
Självständigt arbete i informationsteknologi
9 juni 2021

A monitoring system for reducing
the risk of stillbirths
A mobile application called SenseTive

Andreas Harju Schnee
Johan Lövgren
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Abstract

A monitoring system for reducing the risk of
stillbirths
A mobile application called SenseTive

Andreas Harju Schnee
Johan Lövgren
Simon Pettersson

A relevant concern for people going through a pregnancy is the risk of
fetal mortality, also known as stillbirths. During this project, we devel-
oped a prototype of the mobile application for a system called Sense-
Tive. This system aims to reduce the risk of stillbirths and consists of a
mobile application together with a sensor kit that measures critical data
of both the birthing parent and the child. The data will be measured and
displayed in the application and by having access to critical data dur-
ing the pregnancy, it is believed that early signs of complications can be
detected and therefore treated earlier. The project resulted in a proto-
type with most of the intended functionality implemented. The mobile
application is cross-platform, meaning it is available for both iOS and
Android devices. The application can virtually measure the heart rate
of the birthing parent and fetus and store the readings both locally and
remotely in a backend service. The prototype contained the functional-
ities that were necessary to partake in Negentropy’s clinical studies of
the application taking place in the autumn of 2021.

Handledare: Mats Daniels, Anne-Kathrin Peters, Björn Victor och Tina Vrieler
Examinator: Björn Victor



Sammanfattning

Ett aktuellt bekymmer för de som går igenom en graviditet är risken för fosterdödlighet,
också känt som dödfödsel. Under detta projekt utvecklade vi en prototyp av mobilappli-
kationen till systemet SenseTive. SenseTive har som mål att minska fosterdödligheten
och består av en mobilapplikation tillsammans med sensorer som mäter kritisk data från
den gravida samt fostret. I systemet kommer data mätas och visas i applikationen och
genom att ha tillgång till den kritiska datan är tanken att tidiga tecken på komplikatio-
ner kan upptäckas och därmed behandlas tidigare. Projektet resulterade i en prototyp
med majoriteten av den tänkta funktionaliteten implementerad. Mobilapplikationen är
plattformsoberoende, vilket betyder att den är tillgänglig på iOS- samt Android-enheter.
Applikationen kan virtuellt mäta pulsen av både den gravida samt fostret samt spara
dessa mätningar lokalt och i en backend tjänst. Prototypen innehåller de funktioner som
är nödvändiga för att kunna användas i Negentropys kliniska studier av applikationen
som ska äga rum under hösten 2021.
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1 Introduction

1 Introduction

The risk for stillbirth is something all parents-to-be face. According to a report from
the Swedish National Board of Health and Welfare 3.7 out of 1000 children died during
pregnancy after week 22 in the year 2016 [NK18]. This risk does however vary depend-
ing on multiple factors. Some factors regarding the birthing parent that increase the risk
for stillbirth during pregnancy are age, a high body mass index (BMI), smoking, and
even level of education [NK18].

SenseTive is a service that aims to reduce the risk for stillbirth by being an assisting
monitoring system used at home during the last months of the pregnancy. The system
is intended for people that are considered to have a high-risk pregnancy and aids them
through a mobile application. The mobile application is used together with external
sensors that are to be located on the birthing parent’s abdomen and wrist. The sensors
then measure the heart rate of both the fetus and the birthing parent and the measured
data is then visualized in the mobile application. From this data, the application will
be able to tell how the fetus is doing. The system will be able to detect early signs
of complications and inform the users if any measures are needed to avoid potential
consequences. The goal of SenseTive is that it will become a personalized prenatal
care service that helps parents-to-be and enhance the already existing healthcare by
preventing stillbirths.

Negentropy, an early-stage startup and the company behind SenseTive are developing a
sensor kit that consists of multiple sensors that are intended to be used together with the
mobile application. The first version of the sensor kit will be able to measure the heart
rate of both the birthing parent and the fetus, while later versions are planned to measure
the blood oxygen level of the birthing parent and contractions as well. This report does
however not cover the sensor kit, more than explaining the technologies it uses at a
high level, but covers the first built prototype of the mobile application. The prototype
of the application that is built during this project is intended to be a proof of concept
for Negentropy. Something that they can show for potential investors or customers and
prove that SenseTive is a system worth developing further. The built prototype will be a
foundation for SenseTive that is to be used during the first clinical studies conducted by
Negentropy in the autumn of 2021. During these studies, they will perform user-testing,
collect data, and research further on the details of how SenseTive will be used and what
potential it has. Even if this system has great potential it deals with a sensitive subject
which raises many ethical aspects that need to be considered. This is something that is
also being discussed in this report.

The developed prototype of the application has the majority of the functionality desired
by Negentropy to be able to conduct the planned clinical studies. The functionalities
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1 Introduction

are to create measurements that contain the heart rate of both the birthing parent and
fetus. Visualize these measurements and store them in a way so that they are reachable
only for a user with permission. Because the first sensor kit is still under development,
the communication between the sensors and the application is not implemented. In
the built application, the data that is intended to be created by the sensor kit is now
created artificially. By artificially, we mean that the data is randomized internally in
the application and is not actual data received from the sensors. The implementation of
the communication is however prepared for by a well-documented and modular code
that makes this specific implementation easier. The application is also prepared for later
versions of the sensor kit by being able to visualize the measured blood oxygen levels
and contractions.

Since the application produced throughout this project is ready for Negentropy’s clinical
studies, except for the communication with the sensor kit, it allows them to pursue
their plan. As soon as their sensor kit is completed and they have implemented the
communication, they can continue with their research regarding how the final system
will be used. It allows them to continue to develop SenseTive to make it become a
monitoring system that helps parents-to-be in their pregnancy and prevents stillbirths.

Declaration of the division of labor The work completed during the project has
been divided as evenly as possible. We divided the work and let different group members
have different responsibilities. Johan and Andreas had the responsibility to develop the
application, while Simon developed the backend service and application programmable
interface (API). To ensure that the knowledge was shared within the group we utilized
code reviews. The reviews were divided evenly within the group to make sure that
everyone got an insight into the developed code and understood the system.

During the development of the application, Johan built the user interface (UI) and the
functionality shown in figures 2, 4, and 5, while Andreas built the UI and functionality
shown in Figure 3. Simon built the complete backend service with API, which is further
explained in sections 5.3, 6.3, and 9.

When writing the report, each person wrote about the implementations that they had
performed, and the rest of the report has been divided evenly. At the beginning of the
project, each group member focused on different areas of the report. When the report
grew and we received feedback from other groups, we tried to shift our focus as much
as possible to make each person implement the received feedback on another person’s
text. By doing this, each group member got an insight into and added their thoughts to
sections written by another group member.

The evaluation of the system was conducted by everyone in the group during the code
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2 Background

reviews as well as testing the code continuously during the project. Johan conducted
the usability test and the result was discussed within the group before it was put into the
report.

2 Background

In this section, necessary background information will be presented together with statis-
tics that combined show the important aspects this project deals with. Throughout the
report the term birthing parent will be used for the parent that carries the child and
non-birthing parent for the parent that does not carry the child. Following the recom-
mendations from the gender-inclusive handbook produced by the Australian National
Univeristy [Uni21b, p. 11].

2.1 Negentropy and SenseTive

SenseTive is a project started by the early-stage startup company from Uppsala, Negen-
tropy. The future system they aim to build consists of a sensor kit and an associated mo-
bile application intended to be used in a home environment by parents-to-be with a high
risk for fetal mortality. Factors that determine a high-risk pregnancy are health-related
issues known before the pregnancy. These can be the birthing parents’ age, a high BMI,
or smoking, or complications that occur during pregnancy, such as a change in blood
pressure [NK18]. SenseTive aims to assist those experiencing a high-risk pregnancy
through their monitoring system, where the goal is to contribute to and help prevent
cases that otherwise could have ended with stillbirth.

The system works by placing the sensors on the birthing parent’s abdomen and wrist to
measure the heart rate on both the birthing parents and the fetus. These measurement
sessions can last up to a couple of hours. How frequently the user is going to measure
each day varies depending on the needs for the specific case. Where the frequency
relates to the risk associated with the user’s pregnancy. Therefore the usage of the
system is different when comparing between users, where the specific user instructions
will be established when Negentropy’s has tested the system with the intended users.
In the prototype created during this project, the sensors are measuring the heartbeats
of the birthing parent and fetus. In a future version, contractions and blood oxygen
levels will also be measured. The contractions will be measured via the sensor on the
abdomen, while the oxygen saturation will be measured via a sensor on the finger. The
prototype of the application visualizes the measurement for the users, while the future
version will advise whether or not a condition is normal or if it requires medical care
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2 Background

with help of machine learning. The work towards delivering a final product is divided
into many different parties with their area of responsibility. Besides Negentropy there
are partnering organizations and companies involved in SenseTive as well. These are
for instance the University of Uppsala and Uppsala University Hospital.

