery pack of 8 hours is sufficient

- The touchscreen should be extendable to a monitor for
educational purposes

- The size of the AiDx NTDx should preferably be a little
smaller.












APPENDIX 13 - Touch screen
field experiment

Demonstration date: 29-3-2022
Nigeria

Goal

The goal of this experiment is to understand how the future users
perceive a ‘hinge’ screen as is showed on in picture 1. | want to know
what the future users think about the placing of the screen, the current
interaction and their concerns.

Participants
The participants of this test will be ten experienced Nigerian medical
practitioners.

Picture 1: Prototype for this test
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Method

Sign the informed consent form
An explanation of the activity is given by the researcher:

o This research consists of three parts. First you will have to
work with the AiDx Device by using a mouse and monitor.
Secondly you will have to work with the machine when
using a touchscreen. Lastly you have tofill in a
guestionnaire about your experiences. Important: during
the interaction with the devices you will be filmed. We
ask you to think out loud when working with the
devices. Please voice all your positive thoughts, doubts
and confusions. (This can be about anything like the
robustness, if you can not find a certain feature or a part
is not placed well according to you)

The AiDx NTDx is connected to power, mouse and screen
The researcher starts filming

Part 1 (Device 1)

The participant is asked to:
o Turn on the device
o Launch the application
o Insertasample
The manual control is explained by the researcher

The participant should move the field of view two times to the left

and one time to the top

Part 2 (Device 2)

The researcher attaches the touch screen on the device and turns
the screen on

The researcher explains that this is one of the concepts we are
currently considering

The participant is asked to:

o Launch the application

o Insertasample

o Move to a field of view until a parasite is found
The researcher asks several questions about interesting issues
regarding the interaction experience of the user that occurred (if
participant is not able to recognize parasites, the researcher
should help with determining this)

AiPx

MEDICAL



Part 3 — Questionnaire (Please be critical!)
Participant information

What is your name?

What is the name of your organization?

What is your profession?

What is your years of experience?

Interaction with the device

1. What do you think about the placement of the sample insertion
opening?

2. What do you think about the screen size of the touchscreen? Can
it be smaller, if the buttons are enlarged?

3. What do you think about the inclusion of the touchscreen on the
device? What are your positive thoughts and what are your
concerns?

What do you think about the placement of the touchscreen which
is on front-top of the device? Do you prefer it on the top-front or
on the top-back? And why?

What do you think about the angle the screen is mounted on the
device? How far should the screen be able to rotate?

What do you think about the operation by means of the
touchscreen? How did you manage to use the touchscreen?

What do you think about the portability of the AiDx NTDx?

AiPx
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Aesthetics

8. What do you think about the suitability of the colors (black and
white) of the AiDx NTDx?

9. Look at the images of medical devices below

| ii} i

Device 1 Device 2 Device 3

To which extent does the AiDx NTDx and these medical devices appeal
aesthetically to you? (cross the box which applies) think about shape,
colors, type of handle, specific issues.

1 (not at 2 3 4 5 (very
all) much)
Device 1
Device 2
Device 3
AiDx NTDx

10. Please give one positive and one negative point about the
appearance of Device 1

11. Please give one positive and one negative point about the

appearance of Device 2

12. Please give one positive and one negative point about the

appearance of Device 3

13. Please give one positive and one negative point about the

appearance of the AiDx NTDx
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Marketing Notes of researcher

1. What automated diagnostic device do you have? E.g. GenExpert

2. What is the cost of this device?

3. How and how often do you maintain this device?

4. What is the procurement process of acquiring such a device?

5. Who gives the final approval of the purchase order?

6. Which local supplier do you use for acquiring a diagnostic device?

7. What is the need for an AiDx Device that can perform the
following analysis: blood count, sperm cell analysis, Malaria
analysis and tuberculosis in your lab?

8. The device will be launched at the end of August, do you want to
make a preorder with a discount rate?

Room for other remarks or suggestions

AiDXx
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Results

The research is performed with 10 participants with experience ranging in
between 15 and 47 years as Medical laboratory Scientists.

Participan Participan Participan Participan Participan Participan Participan Averag
tl t3 t4 t6 t8 t9 t10 e score

Devic 4 5 - 1 2 2 5 3,2

el

Devic 2 - 5 1 4 4 4 3,3

e2

Devic 1 - - 3 3 2 5 2,8

e3

NTDx 5 5 4 4 5 4,6

Figure xx: Aesthetic score per device per participant

9 of the 10 participants suggested that the sample opening should be
covered to prevent dust from getting in the device. Not only when the
device was not used, but also when it is doing a scan.

8 out of 10 participants were content with the size of the 10 inch screen.
One participant suggested to make the screen a little bigger, while the
other participant was content with the size of the screen if it was possible
to zoom in.

4 participants stressed that they like the type of handle of ‘device 1’ over
the other handle designs.

3 of the participants requested that the colors of the device should be
black and white. Two mentioned that it would be nice to add blue. One
participant suggested to make the device as dark as possible to make sure
dirt is not seen easily on the device.

3 participants suggested that they would like a printable result format
integrated in the device in the ‘other remarks’ space

2 participants suggested that the screen should be fixed on the device to
prevent screen damage

The summary of the findings per participant can be found in appendix 1.
The handwritten answers to the questionnaire can be found in appendix 3

The following results were captured by the filmed interaction with the
AiDx NTDx

- There should be a possibility to print the results of the AiDx NTDx,
but is should not be included in the device.

- A battery pack of 8 hours is sufficient

- The touchscreen should be extendable to a monitor for
educational purposes

- The size of the AiDx NTDx should preferably be a little smaller.

More detail regarding these topics can be found in appendix 2
Discussion

Only developing the prototype to perform this test taught me some
valuable lessons. When ordering a screen, | should be paying attention to
the size of the edges of the screen in order to keep the size small. The
screen | used can be found via this link:
https://www.robotshop.com/nl/nl/101-1280x800-Icd-scherm-met-hdmi-
en-behuizing.html Secondly, the angle that the screen can be opened is
determined by the way the screen is attached to the hinge; if the
attachment is to thick, the screen cannot open more than 180 decrees,
whereas a screen that is opened a little further would be better. Thirdly,
the hinge in this prototype runs very smooth, when closing the screen the
screen will smash on the front of the device. This can damage the screen
easily. Therefore the hinge of the screen should be made a little stiffer.
Lastly, the wires connecting the screen to the machine are connected to
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the side of the screen, making these connections vulnerable. It would be
better if the wires come from behind the screen.

A few participants suggested that the screen should be fixed under an
angle instead of mounted on a hinge. When looking at the discussion
about it in the footage, they thought the current set up was quite
vulnerable. However when thinking about a hinge as is present in a
laptop, they agreed that that will be robust enough.

When the device was brought to Nigeria by plane, some minor issues
occurred; a wire was loosened of the PCB and a screw of the lightning
module was loosened.

When looking at the results, some participants did not fill in the aesthetic
score of the devices. This resulted in six scores per device on average. The
score given to the appearance of the AiDx NTDx is better on average than
the other designs. | suppose this is due to the physical presence of this
device. Next to that in hindsight | see that the competition of the
presented alternatives for medical devices were not chosen that good.
Therefore | will not rely to heavily on the marks given in this part of the
qguestionnaire

Also due to the long years of experience the participants have, all the
devices we produce right now are ‘wonderful’. People with almost 50
years’ experience have another view on what is attractive as a device than
the younger generation. Therefore we should rely more on the feedback
of the younger generation to determine the appearance of the AiDx NTDx.
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Appendix 1 - Results
Participant 1

Papa Idris. A. Saliyu

Save Blood for Africa Foundation
Medical laboratory Scientist

49 years of experience
idysaliyu@gmail.com

Interaction

- 10inch screen is a good size. It is very portable right now

- The screen should be on the front

- Rotation of the screen should go as far as a normal laptop

- People will know better how to use a touch screen than a monitor
because of experience with their phones.

- Ifear that the screen is to vulnerable right now: dust, humidity.

- To younger people it may not be so exciting but | am used to work
with big machines. This small machine opens a whole new world.

Appearance

- The color should be dark. The darker the better, because it will
not get stained

- Handle of device 1 is nice. | want a device like a Nokia and not as a
Samsung Galaxy

- llike that the AiDx NTDx looks like a CPU and that it is nice to look
at. Looks like lab equipment.

