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Abstract

Om een technologische stroomversnelling te creéren in de medische sector hebben we een
innovatief portaal gemaakt. Op dit online platform kan je de nodige tools en info vinden die het
gemakkelijker moeten maken om prototypes en afgewerkte medische producten te maken. Zo
een product kan een draadloos communicerende weegschaal zijn of een geautomatiseerd
infuussysteem. Op dit moment worden vele goede ideeén nooit omgezet naar een product omdat
de weg veel te ingewikkeld is en het vaak veel geld kost. Deze masterproef concentreert zich
vooral op het inkorten van de periode tussen het bedenken van het idee en de klinische testen.

Het innovatief portaal bevat een tool die je helpt bij het kiezen van de juiste open source
hardware, want niet alle hardware is even geschikt voor elk project. Voor elk bordje is er een
samenvatting te vinden van de licentie waar zij mee werken. Er zijn enkele voorbeelden
toegevoegd om de mogelijkheden van elk bordje te illustreren. Daarnaast worden ook richtlijnen
gegeven voor het aanvragen van een octrooi en het behalen van een CE markering van je
product.

Dankzij dit portaal zal het dus eenvoudiger en goedkoper zijn om prototypes of afgewerkte
producten te maken voor medische doeleinden. En op die manier willen we de technologische
vooruitgang binnen de medische sector in een stroomversnelling brengen.






Abstract

To create a technological acceleration within the medical sector we made an innovative portal.
On this online platform you can find the necessary tools and information to make prototypes or
medical products. Such a product could be a wireless communicating scale or even an automated
infusion system. Nowadays a lot of good ideas are never to become a product because it is a
difficult and expensive process. This masters’ thesis concentrates on shortening the time period
between the idea and the clinical tests.

The innovative portal holds a tool which helps you to choose the right open source hardware,
because not all of the hardware is evenly equipped for every project. There is a summarized
license for every hardware board so you can quickly see what is allowed. And there are some
examples added to illustrate the capabilities of the open source hardware. Next, are the
guidelines given to request a patent or to request a CE marking for your product.

Thanks to this portal it will be easier and less expensive to build prototypes or products for
medical purposes. And this way we are trying to accelerate Health Tech.






1 Introduction

We live in a world filled with technology. Every day we come in contact with smartphones,
computers, etc. Everything is getting automated and connected to the internet. In the morning
your smartwatch measures your heart rate and uploads that to your online health diary. Next
you way yourself on a Bluetooth scale that is also connected to that diary. During the day your
steps get counted which are also uploaded to that same online diary. At the end of the week you
have a nice overview of all these values.

All these perfect working devices on the consumer market to track your health and fitness, but
none of them can be used for medical purposes. It takes about twice the time in order to get
devices like these cleared for medical use because of more strict rules that need to be followed.
While this does not seem like a problem it is in our own interest to develop these products in a
shorter time period for the medical market as well. This way it gets easier to monitor patients,
they do not have to be in the hospital, instead they can be at home or at work. That is not only
more pleasant for the patient but also less expensive. So it is key to get that technology
integrated into the medical world. In order to do so there are some obstacles we have to tackle
and they are explained in the problem definition.
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2 Problem definition

Nowadays we find a lot of electronic devices within de healthcare sector. But it evolves very
slowly compared to the consumer technological development. This is a result of the complicated
and expensive road you have to take when making electronic devices for healthcare purposes.
First of all making a prototype can be an expensive and very time consuming. After every pilot,
you have to make a new PCB and that costs a lot of time and money. For example: “The
development time up until clinical testing takes around 2-3 years and costs around 10 to 20 million
dollars.” [1] When making a smart wearable for the consumer market, the time needed to
develop this product is much shorter in comparison to making it for the medical market. This is
due to the regulation with which you have to take into account.

Making a prototype or product for the medical sector takes up to much time and money. And
that affects our health indirectly. If medical devices would evolve as fast as products on the
consumer market there would be more and definitely better products to improve our
healthcare. The slower development of medical devices is a consequence of all the extra
regulations compared to consumer products. Summarized, developing products intended for
medical use is too slow and too expensive.
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3 Innovative Portal

At the center of this masters’ thesis there is this innovative portal which helps you every step of
the way when making a device intended for the medical sector. Before there wasn’t a central
point where you could find all the information needed in order to make such devices. The info
was either incomplete or to complicated, but now whit this portal there is. It helps you to choose
the right open source hardware for your project depending on your needs. It also provides
information regarding patent request and CE markings.