2.2 Stillbirths and Mortality Rates

Stillbirth is an important term throughout this report. Stillbirth describes the loss of a
baby that occurs before or during delivery. Stillbirth is not to be mixed up with mis-
carriage, even though both describe the loss of a baby. However, the time of the loss is
what determines whether or not it is considered a stillbirth or miscarriage [Cen20]. The
time which differentiates the two varies between countries, in Sweden it is considered
a miscarriage up until the 22nd week of the pregnancy, and beyond that it counts as a
stillbirth [Ben21].

According to a report from the Swedish National Board of Health and Welfare published
in 2018, the annual fetal mortality rate (number of stillbirths) in the year 2016 in Sweden
was around 3.7 per 1000 births [NK18]. The report also states that there are significant
differences regarding stillbirths depending on which county in Sweden you live in. The
reasons for increased risks are, for example, the birthing parent’s education and socio-
economic factors [NK18]. A birthing parent with lower education or belonging to a
socially disadvantaged group has a higher risk for stillbirths. Therefore, such areas
would be benefited from a solution such as SenseTive.

Considering the fetal mortality rate and that there are between 115 000 and 120 000
children born in Sweden each year this implies that between 425 and 444 stillbirths
occur in Sweden each year [Soc20]. This is more than twice the number of people
that died in a road traffic-related accident during the year 2020 [Tra21]. Traffic-related
deaths are something Sweden has a zero-vision about, meaning Sweden works towards
zero traffic-related deaths [Tra20]. Therefore stillbirths could be considered an equally
big problem or even bigger one compared with deaths in the road traffic.

In addition to the fetal mortality rate another important statistic is the maternal mortality
rate, the number of birthing parents dying as a result of the pregnancy. Sweden com-
pared with other parts of the world has a lower maternal mortality rate with around six
birthing parents annually [Lä]. The maternal deaths during the years 2011-2017 was
caused by different kinds of complications linked to pregnancy and/or childbirth [Lä].
These complications are also known as maternal morbidities, defined as: ”. . . an overar-
ching term that refers to any physical or mental illness or disability directly related to
pregnancy and/or childbirth. . . . ” [KCMR12].
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A research paper investigating the correlation between maternal morbidities and differ-
ent kind of births, meaning stillbirth and live births found that stillbirths resulted in four
times the amount of experienced morbidities compared to the live births [WW19]. The
correlation between increased morbidities and stillbirth suggest that by decreasing the
number of stillbirths, Sweden could further lower the maternal mortality rate, which
emphasizes the importance of reducing stillbirths.

2.3 The Importance of Critical Data

As mentioned earlier heart rate, oxygen saturation and contractions will be collected and
visualized in the final application. The reason for measuring these are many. The heart
rate is one important measurement that indicates the state of the body, even when you are
not pregnant [RHS20]. The reason for monitoring the heart rate for those pregnant is that
the heart must work harder during pregnancy. As the fetus grows the heart of the child-
bearer must pump more blood to the uterus increasing the amount of blood pumped
throughout the body, which increases the overall heart rate [AM19]. Even though these
changes are normal other irregularities can occur, such as even more rapid or irregular
heart rate, which is important to catch because it may require treatment [AM19].

In the same way as with the heart rate the oxygen saturation level fills a key part in
understanding the state of the body. Oxygen saturation tells us how much oxygen there
is in the blood. If the oxygen saturation in the blood gets too low there is a risk of
hypoxemia. Hypoxemia [May18] occurs when the oxygen levels in the blood are be-
low normal, which can damage organs such as the brain, heart and kidneys [HS20].
During pregnancy the use of oxygen is increased and can reach up to 20% above non-
pregnant oxygen levels, one of the reasons for this is the oxygen consumption of the
child [HFJ08]. Due to the increasing need for oxygen, the birthing parent can experi-
ence shortness of breath and if any lung conditions are present, such as asthma, there is
an interest in monitoring the oxygen levels to see if any treatment is necessary [Nat19].

Contractions on the other hand are usually a sign that the birthing parent is going into
labour. However, contractions may occur even though it is not time to give birth [Hea18].
Regular contractions may instead be a sign that the uterine muscle is tightening which
is completely normal [Hea20]. These types of contractions are known as Braxton Hicks
contractions and can vary between mild or strong contractions [Hea20]. The reason why
contractions are important to monitor is that if they occur regularly during the 20-37th
week of pregnancy it can result in preterm labour. Preterm labour is the result of these
early contractions which open up the cervix enabling a premature birth. The prema-
ture birth results in a premature baby which can face several health issues, such as: low
birth weight, breathing difficulties, underdeveloped organs and even problems with their
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sight [May19].

3 Purpose

The purpose of this project was to deliver a prototype of the application that is to be
used as a start for SenseTive. According to Negentropy, the application needed to be
available on Android and iOS mobile devices and be prepared for the implementation
of the communication with the sensor kit that is built by them. It needed to display the
heart rate of both the birthing parent and the fetus and record these readings to be seen by
the users. The prototype also needed to be prepared for the next step of Negentropy’s
development process where later versions of the sensor kit are completed and other
parameters such as blood oxygen level of the birthing parent and contractions, will be
recorded. The prototype of the application is intended for Negentropy’s clinical studies
in the autumn of 2021 where they will conduct user testing and do further research on
how the system will be used.

Negentropy’s motive with SenseTive is to help the prenatal medical system by providing
people with a high-risk pregnancy a home monitoring kit that will help detect critical
complications that can occur during the pregnancy. By letting the birthing parent per-
form self-tests, they believe that complications can be detected earlier and therefore
their consequences can be avoided.

With SenseTive, Negentropy also aims to benefit birthing parents with a high-risk preg-
nancy that is approaching their delivery and during labor. In Sweden, birthing parents
are only admitted to the delivery ward if the delivery is in an active phase. That is
when the cervix has dilated about 30 to 40 mm together with that the contractions are
regular and up to one minute long [Ben18]. As it is the midwives that decide, some
birthing parents are sent home to continue their labor work at home. Negentropy aims
to improve the experience for the parents that are sent home by providing SenseTive.
They believe that by monitoring the birthing parents during the labor work at home and
provide them with useful information and advice, the birthing parents will have a bet-
ter experience when approaching birth. They believe that the system will help reduce
pregnancy-related stress by enabling monitoring of critical data via a sensor-kit. The
goal with the monitoring is to find complications and advising when the birthing parent
is ready to go to the maternity ward. However, how the advising will be implemented is
an area that they will conduct further reserach during their clinical studies in the autumn
of 2021.

The system does not aim to replace the already existing maternal healthcare but to en-
hance it by providing a service that helps decrease the fetal mortality rate. The system
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3 Purpose

will not be a diagnostic tool, but a monitoring tool that advises the users depending on
the data it perceives. For the end-users, birthing parents with a high-risk pregnancy, the
system aims to relieve stress by assuring the parents that their baby is doing well and
advising if they should contact the healthcare for any further care.

3.1 Technical Challenges

When embarking on an application such as SenseTive there are some key aspects to
consider. The vision is to release a widely available mobile application, meaning we as
developers had to choose an adequate programming language enabling cross-platform
development.

To store data and enable a login service, we had to implement a database solution.
Together with the database, the application had to be able to access the database. There-
fore, communication between the application and backend service was necessary. Our
application is the first step in realizing the functionality to be used in the first tests of
SenseTive. These tests may result in finding necessary changes to the application when
used in its intended environment. Therefore one important aspect, and challenge, is that
the code is maintainable to enable further prototyping and development by other people.
Another challenge was to make the system scalable. By scalable, we mean the possibil-
ity to manage an increased usage of the system. Therefore the system had to be built in
a way so that it can adapt instead of crashing when faced with increased load.

3.2 Sustainability

One of the core aspects of the SenseTive application is to enhance the wellbeing of
the pregnant user. This is achieved, as explained earlier, by collecting and displaying
critical data thus pregnancy-related complications can be detected and addressed. This
is in line with what is presented in the United Nations Sustainable Development Goals
2030 (SDGs) [Uni20a]. More precisely considering the focus on health, SenseTive
contributes to UN’s SDG 3, ”ensure healthy lives, and promote well-being for all at all
ages” [Uni20b].

When considering the reproductive consequences of pregnancies the result is the du-
ality between health and gender equality. The system aims to improve women’s situ-
ation by achieving a more secure pregnancy and relieve some of the stress caused for
birthing parents with a high-risk pregnancy. This helps to promote equal health for the
birthing parent and non-birthing parent which makes SenseTive, in addition to SDG
3, also contributing to SDG 5, ”achieve gender equality and empower all women and
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girls” [Uni21a].

As SenseTive main focus is on preventing pregnancy-related issues the application more
specifically contributes to subgoal 3.1 which says “by 2030, reduce the global maternity
mortality ratio to less than 70 per 100 000 live births”. As mentioned under Section 2.2,
there is a correlation between maternity mortality and stillbirths. This implies that by
decreasing stillbirths, SenseTive will also contribute to decreasing the maternity mor-
tality ratio. Another aim of SenseTive is to offer an easily accessible service which is
the case by being present on popular mobile devices together with a sensor wearable to
all. Through this SenseTive also contributes to subgoal 3.7, ”by 2030 ensure universal
access to sexual and reproductive healthcare services” [Uni20b]. In the same way as
subgoal 3.7 handles the reproductive health aspect it is also an important part in offer-
ing overall sufficient healthcare for women, which is brought up in subgoal 5.6, ”ensure
universal access to sexual and reproductive health and reproductive rights” [Uni21a].

