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Abstract

This paper describes and develops an information system for health monitoring, which is
implemented as an application for Android. During the development of this system, an analysis
of the problem was carried out, which showed that now this problem is more relevant than ever
because humanity has taken a big step away from industrial society where people have led an
active life because in the digital age where most people stop moving and increasingly sit in the
office and lead a sedentary lifestyle. As part of this work, a systematic analysis of the project
was conducted in which the basic architecture of the application for a smartphone based on
client-server architecture was developed. UML diagrams of classes, use cases, sequence
diagrams, components, and activity diagrams were created, allowing us to investigate the
designed system in section and describe the procedure more detail before development. A goal
tree was also built, which answered the question of what type of system is being developed.
The plan was decomposed from which more detailed aspects of it became clear. The analysis
became clear on organising the Internet through a global network for further use and integration
into the system. A graphical interface has also been developed for the user to interact with the
system via the Internet to access and monitor user health data from anywhere globally. The
system is based on parameters set by the user, such as height, weight, the purpose of the system,
age, number of calories that the user wants to consume, number of calories that the user wants
to burn, etc. Similar systems from global manufacturers were also analysed. It became clear
that many well-known companies were developing their solutions in this direction, as health
monitoring and control is an essential aspect of human life.
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1. Introduction

For a long time, people have been thinking about their physical health and maintaining and
improving it in proper condition. And even in those ancient times, people realised that the way to a
healthy lifestyle lies through exposing their body to constant physical exertion.

After the onset of technological progress, intellectual labour gradually came to replace physical
work, which in one way or another supported the physical condition of a person, which not only does
not contribute to the physical development of a person but also brings with it many new physical
diseases that previously did not arise due to physical labour. Now many people perform sedentary work
and do not monitor their health properly. Often this is due to diseases of the musculoskeletal mechanism
or joint inflammation. That is why health care systems are now more relevant than ever [1-9].

After analysing the market, it became clear that not so many healthcare systems provide “all in one”:
a nutrition program, a physical training system, online trainers, and a sleep schedule [1-9]. And there
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are no systems that combine tracking nutrition, the amount of water consumed and training programs
in one place, so it was decided to develop such a system. It needs to focus and consider exactly similar
applications that provide various kinds of content, fitness and health. for example, Adidas Training by
Runtastic, Fitbit Coach. They are worth considering because they give a person free access to many
training methods, in the form of photos, videos, and audio, and the ability to interact with other people
via the Internet in the form of text messages, comments, posts, and posts and video calls. This extensive
access to such information looks like an incredible opportunity.

Many people exercise and monitor their health to lose weight, or vice versa, gain it. Everyone knows
that playing sports is one of the components of a healthy lifestyle. Many people have heard that playing
sports improves sex life, reduces cancer risk, improves skin condition, etc. To not be unfounded, we
will tell you about the most beneficial and positive changes that sports bring to our lives. First, sports
reduce the risk of insanity and dementia. Studies conducted over the years have clearly shown that by
regularly exercising, a person improves the state of their brain, maintains the mind and consciousness
in the right shape. Second, physical activity improves cognitive function in older adults and thus reduces
the risk of developing cognitive impairment. In particular, dance classes that require good memory and
concentration are beneficial for people at risk of Alzheimer’s disease. Third, preventing muscle loss
with age, it becomes increasingly difficult for a person to build significant mass, and at the same time,
our muscles begin to break down faster and faster over the years. Therefore, to not feel like a “weak
grandfather” in old age, a person needs to exercise regularly. Exercise not only prevents the destruction
of muscles but also allows them to build up. Ultimately, it improves your metabolism, gives you more
strength and endurance. Fourth, reducing the risk of developing osteoporosis no matter what kind of
sports you do, in any case, it has a healing effect on the bones. Sports strengthen the bones, which helps
to avoid osteoporosis in older age and prevent fractures during falls.

Any sport contributes to this, but the most useful ones are weightlifting, jogging, hiking,
mountaineering, step aerobics, dancing, and tennis. Reducing anxiety and stress if you are in a bad
mood, you are subject to frequent stress, then you just need to exercise regularly. The fact is that during
exercise, endorphins and neurotransmitters are actively released, which help to get rid of depression. In
addition, an increase in body temperature allows you to calm your nerves. Increased work and mental
performance exercise are essential for improving your overall quality of life and performance. It is a
physical activity that allows you to increase self-confidence, increase overall tone and productivity. A
study conducted by the American College of Sports Medicine found that 65% of respondents reported
improvements in all areas of life after they started exercising regularly.