Marketing

- Elisa equipment, Automated blood grouping equipment
- 7 million Naira upwards

- Make sure that the government puts funding in using specific
products in order to increase the amount of the ‘same’ machines
in the country. Then you can establish a repair service

- For the Elisa equipment, we trained local engineers by stripping
down the device and building it up again

Participant 2

Chika Ilhekuma

Inuse district hospital
Medical laboratory science
15 years experience

Interaction

- The sample insertion opening should be covered because dust
could getin

- It should be able to zoom in on the screen, then it does not
matter which size the screen is

- Touch screen is user friendly

Participant 3

Col. Felix Abayomi Adhoye (rtd)

Medical laboratory science council of Nigeria
Medical laboratory scientist

36 years

Interaction

- At the moment the screen is vulnerable for rough handling
- Top front is ideal for easy reach

- 90 degrees rotation is good

- The device should be taken to the field with a backpack

AiPx
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Aesthetics

- lam not comfortable with the current color

- Gray or any other color would be better

- Device 1 has an ideal secure handle

- Device 2 appears to be very stable when placed on a surface
- Device 3 does not appear like a medical device

Marketing

- Sysmex, BD facscount

- Daily, quarterly and annually maintenance

- | buy this at a vendor

- Doctor of medicine determines purchase

- Keepin View if | want to buy the AiDx Assist

Participant 4

Oko Patrick

Asokoro district hospital
Medical laboratory science

12 years experience
okopatrickifeanye @gmail.com
08136406810

Interaction

- The sample insertion opening should be closed during use and
after use

- 10inch screen is good

- The screen should be retractable to the side of the device

- 90 to 180 degrees rotation possibility

Aesthetics

- Black and white is good
- Device 1 looks aesthetic, but not rugged enough
- AiDx NTDx looks rugged

Marketing

- Genexpert

- 40000 Dollars

- Annually maintenance

- lacquire this device by directly contact with the manufacturer or
country representative

- The General manager gives the final approval

- Our local supplier is: DCL or McRaf

-l would buy this device in august

Participant 5

Nwaneli Cirace N.

Trust Chantos Hospital

Medical Laboratory scientist (lab manager)
20 years experience

Interaction

- The sample opening should be closed because dust will come in

- The screen size is good, but a zoom function should be available

- Make sure that there is a possibility to fix the screen at its desired
angle

- The up and down movement will cause the screen to get bad

quickly, make the screen fixed at a position
A . D

MEDICAL


mailto:okopatrickifeanye@gmail.com

Aesthetic

The current colors are ok.

Device 1 looks like a night torch. It is not cool.
Device 2 looks ergonomic and | like the design
Device 3 looks bulky, but I like the design

The AiDx NTDx should be smaller

Marketing

PCR (Tialong) 96 wells, Epants hematology analyzer

Costs are around 2000 dollar

No maintenance needed yet

Local distribution in place

The chairman of my hospital approves the purchase order
Local suppliers: Kingscience and Waves*LTD

The suggested improvements are very nice for me!

| want to buy, what could be the price?

Participant 6

Oluseyi Deborah Faturoti

Unique analytical diagnostic laboratory services LTD
Mecial laboratory scientist/public analyst

22 year experience

08065721299

Interaction

The sample opening should be covered
The screen should be a little bigger
Touchscreen is a good addition

Top-front placement of the screen is preferable, it brings it closer

to the operator for better visibility

The screen-angle should be adjustable

Aesthetics

Black and white is good coloring, adding color can make it look
like a toy

Device 1: handle is appealing, shape is not appealing

Device 2: Has no medical look or feel

Device 3: the front surface is appealing, looks like kitchen
equipment (toaster)

AiDx NTDx: Compact shape, but slide window should be covered

Marketing

Urine analyzer

Costs are 250 000

It came with a trouble shooting manual, therefore we do not have
frequent maintenance

It has to be approved by MD or CEO

Local supplier depends on availability of the device

| would buy this

Suggestions

| suggest that it should be possible to print out the result-report.
In that report should be a quantification that is easy to interpret
by the end user

It should be possible to add arrows pointing the MPs on the
pictures

| suggest to set up a post-market surveillance team to be set up
for improvement purposes

Participant 7
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Godwin Oneliureme lhimekpen

Association of medical laboratory scientists of Nigeria
Mecial laboratory scientist (national secretery)

48 years experience

Interaction

- During operation mode and resting mode the sample opening
should be covered

- Touch screen is best on the field device because of space
limitations, but also for regular use

- | prefer top front position of the screen

- The screen should be mounted at approximately 120 degrees for
proper ergonomics. To prevent damage, the screen should be
able to be closed after operation.

Aesthetics

- Black and white is OK, Ash and white could be alternate

- Device 1 looks like a portable light source, screen is too small

- Device 2 looks most appealing, The handle is however in the
wrong place according to me. The top would be better

- Device 3 looks most portable, but it looks like a bread toaster

- The NTDx looks like a CPU device

Participant 8

John | Ogbuka

DR Hassan’s hospital and diagnostic center Maitama Abuja
Medical laboratory scientist

35 years experience

Interaction

10 Inch is ok

The current screen design is not durable, but a touch screen is
good to have

The top front is preferred location of the screen

Angle of rotation of 180 degree is ok

Aesthetics

Colors are alright, blue could also be included

Device 1: Handle is good, shape looks like a torch

Device 2: handle and screen position is good

Device 3: Screen position is good, handle and shape is not good
NTDx: Size and screen position is good. No handle and looks like a
CPU is not good

Marketing

Mindray Chemistry Haematology analyser

More than 3 million

Daily, monthly and yearly maintenance

The management does the procurement process
The Lab director should give final approval

| would buy the device in August

Other remarks

The insertion opening should be covered

When scanning is finished the device should alert the user by an
alarm or something

The result of the device should be accompanied with a printed
copy for easy interpretation and correlation

Participant 9
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Oye Oyetunde B. Akinloye

AMLSN, Oba Mtas laboratory, Baze university
Medical laboratory scientist

31 years experience

Interaction

The sample opening should be a closed compartment to prevent
dust

The current size of the screen is cost effective design, it fits the
purpose.

Both for fix site and for field, the touch screen is recommended
Front top is best location

Current angle of the screen is good

Aesthetics

Device 1: Looks more like transistor radio
Device 2: looks mature

Device 3: looks shimmy

NTDx: looks compact

Marketing

Merilyzer, QBC, Haemocoel

Merilyzer: 652K. QBC: 350K

Daily maintenance, twice a year big maintenance.
DLS gives final approval

Local supplier: Barittomeg Diagnostics

| would buy this device.

Participant 10

Iseimokumo Christopher Peletiri
National hospital Abuja

Medical laboratory science

25 years

Interaction

- The sample insertion should be covered
- The 10 inch screen is good size
- The top- front placement of the screen is just okay

Marketing

- Malaria automated Parasight machine

- We acquire this machine via the government procurement
procedures

- The chief medical director determines this

- We use the registered suppliers of our national hospital Abuja

Other remarks

- A printable result format would be a highly boost to this
wonderful scientific piece
- Afiner adjusted output (result) on the screen would be nice
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Appendix 2 — Insights filmed interaction

From the videos that were taken, | could follow a discussion about the
need for a printable result format from the device. There are very much
fake RDT tests on the market through the broker. Therefore in city, very
much mistrust is present for these fake tests. What they do now is: crop
the malaria parasite from the picture and print it and snap it to the result
with a comment that you are positive, here is the proof that you have
malaria. The conclusion of this discussion was that it should be an option
to print out the result, but that our customers should have the printer
separately and not included in the device.

Through a discussion with Tope, | learned that most of the people in the
room that day were working in the private lab industry. The clients of
these hospitals are educated people, who ask questions and sometimes
do not trust the test result. On the other hand you have the clients at the
public hospitals. People going there are delivered to the ‘mercy’ of the
hospital. They go, because they really feel sick and they want to get
treated. If the hospital says they have malaria or another disease, they
believe it.

Researchers like Brice on the other side do have trust issues. They collect
samples in order to research them and take them for training purposes.
They collect samples and disappear to their laboratory to see the results
without treating the people. These researchers are not the target
customers of AiDx. The private and public hospitals and NGO’s who are
actively fighting parasites e.d. are. NGO'’s treat people directly on the
spot, so they do not have trust issues as well

So the trust issue is present in private hospitals, where they already have
a printer to print out the result. Also with researchers, but they are not
our target customer. The NGO’s and public hospitals do not have trust

issues because they treat people. As a conclusion of this, we do not need
to include a small printer in the device.

Secondly from the video | learned that they would want a battery back
included of 8 hours.

Thirdly they wanted the screen of the AiDx NTDx extendable to a monitor
for educational purposes

Lastly they mentioned that they want the AiDx NTDx as small as possible.
The current size is good, but preferably a little smaller.
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APPENDIX 14 - HANDLE IDEAS






















APPENDIX 15 - PRE-CONCEPTS

























APPENDIX 16 - FINAL CONCEPTS
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‘ > 10% Battery

Battery satus can also be read
from screen

The interaction below will
be executed with a color de-
pending on the battery status

O O O Scanning

\%\ O —>  Finished
The glass slide insertion opening -

is only opened when the slide has After inserting the slide,
to be put in or taken out the scan can be started




INNER PARTS

Camera + xyz system

5 oo

‘ Other electronics
<~ /(touchscreen boards

- and power devision)
Accu .- -~ /\
o
_— /
/
r/ \
Lo - ORYe)
[lumination
_
Fan

Jetson Nano



FeEd bac kAPPENDIX 1 - PLANNING

After presenting these designs, anonimously Brice,
Animashaun and lyilona went for the fluent bend
design. That design looked more attractive to them.
However they liked the presence of blue on the U-sha-
ped more than on the fluent bend concept, because
the blue in the bended shape was a little to less.