3.3 Ethical Dilemmas

A system like SenseTive does raise some ethical issues. Since the final version of Sense-
Tive is a product that aims to improve peoples well being, Negentropy needs to apply
for approval by the Swedish Ethical Review Authority for their planned clinical studies
in the autumn of 2021. By doing this, they must prove that their research regarding
SenseTive reaches the ethical standards of the European Commission ethical conven-
tion and therefore assure that the product and all research regarding it will be conducted
correctly.

3.3.1 Storing User Data

For the system to work, the system needs to store some user data. The stored data is
user credentials such as name, email and password, and the measurements created by
the application together with the sensor kit. The user credentials are needed to ensure
that the right user gets access to the right data. By authorizing the users, the collected
data is associated with the user and is only accessible by that user. Being a system
that manages and collects user data, it requires us to follow the General Data Protec-
tion Regulation (GDPR) [Int21], which regulates the usage and handling of personal
information. Thus protecting the users’ rights regarding the secure management of their
personal information.

To comply with the GDPR, the application ensures that the data is stored safely, and
transmitting the data is done via encrypted communication. Hence, only authorized
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people can take part in personal information. Furthermore, the user must accept a policy
that enlightens the user on what data is going to be collected and how the data will be
used. In that way, the user is aware of the intentions of the system but also gives the user
a chance to choose not to use the system if not in agreement with the policy. Finally, if
the user does not want to use the application anymore or wants to remove all personal
information the user can choose to delete all the stored data associated with the user.
Otherwise, the data will be stored as long as the user does not choose to delete the data.

3.3.2 Advising Users

Even though they get approved by Swedish Ethical Review Authority to continue with
their research, they still have issues that they and we as developers must consider. They
are, as mentioned, aiming to improve peoples well being with SenseTive, but can it turn
out to become the opposite? Do parents-to-be want to know everything about their baby,
and if something goes wrong, do they want a mobile application to tell them their baby is
not doing well? Here, we as developers have a major responsibility. We must ensure that
all data displayed by the application is displayed in a manner that does not increase stress
among the users. We also have to ensure that the application will correctly advise the
users based on scientific data and not present alarming messages. This issue is however
pushed into the future development of the system. In the prototype we developed, the
system does only supports measuring the birthing parents and the fetus heart rate and
displays these to the users. However, in future versions Negentropy aims to advise the
users to act depending on the data, even contact healthcare if needed. This increases
the need to make sure that the application shows proper information to the users. The
system must not be perceived as a diagnostic tool that can give the users a false sense of
security.

If the system succeeds and becomes a great tool for parents-to-be in their pregnancy,
there might be an issue that parents buy the system just because they want to do every-
thing they can for their baby. Even though they might not need it. As a solution to this,
Negentropy aims to distribute the system via the existing healthcare. This ensures that
SenseTive only will be used by the parents with a high-risk pregnancy, as mentioned in
Section 2.1. This will prevent the system from becoming commercialized and a product
that parents buy when trying to be the best parents they can be.

3.3.3 Economical Issues

If everything goes according to the plan for Negentropy and SenseTive is released, what
will happen then? One risk with digital healthcare is that it is more available and there-
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fore can increase the use of healthcare. For example, that patients contact a doctor more
often because a video call is far simpler for the patient than visiting a hospital or health
center, resulting in more visits and a higher cost for society.

Negentropy is a company aiming for revenue and plans to distribute the system with
an up-front fee combined with a monthly fee. In Sweden and many other European
countries, this cost would be put on society. This raises the issue of an increase in overall
healthcare costs. In other countries, society might not cover a cost like this resulting in
that the end-users or insurance companies have to pay for the system. In these countries,
users that could benefit from the system might be excluded due to economic factors.
Because Negentropy is a company aiming for revenue, there is a fact that economical
ethical issues will be created by SenseTive. However, this is an issue that perhaps is
inevitable. If Negentropy is going to build a successful system that one day saves lives,
they need revenue in some way.

3.4 Delimitations

SenseTive consists of the application with its backend service but also the sensor kit that
provides data to the application. In this project we created a prototype of the application
and backend service while Negentropy developed the prototype of the sensor kit. Due to
Negentropy’s still being under development with the sensor kit, there was no sensor kit
to test with our prototype. Instead of having an actual sensor kit to test with, we created
a virtual sensor to simulate the behavior of the actual sensor kit. By virtual sensor
we mean a sensor implemented in the code that randomizes data for the application to
visualize. Since we did not have access to the actual sensor and its Bluetooth protocol,
we could not proceed with developing the Bluetooth Low Energy communication.

Another choice we made was to limit the number of functionality implemented. Origi-
nally our stakeholders wanted us to implement functionalities that enabled social inter-
actions between users. However, we determined not the implement these. The reason
for cutting these functionalities out was because they were not crucial for demonstrat-
ing purposes. Due to us being limited in time we wanted to focus on implementing the
fundamental parts of the system. The fundamental parts were those that enabled the
users to create their profiles, start measuring critical data and store the measurement
data and finally look up previous measurements. These functionalities were considered
our primary focus so that our system got ready for the clinical studies that Negentropy
will perform, while functionalities that handled social interactions between users were
deemed secondary.
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4 Related Work

Multiple systems similar to SenseTive already exist or are under development. The com-
panies developing these systems strive to solve the same problem SenseTive is tackling:
reducing fetal mortality rate and improving the health of both the birthing parent and
the fetus.

A common approach to solving or reducing this problem is to develop systems that
allow healthcare providers and birthing parents to monitor the health of the birthing
parent and the fetus. This information can then be used to identify problems earlier than
if these systems were not present.

The following examples of related work were chosen due to their similarity with the
system Negentropy is developing. This choice was made to make it easier to differenti-
ate SenseTive’s system from other systems that otherwise may appear to be very similar.
The other systems are similar to SenseTive’s system since they collect similar data and
utilize the data to achieve a common goal. There are, however, some differences be-
tween the systems. The method of transmitting the data collected by the sensors and
what data they collect vary between the systems. SenseTive plans to measure the heart
rate of the birthing parent and fetus and eventually also contractions and the blood oxy-
gen level of the birthing parent. By also measuring the blood oxygen level, the system
that SenseTive develops will provide more information about the health of the birthing
parent and the fetus then the other systems, and will therefore allow the birthing parent
and healthcare provider to identify more potential problems during the pregnancy.

SenseTive also aims to make it easier to do the measurements by collecting data over
a relatively short time span of a few hours. A few hours is far less than at least one
of the related systems, where measurements can be as long as 48 hours. Therefore, the
SenseTive system may be more convenient for birthing parents in that regard. SenseTive
also plans to utilize machine learning in the future to help identify characteristics that
may indicate potential issues.

4.1 Phillips Avalon

Phillips has developed a single-use pod and patch intended to be placed on the birthing
parent’s abdomen. These are used to monitor the maternal and fetal heart rate, as well
as the uterine activity over a 48-hour timespan. The system is intended to be offered
to birthing parents through a healthcare provider and to be used in cases where the
parent otherwise would frequently visit the healthcare provider to do the same measure-
ments [Phi18].
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The information provided by the system’s sensors is useful to find potential problems
that may affect the health of the birthing parent or the child, that can be addressed by a
doctor.

Phillips system is similar to the one that SenseTive develops since its sensors provide
similar data and provide this data to both the birthing parent and the healthcare provider.
The SenseTive system plans to measure more types of data in the future though, which
will further differentiate it from systems such as the one Phillips developed.

4.2 Novu’s Pregsense

Novu is developing PregSense, a medical device that is used to measure maternal and
fetal heart rates. The device also has an acoustic sensor that measures the sound from
the birthing parents’ abdomen [Nuv20].

Collection and viewing of data from the sensors can be done in an application available
to the birthing parent. The data can also be viewed by a health care provider.

Novu’s system is meant to be used as a tool to identify problems during pregnancy. By
identifying problems as early as possible, it is more likely that they can be addressed.
The system is intended for pregnant women who need documentation of heart rate ac-
tivity and it is offered by healthcare providers with a prescription [Nuv20].

Novu’s system shares many similarities with the one under development by SenseTive,
such as the data it measures and how it presents the data. Both systems collect data
on, for example, maternal and fetal heart rate, which is then used to identify potential
problems during pregnancy. Both systems also allow both healthcare providers and the
birthing parent access to view the collected data. The SenseTive system plans to include
more types of measured data in the future, which in turn will differentiate it more from
Novu’s system.

4.3 Nestmedic’s Pregnabit

Nestmedic is developing a device which they refer to as Pregnabit, which consists of a
website and a device with sensors. These sensors measure the fetal and maternal heart
rate, contractions of the uterus, and fetal movements [Pre21].

The device communicates with its server wirelessly over the cellular network. The
information it collects is then accessible through a website that can be viewed by both
the birthing parent and healthcare personnel [Pre21].
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The company intends for the system to assist in finding problems early on so that they
can be addressed faster. By allowing the medical personnel access to the data collected
by the sensor remotely, the need to travel to the healthcare provider to perform the tests
on-site is reduced, which is convenient for the birthing parent. The system is intended
to be offered to birthing parents through health care providers [Pre21].