Regular physical training significantly reduces the risk of diseases in all age categories. Reducing
the risk of stroke and the severity of the stroke, no one is 100% immune from a stroke. However, playing
sports can significantly reduce the risk of stroke. But even if it did occur, its severity will not be so
intense compared to those who do not engage in active physical training before the stroke. Any sport is
good in its way, but before you choose it, you need to know the opinion of experts. Therefore, a trip to
the doctor is mandatory. First, it is necessary to clarify the presence of chronic diseases and injuries.
After that, if you are a novice amateur, it is better to find a trainer, at least for the first time, and he will
select exercises that do not contradict your state of health. The system will consist of two parts. The
first part is the server part, where all user information will be stored and processed. And the second part
is a mobile application, where the processed data will be displayed in a user-friendly form.

e  The “food” menu will provide information about the food consumed, as well as the protein, fat

and carbohydrates in it.

e  The “water” menu will provide information about the amount of water consumed.

e  The “training” menu will provide access to trainers and their classes that can be performed.

This menu will also give you access to a chat with the coach whose classes the user paid for.

e  The “sleep” menu will provide information about the quality of your sleep. In this menu, you

can adjust the number of hours for a comfortable sleep, and in the future, the application will

determine the exact number of hours you need.

e  “Rush!” is a menu that will display a custom score based on the remaining four menus (food,

water, exercise, and sleep). The score shows how well the user performs tasks from the rest of the

menu.



2. Related works
2.1. General description of the problem

The fact that exercise brings many benefits, especially for health, has been known for thousands of
years. Doctors’ traditional focus on disease prevention and health maintenance requires them to treat
patients with as few side effects and reactions as possible. However, recently the focus has shifted to
acute diseases and treatment of patients according to their complaints. In any case, diet and exercise
were almost always part of the regimen that doctors emphasised. Even ancient doctors recognised the
importance of these two aspects in helping with treatment. This understanding suggests that maintaining
health for preventive purposes may be a more appropriate medical approach than treating patients on
the verge of illness. We can say that most modern diseases can be prevented. Almost half of the deaths
in Ukraine can be attributed to behavioural causes [10-14]. The leading causes of early death in the
country are smoking and diseases associated with physical inactivity, which in turn causes obesity.
Doctors should consider going back to prescribing lifestyle changes, dietary changes, etc., before
prescribing medications. Prescribing exercise can significantly improve patients’ health. Training is
relatively inexpensive but largely effective for many-body systems. Practice can and should be
considered a medicine, and doctors should be encouraged to start prescribing physical activity as a
prescription that they can recommend to their patients. As more and more people realise that exercise
benefits usually outweigh the risks, with possible injuries during training, everyone should perform at
least a minimal amount of activity. Doctors should consider it their duty to change patients’ lifestyle in
such a way that it leads to benefits and health, which is now confirmed by science.
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Figure 1: Percentage of Ukrainians who do sports

Only 50% of Ukrainians do sports and describe themselves as sports lovers. Every year, billions of
hryvnias are brought by various sports leagues in Ukraine, such as the National Football and National
Basketball Association. Collegiate sports are also a business worth millions of hryvnias. As revenue
increases, so make the investment these leagues make in the best players. Because of the financial
impact of these different sports, the priority for companies is to maintain their player’s health. Thus,
optimising results, improving the availability of the best players, and reducing the risk of injury has
become the leading sports science and sports medicine areas if they are tied to high-performance teams.

Sports science research can help find evidence-based approaches that will allow athletes and active
people to perform optimal exercises. There is a constant gap between modern athletics practices and
the latest scientific evidence, combined with an era of anti-intellectualism and fake news, as well as a
growing distrust of facts and science. Articles that are not peer-reviewed, such as so-called “predatory”



journals and conferences, can contribute to the erosion of good science that can be used to benefit
athletes, active people and, indeed, all patients who are trying to do more exercise.