On this portal there is a list of open source hardware boards that can be used to make
prototypes. You can filter out the right board and find extra info about that board. Firstly, for
every board you can find an example to get you started and show the capabilities of that board.
Secondly, there is a summary of every boards open source license. This gives you an easy and
direct view on what you may or may not do with the open source hardware.

Other info you can find on the portal is regarded to requesting a patent or making, CE markings
or making a prototyping app in a fast and easy way. Requesting a patent for your product is not
difficult though you have to take into account the open source licenses of the boards. When
requesting your patent timing is crucial. There is also an example on how to make a prototype
app to test mobile integration.

3.1 Objective

The main goal off this master’s thesis is as the title sais “accelerating Health Tech”, this portal
does that by:

e Helping to find the right open source hardware for your prototypes;

e (Giving simple and clear examples;

e Presenting the necessary legal information in one place;

e Explaining every important step of the process in an easy and clarifying way.
e To be alead for future healthcare projects or startups.

3.2 Implementation

The website is made using google sites because of three main reasons. First of all the simplicity
of google sites, it is more like making a document than a website. By clicking on the edit button
you can change text and layout without making adjustments to HTML code. Everything is
automatically adjusted to the right theme and gets aligned perfectly. Second, though it is very
simple, there are a lot of possibilities when it comes to customization and add-ons. Integration of
lists, links, images, graphs and many more are only one click away. And last, the sharing
capabilities are a big advantage for a project like this. Because this portal is a work in progress,
admin rights can easily be switched between people so someone else can further work on the
website.
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3.2.1 Search function

The search function of the portal is a good example of a simple but powerful option which google
sites provides. It is a google gadget called ‘Awesome Table’ which uses a google spreadsheet as a
database. So every board which can be searched has been put in a google spreadsheet with all
their characteristics. And thus you can filter out some boards depending on what you need
specifically for your project. You can find an example in Figure 3.1 where some of the filters are
activated.

Description || Choose a board Types of boards | Open Source Licenses | Add a board or project

Clock speed (MHz) Digital /O
Type v Purpose v Memory ¥ 1 1

499 1000 39 85
% Single-beard computer

Analog /O )

I Connections v
0 14
1-5/5
n . Clock speed Digital Analog

Picture Name Type Purpose Computing (MHz) o o
Raspbery Pi  Single-board  High-end, )
model B+ computer Stand-alone ARM1176J2F-5 Core ARME11 700 40 0
Beaglebone  Singleboard  Highend. 41336, ARM® Cortex-AB 1000 85 7
Black computer Stand-alone
UDOO Dual Single-board  High-end, Dual Core ARM® Cortex-A% and Atmel 1000 52 14
Basic computer Stand-alone  SAM3X8E ARM® Cortex-M3

Single-board  High-end, Dual Core ARM® Cortex-A9 and Atmel
UDOODual  (opiter Stand-alone  SAM3XZE ARM® Cortex-M3 {000 62 it
31 Print screen of the portals open source hardware search tool.

It is not only a simple and fast way for setting up a filter tool. It gives multiple ways to filter on
the characteristics of the open source hardware boards. The ‘CategoryFilter’ shows all the
boards from the chosen category. If multiple categories are chosen, all the boards who are part
of one of the chosen categories are displayed. This type of filter is used for the type of the board.
The next filter is the ‘csvFilter’. This one works almost the same as the ‘CategoryFilter’ with the
only difference that if more requirements are chosen, only the boards who apply to all of the
requirements are shown. This filter is used for the Purpose of the boards.
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There is also the possibility to hide a filter. This way the values are not displayed in the list but
you can still filter on them. This is done for the memory and connections of the boards. For the
clock speed and memory of the boards no special filter is needed because ‘Awesome Table’
automatically inserts a filters when only number are written in the column.