Nestmedic’s system is similar to SenseTive’s as it collects similar data and works in a
fairly similar way. The systems however differ in how the data is transmitted to the user.
Nestmedic’s system allows the user to view the data through a website and SenseTive’s
system presents the data to the user on the user’s phone. SenseTive’s system also plans
to include more sensors, so that more data can be used to assess the health of the birthing
parent and fetus.

5 Methods Used During Development

This section contains the different choices that were made to create a successful proto-
type of the application. The application is developed in Flutter [Goog] and will commu-
nicate with the sensor kit by using Bluetooth Low Energy (BLE) [Blu]. Furthermore,
the backend service is developed with the ASP.NET framework [Mic] and the appli-
cation communicates with it by using a REST [Fie] architectural style over HTTPS.
Authentication of users is achieved by using Firebase [Gooc]. Motivations to why these
choices were made are presented in the following subsections.

5.1 Development Process

For this project, we have decided to go with an agile development method. This means
that the main responsibility lies in the people doing the work and how they organize
themselves [Agi20]. When an agile development process is chosen, it is intended to
follow The Agile Manifesto, which is a set of values acting as the fundament for how
to succeed with the agile approach. As touched upon earlier, one important aspect of
the manifesto is the people working and how they interact with each other, but also
to aim towards delivering working software piece by piece. Collaboration with the
customer, or in our case the stakeholders, is the most important aspect since they are
the ones most benefited from a good result. By involving the stakeholder in the process
by incrementally showing development results, misunderstandings of the requirements
are earlier detected and fixed. In our case, the stakeholders had a wish that they wanted
to follow the development and give feedback continuously, which made us convinced
that an agile development process was suitable. Lastly, we aimed to be susceptible to
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change even though the group’s initial plan for the project was followed [All21].

Furthermore, we chose to use an agile development process instead of a plan-driven pro-
cess as this tends to deliver software with higher quality and helps to increase the success
opportunity [LMD10, HS12]. By dividing the work and ensure that operational code is
delivered at the end of each short sprint, the risk of unresolved issues decreases and de-
fects will earlier be detected compared to when using a plan-driven method [LMD10].
Furthermore, by making use of the daily meetings, knowledge is shared within the group
which helps us developers learn from mistakes early and fixing defects more efficient.

5.2 Client-Side Techniques

In the following sections, the different techniques used to develop the application are
being discussed and motivated.

5.2.1 Application Framework

The developed application is intended to be used on both Android and iOS devices
and was developed in the cross-platform framework Flutter [Goog]. Our stakeholder
suggested that we should develop the application in a cross-platform framework, and
especially Flutter, but we explored other alternatives as well. We explored if any native
language, such as Swift [App21] for iOS or Kotlin [Kot21] for Android or any other
cross-platform framework, such as React Native, [Fac] would be suitable. However, we
concluded that the suggestion Flutter was the best option for us.

We decided that a cross-platform framework was the best option because by choosing
this we decreased the time of the development as both types of devices can use the same
codebase. If the application were to be developed in a native language, two different
codebases would have to be used.

Even though React Native was a more popular choice for cross-platform mobile de-
velopment in both 2019 and 2020 [Sta], we felt that Flutter was a better option. React
Native was first released in 2015, while Flutter is a slightly newer framework released in
2017 [Fac, Gooh]. Even though Flutter is newer, it has almost reached the same popu-
larity as React Native [Sta]. Flutters popularity, the fact that it’s cross-platform and that
our stakeholder recommended it, therefore, led the group to choose it for the project.
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5.2.2 Sensor Kit Developed by Negentropy

The sensor kit that will be used together with our application is being developed by
Negentropy. The first version of the sensor kit will be using electrocardiography (ECG)
sensors for measuring the heart rate of both the birthing parent and the fetus. One
sensor will be placed on the abdomen to measure the heart rate of the fetus, while
another sensor will be placed on the wrist to measure the heart rate of the birthing
parent. In future versions, Negentropy plans to add additional sensors to the sensor
kit to to measure the blood oxygen level with optical sensors placed on the birthing
parent’s finger and use accelerometers placed on the sensor on the abdomen to measure
contractions.

Negentropy chose to use Bluetooth Low Energy (BLE) [Blu] as the communication
protocol, which is something that we had to adapt to and prepare for in the application
as well. However, other alternatives could have been considered, such as ANT+ [ANT]
or Bluetooth Classic [Blu]. Bluetooth Classic has a higher power consumption than
BLE which would result in a decreased battery lifetime for the sensor kit and mobile
device [Blu]. In terms of battery lifetime, ANT+ might have been comparable with
BLE. But since ANT+ is not supported by any iOS devices, BLE was a clear choice
[App].

5.2.3 Application-Backend Communication

To access user data between devices and authenticate users, the application communi-
cates with the backend service. The communication is via a REST application program-
ming interface (API) [Fie], which is being further explained in Section 5.3.

For the authentication of users, Firebase is also used [Gooc] in addition to the developed
backend service. Firebase is a service provided by Google [Gooa] and is a service
that offers various backend functionally, such as authentication, a real-time database,
cloud messaging, and remote configuration [Gooi]. We chose to use this service for
authentication as this functionality is crucial to be safe to use for the users. As they
promise “comprehensive security” [Good] as well as an easy implementation for various
login methods, for example, by email, by a Facebook account, or by a Google account,
we decided that this service was a good choice. According to Google, their experience
with developing authentication systems makes Firebase secure [Good]. Firebase is also
popular, and would therefore likely have been targeted by attacks multiple times already,
which would allow Google to gain experience in how they should secure it further.

We did however choose to not use Firebase for any other functionality. This because
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many of their services require the developers to pay a fee depending on how much it is
used [Goof]. Authentication is though one of their services that is free for an unlimited
amount of users.

There are other alternatives for authentication, such as Auth0 [Aut] or Amazon Cog-
nito [Ama]. Since both of these alternatives have a limited free plan, Firebase was a
more suitable option.

5.3 Backend Service Techniques

The API, or application programming interface, was developed according to the REST
architectural style [Fie] over HTTPS [Res] instead of creating a custom framework to
enable transmitting data between the server and client. This choice was made so that the
group could utilize existing frameworks to enable safe and fast communication between
the server and the client, and therefore not have to reinvent the wheel. REST was chosen
since many frameworks, libraries, and applications support developing and testing it
efficiently.

The REST API part of the backend of the system was developed in C#, using the
ASP.NET framework [Mic]. This particular language and framework were chosen since
it is popular, open-source [dot], cross-platform, performs well, is scalable, and is fast
to develop [Mic]. Its popularity is a positive aspect mainly due to there being more
libraries and help accessible online, which accelerates development. Other alternatives
are Node.js [Noda] and Flask for Python [Fla]. These are also scalable [Str], open-
source [nodb][pal] and perform well [Str]. Therefore, the performance difference of
the different frameworks does not affect the API very much since they perform simi-
larly and are all scalable. The group also had prior experience in working with C# and
ASP.NET, which allowed the group to work faster if it had been chosen. This motivated
the choice of this framework since the group otherwise would need to learn a new lan-
guage and framework, which would take time. Therefore, due to the limited of time the
group had to work on the project, C# and ASP.NET were chosen.

The API was developed so that it would be easy to switch the database management
system (DBMS) used for the database in the future. The DBMS used for the project
is MariaDB, since it is open-source [Marb], relational, fast, and offers all features
needed [Mara]. Some of these features are its support for relations between varying
kinds of data, due to it being a relational DBMS, and its support for horizontal scal-
ing [Marc]. The group also had access to an already existing MariaDB database during
this project. If an alternative to MariaDB had been chosen, such as MySQL [Ora] or
Postgres [Pos], the group would have had to gain access to such a database.
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6 System Structure

Figure 1 Overall system component diagram where the colored components are the
components developed during this project. The connections between the components
display whether the component provides an interface, a closed-end connection, or uses
an interface, an open-end connection.

In Figure 1 the overall prototype architecture is shown. The prototype of the system is
built by a layered architecture and consists of three major layers, the backend, the client,
and the API. As shown by the figure, the API provides an interface that both the client
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and the backend are using to communicate, while the client and the backend are the two
layers that contain system-specific functionality. The components that are colored in
yellow, the database, the server, the REST API, and the application, are the components
that we have developed during this project. In the following subsections, the structure
of the layers will be explained in more detail.

6.1 Client

The client is the part of the system that is intended to be seen and used by the end-users.
It consists of two parts, the application and the sensor kit, and they are communicating
by using Bluetooth Low Energy. The sensor kit is used to gather data and provides an
interface that the application is using to receive the data. The data is then stored and
visualized for the user. The first version of the sensor kit will collect the heart rate of the
birthing parent and the fetus, while later versions also will collect blood oxygen level
and contractions. The application also allows users to access their readings on multiple
devices. To enable this, the application communicates with the backend via the API
layer to authenticate users and store sensor readings.

Our responsibility was to develop the prototype of the application and make sure that it
was prepared for communication with the sensor kit built by Negentropy.