Coaches and athletes need to listen more carefully and often to sports scientists whose findings can
be supported and disseminated by sports medicine doctors. For example, broad support for using
unproven supplements in sports or wearing certain bracelets or ankles to improve athletic ability
supposedly are just a few of the pseudoscientific practices that coaches and athletes should discuss
further with scientists and doctors. Conversely, those involved in the science of sports medicine and
healthcare should improve their ability to promote terms and ideas that may not be easily understood
by those involved in sports. Knowledge transfer is critical, and sports communities worldwide need to
interact more directly with sports scientists and healthcare professionals. We now have the opportunity
to use social media, application software, and other forms of technology to achieve this goal. We use
these evolving tools to keep sports doctors and athletes active by using exercise as prevention rather
than coming to it when it’s too late to treat. The idea that “exercise is medicine” should become second
nature in primary care and sports medicine.

2.2. Health benefits of sports

One of the best reasons to exercise for children and adults alike is the incredible health benefits.
However, since experts recommend 150 minutes of moderate exercise a week, it can be challenging to
find the time and motivation to fit it into a busy schedule. First, sports usually involve vigorous exercise,
meaning you only need to exercise for 75 minutes a week to keep yourself in good shape [10-14].
Second, it makes it easier to achieve a good level of physical development. Second, everyone can find
a physical activity they enjoy, whether volleyball, cycling, kayaking, or rock climbing. The wide
selection of sports available means that you can find a form of exercise that is enjoyable. Again, this
makes the exercise fun and not stressful, increasing your chances of finding motivation. If you achieve
the right level of exercise, the health benefits are undeniable. These include:

e  Reduces the risk of diabetes by 50%;

Reduces the risk of heart disease by 35%;
Reduces the risk of colon cancer by 50%;
Reduces the risk of breast cancer by 20%;
30% lower risk of falling as an adult;
30% lower risk of death.

These statistics only correspond to a small number of exercises. One sports game a week would be
enough to earn these awards. At the same time, you will reduce your body fat percentage and increase
muscle mass. You’ll sleep better, have more energy throughout the day, have a higher sex drive, and
have an increased appetite. It is almost impossible to list all the health benefits.

Beyond these obvious health benefits, the importance of sports lies in how they encourage healthy
behaviour. To perform well and win games, you’ll smoke less, drink less, eat better, and sleep more.
Having such competitive motivation means that you live healthier in all areas of your life.

Exercising is very important for maintaining a healthy weight and preventing cardiovascular
problems. However, for many, there is nothing scarier than going to the gym. Sports, on the other hand,
feel like a burden. It’s cool, social, exciting, and fulfilling. As a result, achieving all of the above health
benefits becomes instantly more achievable.

The physical significance of sports is well known, but you may not know how it affects your mental
health. Engaging in physical activity has an incredibly beneficial effect on your happiness. This desire
for happiness comes from several sources, both neurological and psychological.

When it comes to physical changes in the brain, Sports release dopamine and serotonin. As a result,
the risk of depression is reduced by up to 30%! These so-called happiness chemicals are essential for a
stable and positive mood. Any form of exercise encourages their production, but sports seem to make
it more effective, especially when you score a goal or win a game.

Since exercise is often done outdoors, you will also get more vitamin D. It has been proven to
improve mood and reduce symptoms of depression. Taking vitamin D tablets can be used to treat
depression, but getting it directly from the sun is a more natural and effective method.



It’s not just depression that decreases when you try to exercise. By relieving tension and increasing
your mental energy, you’ll probably find that your anxiety levels are also declining. Part of this comes
from the feeling of being in the zone, that almost meditative state where you are thoroughly grounded
in the present and focused on the task at hand. Even conditions like ADHD can be improved with sports.
Even though they are essentially physical, a lot of mental concentration is required to participate. Sports
players are constantly making decisions, communicating with others, and watching at a fast pace. It
improves focus and memory retention. If you take ADHD medications carefully, then exercising can
have about the same effect. Plus, sports are incredible for your self-esteem. Every day when you have
a game, you give your life a purpose. The goal is clear: score more points than the other team. When
you win, this sense of achievement builds confidence. After losing, you will learn about sustainability.
It is a competitive sport that has excellent psychological benefits for your well-being.

2.3. Overview of ready-made solutions

As you can see from the information above, the benefits of playing sports are extraordinary. It would
be strange if large companies did not pay attention to the market which according to the analytical
network “businessinsider.com” more than 100 billion in global volume, as more and more people
become obsessed with their health, there are more and more solutions for sports using modern gadgets.