The bended shape was liked more expecially when
looking at the side view. As | concluded before,
harmony and symmetry are quite important for my
targetgroup and should be represented in the product.
When looking at the side view of the U-shaped, you see
different compartments, whereas you look at the side
view of the fluent bend desing, you see one coherent
whole. | think that is the underlying factor of determi-
ning that they like the fluent bend design more

Conclusion

With this knowledge | will choose the fluent bend as
my starting position to prototype.



APPENDIX 17 - STYLE COLLAGE

Finding the right style - Collage

The AiDx NTDx will be used in Sub-Saharan Africa and
mainly in Nigeria at first. The appearance of the device
should be conform the appearances of laboratoric
devices the people in Sub-Saharan Africa are used to.
In order to discover the style that the device should be,
| have to talk to them and let them tell me what they
like. This because the western view on aesthetics of
medical devices can be a lot different than the view of
Nigerian medical experts.

Collage 1

The first collage are devices that | encountered in a
laboratory in Leiden. This is combined with diagnostic
devices that Temitope has seen in Moroccan labs

Collage 2

Based on the first collage, | developed a collage with
more different types of devices. Also | included devices
that looked to me like an aesthetically pleasing micros-
copic device.

Collage 3

After discussing the second collage with Brice, | develo-
ped this third collage. The imput Brice gave can be
seen in Appendix 7. | omitted some designs who were
mainly white and | added some devices that have more
blue accents. Also | added some detailed pictures
about different structures and textures. This collage is
developed mainly to get to know the preferences of
future users with regard to structures, textures and the
prefered‘shape-language’ (e.g. curved or sharp edges)

Collage 4

The third collage was presented to an experienced
microscopist in Nigeria in order to develop the final
collage. For more detail see Appendix 7. With regard to
the previous collage, this collage presents more curved
designs, omitted black, omitted shiny white plastic and
included mat colored white plastic.



Diagnostic devices present at Lab in Leiden University and Marro/o@\l Lab

g &7y




Collage with envisioned style for the AiDx NTDx - version 1




Collage with envisioned style for the AiDx NTDx - version 2




Collage with envisioned style for the AiDx NTDx - version 3




Collage analysis Focus Symmetry

Colors

- White

- Blue details

- Gray parts are allowed

- Limited to three different colors

Shape Shape

Shape

- Fluent shape

- Curved edges & planes
- Elegant bulky design

- Rounded

- Symmetry

- No thin protrusions

- No sharp edges

Colors Colors

Materials

- Main part matt appearance
- Shiny details

- Plastic materials

- Little texture is allowed



Sketches based on collage & analysis




One sided




handle APPENDIX 18 - SIZE EXPLORATION

| Glassslide insertion and screen on different sides
Small size >creen

25 cm length

15 cm Width{)n/offbutton

Glass slide '
insertion g
(on the side) T

//\

-

-

A o Lens cleaning
: @ == 1 opening \/
AR

=




Glass slide insertion on the same side
handle

Big size
1 - 35 cm length
O 15 cm width

Screen

Lens cleaning
Glass slide opening
insertion

(on the side)



Glass slide insertion and screen on the same side
Big size
30 cm length

handle 25 cm width

Screen

On/off button

Glass slide
insertion
(on the front)

Lens cleaning
opening



Feedback

Brice

Design 3 is best because ‘sample insertion window and screen
on same side.. Also prefer to have a screen on the smaller side
than thé longer’“The one with both sample window and screen
on different sides is not really going to be an option. Just for
convenience of work it will be nice to have it on same’

After talking with him, | came to the conclusion that the
convenience of having the interaction on one side of the device
is more important advantage than the disadvantage of the
increase of size.

Animashaun

He prefers the third option as well, because:

1) the glass slide insertion is more convenient and looks finer at
the front

2)Screen well positioned

3) Symmetrical

He also thinks that the ease of operation is more important than
the smaller size.

lyiona

‘| prefer the first one because of it's size but not the side of the
insertion of slide, the same side with the screen will be better. The
second one is also desirable but the size is an issue. The third one
is too big but the side for slide is more better than the second
one’ He prefers a smaller device over the ease of use of the
device.

Conclusion

This test showed that both it is important to have all the interacti-
on at one side and to have a small device.

Having the interaction at one side of the device is accoring to the
interviewed people slightly more important than a smaller
device.

Option one is the smallest device. It will be easy to design, howe-
ver the ease of use of the device will be low. Also the stability of
this device is a concern. The interaction with the touchscreen in
this direction can cause the device to fall. Therefore this option
should not be pursued.

Option two has both characteristics but at the same time none.
To make it possible to insert the slide from the side in the device,
the device is made bigger. At the same time a lot of re-engi-
neering has to be done in order to make the slide insertion
intuitive lake that. Therefore option two is not the best option.

By means of good design, design three can be made quite small.
Maybe even smaller than expected. The glass slide insertion and
the screen is on the same side, providing good access to both of
them.

Therefore option three is the best design to proceed with. With
the note that the size of the design should be as small as possible
to increase the portability.



APPENDIX 19 — PRODUCTION TECHNIQUE CONSIDERATION

Technique Typical | Materials | Material | Complex | Size (mm) Surface Costs
guantit thicknes | ity finish
y s (mm) Vacuum casting:

Vacuum 25 ABS,PE,PP | 1,5-? Up to Smooth low https://www.3erp.com/services/vacuum-casting/
casting , HDPR, 1900x900x75 https;//WWW'youtube.com/

PA 0 watch?v=zIBM3zAI5gY&ab channel=LPELtd
Compressio | high PPS, PEEK, No deep | Up to Very Smooth Medium
n molding PE, PU, draws large, small Compression molding

HDPE parts are https://www.youtube.com/watch?v=pOGpXZ-

easy to UMfo&ab channel=EngineeringChemistry
prototype https://formlabs.com/eu/blog/compression-

Injection Very PMMA, high Very large Smooth High molding/
molding high ABS, PA, gets difficult

PC, PE, Injection molding

POM, PP, https://www.pcbway.com/blog/Injection

PS Molding/Injection_molding
Vacuum Low PMMA, Up to Medium Smooth Low Vs Vacuum casting _how to choose.html
forming ABS, PC, 12,7 mm

PE, PETG, Vacuum forming

PP, PS, https://formlabs.com/eu/blog/introduction-to-

PVC vacuum-forming/

The conclusion of this research is that it using vacuum casting and vacuum forming are very good possibilities to mold the product | designed. Vacuum
forming is more suitable for the outer housing because that part is quite big. However a big disadvantage of vacuum forming that thicker smaller features
can not be formed. For these parts that has to be rigid, with a more complex shape, vacuum casting will be used.


https://www.3erp.com/services/vacuum-casting/
https://www.youtube.com/
https://www.youtube.com/watch?v=pOGpXZ-UMfo&ab_channel=EngineeringChemistry
https://www.youtube.com/watch?v=pOGpXZ-UMfo&ab_channel=EngineeringChemistry
https://formlabs.com/eu/blog/compression-molding/
https://formlabs.com/eu/blog/compression-molding/
https://www.pcbway.com/blog/Injection_%20Molding/Injection_molding_%20Vs_Vacuum_casting__how_to_choose.html
https://www.pcbway.com/blog/Injection_%20Molding/Injection_molding_%20Vs_Vacuum_casting__how_to_choose.html
https://www.pcbway.com/blog/Injection_%20Molding/Injection_molding_%20Vs_Vacuum_casting__how_to_choose.html
https://formlabs.com/eu/blog/introduction-to-vacuum-forming/
https://formlabs.com/eu/blog/introduction-to-vacuum-forming/

APPENDIX 20 — PROTOTYPING
DOCUMENT

In this document, all the iterations | made before | assembled the whole
device are displayed. The used parts in the prototype are not included in
this appendix. The main iterations are explained from version to version.

Connection ring. (1) the edges were too thin (2) the edge of the housing
parts did not fit (3) male model for the molded connection ring

Inside front housing. (1) The screen did not fit in the hole (2) the assembly
for the hinges was too difficult (3) The thickness of the part was increased
(4) the part was made out of one part for the first time, the screen did not
fit (5) The mounting position of the hinges was changed.

Bottom housing. (1) the recesses for the feet were not formed clearly (2)
The right size



Side housing. (1) the handle was too difficult to thermoform (2) the recess
did not thermoform (3) The depth of the part was too low.

Front housing. The part was too high. The mounting mechanism on the
front was not aesthetically pleasing

Housing molds. All the molds that were used to create the final prototype.

Handle. (1) the preferred thickness of the handle was researched with
wooden shapes (2) the handle was printed out of two parts (3) The height
of the handle did not alow the screen to open when mounted.



Screen bracket. (1) the bracket was too fragile (2) the space in between
the two supports was too little to mount it to the mounting plate (3) the
depth of recess for the nuts was too small. (4) It did not fit the mounting
plate because of one of the supports; it collided with the focus
mechanism.