6.2 Application Programming Interface

The application programming interface (API) allows the client to connect to the server.
The group has chosen to use REST [Fie] for the client-to-server communication since
it is easy to implement in a secure way and easy to test its functionality. This is the
case since many frameworks and applications already exist that support developing and
testing an API using REST, which includes the framework the group chose. The HTTPS
protocol [Res] is used so that all data is encrypted when it is under transmission. The
data is sent in the JSON format since it is popular and human-readable. Due to JSON’s
popularity, multiple frameworks natively support it and many libraries exist to convert
to and from the format.

Firebase is used to authenticate clients by allowing the users to create an account with
an email address and password. First, the user gets authenticated by Firebase, then the
built server. Once the client is authenticated by the server, the client receives a JWT-
token [MBJ], that consists of some information that identifies the client and is encoded
by the server. It is encoded in a way that effectively only allows the server to modify
its content and not the client. This token is used to authenticate future requests made by
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the client and is validated by the server every time the client sends a request.

The connection to the server by itself does not have any state and is therefore stateless. A
consequence of this is that any server can fulfill any client request, even though it is not
the same server as the one that authenticated the client initially. This enables horizontal
scaling of the server since it enables increasing capacity by adding more servers.

6.3 Backend

The backend part of the system handles and synchronizes user data and authenticates
the users by validating their credentials. It consists of a server and a database. The
database stores all information and data generated by the users, and the server provides
a way for the clients to access the data securely and privately.

The backend utilizes a relational database to store user data since the data generated is
relational, which means that different types of collected data are related to each other in
varying ways. The database stores data such as the users’ email addresses, user device
identifiers, and data recorded by the user.

The server handles the transfer of data between the client and the database and validates
requests made by the user to ensure that the user has access to the data being accessed.
Therefore, the main purpose of the server is to give the client a secure way to access
their data and coordinate sharing of data between client’s devices.

7 Requirements

As the purpose of this project is to deliver a prototype of the application that should be
used with the SenseTive system, the majority of the requirements are that the desired
functionality is implemented and working. However, some more complex requirements
must be met for the functionality to be considered complete.

To enable the application to be used in the clinical studies and user testing planned by
Negentropy in the autumn of 2021, the user interface (UI) needs to be user-friendly.
The International Organization for Standardisation’s definition of usability is “the ex-
tent to which a system, product, or service can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified context of
use” [Int]. For the prototype of the application, the intended users are parents-to-be that
want to measure the heart rate of the birthing parent and fetus and see these readings
in a comprehensible way. To achieve this, the user interface must be designed so that it
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is intuitive and easy to use. Users with general experience of mobile applications must
therefore be able to use the system without having to, for example, read a manual or
being guided through the whole system in advance.

The application must ensure that the data stored by the application only can be accessed
by the user who stored it, or by other users that have been granted permission to view
the data. The communication between the backend service and the application must
also be secure to ensure that no malicious user can access sensitive data, such as pass-
words or tokens used for authentication. The system also needs to be scalable so that
if, for example, a healthcare provider decides to start using the system, it can handle the
increased usage.

The application must also be prepared for the next step in development. This includes
being prepared for when the first, as well as later versions of the sensor kit is completed.
The later versions of the sensor kit plan to include measurements of contractions and
blood oxygen level. The system must therefore support these measurements to an extent
that allows a future developer to easily add them to the application in order for the
system to be considered to be prepared for the next step in development. For the first
version of the sensor kit, the application needs to be prepared for the implementation
of the communication between the sensor kit and the application. For later versions
of the sensor kit, the application needs to be prepared with functionality and visual
elements that support the other parameters the system has planned to include: oxygen
level of the birthing parent and contractions. As it is Negentropy that will continue
with the development of this application, they must be able to understand the current
implementation to develop it further. The group aimed to achieve this by ensuring that
the code is of consistent quality regarding its readability.

7.1 Evaluation Methods

To ensure that the delivered prototype reached the mentioned requirements we utilized
various evaluation methods. Some of the mentioned requirements are not possible to
measure, such as whether or not the system is prepared for the next stage of develop-
ment or not. We evaluated these by using our agile development process where we
validated our development continuously with our stakeholders. Regarding the sensor
kit, we initially aimed to test the system against the prototype built by Negentropy to
ensure that they communicated properly, which eventually turned out to not be possible
due to the sensor kit not being ready for such tests.
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7.1.1 Evaluating the System

The group utilized code reviews to ensure that all code was of the same quality and
easy to understand. The intention for these code reviews was to make sure that the
application is ready for the next step in development. These code reviews focused on
some aspects, such as finding potential issues in the code that could result in crashes or
unwanted behavior, ensuring that all code is readable, that the code is well documented
and that it is consistent. This process was used by the group to attempt to achieve
code that is maintainable so that it can be expanded and improved by someone else
in the future. Such code was desired since the group considered it to be a vital part
of having the application and backend be prepared for the next step in development.
Each group member’s code was reviewed by at least one other group member and the
reviewer then forwarded comments and feedback to the group member who wrote the
code, who could then addresses the issues. The reviewing group member then reviewed
the changes again, and, if any additional issues were found, the process was repeated for
those issues. The code reviewing process used by the group loosely followed Google’s
Code Review Developer Guide [Goob].

The security of the application and backend was evaluated by utilizing unit and system
testing. The web API was also set up to only allow encrypted connections, which could
be verified to work with unit tests. Additional unit testing was used to validate that
users could not access or modify other users’ data. These tests attempted to use a JWT-
token with, for example, insufficient privileges, a modified user identifier, expiry date,
or invalid content to access the web API. The result of applying these tests throughout
the development of the system is presented in Section 11.

The backend needed to be usable by multiple users at the same time for the application
to be usable. This was evaluated by using unit testing and system testing. Unit testing
was used to validate that parts of the system work as intended, and system testing was
used to simulate a user’s interaction with the backend of the system, and ensure that the
responses the user would have received are as expected.

7.1.2 Usability Evaluation

We used usability testing to examine whether or not the prototype conforms to the ISO
definition mentioned in Section 7. To evaluate whether or not the UI of the application
is user-friendly, we made use of a participant-based evaluation. The evaluation used
was think-aloud evaluation. During this process, people with no direct association with
the project were asked to perform tasks in the system and to speak their thoughts out
loud when doing this. The tasks can be found in Section 7.1.3. The tasks were con-
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sidered successful in two ways: if the participant completed the task successfully and
if the participant completed it within a specified time. This method was used since it
reveals issues and obstacles in the user interface that people with no prior experience of
using the system encounter. The participants in the evaluation are called Participant 1,
Participant 2, and Participant 3. Participant 1 and 2 are in the age group 55 and above
and have little or no technical experience, while Participant 3 is in the age group 20 to
30 with general technical experience.

7.1.3 Think-Aloud Evaluation Tasks

The following tasks made the user test the main functionality of the application. Each
task was first run by us developers and a time of the execution was recorded. A max
time was decided for each task proportionally to the time it took for the developers to
perform the tasks. The max time was chosen to be greater than the developers time to
allow the testing participant to speak their thoughts and learn how the system works.

1. The first task for the user focuses on testing the login and logout functionality of
the user interface. It starts and ends at the login page (Figure 2a). The maximum
time to complete this task is estimated by us developers to be 1 minute and 10
seconds. The participants were asked to perform the following steps:

(a) Create an account.

i. While creating the account, read the Privacy Policy.

(b) Log in with your account.

(c) Logout from the application.

2. The second task starts at the home page (Figure 3a) and ends at the history page
(Figure 4a). It focuses on running and analyzing a measurement. We developers
estimates that the maximum time required to perform this task is 1 minute and 30
seconds. It consists of the following steps:

(a) Start and run a measurement for 20 seconds.

(b) Stop the measurement.

(c) Find the birthing parent’s maximum and average pulse in the recently cre-
ated measurement.

(d) Find the birthing parent’s pulse at 10 seconds.

(e) Navigate back to the page with all previously created readings.
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3. The third task primarily evaluates the history page. It starts on the home page
(Figure 3a) and ends at the history page (Figure 4a). The maximum time needed
to perform this task is estimated to be 1 minute and 10 seconds. During this task,
the participants perform these steps:

(a) Start and run a measurement for 10 seconds.

(b) Stop the measurement and find it and your previous readings.

(c) Filter the measurements so only the readings created today are visible.

(d) Sort the readings so the oldest are on the top.

(e) Remove the oldest reading.

4. The final task evaluates how easy it is to find information in the application and
how easily the user can remove its account. It starts at the home page (Figure 3a)
and ends at the login page (Figure 2a). This task is estimated to take at most 55
seconds, and consists of the following steps:

(a) Find general information about SenseTive.

(b) Find the answer to question number 3.

(c) Remove your account.

8 SenseTive Mobile Application

In the following sections, the application and how it is implemented will be explained
in more detail. First, the user interface of the application and how the application is
intended to be used are explained. This is then followed by explanations of how the logic
behind the user interface and the main functionality of the application is implemented.