With the Apple Watch Series 6, Apple has introduced Apple Fitness+, a new Apple service
designed to help Apple Watch owners stay fit through a series of specially designed workouts in various
categories [15].
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Apple Fitness+ is an Apple Watch-focused Home Workout app that guides you through various
workouts, complementing Apple Watch’s fitness-focused features. With Fitness+, Apple provides
workout routines that you can watch and repeat with your trainer, just like in the gym, and Apple Watch
performs the necessary tracking to make sure you’ve reached your goal and fitness goals.

Fitness + content can be viewed through the Fitness app on iPhone, iPad, and Apple TV. On the
iPhone, the fitness app used to be an Activity app, and it’s a new addition that will appear on Apple TV
and iPad when the service launches. Fitness + routines are designed for you, just like home workouts,
mostly with minimal equipment.

Figure 2: Fitness+ app interface
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Figure 3: View workouts in the Apple Fitness+

By following Fitness + routines, the Apple Watch will track your movement, workout duration,
calories burned, heart rate, and more just like other workouts. Workout statistics are available for
viewing on the Apple Watch, but the information is also displayed directly on the iPhone, iPad, or
pleApple TV in real-time, so you can keep a closer eye on how your workout is going, and the calories



you burn look down on your wrist. A small window in the upper-right corner of the fitness + interface
will display statistics synced with your Apple Watch. For example, when you enter stages such as
closing the Activity ring, an animation will appear on the screen to motivate you. You can also see
comparisons with other people who have previously done burn workouts to give you an extra boost,
and you’ll see a countdown timer, so you know how much time is left during a tough interval.

Google Fit is a fitness app that shows Google’s overall approach to mobile app development where
simplicity and minimalistic design are key. It is an application that is also a social network where it
offers users to read articles related to fitness and a fitness tracker to track the state of physical training.
Instead Google Fit focuses on simplicity and does a few basic things very well.

5. 74/100
n it

8,225
steps

Heart Points
93 points

Figure 4: Google Fit app interface Figure 5: User profile interface

Fitness apps can be impressive or frustrating - some are overloaded with features and require
training, while others have an intuitive design but don’t have many features. Google Fit falls into the
latter category. Regardless of the user, Google Fit is the best simple fitness app.

Once the user tells Google Fit a bit of themselves (gender, date of birth, weight, and height), you’ll
see a Quick Step-by-step overview of the app’s two main activity metrics: minutes of movement and
points (more on that later). After that, you will be taken to the main screen of the app.

There are three main sections of the Google Fit app: Home, Magazine, and profile. A brief
description of each of them can be found below:

e Home: the Home screen displays an overview of your current day’s activity and health

indicators, including minutes of movement and points, steps taken, calories burned, distance

travelled, heart rate and weight data.

e Journal: a journal can also be called a schedule or plan. It’s a simple, scrollable list of all your

recorded activities, whether it’s a short walk or a long swim.

e  Profile: a profile page is a place where you can adjust your driving minutes and points, as well

as your personal information.

If you are scrolling through your history and want to get more detailed information about your
activity statistics for that day, click on the day, and you will find all your recorded actions. From there,
you can click on an individual activity to see more intricate details such as distance, steps, calories, and
pace metrics.

Adidas Training is a workout planner. However, Adidas Training and Running from Runtastic has
one significant advantage over most home training programs: if it offers a decent set of free features.
As you might expect, the Adidas brand is widely promoted worldwide, but it’s not just a marketing
tool. There are plenty of ready-made workouts to choose from, and if you don’t see anything appealing,
you can create your own by selecting body parts and setting the duration-a thoughtful feature that can
save you a lot of time. You are trained using video and audio. There’s little stopping you from being
motivated here, just telling you what to do and for how long. It’s also handy when you first try the



exercise to keep your phone at eye level so you can check your movements according to the video, but
once you figure it out, you can only do it with voice instructions.
Training in the Adidas Training program is ideal for:
Fat burning;
Strength training;
Care for the physical condition of the body;
Work on primary stability.
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Figure 6: Adidas Training by Runtastic Figure 7: View of the Fitbit Coach app

This app is quite popular. It provides a catalogue of training kits both at home and at home. But,
first, let’s describe the pros and cons of training. Pros:

o Availability of exercises for training at home;

o Availability of exercises for training in the gym;

e  Section of activities for different muscle groups;

e  Ability to choose the type of load (light, medium, complex).