Handle holder. The holes were misplaced.

Spacer. Used to close off the opening on the top of the inside housing
when attached. More prototyping should be done to get it to fit.

Screen plate. (1) too much was cut off. (2) the holes were drilled on the

Button plate. The hole for the power button is too wide, so it does not
wrong place.

hold the button in place.



Mounting plate bracket. (1) the holes were placed in such a way that only
one side could be attached (2) not enough place for the bolts and it
collided with the butttons.

The spacers which were included on the print (left) did not work out right
as they damaged too fast.

Battery holder. The width was too small as the battery wires go out on the
side of the pack.

Illumination base. The height was too big so it did not fit in its place.



APPENDIX 21 — ELECTRONICS EVALUATION

A few requirements:

- Must be compatible with raspberry pi and Jetson nano
- At least 1280x800 resolution in order to make the parasites etc visible
- The screen should be 10.1 inch, 9 out of 10 of the field experts in Nigeria liked the size.

Screen choice

Pric | Resol | Tech | Panel Power | Link
e ution | niqu | size consu

(do e (cm) mptio

llar n

)
145 | 1280 | IPS 9.2%29. | AW https://www.amazon.com/Raspberry-Inch-Touch-Screen-Touchscreen/dp/B0776VNW9IC

.99 | X800 7*20.8 | (12Vv/1

.5A)
80. | 1280 | IPS 218.56 | (12V, | https://nl.aliexpress.com/item/4000880766079.html?spm=a2g00.detail.1000013.2.739efa80BHGZrj&gps-
75 | x800 *137.2 | 2A) id=pcDetailBottomMoreThisSeller&scm=1007.13339.274681.0&scm_id=1007.13339.274681.0&scm-

url=1007.13339.274681.0&pvid=38c7ee11-7943-49ce-b046-99b8dbe38770& t=gps-
id:pcDetailBottomMoreThisSeller,scm-url:1007.13339.274681.0,pvid:38c7ee11-7943-49ce-b046-
99b8dbe38770,tpp_buckets:668%232846%238111%231996&pdp_ext_f=%257B%2522sku_id%2522%253A%252
210000010290382486%2522%252C%2522sceneld%2522%253A%25223339%2522%257D&pdp_pi=-
1%253B38.06%253B-1%253B-1%2540salePrice%253BEUR%253Brecommend-recommend

Table 1: The most important requirement is the power consumption with regard to the price. It is also important that the screen should not have a casing or
big edge around the screen. That limits the possibility of including the screen in my design in a space-efficient way. Therefore the second screen of 80,75
euro is chosen. There were almost no screens available at the time of ordering, only these two were available at the time of ordering.




Power consumption calculation

w v A Amount | Link
LED 0.09 3 0.03 3 e e e e T ;
Jetson 10 5 a4 1 4 eI
nano
MG995R | 5.2 5 2(1.2 |4
servo max)
Touch ? 12 2 1 T
screen

Table 2: Power consumption per electronic part in the NTDx

5,4 watt power consumption at 7 inch

7,4 watt power consumption at 13 inch

10 watt for jetson nano

0.09 Watt voor 3 LED (neglectable)

1,2 A stall current*5V * 4 = 24 watt (on average they use 0.1 A, so 2,4 watt)

| do not know the exact power consumption of the screen before | bought it, so | made an estimation by making an educated guess based on the power
consumption of other touch screens. | ended up using 7,6 Watt for the screen for this calculation (using 2,4 watt for the servos as these servos will not come
to its stall current)

0,9(battery)*0.9(Solar power manager) = 0,8 efficiency (0,9 is the efficiency | estimate)
10 Watt for Jetson Nano + 2,4 Watt for Servo’s= 12,4 watt at 5V for 6 hours
12,4*6/5=14,88 Ah

7,6 Watt for touchscreen at 12V for 6 hours

7,6%6/12=3,8 Ah



Including the efficiency in the power consumption calculation:
14,88*1,2*5=90 Wh
3,8%1,2*12=55 Wh

A total power requirement of 145 Wh

\Y Ah | Wh | Price | Size (mm) | Weight (kg) Link

24 |8 20 | 475 | 110%68*3 |1 e e e
0 0 8
12 10 | 12 | 59,8 | 95*57*70 | 0,75

0 9

97 37 9 ? ] https://viadennis.nl/accu/toshiba/satellite/c660-22v/8800mah
’ . H

https://www.123accu.nl/Toshiba-PA3817U-1BRS-PA3816U-1BRS-accu-10-8-V-8800-mAh-123accu-

95 59,5 220*40*5 ? huismerk-i14986.htm|

banggood.com/nl/ZOP-Power-14_t 00mAh-90C-45-Lipo-Battery-XT60-Plug-for-RC-

11 | 59,7 | 65*43*13 | 0,7881 Racig orone--

1681912.html?utm_s ing&utm_medium=cp untry=NL&utm_cont

11.
1
10,
8
14,

ent=minha&utm_campaign=minha-nl-nl-
8 8, 4 7 8 pe&currency=EUR&cur_warehouse=CN&createTmp=1&utm_source=googleshopping&utm_medium=
cpe_us&utm_campaign=jeff-aceng-pmax-allcat-nl-
220401&utm_content=jeff&ad_id=8&gclid=CiwKCAjwu_mSBhAYEIWASBBmIBAGellfwS7y_xNH-
5r5Cg09adGY 1tv4tdarmze0bWulsO4RKIARWROCKfWQAVD_BWE
https://nl.grandado.com/products/1 hoge-capac h-7-4-v-| ies-18650-

6 5 ) 8 8 ) 5 3 2 * 64 * 6 5 O, 3 6 oplaadbare-batterij-packs-hoge-power-led-backup-power-8-s-

jwWKCAjwu_mSBhAYEiwASBBmI7TYIpEASVVCWYsLpOXVUQXY0e3YghuOZrCEbGVVHN2
Q

1 2 9 G3A6B3kjOrBoCOQOQAVD_| i
https://nl.aliexpress.com/item/1005003589728404.htmI?_randl_currency=EUR&_rand|_shipto=NL&s

1 O 1 3 ’ 5 1 1 6 * 6 6 * 2 < 3 00 g r re=googleaff_fcid=alddcdac39fa4f168bco6cl4e3fdl1ch-1650379048440-09948-

UneMJzVf&aff_fsk=UneMIZVf&aff_platform=aaf&sk=UneMJzVf&aff_trace_key=al4dcdac39faaf168b
5' 6 6 O cEEclﬂeRfdl1([1715570‘312335322709945' . oy

1 2 30 3 6 1 8, 5 67 * 1 10 * 1 <300 gr Cv(slps Jlwww aliexpress.com/item/1005003981741211 htmi2spm=a2g0o.order_list.0.0.4c6779d2bIYH
0 8 8

Table 3: Different accu’s with their characteristics

~

00|00 0000 0

7,4

~

12

~

00 00|00 0O

Based on the characteristics of these accu’s, | chose to use the last accu which has the highest power and the lowest costs. Also it has a power output of 12V
which is high enough to power the screen | chose directly. Based on these calculations, the accu | am using can power the device for 15 hours. This is just the
calculation. Maybe the servos draw more power than calculated. It is better to be safe than sorry.



APPENDIX 22 - POWER CIRCUIT

Version 1

I made the first version of the power circuit myself. After |
discussed the circuit with applied labs, they recommended
me to add a charging module in the circuit (red).

Nett power

Charging
module Next to that they suggested me to work with a battery with

high voltage because it is easier to transfer high voltage to

lower voltage than vice versa.