8.1 User Interface and Usage

In this section, the user interface (UI) of the application is shown and the usage is
explained. The images shown are images taken from an iOS device, but the UI of the
application is the same even if an Android device is used.
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8.1.1 Sign In or Create Account

In Figure 2 the page which the user first meets when opening the application is shown.
On this page, the user can choose to sign in to the application by entering the user
credentials and pressing the “Login”-button, or chose to create an account by pressing
the “Create Account”-button. The images, both background and SenseTive-logo, are
provided by Negentropy. In Figure 2b, the user has pressed the “Create Account”-
button, which makes the application pop up a form that enables the user to enter the
credentials he or she wishes to create an account with. The user must also accept the
privacy policy, which can be displayed by pressing “Privacy Policy”, before creating an
account. If any error occurs during login, or when creating an account, the user is met
by an error message.

8.1.2 Make a Measurement

When the user signs in for the first time, the application displays a simple welcome page
that prompts the user to enter his or her full name. If the user has already entered a name
earlier, the page shown in Figure 3 is shown. This is the main page of the application
and allows the user to make a reading. In Figure 3a, the application is connected to the
sensor kit, and the application is ready to start measuring. By pressing the “Play”-button
in the center the measuring begins, which is shown in Figure 3b. When the measuring
has begun, the heart rate of the fetus is shown in the heart symbol. The user can either
pause the measurement by pressing the left button or stop by pressing the right button.
When the user presses stop, the measurement is stopped and stored.

8.1.3 Analyze Readings

If the user wants to see the details about any created readings, he or she can navigate
to the “History”-tab by using the bottom navigation bar. In Figure 4a, the user has just
navigated to the “History”-tab, which shows the users all completed readings. Here
the user can filter the readings by date by pressing any of the tiles at the top. The
readings can be filtered by readings completed today, within seven days, within four
weeks, or show all readings. By pressing the button below the filter tiles, the user can
choose to sort the readings shown in the list. In Figure 4a, the user is sorting by most
recent reading. The other alternatives are to sort by oldest, longest duration, or shortest
duration.

In the list, each reading has some general data shown. It is shown when the reading is
conducted, date and time, how long the reading lasted, and also the average heart rate
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(a) What the user meets when starting
the application without being signed
in. In this figure, a fictive email and
password is entered by the user.

(b) When the user wants to create an
account it needs to enter the creden-
tials shown in this figure and accept
the privacy policy.

Figure 2 The first page the user meet when opening the application for the first time.

of the birthing parent and fetus. The user can delete any reading by swiping the reading
to the left. When this is attempted, a warning message occurs which forces the user to
actively choose to delete again. If the user presses a reading in the list, the user will
meet the page shown in Figure 4b. This page shows the details about the reading and
the user can choose to see the baby’s reading, or the birthing parents reading by pressing
on the respective tab at the top of the screen. The details shown about the reading are
what date and time the reading occurred, the duration of the reading, and details about
the measured heart rate. The minimum, maximum and average heart rate is displayed,
as well as a graph that displays the heart rate over the time of the reading. To return to
the “History”-tab, the user simply presses the back button in the upper left corner.
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(a) This is the main page of the appli-
cation and the page which will allow
the user to make a reading.

(b) When the user presses the “Play”-
button, the measuring will start and the
measured heart rate will be displayed.

Figure 3 The page where the user can make a measurement.

8.1.4 User profile and General Information

If the user navigates to the “Profile”-tab, the user meets the page shown in 5a. In this
figure, a fictive user is signed in and a free profile picture provided by Pixabay is cho-
sen [Pix21]. Here the user can edit the profile, either change the profile picture or ask the
application to remove the account. This is reached by pressing the “Edit profile”-button
below the profile picture. The user can also choose to sign out from the application by
pressing the “Sign out”-button to the right of the “Edit profile”-button.

Below the user information, the user will be able to retrieve general information about
pregnancy or contractions, as well as frequently asked questions or general information
about SenseTive. How this information is shown is displayed in Figure 5b. Currently,
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(a) All readings are found in the
“History”-tab. Here the user can fil-
ter the readings by date and sort them
by multiple factors.

(b) When a measuring session is cho-
sen, the user is shown the details.

Figure 4 The pages that shows the user details .

the information is just fill-text, but Negentropy can add any chosen text.

8.2 Implementation of the Logic

To make the application modular and susceptible to future changes we decided to build
the application prototype using the business logic components (BLoC) pattern. This
pattern was first presented at the DartConf 2018 conference[Soa18] and is a layered
pattern that separates the UI from the logic, as shown in Figure 6. The BLoC module
contains all logic that’s needed to fetch and process the data before it is passed to the
UI where it is visualized to the user. This pattern is used consistently for all logic in the
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(a) This page shows the users profile
and allows the user edit the profile or
sign out. General information regard-
ing pregnancy and SenseTive is also
found here.

(b) How the general information will
be shown. Here, Negentropy can
choose to enter the information that
they wish to display.

Figure 5 In these pages, the user can see or edit the user account or get general infor-
mation.

application and the following sections will explain the implementation of each major
logic part.

8.2.1 Authenticating the Users

As mentioned in Section 5.2.3, the application is using Firebase to authenticate users.
As the authentication process is quite complex, it is visualized in Figure 7. The figure
shows the application’s authentication sequence for a new user at a high level. The
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Figure 6 A general visualization of the BLoC pattern. The arrows visualize how the
data is moved between the UI module, BLoC and Data service. The UI presents and
collects data from the user, the BLoC processes the data, and the Data service stores or
provide the data.

sequence is a typical use case when a new user is creating an account and signs in to
the application. This implementation follows the recommendations of implementing the
Firebase Authentication in Flutter [Gooe].

When the user creates a new account, the application first collects the user credentials.
Then, by using the Firebase Authentication SDK, it sends the credentials to Firebase,
as visualized in the figure. Firebase will then verify the credentials and create a new
account on Firebase for the user. When the account has been successfully created, the
application uses the Firebase SDK to send a verification email to the user. By doing this,
the system forces the users to prove that they have access to their used email addresses
before they can access the application. If any errors occur during this process due to,
for example, network issues or not a valid email address, the application will handle this
error by showing the user a proper error message.

When the user has verified the email, he or she can sign in to the application by entering
the user credentials. As visualized in Figure 7, the application verifies the credentials
by using the Firebase SDK and if the credentials are valid, the SDK enables access to
a unique Firebase user token. If the credentials are invalid, an proper error message
is shown to the user. When the user has received a valid token from Firebase, this is
sent to the backend service to prove that the user is authenticated. The backend service
then verifies this token with Firebase and if valid it returns a JWT-token. This token
is encrypted by the application and stored locally on the device by using Flutter Secure
Storage [Sap], an open-source Flutter package for storing data in secure storage. Finally,
the user is signed in to the application.

Next time the user opens the application, the login BLoC verifies the date of the stored
JWT-token. If the date is valid, the user is signed in to the application without any
need for action. If not valid, the user has to enter its credentials again to receive a new
JWT-token from the backend service. This is however not visualized by Figure 7 as this
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figure is intended to visualize the authentication sequence for new users.

Figure 7 A visualization of the flow within the system when a new user is authenticated.
The sequence is further explained in Section 8.2.1.
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8.2.2 Measuring Using the Sensor Kit

When the user’s application is connected to a sensor, which in our prototype’s case is
a virtual sensor, a screen with a start button is shown. This screen and button is shown
in Figure 3a. Pressing the start button starts the measuring of the heart rate of both the
parent and fetus. This also starts a timer that tells how long into the measurement the
user is. When a measurement is started, the virtual sensor will randomize a value for
the birthing parent and the baby’s heart rate each second. To visualize what is going
on for the user, the screen displays an animation showing the current heart rate that is
measured. While the timer is running the user can choose to stop the measuring by
pressing a stop button. If so, the gathered data together with the duration is stored,
completing the current measurement. The data that is stored is refereed to as a reading.

Because the timer marks the start and end of a measurement it can be seen as the deter-
mining component of the measuring process. The timer logic is controlled by a BLoC
module where the timer can be in different states that trigger different events. Depend-
ing on the state different actions are available, meaning the displayed buttons change.
In the beginning, the timer is in its initial state with the mentioned start button. Pressing
the start button makes the timer go into its running state triggering an event that makes
the timer count upwards. While in the running state the user can either choose to stop
or reset the measuring. This is achieved by pressing either a stop button or a pause
button. If the stop button is pressed the timer is taken to its final state completing the
measurement. After this, the state is reset for future measuring.

It is beneficial to use this state-event relationship because new states could easily be
implemented together with the desired event. For example, a new button could be dis-
played representing the new event. Therefore this approach makes it easy for future
developers to add or remove functionalities connected to the timer.

8.2.3 Storing the Readings

When a reading is completed, which is explained in Section 8.2.2, the application stores
the reading both locally and remotely on the backend service database. The local copy
is stored in a file on the device that is associated with the user. Each user has a private
file that is related to the user by the id retrieved from the JWT-token from the backend
service. As the file is related to each user by the unique user id, which is only retrieved
from the backend service after the user is authenticated, the application ensures that
only the user can access the data. The data is stored in JSON format which is natively
supported by Flutter.
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When a reading is completed, the file stored on the device is read, the JSON data con-
verted to data classes in Flutter, and the reading is added to the data. Finally, the data
is converted back to JSON and written back to the file. As soon as the reading is stored
locally, the application sends the new reading to the backend service by using the web
API. The backend service then stores this reading in its database. This enables the appli-
cation to show readings across devices for users that are signed in on multiple different
devices.