Another very useful tool for this website is google forms. This tool gave us the opportunity to let
visitors add boards to the website. The way this works is that a user fills in all the fields of the
form like the name, website, number of inputs, etc. It will send and sort all the data automatically
into to the spreadsheet which acts as a database for the search function.

Initially the search function was planned as a smart search function. A search field where you
could type the sentence “WiFi heart rate and blood pressure monitor”. Than the search result
would give you all de boards with a build in WiFi shield and enough inputs and outputs to
connect the heart rate and blood pressure sensor. Unfortunately it was not possible to insert
such algorithms while using google sites.

3.2.2 Publicly accessibly

Another useful feature of google sites is the way you can control who can or cannot visit the
website. There are three ways you can make the site accessible. First, “public to the internet”,
this way everyone can find and visit the website. This also means that the website can be found
using google or any other search engine. Second, “Everyone with the link”, only those people
who are in possession of a link can access the website. There is no login needed to access the
website when you have the link. And everyone who has that link can further distribute it. Last,
“specific people”, only the people you granted access can visit the website. They then have to
login using their own credentials.
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3.2.3 Informative function

As written earlier, the main goal is to shorten the time needed to develop a prototype for
medical purposes. In Figure 3.2 is a schematic which illustrates the main steps starting from an
idea ending with a finished product. A larger figure is provided in Appendix 8.3. Between the
orange brackets you see the steps on which this masters’ thesis focusses to shorten the
development time of medical devices. But also the step on what to do to get a CE marking for
your product are explained.

/— __ Negative results, ~
make adjustments \

Patent ]
request Prototyping

Negative results,

Validate Pre-clinical

testing

Positive results! Clinical
testing

Getting

make adjustments CE markings
shorten this time period from 2-3 years to 0,5-1 year ( Finished )
product
3.2 Step by step process starting from an idea going to a finished product.

The idea is something you probably have when visiting the portal, but it can still change when
looking forward into the schematic. Some things you have not thought of could influence your
initial idea. Requesting a patent is not a required step but one to put some thought into. Very
important is that this step is done before you start prototyping. Because we are using open
source hardware and you cannot request a patent when you have already released technical
details about the product or prototype. If information was released before the date on which you
requested the paten, it could be declared false. But most of the open source licenses mandate
that you publish your product details. So you first have to request your patent to not conflict
with the open source licenses. And from the moment the patent is requested your product is
protected unless the patent does not get approved.

18



Getting a CE marking for your product proves that your product suffices to all the demands
regarding safety, health and environmental protection. It is necessary to get that CE marking if
you want to sell your product on the European market. [2] To get a CE marking affixed on you
medical device you have to:

e Proof that your product is indeed a medical device;

e Check if the product meets all its specific requirements enlisted in the directive;
e Find out if your product needs to be checked by a ‘Notified body't;

e Assess the conformity of your product;

e Compile all the necessary technical documents.

When all of these steps are done and approved you can affix the CE marking to your product. All
of these steps are explained in Section 5.1

1 A notified body is an organization designated by an EU country to assess the conformity of certain products
before being placed on the market. These bodies carry out tasks related to conformity assessment procedures
set out in the applicable legislation, when a third party is required. The European Commission publishes a list of
such notified bodies.
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4 Open-source hardware

4.1 Introduction

“Open source hardware is hardware whose design is made publicly available so that anyone can
study, modify, distribute, make and sell the design or hardware based on that design.” [3]

So when you buy open source hardware, you can use it for your prototype, and when it does not
meet your expectations you are able to modify it Of course taking in to account the open source
license. When you do this license which every open source hardware board has, tells you what
you can or cannot do with that board. For every board on the portal you will find the full open
source license and a small summarization.

4.2 Current market situation

“In just under three years there were five million Raspberry Pi’s sold worldwide. This makes
them the fastest-selling British computer in history”. [4] Knowing that it is only one of the many
companies selling and producing open source boards you should get an idea on how big the
market is at this moment. Another examples is that more and more Tech companies are selling
products with an imbedded open source hardware board. Examples are a complete home
automation kit with a Raspberry Pi as central component and a 3D printer with an Arduino that
does all the calculations.