Battery
8Ah, 24V Battery 1.2A(stall), 5V Servo MG966R
Se rvo https://nl.grandado.com/product- https://components101.com/motors/m-
5/652p-24v-8ah-18650-batte- g995-servo-motor
rij-lithium-batterij-25-2v-8000mah-elektrische
-fiets-bromfiets-elektrische-li-ion-batterij-met
-bms?variant=UHJvZHVjdFZhcmlhbnQ6MzI5
Servo NTATMjM
4A,5V converter
Servo 3A,12V converter 4A, 5V Jetson Nano
https://www.reichelt.nl/nl/nl/ontwikkelaars- https://forums.developer.nvidia.com/t/po-
boards-spanningsom- wer-supply-considera-
vormer-dc-dc-Im2577-debo-dcdc-up-1-p2825 tions-for-jetson-nano-developer-kit/71637
Se rvo 81.html?&trstct=pol_3&nbc=1
4A,5V converter 2A, 12V Touchscreen
https://www.dfrobot.com/product-2240.html https://nl.aliexpress.com/i-
or tem/4000880766079.html?spm=a2g0o.-
https://www.sunpower-uk.com/pro- detail.1000013.2.739efa80BHGZrj&gps-id=pc
duct/20-6w-dc-dc-single-out- DetailBottomMoreThisSeller&scm=1007.1333
put-converter/20w-5v-4a-non-isolated-dc-dc- 9.274681.0&scm_id=1007.13339.274681.0&sc
converter/ m-url=1007.13339.274681.0&pvid=38c7ee11-
4 A V nverter 7943-49ce-b046-99b8dbe38770&_t=gps-id:p
Jetson Nano '5 co ¢ te Char in mOdUIe cDetailBottomMoreThisSeller,scm-url:1007.13
g g 339.274681.0,pvid:38c7ee11-7943-49ce-b046-
https://www.amazon.com/d- 99b8dbe38770,tpp_buckets:668%232846%23
p/BO7KJK2TPT/ref=sspa_dk_detail_17p- 8111%231996&pdp_ext_f=%257B%2522sku_
|/| d_rd_i=B07KJK2TPT&pd_rd_w=fKynE&pf_rd_ id%2522%253A%252210000010290382486%
N p=0c758152-61cd-452f-97a6-17f070f654b8& 2522%252C%2522sceneld%2522%253A%252
pd_rd_wg=DYYGT&pf_rd_r=D1VSVWDGNSFP 23339%2522%257D&pdp_pi=-1%253B38.06
I/I 54QEYF4A&pd_rd_r=52574328-02e5-49f0-af9 %253B-1%253B-1%2540salePrice%253BEUR%
N 8-d2f12e8e9509&s=industrial&spLa=ZW5jcnl 253Brecommend-recommend
|/| wdGVkUXVhbGImaWVyPUEXUFRYSUhXRKkO1R
1ZTImVuY3J5cHRIZEIKPUEWOTg40DYOM112Q H
N ThRMjQxOExVRyZIbmNyeXBOZWRBZEIKPUEW ReSIStor Value
MjY50TYxMOpCMko2UVVUUKNUSSZ3aWRnZ (12V-3.4V)/(010A*3)=290 ohms.
XROYW1IPXNwX2RIdGFpbCZhY3Rpb249Y2xp
Y2tSZWRpcmVjdCZkb05vdExvZONsaWNrPXR
ydWU&th=1
Touchscreen 3A,12V converter




Battery

Nett power

Charging

module

Servo

Servo

Servo

Servo

4A,5V converter

Jetson Nano

4|4_W\/\_
4|4_W\/\_
4|4_W\/\_

4A,5V converter

Touchscreen

3A,12V converter

Version 2

When discussing the power previous circuit with the
embedded system engineer of AiDx Medical, | came to the
conclusion that it is not going to work as | thought.

The battery can not be charged and drawn power from at
the same time (charging device when in use) in the
previous setup. So there should be a charging module that
makes sure that the system gets power from the nett and
charges the battery when connected and when not con-
nected to just draw power from the battery.

30Ah, 12V Battery

https://nl.grandado.com/product-
s/6s2p-24v-8ah-18650-batte-
rij-lithium-batterij-25-2v-8000mah-elektrische
-fiets-bromfiets-elektrische-li-ion-batterij-met
-bms?variant=UHJvZHVjdFZhcmlhbnQ6MzI5
NTATMjM

3A,12V converter

https://www.reichelt.nl/nl/nl/ontwikkelaars-
boards-spanningsom-
vormer-dc-dc-Im2577-debo-dcdc-up-1-p2825
81.html?&trstct=pol_3&nbc=1

4A,5V converter

https://www.dfrobot.com/product-2240.html
or

https://www.sunpower-uk.com/pro-
duct/20-6w-dc-dc-single-out-
put-converter/20w-5v-4a-non-isolated-dc-dc-
converter/

Charging module

https://www.amazon.com/d-
p/BO7KJK2TPT/ref=sspa_dk_detail_1?p-
d_rd_i=BO7KJK2TPT&pd_rd_w=fKynE&pf_rd_
p=0c758152-61cd-452f-97a6-17f070f654b8&
pd_rd_wg=DYYGT&pf_rd_r=D1VSVWDGNSFP
54QEYF4A&pd_rd_r=52574328-02e5-49f0-af9
8-d2f12e8e9509&s=industrial&spLa=ZW5jcnl
wdGVkUXVhbGImaWVyPUEXUFRYSUhXRKO1R
1ZTJmVuY3J5cHRIZEIKPUEWOTg40ODYOM112Q
ThRMjQxOExVRyZIbmNyeXBOZWRBZEIKPUEW
MjY50TYxMOpCMko2UVVUUKNUSSZ3aWRnZ
XROYW1IPXNwWX2RIdGFpbCZhY3Rpb249Y2xp
Y2tSZWRpcmVjdCZkb05vdExvZONsaWNrPXR
ydWU&th=1

1.2A(stall), 5V Servo MG966R

https://components101.com/motors/m-
g995-servo-motor

4A, 5V Jetson Nano

https://forums.developer.nvidia.com/t/po-
wer-supply-considera-
tions-for-jetson-nano-developer-kit/71637

2A, 12V Touchscreen

https://nl.aliexpress.com/i-
tem/4000880766079.html?spm=a2g0o.-
detail.1000013.2.739efa80BHGZrj&gps-id=pc
DetailBottomMoreThisSeller&scm=1007.1333
9.274681.0&scm_id=1007.13339.274681.0&sc
m-url=1007.13339.274681.0&pvid=38c7ee11-
7943-49ce-b046-99b8dbe38770&_t=gps-id:p
cDetailBottomMoreThisSeller,scm-url:1007.13
339.274681.0,pvid:38c7ee11-7943-49ce-b046-
99b8dbe38770,tpp_buckets:668%232846%23
8111%231996&pdp_ext_f=%257B%2522sku_
id%2522%253A%252210000010290382486%
2522%252C%2522sceneld%2522%253A%252
23339%2522%257D&pdp_pi=-1%253B38.06
%253B-1%253B-1%2540salePrice%253BEUR%
253Brecommend-recommend

Resistor value
(12V-3.4V)/(.010A*3)=290 ohms.



Nett power

Battery

Solar Power
Manager

5V,5A

12V,8A

Version 3

The power circuit as displayed in version 2 needs a lot of
different chips, which makes it complex and costly. There-
fore | was searching for a power manager chip that could

Servo

Servo

Servo

Servo

Jetson Nano

4|4_W\/\_
4K]_W\/\_
4K]_W\/\_

Touchscreen

do everything in one.

This was difficult to find, because most of these chips
work with a voltage of 5V instead of the needed 12V and
work with currents of max 2A. | have considered transfe-
ring 12V of the battery to 5V of a power manager after
which | transfer it back to 12V for the screen. However this
would result in a lot of losses in energy decreasing the
amount of uptime. In this configuration you would also
need multiple power managers in parallel to get the
needed current of 4A for the Jetson Nano.

After searching for more than a day | found a chip that can
do all in one: the Solar Power Manager.

30Ah, 12V Battery

https://nl.grandado.com/product-
s/652p-24v-8ah-18650-batte-
rij-lithium-batterij-25-2v-8000mah-elektrische
-fiets-bromfiets-elektrische-li-ion-batterij-met
-bms?variant=UHJvZHVjdFZhcmlhbnQ6MzI5
NTATMjM

2A, 12V Touchscreen

https://nl.aliexpress.com/i-
tem/4000880766079.html?spm=a2g0o.-
detail.1000013.2.739efa80BHGZrj&gps-id=pc
DetailBottomMoreThisSeller&scm=1007.1333
9.274681.0&scm_id=1007.13339.274681.0&sc
m-url=1007.13339.274681.0&pvid=38c7eel1-
7943-49ce-b046-99b8dbe38770&_t=gps-id:p
cDetailBottomMoreThisSeller,scm-url:1007.13
339.274681.0,pvid:38c7ee11-7943-49ce-b046-
99b8dbe38770,tpp_buckets:668%232846%23
8111%231996&pdp_ext_f=%257B%2522sku_
id%2522%253A%252210000010290382486%
2522%252C%2522sceneld%2522%253A%252
23339%2522%257D&pdp_pi=-1%253B38.06
%253B-1%253B-1%2540salePrice%253BEUR%
253Brecommend-recommend

1.2A(stall), 5V Servo MG966R

https://components101.com/motors/m-
g995-servo-motor

4A, 5V Jetson Nano

https://forums.developer.nvidia.com/t/po-
wer-supply-considera-
tions-for-jetson-nano-developer-kit/71637

Resistor value

(12V-3.4V)/(.010A*3)=290 ohms.

Solar Power Manager
https://www.dfrobot.com/product-1795.html



CURRENT PROTOTYPE

Electronics

Other

Housing

Milling.