9 Backend Service

The backend of the system is developed to be scalable and versatile. It consists of two
parts: the web API and the database, where the API and the database schema were de-
veloped during the project. For the system to be scalable, both of the two parts must be
scalable. The DBMS, MariaDB, is already scalable in multiple ways. One example of
horizontal scalability offered by the DBMS is its support for sharding, which allows the
database to be split into separate parts that can be hosted on different servers [Marc].
Scalability can be achieved for the API by making it stateless, so that the API instance
used by a client is completely interchangeable. Finally, versatility is achieved by devel-
oping the API in a modular way, so that different parts of the API can be modified or
swapped without affecting the rest of the system.

9.1 Web API

As previously mentioned, the web API was developed to be accessed using REST. Dif-
ferent functionality of the API was split up over different web addresses, so that, for
example, account-related features were located under the account path, and reading re-
lated features under the reading path. This separation was natively supported by the
ASP.NET framework used for the web API and allowed the clients to directly access
the desired part of the API easily.

Some parts of the API, such as the account-related part require the user to be logged
in to be accessed or modified. User authentication is initially done as mentioned in
Section 8.2.1. Once the user has acquired the JWT token mentioned in that section,
future authentication is done using only the token by the server. The server can verify
that tokens have not been tampered with by feeding the token and a secret key through a
hash function and then validating that the resulting hash is the same as the one contained
in the token. If the user had tampered with the token, this would result in a different
hash being produced, which the server would then reject.
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All parts of the API can be accessed in different ways. The client can use different
HTTP methods to perform different actions. One example of such an action is GET,
which is used to only retrieve information from the server. Two other frequently-used
HTTP methods are POST and DELETE [F+]. POST allows the user to post information
to the server, such as, for example, new account details. The DELETE method allows
the user to delete information from the server, such as a reading or their whole account.

The web API is stateless, which means that it does not store any information by itself.
The reasoning behind the decision to make the API stateless is that a user does not
have to use the same web API instance for all requests, and can instead access different
instances for each request if more than one exists. This allows for more horizontal
scalability of the system in the future if the number of users grows, since the web API
part of the system can be expanded by adding more instances of it.

Due to the API’s statelessness, the user information must be stored somewhere else.
The group chose to use a relational database to store information, since the data users
generate is relational. The web API accesses the information stored in the database by
opening a connection to the database in every user request where information from the
database is requested. Since multiple database connections are used, different requests
to the API can access database information concurrently.

Each request to the API is also handled in its own thread, which means that multiple
requests can be processed concurrently, and even in parallel if the processor that is used
to host the API supports it. Therefore, each request can be processed once it is received
without having to wait for other requests to finish processing.

9.2 Database Design

The database is designed to store user-generated information as efficiently as possible.
Since the data generated by users are relational in the sense that different types of gen-
erated information relate to each other in different ways, a relational database is used.
This allows different kinds of stored information to relate to each other, and certain con-
straints can be applied to the relations. For example, the readings a user has collected
have a relation to the users account and a constraint is placed on this relation to ensure
that no reading can be added without a reference to a valid account.

The different kinds of information are stored in different tables in the database. These
tables are for example user accounts and readings. Some of the information stored
has properties that identify it, such as the account identifier that uniquely identifies an
account. Such identifying data is indexed so that it can be accessed as efficiently as
possible.
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10 Evaluation Results

The system was evaluated with the evaluation methods mentioned in Section 7.1. Sys-
tem and unit testing was applied throughout the development process. Those methods
allowed the group to find multiple issues that would otherwise likely have not been
found. This then helped the group in producing a more user friendly and error-free
system.

The code reviews also helped the group address potential issues throughout the devel-
opment that could have otherwise impacted the result negatively. Such issues were both
logical errors in code and issues related to the readability and maintainability of the
code. Since this evaluation method was used throughout the development of the system,
the issues could be fixed once they were spotted. This helped the group to achieve a re-
sulting system that according to the group is prepared for the next step of development.

Usability tests were carried out to examine the user interface (UI) of the system. These
tests showed that UI is usable, and also has room for improvements. Therefore, ac-
cording to the group, the requirement of the system being user-friendly was sufficiently
met.

10.1 Think-Aloud Results

The results of the think-aloud evaluation are presented in Table 1 that is found in the Ap-
pendix. The results show that most tasks could be completed in the estimated timespan,
although some of the participants failed some tasks. This shows that the user interface
of the application, although usable as is, has room for improvement. Examples of areas
with room for improvement are deleting an account or reading, which the tests proved
to be hard, especially for users with less technical experience.

As shown by Table 1, Participant 3 managed to complete all tasks and within their
maximum time limit, except for the time limit for Task 1. The reason for failing this
time limit was due to misspelling when entering user credentials. The participant did
not express any concerns regarding the design and its functionality.

Participant 2 managed to pass all tasks, but only managed to pass one of the time limits.
The time limit for Task 2. The reason for failing the time limit was that it was difficult
to find the different functionalities. The participant expressed difficulties in deleting a
created reading at the history page, shown in Figure 4a. The participant expressed that
this functionality could be considered as hidden since it is found by swiping a reading
to the left, which the participant did not think was intuitive. The participant did instead
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navigate into the screen showing the details about a reading, shown in Figure 4b, where
no option for deleting the reading is present. The participant also took a long time
finding how to delete the account in task 4. This was due to that the participant first
signed out of the application and needed to sign in again to complete the task. The
participant expressed that it was hard to understand that it was to be found under “Edit
Profile”, shown in Figure 5a.

Participant 1 passed the majority of the tasks, but some functionality was not found
leading to some failing results. On Task 2, Participant 1 failed to stop and save the
measurement, leading to a failing result for all following subtasks. The participant
expressed that it was not clear that the stop button was needed to be pressed to store the
reading. Instead, the participant pressed pause and believed that the measurement was
stopped. On Task 3 and 4, Participant 1 failed to find the last functionalities for each task
and it was decided that the participant failed these subtasks. The participant did express
similar concerns as participant 2 regarding deleting a reading and acted similarly when
trying to complete the task. Regarding task 4, the participant also first signed out from
the application when trying to delete the account. Then the participant expressed that
the functionality for deleting an account could not be found and simply gave up the test.

11 Results

This project resulted in a prototype of the application SenseTive with an associated
backend service. Negentropy, the company behind SenseTive, intends the final system
to be a monitoring system used by parents-to-be that complements the already existing
maternal healthcare. The final system will measure the heart rate of the birthing parent
and fetus, oxygen levels of the birthing parent, and contractions. By doing this, the
system aims to detect complications during pregnancy early to be able to prevent the
consequences.

The application developed during this project is intended to be a foundation for the
upcoming clinical studies that Negentropy has planned for the autumn of 2021 where
they will perform user testing and collect data.

The first version of the sensor kit that is under development by Negentropy will have
the ability to measure the heartbeat of the birthing parent and fetus. The application
developed during this project has the functionality to virtually create these readings
with a simulated sensor kit that measures the heart rate of the birthing parent and fetus.
These readings are visualized in the application in a comprehensive way and are stored
both locally and remotely in the backend service database. By storing the data both
locally and remotely the user can see the readings on different devices. To make the
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system more secure and ensure that only the user can reach the stored data, each user
is authenticated by letting them create an account with email and password and all
communication between the backend and application is encrypted.

To test the usability of the user interface a think-aloud evaluation was conducted. The
results from the think-aloud evaluation are presented in Table 1 in the appendix and
these showed that there was a difference in how the different participants managed to
pass the predetermined tasks and how long time it took. However, the overall impression
from the results points to that the users can perform the necessary tasks to use the system
in a meaningful way.

The results regarding if the prototype is ready for the next step of the development
where Negentropy takes over the development is considered successful. By utilizing
code reviews throughout the project, the code produced is consistent, readable and well
documented. Characteristics that will help Negentropy to understand the code and fur-
ther develop the prototype. The application is prepared for the implementation of the
communication with the sensor kit by having a well-defined interface that operates to-
gether with the rest of the application, which allows implementation without having to
change any other parts. Furthermore, the requirements for the system to support ad-
ditional future measurements were also met, since the group included visual elements
supporting such measurements as well as support for storing them in the backend.

When this project started we and Negentropy had the ambition to test the application
against the physical prototype of the sensor kit. Unfortunately, this did not happen due
to that the sensor kit and the communication protocol over Bluetooth Low Energy are
still under development. This resulted in that we were not able to test the application
against the physical version of the sensor kit but instead simulate this by having the
application randomize data where it is intended to collect data from the sensor kit. The
application is however prepared for implementing this communication and more details
regarding this can be read in Section 13.

Unit and system testing was utilized throughout the development of the system. These
tests helped the team locate and fix logical issues in the whole system. As a result of
utilizing tests continuously, the resulting system passed all implemented tests success-
fully.