Cons:

e  There is no way to build your own set;

e  There is no way to describe detailed progress;

e  There is no way to track your calorie count;

e  There is no way to track the amount of water you drink.

Fitbit Coach is an application where you can choose your coach. Your personal trainer is a specialist
who guides you through video workouts. There are two to choose from: Lea Rus and Adrian
Richardson. Not only are they certified fitness trainers and experienced wellness experts, but each of
them brings their unique energy to every Fitbit Coach workout. In this app, you can take a test for your
level of physical fitness. This physical assessment takes about 10 minutes. After each exercise, you are
asked to rate its difficulty and how well you did it. Fitbit Coach adapts future workouts based on this.

e  Programs are a thematic group of training sessions based on your level of physical fitness and

abilities. Currently, there are three: “Weight Loss”, “Strength training” and “Daily training”. The

program’s progress is saved, so you can pick up where you left off. You can also change the program
at any time.

e  Workouts: these dynamic bodyweight workout videos increase or decrease difficulty based on

your feedback. Fitbit research shows that 85 per cent of people who use these workout videos for at

least five sessions experience an increase in strength.

e  Audio training consists of expert-designed running and walking workouts with audio cues

designed to help you safely improve your endurance, speed, and fitness. Choose one of the outdoor

or treadmill activities and choose the difficulty, duration, trainer, and music. Your workouts will be
automatically recorded in the Fitbit app. Since audio exercises are designed to be listened to, they
are only available in the Fitbit Coach app.



This app is also quite popular. It provides a catalogue of home training kits from experienced
trainers. First, let’s describe the pros and cons of training. Pros:

e  Auvailability of exercises for training at home;

e  Section of exercises for different muscle groups;

o  Ability to choose the type of load (light, medium, complex).

Cons:

There is no way to build your own set;

Only two trainers;

There is no way to describe detailed progress;

There is no way to track your calorie count;

There is no way to track the amount of water you drink.

This chapter analysed the current attitude of doctors to physical health. It highlighted the importance
of constant sports, reviewed ready-made solutions similar to those proposed by me, and considered their
functionality and main functions and disadvantages. The most popular apps for Android and iPhone,
such as Google Fit and Apple Fitness+, were reviewed.

3. Materials and methods
3.1. System analysis of the research object

The primary purpose of this information system is to monitor and maintain the state of physical
health at the proper level by analysing the data entered by the user about their diet, Sports, sleep and
regular training under the supervision of a trainer. As a comprehensive description of the system under
study, the general recommendation is to describe the general goal of the system functioning and apply
the goal tree methodology to specify the general purpose of the system’s existence and conduct a
hierarchy analysis method to determine the type of future system, for further use of this solution in the
design of the system architecture. An essential aspect of the goal tree is logical thinking, which is related
to constraint theory. It can be described as a tool to outline all the components needed to achieve your
goals, depending on Success Factors’ tasks. A prerequisite is that the members of the goal tree must be
linked by logical relationships [16].

The top of the goal tree contains a goal that must match the following formula: “what to change”,
“how to change”, and “in what sequence”. At the next level, success factors should be outlined. They
are essential factors that are essential for achieving and achieving the primary goal. Under each critical
success factor, there is a variable number of necessary conditions. Since the goal tree is built on the
required logic, all the essential needs must be met to achieve the goal. In other words, if one of the
necessary conditions is not met, the plan cannot be completed. One of the challenges you can face is
“measuring the effectiveness” of the most critical success factors. It is a complex and continuous
process that determines the level of achievement of the goal. All the data obtained during this process
is crucial when making decisions about what measures to use and what strategies and tactics to apply.

Key Performance Indicators’ efficiency concerning system type metrics is measured based on (HV)
and (HF). These key indicators should be specific and measured in the future. Identifying the right
critical factors and Key Performance Indicators is the foundation of any software product. However,
these key performance indicators are particular to each situation and each software product, but they
must be carefully selected. The primary purpose of functioning is to create an information system to
help users develop the habit of planning their smartphone usage immediately before using it.