3D print

Electronics

€489,67
Raspberry Pi 48

Solar power manager

Touchscreen

Raspberry Pi camera

Fan

Perfboard

Battery

LED

Power button

Single USB panel

Double USB panel

usb(m) to usb-c(m)

Micro HOMI to HDMI panel

DC power plug panel

Micro HOMI to HDMI cable

USB(m)-USB(m) cable

DC power cable

Servo MG995

Wires

Connectors

Shrink tube

128GB Micro SDHC Kaart

AC/DC Power adapter 18V
€147,63

Fresnel lens condenser
Condens lens (google cardeboard 25mm dia F40)
Achromatic lens holder
Adapter with external SM1 thread
Microscope obiective 10x
inges
Magnet round 5x5mm
Stelvoet

€35.19
Release Agent
Blue pigment
Mold foam
HDPE plate (50x50cm)
PU (connector ring)
PU (screen holder)
PU (Handle)
€544,10
Mounting plate Aluminum
Baseplate Aluminum
Screen plate Aluminum
Servo plate Magnetic steel
Servo plate brackets Aluminum
Mounting plate brackets Aluminum
Glass slide holder Aluminum
Glass slide spring Aluminum
Horn small Aluminum
Horn big Aluminum
Beam small Aluminum
Beam big Aluminum
Lens holder connector Steel
Camera holder Aluminum
Cam Steel
Focus base Aluminum
Focus servo holder Aluminum
Focus springs Spring steel
Spring connector Aluminum
Screen brackets aluminum
€129
Battery holder (41gr)
lllumination base (15gr)
PLA (S68r)

€381,76
Raspberry Pi 48

DC/AC cable

HDMI cable (only if not included with monitor)
HDMI micro to HDMI

Raspberry Pi camera

Fan

5V 20W power supply Mean Well IRM-20-5
IDC conn female 2x40

LED

IDC conn female 2x20 amphenol

PcB

Keyboard

505 Solutions.
Dfrobot DFR0580
Wisecoco Global
Kiwi electronics KW-2906
Elektronicavooriou
Aleaivy lucky

elt LED 5-23000 WW
RS ONLINE 1115807
RS ONLINE 1750149
Conrad 1229316 - 62
OnlineKabelshop ~ OKS-50378
USBFIREWIRE RR-7R-3FPM-12G
Allekabels 1289816
OnlineKabelshop ~ OKS-13182
OnlineKabelshop  OKS-83664
OnlineKabelshop ~ OKS-09162
Otronic
Bol.com
RS ONLINE 1720730
Thorlabs AC254-125-A
AliExpress
AliExpress
horlabs. CP33T/M
Thorlabs SM1A3
AliExpress
Kipp K1195.35301
Magneetgigant MKSA-5x5-NI-N45
Kipp K0675.3006X030
Easycomposites
Easycomposites
Easycomposites
Easycomposites
Easycomposites

505 Solutions.

allekabels.nl

allekabels.nl 1350260
allekables.nl 1350260

Kiwi electronics KW-2906

farnell 2815508

farnell 2215243
Reichelt LED 5-23000 WW
farnell 2215236
PCBWAY, eurocircuits, etc.

amazon.de ASIN: BOOKFSUQPY

59,95
285
86,3

64,95
2,05
0,82
19.1
0,14

16,32

15,05
15,65
13,02

45
21,55
2155
21,55

16,7

0,0053
0,0053
225

59,95
2,99
0,82
4,95

64,95
2,05

10,64

04
014
022

13,01

POV
BT PAPY

F N VN VN VI PN

Hour
1,98

0,056

LRI

-

PPN

mm e m s e

B I AT PN

LI

QfE-U3LICGM

59,95 luti

28,50  https://www.dfrobot.com/product-1795.html
0 Lal

MyZtrP1Vy

der list.0.0.249b79d2R:

64,95 I i h

2,05 https:/nl.ali

114947,

y-pi-12-3mp-9988.

order list.0.0.

021

term=

19,10  https://nl.ali

item/1005003981

741211

order list.0.0.

iDijQQ;

0,14 reichelt.nl

P 4.htmI2PRO

hitps://nl.rs-online. by

JWKCAI)

2bmObYHK_POWqwYUKRi

-_4YQAVD_BWE

63685F6C616E6

56:

36561

6478337D5B5C2D5C735D3F5C6478332C3

3235285C647B387D7C5C647B317D!

C2D5C6478:

1

146368616C6C26736561

06F6E:

16,32 0703031

B%22enabled%2.

hitps://nl.rs-online.

63685F77696C645F6361

1
1267365617263685F73745F6E6F726D616C69
7

126736561

63685F6C616E6

56:

36561

6478337D5B5C2D5C735D3F5C6478332C3

3235285C647B387D7C5C647B317D!

C2D5C6478:

146368616C6C26736561

06F6E:

17,95 0703031

63685F77696C645F6361

18,17 g
279 2 I/usb-

onrad. b-inbouwb

24,95

usbfirewire i

119 2 llekabels.nl/stekker/11472/1:

12gclid=CiwKC

2293238

1
1267365617263685F73745F6E6F726D616C69
7

1229316.htmI?WT.mc_i

) Dib3YO0C3x80LZVO-8qlleiVCL7SMx\WesBCyCTnxd0aCRrZcYZBOCBOOQAVD. BWE

3B0bQaAIEALW wcB

. bol. i
34,99 https://nl.rs-online.com/web/p/ac-dc-adapte

ers/1720730

71,77

254-125-A

12269583.0.0.

10050019407

Q.4 14.15 ProductTitle

2532429720

021 g liexpr

2605.9042647.0.0. 1
tnumber=CP33T/M

4,53 2 li

9042647.6.2.

76401831

kippcom.

1,48 2 kippcom.

1,51 g i /4-spray

i d-zeskant.htm!

frictie.html

.7724857.0.0.

ustomized-2 1600567911

(Eastmaster manufacturing LTD)

53 cents pe (1,53 cents per hour)
0,01
0,02
1.26

€1.217,88

PREVIOUS PROTOTYPE

€59,95 https: lut del-b MyZtrP1Vy QfE-U3LICGM

€2,99 llekabel 1245/1 13.htmi?gcli 2bmo 20
€082

€a,95

€64,95 https: kiwi-electroni h b 2-3mp-9988

€2,05 https://nl.aliexpress.com/item/ 114947 order_list.0.0.

€21,28
€0,40
ichelt.nl/nl/nl/led K

iDijQQ;

WQAVD_BWE

€014
€022
€15,00
€13,01

iWKCAY

PIWqwYUKRil

4YQAVD BWE

\_term=1229323



Other

Housing

Milling.

3D print

Monitor
Mouse
Power entry module
Panel mounted indicator LED 6mm
ribbon cable 20-way 1.27 mm pitch, price per 30m
resistors 1k 550R, 330R through hole.
Servo MG995
Wires
Connectors
Shrink tube
128GB Micro SDHC Kaart
capacitors 100uf+, 16V

€125,85
Achromatic doublet
Fresnel lens condenser
Condens lens (google cardeboard 25mm dia F40)
Achromatic lens holder
Adapter with external SM1 thread
Microscope obiective 10x
Magnet round 5x5mm

€61,14

Handle
Enclosure (www.distrelec.nl)
Front housing
Back housing

€377,60
Main breadboard Aluminum
Servo plate Magnetic steel
Servo plate brackets Aluminum
Glass slide holder Aluminum
Glass slide spring Aluminum
Horn small Aluminum
Horn big Aluminum
Beam small Aluminum

Lens holder connector Steel

Camera holder Aluminum

Cam Steel

Focus base Aluminum

Focus servo holder Aluminum

Focus springs Spring steel

Spring connector Aluminum
€a,58

Raspberry Pi holder

Fan holder

HDMI holder

PCB Holder

Illumination base (3parts)

PLA (200gr)

amazon.de
amazon.de

farnell.nl
farnell.ni
farnell.nl
Otronic

Bol.com
farnell.nl

Thorlabs
AliExpress
AliExpress
Thorlabs
Thorlabs
AliExpress
Magneetgigant

pactec DM-4

ASIN: BOBKP1P9ST
ASIN: BOO39TIVBQ

2431249
2628347

AC254-125-A

CP33T/M

SM1A3

MKSA-5x5-NI-N45

1-610-361-4200 (DM-4)

price/hour

103

16,7

[T

[ N T VT

€107,58
€6,29
€703
€0,65
€0,60
€0,30
€35,96
€0,02
€0,04
€0,04
€36,99
€0,50

€77,77
€265
€021
€22,76
€16,82
€453
€1,11

€12,39
€46,15
€123
€137

€35,10
€35,10
€52,60
€31,50
€33,30
€16,80
€10,20
€19,80
€10,30
€10,50
€16,70

€9,60
€24,60
€16,70
€29,80
€25,00

€0,01
€0,01
€0,01
€0,02
€0,04
€4,50
€950,94

tronic.nl, id=CioKCQ 2XDXATpLCxil

bol, b-high h 2bltgh=rvf5020FO
=AC254-125-A

l iter/10050019407: 12269583.0.0.

liexpre 2805.9042647.0.0. 6831 2532429720
=CP33T/M
.9042647.6.2. 76401831

https://nl.grandad Jastic-hand Koffer-doos-bagage-handvat-grip?