Unfortunately there are no exact numbers on how big the market is. It is just not possible to say
how many percent of the market exists out of open source hardware. Simply because everyone
can copy the design and distribute it under the same license. That makes it so difficult to know
how many of these boards get sold every year. But as we see more and more derivatives come to
marKket, it is safe to say that the popularity and thus the market is growing every year.
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4.3 Different types of boards

For this masters’ thesis, we split the boards up into two main categories being single board
computers and microcontroller boards. The main difference is that single board computers are
fully functional computers where microcontrollers still need to be link to another computer to
be programmed.

4.3.1 Single board computers

As the name says, it is a computer but it is stripped down to its purest form, as you can see in
Figure 4.1. With a single board computer you just connect a keyboard, mouse and monitor to
have a working computer. All of the single board computers provided on the portal are open
source and so they work with Linux or a derivative of Linux which often comes pre-installed.
The combination of open source and Linux makes these boards a highly customizable product,
thus perfect for prototyping. If the open source license allows it, you can even embed some of
them directly into a finished product. Single board computers are available at a starting price
around €35.

41 Raspberry Pi 2 [4]

Connecting sensors like a heart rate monitor to a single board computer is as easy as connecting
the cables to the 1/0 pins. Something to take into account here is the number of sensors you
want to connect. Make sure that the board you buy is future proof. This means enough inputs
and outputs to possible expansion of the project and enough memory to get all the values
calculated.

Most of these single board computers have Linux or a derivative of Linux as their operating
system. For example the Raspberry Pi uses Raspbian, which is specially designed for it. But there
are more operating systems that work along with the ARM processor like Arch, Pidora,
OpenELEC, etc. Once the operating system is installed you can start writing little programs to
interact with sensors which are coupled to the I/0-pins. The recommended language for the
Raspberry is Python but any other language that can be compiled with the ARM can be used. A
few examples are C, C++, Java, etc.
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4.3.2 Microcontroller boards

Microcontroller boards differ to single board computers in a way that they need to be coupled to
a computer to be programmed. Where you directly write a program on a single board computer,
you have to make a program on a computer and then download it to the microcontroller. Most of
these microcontroller boards have their own software in which to write a program. The most
common is the Arduino Uno as shown in Figure 4.2.

4.2 Arduino Uno [6]

Why use a microcontroller board over a single board computer? It is safe to say that the single
board computers have more capabilities than the microcontroller boards. The main advantage of
a microcontroller board is the size. You can strip them down to a minimum of I/0’s and one
micro USB connection which makes them very compact compared to a single board computer.
They still need multiple ports for a keyboard, monitor and mouse.

The success of microcontroller boards is the fact that they are really easy to use compared to a
regular microcontroller. The board has all the connections needed to program the on board
microcontroller, sensors and power. Whereas a regular microcontroller has none of these. These
boards are off course more expensive but you get a complete package in a plug and play format,
perfect for fast prototyping.
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4.4 Open source regulation

As mentioned before, all the open source hardware have their own open source license, a set of
rules you will need to follow in order to use them. Most of the open source hardware
manufacturers use a license provided by Creative Commons. They have six different licenses of
which the CC BY-SA is most used for open source hardware. CC BT-SA stand for Creative
Commons Attribution-ShareAlike. Summarized this license means that you can adjust, change or
tweak anything on the board for any reason as long as you distribute it under the same license
and give the maker credit for it. [7]

4.5 Future

Making predictions about the future is very difficult. Though it is safe to say that the market of
open source hardware is growing year by year and it will keep on doing so for a couple of years.
Hopefully thanks to the portal more and more people will come in contact with open source
hardware as a prototyping tool. And start developing more frequent medical devices on a
smarter and faster way than before. Which ultimately ends with an acceleration of Health Tech
and a better life for patients. Once adopted by a few more and more companies will start to see
the benefits of open source hardware boards.

4.6 Financial aspect

Unfortunately we could not find a small business or company who would work along to calculate
if it would be less expensive using open source hardware for prototyping. On the other hand we
did find multiple examples online in which a cost calculation was performed to make an
electronic product. But without credible references to these calculations it is not possible to use
them as proof that it would be less expensive using open source hardware for prototyping. A fact
is that none of the calculations came out below the price of any open source hardware board
enlisted on the portal.
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5 Medical device prototyping

Making prototypes for medical devices does not differ that much compared to making
prototypes for the consumer market. Both processes are meant to develop a product, and solve
issues along the way. As written earlier it takes twice the time to make a prototype for the
medical market compared to the consumer market. Where do they differ? You have to suffice to
different requirements regarding your CE marking and you will have to do a clinical study.