Main aspects of the overall goal:

e  Topic analysis;

e  Projecting the system architecture;

e  Creating a health monitoring system.

The goal tree in Figure 8 has three levels: the general goal, key aspects of success, sub-aspects, and
the necessary conditions that determine the quality of the system’s functioning.

It is necessary to consider each aspect in more detail.

Research and analysis of all designed software aspects consist of a thorough search for existing
solutions and their analysis. It is also necessary to investigate the availability of scientific research on



the benefits of constant sports and the importance of maintaining proper nutrition from reliable sources,
such as research by well-known universities and scientists who have reviewed their articles and
published them in prominent journals. Adequate analysis of problems and existing solutions forms the
right way of thinking to solve further architectural and functional issues.
Information system for monitoring the status of health

Anslyzing the importancs of
monitoring your physical haalth

o Falevance

» Topic nalysiz » Anzlysiz of similer
enizting solutions
- Completenszs of
the study
Collacting data on sports a5
& zocial practice
Constroction and snalysis of the
relative importance of criteria
1 Quality
Drojecting the system

" o| Decomposition snalysis and
Information system for . architacturs construction of UML dizgrams
monitoring the status of health

- Flexibility

Sztting 2 hisrarchy of tazks
that will nead to complete

—)-i Salaction of implementstion tools |—

Choosing efctive ways to gst
—m» heslth dsta Fom the weer > Ezzy to w2
Imgplementation of the gvst=m

Crasting 2 system B
monitering status of health

—){ Implementztion of the zystem I——'-I Ralisbility

Anzlvziz and testing of the
developed PP

Figure 8: Goal tree

The necessary conditions for determining the aspect of “problem analysis” are the analysis of
medical, scientific papers on a healthy lifestyle, the importance of playing sports every day, the
importance of proper nutrition, the importance of maintaining water balance, and healthy eating sleep.

One of the essential criteria of the first aspect is relevance and completeness. Relevance is an
important criterion, as unique and relevant applications that help lead a healthy lifestyle are necessary
due to the tendency of people to a sedentary life. Completeness is also an essential aspect because it
complements the problem’s scope and is an excellent criterion for market analysis.

An equally important aspect is architecture design, UML diagram development, and work planning.
During this process, the system is decomposed into independent modules and modules, which allows
you to design the system more efficiently since fewer details will be ignored, which will reduce the
time for implementing and testing this software product. It will also simplify further maintenance and



expansion of the system by laying down these parts at the design stage. One of the sub-aspects of this
aspect, as mentioned above, is the decomposition of tasks and creating a conceptual model. The criteria
for this aspect are flexibility and quality. The last element is implementing the system, divided into
three parts: choosing effective ways to obtain data on the physical state of health, implementing the
system, and analysing and testing the developed system. The criteria of the latter aspect are reliability
and convenience. There are the following types of systems:
Information and search services;
Information and reference services;
Information managers;
Intelligent systems;
Decision-making systems.

There are the following types of alternatives for the system under development:

e Information and search system (Al);

e Information and reference system (A2);

e  Decision-making system (A3);

e Information and search system (A4).

A scale of the relative importance of priorities was used to determine the expert assessment. This
scale is shown in Table 1.

Table 1
The scale of the relative importance of priorities

Value Quality characteristics
Equivalent elements
Non-essential priority
Weak priority
Moderate priority
Significant priority
Essential priority
Strong priority
Very strong priority
Absolute priority
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Next, it's needed to determine which quality criteria are more prioritised than others. To do this, it
will be convenient to create a table of the ratio of quality criteria to priorities since it will clearly
understand the importance of a particular quality criterion. You can also easily use this data to compare
the requirements matrix [16].

Table 2
Table of the ratio of quality criteria to priorities
Quality criterion Priority
Relevance (K1) 7 (strong priority)
Completeness of the study (K2) 2 (non-essential priority)
Quality(K3) 5 (significant priority)
Flexibility (K4) 4 (moderate priority)
Easy to use(K5) 8 (extreme priority)
Reliability (K6) 6 (weak priority)