KC i FS2Cd:

(Eastmaster manufacturing LTD)

17C32rBhg8pFuIYeWTEIVVBixoCA4sQAVD BWE



Screen assembly

APPENDIX 24 —
ASSEMBLING
DOCUMENTATION

Before proceeding with assembling, make sure
that you have all the parts as listed in the cost
price calculation appendix. Next to that,
before assembling the hardware and the
housing parts do the following steps:

1. Paste double sided tape on the edges
of the Inside front housing

- Solder wires to the electrical parts
with connectors on the other side.
Prevent circuit failure by placing

- Solder electrical wires and a 100 ohm shrinking tube around the soldered 2.

resistor on a perfboard in order to points.

create the needed 5V and GND

connections for the Servos, Power

button and illumination. The circuit For all the steps it is important to use locknuts

can be found in this thesis and spring washers where possible in order to
- Make sure that all these cables can be increase robustness.

connected to another cable that

connects to an electrical part. Do not

solder a wire that connects to a 3.
electrical part directly to this

perfboard.

Attach the hinges to the Inside front
housing, spacers and Screen plate



4. Mount the Screen plate to the Inside Main assembly
Housing

1. Assemble XY-mechanism 5. Connect Power and HDMI(normal) and
2. Assemble Z-mechanism HDMl(panel) cables to the Raspberry
3. Assemble electronics holder 6. Connect HDMI(normal) to the screen

driver board

7. Connect the other side of the Power
cable to the Solar Power Manager
(port 2).

8. Mount two Brackets to the mounting

plate

)

5. Fasten the driver boards of the screen
to the Screen plate _

4, Mount XY-mechanism, Z-mechanism

and electronics holder on the 9. Mount two Hinge brackets to the
mounting plate

6. Attach the Front housing to the Inside
Housing (make sure that the cables
are coming out of the top of the sub-
assembly)

R

mounting plate

i




10. Mount the handle holder plates to the
mounting plate

11. Connect the screen power cable to the
screen driver board and the 12V
output of the Solar power manager.

12. Attach the Fan and Perfboard to the
Battery holder

13. Mount the Battery holder to the
mounting plate. Before tightening it
too much, make sure the cables of the
battery are in their designated place
(on top, through the groove in the
battery holder.

14. Connect/solder/make the electrical
circuit as displayed in this thesis
15. Mount 6 brackets on the baseplate

16. Mount the connection ring to these six
brackets (only attach the connection
ring to the brackets on the left and
right side.

17. Mount the illumination module on the
base plate

18. Mount the single USB port panel to
the button plate and connect the USB
port to the Pi.

19. Pull the button cables through the top
hole of the Button plate

20. Mount the Button plate to the front
bracket that is attached to the
mounting plate

21. Put the Mounting plate between the
Base plate and the Connection plate
and attach the Mounting plate
brackets to the Base plate

22. Screw the connection ring in the
ng plate

———

output and the Double USB output in

the left side of the housing
Y 3 8" 1 i BT

24. Connect the Power button, the AC/DC
output and the double USB cables.

25. Screw the HDMI(panel) on the right
side of the housing

26. Connect the screen by screwing the
hinges on top of the Hinge brackets.



27. Attach the Touchscreen USB to the Pi 33. Place the Bottom housing on the
and the Display cables to the Screen connection ring
driver board

g 4
f

34. Screw the Bottom housing to the base
plate by means of the rubber feet.
(make sure that the device is balanced

28. Connect the Battery cable to the by adjusting the height of the rubber
Battery in port on the Solar Power feet)
Manager :

29. Pull the LED through the hole in the
Base plate and push it in the middle
hole of the illumination position on
the Base plate.

30. Test if everything works

31. Close the left side of the housing by
means of screwing it into the
mounting plate

32. Close the right side of the housing by
means of screwing it into the
mounting plate

35. Attach the handle on top of the device

36. Paste the stickers



should be made of.

APPENDIX 25 — MATERIAL CONSIDERATION

In the table below plastics that can be thermoformed are displayed in order to make a good decision on which material the final housing

UV resistant

Impact resistant

Environmental impact

Other

ABS - ++ -

HIPS - + Easy flammable

HDPE ++ +

PVC ++ + -- Health hazard when
burned

PET ++ - -

PETG ++ + +

In the table below plastics that can be Vacuum casting are displayed in order to make a good decision on which material the final vacuum
molded parts should be made of.

uv Impact resistant Environmental impact Other
ABS -- ++ --
PP -- + +
PC ++ ++ +
PU - + + Flammable

Based on the simplified comparison of the materials in the tables above. The housing will be thermoformed of HDPE and the other vacuum casted parts will

be made from PC.




APPENDIX 27 — Interaction research

Goal

The goal of this research is to find out if the usecues on the AiDx NTDx are
clear enough to understand how to use the device on first sight without
having to read instructions. | want to test if the participants know how to
relocate, turn it on, insert an USB stick, insert a glass slide or charge the
device. How the participants are using the interface is not included in this
research as | have not developed the interface during my graduation.

Method

1. The participants are presented with a closed AiDx NTDx standing
on a table
2. They get the following instructions:
a. Pick up the device and place it on the next table where a
glass slide is placed.
b. Power on the device (tap twice on the left side of the
screen to power on the screen)
c. Inserta USB stick
d. Charge the device
e. Insert a glass slide
3. The participants are asked to say what they think and experience
during these steps
4. Afterwards the following questions are asked:
a. How did you experience the interaction?
b. What did you not understand?
c. Do you have any additional remarks

Participants

The participants are random students at the IDE faculty that have no
specific experience with microscopes or microscopy. 5 participants

performed the test. Next to that one test was performed by the PHD
expert | have been talking to in the research phase. He however had
never seen the device before.

Results

Results of the participants

Actions | Participant | Participant | Participant | Participant | Participant | PHD er
1 2 3 4 5

a 4 8 4 7 3 4

b 5 3 6 7 5 5

c 15 14 10 19 10 12

d 13 23 6 15 7 7

e 17 (1) 5 23 (3) 17 (1) 10 5

The fields in the table are filled with two numbers.

The first number is the
time in seconds that the participant needed in seconds to perform the
task. The number in brackets is the amount of hints that | needed to give
in order to let them complete the assignment.

The most important quotes during the speaking out loud interaction:

It is as heavy as | expected

The device is not that heavy

Glass slide insertion is quite difficult

Is the glass slide inserted deep enough?
The material around the charging port is a bit soft
| can not open the screen from the middle, but has to do grab it

by the side.




The most important observations | made were:

- It was immediately clear how to carry the device. Only one of the
participants picked the device up with two hands and held it
before her body.

- The USB port on front is not very obvious. Only 3 of the six
participants inserted the USB on the front

- The device is easy to use when seated. When standing, the screen
can not be rotated enough. Two of the five participants did
immediately sit down when using the device.

- The power button is placed obviously

Conclusion

The amount of time needed for each action is approximately equal over
the participants. The device is almost self-explanatory as almost no hints
had to be given. Only the glass slide insertion was difficult without
explanation. Especially the orientation of the glass slide.

Discussion

It can be said that the overall interaction with the device was clear. But |
learned the following things about for the next iteration of the device

- Make the screen be openable from the bottom by creating a
recess.

- Place the USB port a bit higher in order to show it more

- Make it possible to rotate the screen further.
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3
TUDelft

IDE Master Graduation

Project team, Procedural checks and personal Project brief

This document contains the agreements made between student and supervisory team about the student’s IDE Master
Graduation Project. This document can also include the involvement of an external organisation, however, it does not cover any
legal employment relationship that the student and the client (might) agree upon. Next to that, this document facilitates the
required procedural checks. In this document:

The student defines the team, what he/she is going to do/deliver and how that will come about.
SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student’s registration and study progress.
IDE's Board of Examiners confirms if the student is allowed to start the Graduation Project.

USE ADOBE ACROBAT READER TO OPEN, EDIT AND SAVE THIS DOCUMENT

family name _Eikelenboom Your master programme (only select the options that apply to you):
initials  M.J.___ given name Marinus Jan IDEmaster(s): () IPD) () Dfl) () spp)
student number 4666542 -
street & no.
zipcode & city Honours Programme Master
country |:| Medisign
phone Tech. in Sustainable Design
email Entrepeneurship
**chair J.C. Diehl dept. / section: _Design for sustainabil
**mentor _S.M. Persaud dept. / section: _Design for sustainabil

Temitope Agbana
AiDx Medical
Rijswijk Nederland

| chose J.C. Diehl because he knows much about the local context in
Africa, whereas S.M. Persaud because he has much experience
about embodiment design.
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Procedural Checks - IDE Master Graduation

APPROVAL PROJECT BRIEF

To be filled in by the chair of the supervisory team.

chair J.C. Diehl date 09 - 02 - 2022 signature

CHECK STUDY PROGRESS

To be filled in by the SSC E&SA (Shared Service Center, Education & Student Affairs), after approval of the project brief by the Chair.
The study progress will be checked for a 2nd time just before the green light meeting.

Master electives no. of EC accumulated in total: EC . all 1*tyear master courses passed

Of which, taking the conditional requirements
into account, can be part of the exam programme EC missing 15" year master courses are:

List of electives obtained before the third
semester without approval of the BoE

name date - - signature

FORMAL APPROVAL GRADUATION PROJECT

To be filled in by the Board of Examiners of IDE TU Delft. Please check the supervisory team and study the parts of the brief marked **.
Next, please assess, (dis)approve and sign this Project Brief, by using the criteria below.

e Does the project fit within the (MSc)-programme of M) APPROVED[) NOT APPROVED )

the student (taking into account, if described, the

activities done next to the obligatory MSc specific ) APPROVED r) NOT APPROVED )
courses)?