5.1 CE marking

As written in 3.2.3 it is necessary to get a CE marking if you would like to sell your product on
the European market. Figure 5.1 shows the main steps you have to take to get your CE marking.

51 Steps to get your CE marking [7]

Step one are the medical device directives. This is where you have to proof that your product is a
medical device, but that it is not an active implantable device or intended for in vitro diagnostics.
In order to do this you need directive 93/42/EEC on medical devices (MDD). Step two is where
you need to verify the requirements of your product. All of these essential requirements can be
found in directive 93/42/EEC. The list of requirements consist out of six general requirements
and eight requirements regarding design and construction. [8] A link to the directive is provided
on the portal in the section about CE markings.
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Step three is where you have to find out if your product needs to be assessed by a Notified Body
or if you can do this yourself. In order to find out you need to know which classification your
device falls under. Only if your device is a Class I, which means that there is a low risk, you do
not need a Notified Body. If your product is a Class Ila or IIb which means it is a medium risk
product or a Class Il which means it is a high risk product, the assessment has to be done by a
Notified Body. To know which class your device is in, use Figure 5.2. [7]

NON INVASIVE DEVICES

Rule 3

Rule 1
Medify biological or chemical

Either do not

Rule 2
Channealling or

Bule4
In contact with injured

touch staring for composition of blood, body skin (mechanical barrier,
patient or conlact eventual jquids, other liguids intended fo compressian, absorb
only intact ski administrafion infusion exudates)

ar

l ar or
ar o
1] L
Far use with blood, | | May be connected to an Only filtration, :I:?&dsfeghvﬁ;l;?i: Intended 1o manage
other body fluids, active medical device in centrifugation or and heal only by micra-environment of
argans, fissues Class Il a or Figher exchange of gas or heat secondary infent wound + athers
AN e
5.2 Classification chart of medical devices [9]

Step four, assess the conformity of your medical device. Depending on the classification, you
have different options as how to assess and the stringency of the assessment. Exact details can
be found in the MDD. After, you have to draft the Declaration of Conformity (DoC) to declare
your responsibility. Step five is to draw up all the technical documentation. These documents are
needed to assess the conformity depending on the requirements of the directive. Very important
is that you keep copies of the documents for at least five years. At this point you need to submit
all the documents and show you sufficed all the requirements to a Notified Body. Upon
confirmation of the Notified Body you can go over to the sixth and final step which is to affix the
CE marking to your product. Make sure that the dimensions are right and at least 5mm big. [7]
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i
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TR
-
i
4, 33181
HERHIRT R
5.3 CE marking dimensions [10]
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5.2  Clinical study

A clinical study is intended to gain medical knowledge by research on human volunteers. In case
of medical devices, this means testing the features of that medical device on humans to discover
or verify the effects it had on the human body. All the requirements needed to conduct a medical
trial can be found in Directive 2001/20/EC. The reason why there are clinical trials is to create
an environment in which medical devices or products could be tested. And when all
requirements are met this environment ensures the highest standards of safety for the
participants of the clinical study. [11] The Directive 2001/20/EC can also be found on the portal.
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6 Project examples

In this masters’ thesis is only one project example explained. To find more examples made by
other students visit the portal at https://sites.google.com/site/prototypebordjes/ and click on
the tab “example projects”.

6.1 Polar Bluetooth heartrate Android app

A project example is the Android app which reads out data from a Polar Bluetooth heartrate
monitor. Making an android app normally requires a fair amount of programming skills and
development time. But there is another way of making Android apps, one which does not take
that long and requires only a basic knowledge in any programming language.