The purpose of this project was to deliver a prototype that is intended to be used by
Negentropy in their clinical studies and user testing. The application produced during
this project has currently reached the level of completeness to be capable of partaking in
the user tests and thus enables Negentropy to continue with the development of the final
system. However, due to the sensor kit is still being under development and that the
application is currently virtually simulating this communication, the tests where they
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aim to use their sensor kit will be limited until this functionality is implemented in the
application.

11.1 Discussion

The results show that this project has succeeded in delivering a prototype that fulfills
the requirements needed to start clinical studies. The clinical studies are where our
stakeholders will test the concept of SenseTive by using the prototype we have created.
The reason for this is because the prototype in its current state enables a user to go
through the process of creating an account, perform reading that can be stored, lookup
previous measurements and change user information. We believe this is enough of a
foundation to let Negentropy see how SenseTive would look in real user situations and
enable further development. Even though the result shows that the project has resulted in
a successful prototype, there is still room for improvements and learning opportunities.

11.1.1 System- and User Interface Improvements

At first, the ambition when the project started was to have communication between the
application and a sensor kit via Bluetooth Low Energy. However, due to the actual
sensor kit still being under development, we had to reconsider our solution and instead
created a virtual sensor internally in the application that fed data to our system. As this
decision occurred late in the development process it is reasonable to think that it perhaps
was not the best solution. A possible alternative solution could have been an external
virtual sensor program that transmitted the virtual data over Bluetooth. By doing this,
Bluetooth communication could have been implemented more completely. Now the
application does not connect to any other devices but instead randomizes the values for
the readings internally.

Although different implementation decisions could have been made the prototype is
fully functional. However, if we consider the current user interface we see that certain
areas could be improved. It is not strange that the design lacks in some places due
to the main focus being on delivering functionality. As far as being a prototype the
visual aspects of the application does its job, but to provide a more enjoyable experience
using the application we believe some things need change. To detect which parts of the
user interface were candidates for change we conducted a think-aloud evaluation. This
evaluation was conducted to test the usability of the system. The evaluation resulted in
finding the strengths and weaknesses of the user interface.

In detail, the results showed that the performance of the participants varied. Both in
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actually completing a task but also the time it took to complete a task. Therefore if we
examine the results for the individual participants the system could need improvements
when it comes to certain tasks. For instance, the task to remove an account turned out to
be hard to perform. In addition to removing an account, the process of performing and
analyzing a measurement was not clear for all the participants. The parts of the system
that resulted in failed performances are those that primarily should be focused on if
changes are needed. However, when looked upon collectively the results indicate that
the system could be used and that the tasks overall could be performed. To make sure
that the system without any doubts can be used as intended we would need to evaluate
the system with more participants.

In Section 7.1 we mention that the age and technical experience varies between the par-
ticipants. The third participant, which is between 20-30 years old, can be seen as more
representative of the intended user. Whereas the other two participants that were 55
years or older perhaps are not the primary group of users. The evaluation performed
by participant 3 and the result presented in table 1 shows a perfect result by completing
all tasks. Even though participant 1 and participant 2 necessarily are not considered the
main end-users, their experiences should not be discarded. For instance, participant 2
experienced it hard to find how to delete a reading where a swiping left on the read-
ing did not feel intuitive. Instead, the participant navigated to the screen where more
details are shown about a reading hoping to find the option to delete the reading there.
By taking all participants experiences of the system into account and the result of their
evaluation, difficulties using the systems that may seem as non-problems could be elim-
inated improving the experience for even the most technical person. Also, discarding
people’s experiences based on age and technical experience is not the best approach to
prepare a system for all potential users.

Further on, the result of the evaluation showed that the prototype performed mostly well
in the think-aloud evaluations, but some usability issues were found. These issues are
though considered to be minor and can easily be fixed to ensure that future versions of
the system enables all people to use the system in a meaningful way.

11.1.2 The Ethical Dilemmas

As touched upon throughout the report, pregnancy is a sensitive subject with many eth-
ical aspects to it. Therefore, it has been important to approach this project consciously.
Also, as engineers, there is a major responsibility in what is delivered and how it af-
fects the users, where we cannot blindly follow the request of our stakeholders without
considering the effect of these requests. It is hard to know whether or not the applica-
tion fully manages to satisfy all the ethical aspects before it has been fully tested with
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the intended users. Even though we cannot determine how well the prototype performs
ethically now, we are confident that we have done our best in approaching the ethical
dilemmas brought up in this report.

The ethical aspects of this project have influenced our decision-making during develop-
ment. We have tried to limit our assumptions about the users by keeping the prototype
gender-neutral. This was achieved by using gender-neutral terms when addresing the
user inside the prototype in the same way as this report has used gender-neutral terms.
Another way of making sure that our prototype enables a good experience was by eval-
uating the user interface, as mentioned earlier in this section, to make sure that what we
have designed does not complicate things for the users.

One important experience we take with us from working with a sensitive subject such as
this is to avoid making decision where we have no competence. For example, the future
version of the SenseTive application aims to assist the user, if needed, by giving advice
based upon the measurements of the user. These kind of functionalites was something
we wanted to avoid as much possible, because giving medical advice and developing
such functionalites is something that requires deep knowledge of the subject which we
did not have. Therefore, one way to handle subject with many ethical dilemmas is
to limit yourself in what ethical choices you are required to make. Especially when
working with a start-up company or with an early stage product where all details are
not decieded yet, which may be details you need access to in order to make a decision
regarding an ethical dilemma.

12 Conclusions

As mentioned in Section 11, the prototype system produced during this project al-
lows Negentropy to continue the development of a system that parents and healthcare
providers can use to monitor the health of both the birthing parent and the fetus. The
prototype produced allows them to easily implement the communication between the
application and sensor kit when they have completed their development. Therefore, the
system will be able to act as a foundation for their clinical studies in the autumn of 2021

The resulting system is useful as a prototype to use for user testing, and as soon as the
sensor communication is implemented, it can be used for testing the sensor kit as well. It
is capable of including more types of measurements in the future which in combination
with a physical sensor kit eventually could help improve the health of birthing parents
and their future children.

The system was developed with scalability and code maintainability in mind. It is also
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partly modular and could therefore be expanded with more functionality in the future.
Some specific functionality was, apart from the communication, more metrics, such as
blood oxygen level and contractions, and also other login methods. The group therefore
made preparations to allow for easier inclusion of these features in the future.

Throughout the project, the group encountered multiple problems. The lack of time to
work on the project prevented the group from adding and finishing features that had
been initially planned to be included, which resulted in less functionality than planned
being usable in the finished system. Examples of such functionality are the ability to
connect to the physical sensor kit and social interaction between users in the applica-
tion. Another setback the group encountered was not having access to the sensor kit
Negentropy developed. As a result of this and the lack of time, the group could not fully
implement the connection to the sensor kit, which is a vital part of the prototype. The
application is however prepared for this implementation which will allow Negentropy
to finish this as soon as their sensor kit is completed.

13 Future Work

As mentioned in Section 11.1, we did not manage to make the prototype communicate
with a sensor via Bluetooth Low Energy (BLE). Focusing on implementing this support
is one of the first things that should be done, thus enabling the prototype to collect actual
data from the sensor that Negentropy is developing. Currently, the application’s BLE
service and its API are implemented and documented, meaning that the other parts of
the application that use this act as if the BLE service is implemented. But currently, the
BLE service is just randomizing data. However, due to our preparations to integrate the
BLE communication this process is simplified for future work.

Furthermore, the user interface could possibly be improved to further improve the users’
experience of the system. Either by addressing the results our development team found
during the think-aloud evaluation or conduct another evaluation with more participants.

Other possible future works would be the functionalities regarding social interactions
between users. These include making it possible for different users to share their pro-
files. This would enable those having a child together to both take part in the process
of monitoring the health of the birthing parent and the child. Together with this, the
intention is to allow real-time sharing of measurement between users that have shared
profiles with each other.

The login service our prototype offers is through email and password. But if the appli-
cation is going to be distributed via the existing healthcare another login solution could
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be used that perhaps is provided by the healthcare.

Considering the future work mentioned in this section we think that SenseTive has come
a long way already, and addressing these future works will help take SenseTive closer
to be a finished system.
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A Think-aloud test results

Task Participant 1 Participant 2 Participant 3
1.a Passed Passed Passed

1.a.i Failed Passed Passed
1.b Passed Passed Passed
1.c Passed Passed Passed

Total time 3 minutes and 54 seconds 4 minutes and 30 seconds 2 minutes
2.a Passed Passed Passed
2.b Failed Passed Passed
2.c Failed Passed Passed
2.d Failed Passed Passed
2.e Failed Passed Passed

Total time 1 minute 1 minute and 10 seconds 1 minute
3.a Passed Passed Passed
3.b Passed Passed Passed
3.c Failed Passed Passed
3.d Passed Passed Passed
3.e Failed Passed Passed

Total time 2 minutes and 54 seconds 1 minute and 12 seconds 46 seconds
4.a Passed Passed Passed
4.b Passed Passed Passed
4.c Failed Failed Passed

Total time 1 minute and 56 seconds 2 minutes and 45 seconds 25 seconds
Table 1 Results of whether or not testing participants successfully performed the sub-
tasks and the total execution time for each task.
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