¢ |s the level of the project challenging enough for a
MSc IDE graduating student?

e |s the project expected to be doable within 100
working days/20 weeks ?

¢ Does the composition of the supervisory team
comply with the regulations and fit the assignment ?

comments
name date - - signature
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Personal Project Brief - IDE Master Graduation

Sustainable embodiment of a digital microscope to be produced in Africa  project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

startdate 07 - 02 - 2022 19 - 08 - 2022 end date

My graduation project will take place at AiDx Medical. This is a startup developing an automated diagnostic
microscope (the NTDx) in order to detect Neglected Tropical Diseases (NTDs) in low resource settings.
AiDx Medicals stake lies with launching their minimum viable product as quickly as possible for a low price.

Currently AiDx Medical has a prototype which is tested in the local environment with microscopists (figure
1). The mechanical and optical part of the device are already worked out. See figure 2 for more details of
the TRL levels per subsystem. This gives me the opportunity to focus on the other parts of the microscope.
However this can also limit me with regard to form freedom.

The target of for this product are Nigerian private labaratories and NGO's who are treating NTDs to make it
possible to do impact assessment of their treatment. At the moment, high skilled microscopists are needed
to scan blood samples of people that might be infected. They can scan a limited amount of blood samples
per day and are prone to fatique and human error resulting in less diagnostic accuracy. The interest of
these NGO's and private labaratories are to scan as many samples as cost-effective as possible in a short
period of time. The NTDx can be operated by someone less skilled than regular microscopy. Also the
amount of blood samples that the NTDx can scan, can simply be increased by increasing the amount of
digital microscopes without needing more staff. Also these NGO's and labs want the price to be low to be
able to use their financial resources as efficient as possible. However the product should look and function
like a robust medical product to ensure the people using the device that the NTDx is reliable.

The Nigeria economy is another stakeholder. When the microscopes are locally produced, they benefit
from local employment and capacity buildin. Another advantage is that they profit from short lead times
when they want to use the NTDx in their own country. as well as the capability to repair and maintain the
devices. A limitation of local production is the less advanced production techniques available for production
of the NTDx.

Nigeria is using and discarding a lot of plastics and metals. Therefore the recycling industry is getting more
and more attention in Nigeria. This trend could be an opportunity with regards to an environment friendly
production chain.

This project is international oriented; | need information from the other side of the world. This could be a
challenge when taking into account the Covid travel restrictions. This means that | should think about
(online) plan B whenever | need local information or want to perform local tests.
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introduction (continued): space for images

image / figure 1: _Current prototype
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Personal Project Brief - IDE Master Graduation

PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

The NTDx is already quite developed on certain aspects. It is already demonstrated in the field for
example. However the device does not look professional and can not be produced locally. Also there are
barely use cues or any other kind of interaction on the device. Therefore | want to focus on this part the
most. | will focus on appearance, the production methods and interaction mainly. How these aspects
should be developed depends on the local end-users. The device should have a medical appearance
according to the future users. In their eyes the device would be more valuable through the looks of it. They
should be proud the have this machine. In order to develop this, | need information form the future users.

The scope of the production is limited to local production. Important to adress issues are the sustainability
issues tied to local production. During my process | will take into account that in future iterations this will be
addressed. However | will not focus on this topic.

I Yy (SKINg | u Yy aval u uctl lgues.

| aim to deliver a mold that can be used for producing the housing of the NTDx. Furthermore | will deliver a
functional prototype that corresponds to the needs and expectations of African Medical personal. This not
only includes appearance but also interaction. The prototype will also be tested with regard to robustness
and suitability to the local climate. This research will take place in an medical context. Furthermore the
NTDx is a product used in a medical context. So, my graduation assignment is suitable for a Medisign
student.
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Personal Project Brief - IDE Master Graduation

PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 7 -2 - 2022 ~19- 8 - 2022 end date

I will do this graduation four days a week because of a side project of my own. Taking into account the
many official holidays and a week of holiday, it will take 28 weeks to complete the project. Taking an
additional free day during these weeks will make the graduation exactly 100 days.

My graduation project consists out of three phases. First the research phase and creating an appearance
prototype without extensive research into producability. Then | will make a big interation with regard to
produceability. | will work closely together with a dutch and Nigerian production company to deliver a
product that can be produced in the local context. After testing the outcome of this production prototype
with regard to user interaction and robustness, | will make a minor iteration to optimize the design. As the
last activity | will test a working prototype with local users and by means of a final robustness test.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

I am highly motivated to do this project because | believe that the 'medical devices field' in Africa needs
design customized for the specific scenarios in low resource settings in order to be used efficiently.
Through my minor Africa Dynamics and the projects | did during my master | discovered this need. Helping
people around the world get better acces to healthcare motivates me to dedicate my graduation project to
this topic. Especially when the products | work on are more cost efficient than the existing products on the
market. These solutions have a future. Not only in low resource settings, but also in the rest of the world.

With this graduation | want to prove that | can operate in and understand a medical environment in such an
extend that | can design a medical product that meets up to the expectations of the medical staff. Even if
this medical staff has other cultural background than | am used to. To get used to the another context, |
rely on what | learned during my minor Africa Dynamics, my previous experience of AED (design for
Ghana), Build Your Startup course (Startup related to healthcare in Africa) and internship. In these projects
| learned a lot about how the 'medical reality' and way of living is for people in Africa.

Next to this | want to bring the embodiment skills | learned during AED and my internship in practice in a
self guided project. During AED | learned how to deal with the process of developing and iterating a device
into a physical prototype. During my internship | learned about bringing a prototype to the next level;
communicating your design with a manufacturer and learning from errors that occur when you produce
parts in 'real' materials.

During my graduation | want to learn more about how make the best use of recyclables with regard to
production. Also | want to gain more insight in the subject of aesthetics of products. In previous design
projects | focussed mostly on the functional or mechanical parts of a device. Now | want to dive also into
the 'look and feel' of such a device.

So in conclusion: | want to learn more about the design limitations and opportunities when working with
local recycled plastic.

Secondly, | want to learn what requirements to take into account when working with local African
manufacturers

Third, on a methodic (and also practical) level | want to learn a process of designing an appearance for a
medical device that connects to the expectation of the users

Lastly, | want to learn more about robustness tests and how to establish when something is 'good enough’
to go to the market.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.
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	Planning Elaboration: 
I will do this graduation four days a week because of a side project of my own. Taking into account the many official holidays and a week of holiday, it will take 28 weeks to complete the project. Taking an additional free day during these weeks will make the graduation exactly 100 days.

My graduation project consists out of three phases. First the research phase and creating an appearance prototype without extensive research into producability. Then I will make a big interation with regard to produceability. I will work closely together with a dutch and Nigerian production company to deliver a product that can be produced in the local context. After testing the outcome of this production prototype with regard to user interaction and robustness, I will make a minor iteration to optimize the design. As the last activity I will test a working prototype with local users and by means of a final robustness test.



	Planning Gantt: 
	Project Motivation: I am highly motivated to do this project because I believe that the 'medical devices field' in Africa needs design customized for the specific scenarios in low resource settings in order to be used efficiently. Through my minor Africa Dynamics and the projects I did during my master I discovered this need. Helping people around the world get better acces to healthcare motivates me to dedicate my graduation project to this topic. Especially when the products I work on are more cost efficient than the existing products on the market. These solutions have a future. Not only in low resource settings, but also in the rest of the world.

With this graduation I want to prove that I can operate in and understand a medical environment in such an extend that I can design a medical product that meets up to the expectations of the medical staff. Even if this medical staff has  other cultural background than I am used to. To get used to the another context, I rely on what I learned during my minor Africa Dynamics, my previous experience of AED (design for Ghana), Build Your Startup course (Startup related to healthcare in Africa) and internship. In these projects I learned a lot about how the 'medical reality' and way of living is for people in Africa.

Next to this I want to bring the embodiment skills I learned during AED and my internship in practice in a self guided project. During AED I learned how to deal with the process of developing and iterating a device into a physical prototype. During my internship I learned about bringing a prototype to the next level; communicating your design with a manufacturer and learning from errors that occur when you produce parts in 'real' materials.

During my graduation I want to learn more about how make the best use of recyclables with regard to production. Also I want to gain more  insight in the subject of aesthetics of products. In previous design projects I focussed mostly on the functional or mechanical parts of a device. Now I want to dive also into the 'look and feel' of such a device.

So in conclusion:  I want to learn more about the design limitations and opportunities when working with local recycled plastic.

Secondly, I want to learn what requirements to take into account when working with local African manufacturers

Third, on a methodic (and also practical) level I want to learn a process of designing an appearance for a medical device that connects to the expectation of the users

Lastly, I want to learn more about robustness tests and how to establish when something is 'good enough' to go to the market.
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