6.1.1 Software

The tool used in this case is ‘MIT App Inventor’, but any other equivalent software development
program would work too. The reason why it is so simple is thanks to the drag and drop system.
You only need to understand the logic behind programming and not the programming language
itself. Another big advantage of App Inventor is the wide range of tutorials. Starting with a
tutorial on how to set everything up for making your first app, ending with tutorials on making
advanced apps and games. The limits of App Inventor are very wide. To give an example,
recently a group of students made a crowdsourced app to track busses in Nairobi. [12]

29



As in every software, you first need to declare the variables. Figure 6.1 shows all the variables
used in the app. PostURL is an empty string that will be composed out of StdFirstUrl and
StdSubmitUrl. StdFirstUrl holds the first standard part of the URL used to send the heart rate
date to an online google spreadsheet. StdSubmitUrl is the ending of that URL, this is necessary to
automatically send the data into the spreadsheet. StdExampleUrl has just been used for testing.
HR stands for heart rate and is used to store the value of the heart rate. InputBuffer is used to
store the separated data coming from the heart rate monitor and RawData is the non-adjusted
data package received from the heart rate monitor.

initialize global (0L Yto | “@"

e Bl StdFirstUrl [T TR hitps://doc s.google.com/forms/d/

TP = StdSubmitUn | MMEE & submit=Submit je

(o e o) StdExampleUrl [ETIBY hitps://docs.google.com/form

initialize global ({)to | ()

initialize global ([TET = to | || create empty list

IN

initialize global (2 °F Jto | “@"

6.1 Declaration of the variables used in the app.

The next part of the ‘code’ is where the actions are coupled to the buttons as illustrated in Figure
6.2. The first block fills ListPickerl with all the available Bluetooth devices. Before the devices
are visible in this list, they need to be linked to the smartphone in its settings. The second block
links the app to the selected Bluetooth device from the list. It also sets the value of the heartrate
to 60 just to show that the app is receiving a heartrate. The third block disconnects the app from
the Bluetooth device it was linked to when Button1 is pressed.

when [EEEHGEEES BeforePicking

when [EEENEFES AfterPicking

- N ListPicker1 ~ M Selection - RG] (=:|| BluetoothClient1 ~ JE# e
address

=1 global HR - 1)
L

when Click

Nl BluetoothClient1 ~ BB =
| —

6.2 Declare the actions to the buttons.
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The next block of the code is a loop. First part of this loop is where the received package from
the Polar heart rate monitor is transformed to a readable heart rate as shown in Figure 6.3. First,
if the phone is connected to the Bluetooth heart rate monitor, the text of Label4 is changed from
a red “Disconnected” to a green “Connected”. After, the data package received from the heart
rate monitor is stored in the variable RawData. Next, the data package RawData is split into
separate values which are stored in the list InputBuffer. After, if the list InputBuffer consists out
of more than six items, the sixth item is stored in HR. It is necessary to check if the list is bigger
than six items, cause when the monitor was not able to measure a valid heart rate, it only sends
data about the battery.

when Timer
L@ i 1 IsConnected -
fhenY set (FITED . A to || ° (S
sel : to
set to [ call .ReceiveUnsignedBytes

numberOfBytes call ENEeHhGEE Iy BytesAvallableToReceive
=514 global InputBuffer - §is] Bl L EOEWCIBNG = f global RawData -
o R e ST global InputBuffer - 6]

then éét global HR ~ RIsE -1 Ta 8T 81 =1y T S = § global InputBuffer »
index @

b

6.3 Transform data package to readable heart rate.

The next part of the loop is where we test on a valid heart rate and send the value to a database
as shown in Figure 6.4. First is tested if the heart rate is bigger than 40 beats per minute. If not,
there is something wrong with the measurement or possibly with your heart. If it is bigger than
40bpm, the text of Labell is changed to the new received heart rate. Next, the URL is constructed
to send the heart rate to a google spreadsheet which acts as a database. After it is constructed,
that URL is send to deliver the heart into the database. And last a timer is activated to wait five
seconds. After these five seconds the loop can be run again.

121 global HR - 40
fhen sct (FITID . () to ¢ get CIEELLEED
== global PostURL - M@ e L ] global StarirstUri -
2] global HR -
721 global StdSubmitUr -
"] global PostURL -

call (IEEED Get

SSEN set (UKD - A to

6.4 Validate heart rate and sending it to the database.
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At the very bottom, if the connection is broken up or if it is lost, the text of Label4 is changed
again to a red “Disconnected”. The next step is to add the capabilities to read out a temperature
sensor using Near Field Communication (NFC).

6.1.2 Hardware

The heartrate monitor used for this app is a Polar WearLink®+ transmitter with Bluetooth® as
shown in Figure 6.5. It is a chest belt heartrate monitor which detects an electric current using
two electrodes at the back of the belt. At the moment the belt detects a heartrate it automatically
starts sending out data packages. Possible wrong measurements can occur if the two electrodes
at the back of the belt are not moist enough. In that case a corrupted package is send, but as
written earlier, those packages are filtered out.

6.5 Polar Wearlink®+ transmitter with Bluetooth® [12]

In figure 6.6 is an example shown of a package send by the heart rate monitor. Hdr has always a
value of 254 (0xFF), Chk equals 255 - Len. Seq is a value in the range from 0 to 15 and status
gives info about battery voltage and heart beat detection. And HeartRate is of course the
measured heart rate. When no heart rate is detected, the sensor stops sending data
automatically to safe its battery.

Hdr Len <¢hk Seq status HeartRate  RRInterval_16-bits

FE 08 F7 06 F1 63 03 84
FE 0a F5 06 Fl 6l 03 o4
6.6 Package example coming from the heart rate monitor.
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6.2 Omron Bluetooth blood pressure meter

Another example should have been an app that reads out the Omron blood pressure meter
shown in Figure 6.7. What this does is, it measures your systolic (upper), diastolic (lower) and
the heart rate during the measurement. The systolic is the pressure (mm Hg) in the arteries at
the moment your heart muscles contract, the diastolic is the pressure (mm Hg) in the arteries
between the heart muscle contractions. After the measurement you should hold the ‘upload’
button down for a few seconds until a connection is made with the smartphone on which it
should send the measured data to the phone. With the Omron health app you can than keep a
blood pressure diary to have a more accurate view on your blood pressure compared to one
measurement at the doctors cabinet.

6.7 Omron 708-BT Bluetooth® blood pressure meter [13]

Only problem is that the blood pressure meter was not able to send the data to the diary app.
And so the assignment was to build a new app that worked together with this meter. After
setting everything up, making a connection with the meter was no problem. Once the blood
pressure measurement is done, the upload button was pushed but no data was received. To
debug this problem as Bluetooth scanner was used. The scanner displays every data send by a
selected Bluetooth device. At the moment the upload button was pressed after a measurement,
no data was received.

The conclusion is that either the upload button does not work, or a transmitting problem occurs.
Either way, it was not possible to solve the problem. To compensate, another app was made to
read out the data from a Polar heart rate monitor as explained in Section 6.1.
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7 Conclusion

A conclusion is to evaluate if the objectives of this masters’ thesis are met. The main goal is to
accelerate Health Tech but it is not possible yet to know if I succeeded. It will take some time for
people to start developing medical devices with the help of the online portal. If so, the sooner
these products come to market, the better it worked.

It is safe to say that all the necessary items are there to accelerate Health Tech. There is an
online portal which acts as a guide for all the important steps in making a medical device. It
involves a tool which makes it easy to select the right open source hardware for the prototyping
phase. For all the open source hardware is the license summarized which gives an instant idea
on what can or cannot be done with the hardware. As well as the info on how and when to
request a patent for your product, timing is crucial when working with open source hardware.
And the main steps on how to get a CE marking for your product are explained. To be complete,
multiple examples where uploaded to the portal in order to get users started on prototyping
with open source.

Future expansions for this masters’ thesis are the addition of Near Field Communication
capabilities for the heart rate app along with widening the range of compatible heart rate
monitors. Also, over time more examples and boards should be added to have a more complete
range of open source hardware and its capabilities. And last, the online portal could be
transformed from a google site to an independent website.
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8 Appendix

8.1 Research design

Situating

There are loads of products with healthcare capabilities on the consumer market. Problem is
that they are not used to their full potential, actually being used in healthcare applications. Why
is that, and why are these product only developed and produced for the consumer market? It is
due to extra and stricter requirements which are put on for medical devices which is not a bad
thing. But now it takes just too much time to develop these product compared to the consumer
market. Could it be possible to shorten the time needed to develop these devices for medical use
and create a health environment at the same technological level as our daily life. We all would
profit from that, as they can make these devices faster, more will come to market and a better
health environment would be created.

So to round it up, if we could develop medical devices in a shorter time period, we would
accelerate Health Tech and indirectly create a healthier environment.

Definition of the problem/ research question

How can we shorten the time needed to develop medical devices and by doing so accelerate
Health Tech?

Objectives

Build an online platform with all the tools and info needed to accelerate Health Tech. Illustrate
the steps you have to take starting from an idea going to a finished product. Explain for all these
steps what they mean and what to look out for.

Add a tool to the platform which allows users to find the right open source hardware. Include a
filter function so the user can isolate the boards that accommodate best to his project. For every
open source board in the search tool there has to be a clarifying summarization of the licenses
they work with.

Create an example on how users can make a prototype app in an easy and fast way. Include this
example to the portal and let users add their own examples. Add info on how and when they
should request a patent keeping in mind they are working with open source hardware. And
include the steps on how to get a Ce marking for their medical device.

All these objectives should be accomplished keeping in mind that the time needed to develop a
medical device needs to be reduced. So make sure the portal is logically organized and all the
info is short but clear.

37



Methods and materials

To build the portal I will be using google sites. There are other similar tools do make a website
like Weebly, WordPress, etc. They all work with the same principle, make a website fast and easy
without losing any time on writing code like HTML or PHP. The advantage of a google site
compared to its competitors are the wide range of apps and tools the visualize info on the
website. The compatibility with google docs and easy changeable administrator rights are also
better than its competitors.

To make the example android app I will be using MIT App Inventor. There are even more
competitors out there than for google sites. A few examples are Android Studio, AppMakr,
Pocket Code, etc. I could not test all of these tools and software in order to decide with one to use
so I followed the suggestion of my promotor on using App Inventor. The big advantages are the
drag and drop system and easy testing on a Android device without having to install the app
time after time.
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8.2

Open source hardware available on the online portal

These are the most common open source hardware boards on the market. In this table not all of
the characteristics are shown, for the full list of connections go to the portal using this link:
https://sites.google.com/site/prototypebordjes/choose-a-board

Name

Raspberry Pi
model B+

Raspberry Pi
model B

Beaglebone
Black

Banana Pi
Arduino Uno
Arduino Nano
LillyPad Arduino
USsB

Arduino YUn

UDOO Dual
Basic

UDOO Dual

UDOO Quad

PandaBoard

WandBoard Solo

Type
Single-board
computer

Single-board
computer
Single-board
computer
Single-board
computer

microcontroller
board

microcontroller
board

microcontroller
board

Single-board
computer

Single-board
computer

Single-board
computer

Single-board
computer

Single-board
computer

Single-board
computer

Purpose

High-end,
Stand-alone
High-end,
Stand-alone
High-end,
Stand-alone
High-end,
Stand-alone
Stand-alone
Stand-alone,
Portable

Portable

Stand-alone

High-end,
Stand-alone

High-end,
Stand-alone

High-end,
Stand-alone
High-end,
Stand-alone

Stand-alone

Computing

ARM1176JZF-S
Core ARM®11

ARM1176JZF-S
Core ARM®11

AM335x ARM®
Cortex-A8

Dual Core ARM®
Cortex-A7

ATmega328

ATmegal68 or
ATmega328

ATmega32u4

ATmega32u4 and
Atheros AR9331

Dual Core ARM®

Cortex-A9 and Atmel

SAM3X8E ARM®
Cortex-M3

Dual Core ARM®

Cortex-A9 and Atmel

SAM3X8E ARM®
Cortex-M3

Quad Core ARM®

Cortex-A9 and Atmel

SAM3X8E ARM®
Cortex-M3

Dual-core ARM®
Cortex-A9 MPCore

Freescale i.MX6
Solo Cortex-A9
Single core

Memory

512 MB
SDRAM

512 MB
SDRAM
512 MB
DDR3

1GB
DDR3

1GB
DDR3

1GB
DDR3

1GB
DDR3

1 GB low
power
DDR2

512 MB
DDR3

Clock speed
(MHz)

700

700

1000
1000
16

16

400

1000

1000

1000

1000

1000
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Step by step process starting from an idea going to a finished product

8.3
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