The next step is to build a matrix of pairwise comparisons of criteria. And the calculation of
eigenvalues from now on HF and eigenvectors after this HV. Finally, the expert assessment is made
using a relative scale of priority importance from 1 to 9(according to the scale of paired comparisons
of T. Saati). To calculate eigenvalues (HF), use the formula below:
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To calculate eigenvectors (HV) - the Formula 2:
e
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Table 3
Matrix of pairwise comparisons
K1 K2 K3 K4 K5 K6 HF HV
K1 1 7/2 7/5 7/4 7/8 7/6 1,43 0.21
K2 2/7 1 2/5 1/2 1/4 1/3 0,41 0.06
K3 5/7 5/2 1 5/4 5/8 5/6 1,02 0.15
K4 4/7 2 4/5 1 1/2 2/3 0,82 0.12
K5 8/7 4 8/5 2 1 4/3 1,64 0.25
K6 6/7 3 6/5 3/2 3/4 1 1,23 0.18

The next step is to construct pairwise comparisons of alternatives for each criterion and relative to
the primary goal.

Table 4
Matrix of pairwise comparisons of alternatives for the usability criterions
relevance Al A2 A3 A4 HF HV
Al 1 1/2 2/5 3/4 0,72 0.17
A2 2 1 1/2 1/4 0,79 0.19
A3 5/2 2 1 1/3 1,08 0.26
A4 4/3 4 3 1 151 0.36
completeness of thestudy A1 A2 A3 A4 HF HV
Al 1 1/3 1/4 1/2 0,58 0.14
A2 3 1 4/3 5/3 1,28 0,31
A3 4 3/4 1 1/3 1 024
A4 2 3/5 3 1 123 0.3
quality Al A2 A3 A4 HF HV
Al 1 1/5 1/3 1/3 0,53 0.12
A2 5 1 3 4/6 1,46 0.35
A3 3 1/3 1 1/2 09 0.21
A4 3 2/3 2 1 126 0.3
flexibility Al A2 A3 A4 HF HV
Al 1 2 1/3 1/4 0,74 0.16
A2 /2 1 1/3 1/4 0,58 0.14
A3 3 3 1 1/3 12 0.27
A4 4 4 3 1 191 043
ease of use Al A2 A3 A4 HF HV
Al 1 1/4 1/2 1/3 0,59 0.14
A2 4 1 1/2 1/3 0,93 0.22
A3 2 2 1 4 1,59 0.37
A4 3 3 1/4 1 1,15 0.27
reliability Al A2 A3 A4 HF HV
Al 1/3 1/2 1/4 0,59 0.14

1
A2 3 1 1/3 1/4 0,79 0.18
A3 2 3 1 2 151 035



A4 4 4 1/2 1 1,41 0.33
main goal Al A2 A3 A4 HF HV

Al 1 1/5 1/2 1/3 0,57 0.13
A2 5 1 1/4 1/4 0,82 0.11
A3 2 4 1 1/3 1,18 0.26
Ad 4 4 3 1 191 0.43

The final step is to build a matrix of alternative comparisons. Its result determines what type of
Information system is needed for implementation.

Table 5
Alternative comparison matrix
o K1 K2 K3 K4 K5 K6 Generalised
criterions o
0.21 0.06 0.15 0.12 0.25 0.18 priorities
Al 0.17 0.14 0.12 0.16 0.14 0.14 0.14
A2 0.19 0.31 0.35 0.14 0.22 0.18 0.23
A3 0.26 0.24 0.21 0.27 0.37 0.35 0.28
A4 0.36 0.3 0.3 0.43 0.27 0.33 0.33

After completing all calculations in the hierarchies, the following results were obtained:

1. Information and search system (A1)-0.14.

2. Information and reference system (A2)-0.23.

3. Decision-making system (A3) - 0.28.

4. Intelligent information and search system (A4)-0.33.

From the table described above, it follows that this system is an intelligent information and search
system. The quality criterion for assessing the quality of functioning of an Information System (1S)
designed to obtain information about the physical state of human health is the basis for deciding on the
compliance of a particular information system with the requirements of an automatic control system.
Achieving compliance is the goal of designing an information system, and the choice of criteria
determines the strategies for quality assessment. The information system has several system properties.
The system’s technical characteristics for monitoring the physical state of health are characterised by
speed, accuracy, and reliability. Therefore, the quantitative assessment of each of these properties can
be carried out in a specific group of indicators, the choice of which is subjective and therefore not
always rational. The first step in setting and achieving project goals is determining what things in your
project are essential. Goal management theory says that everything in projects should take priority. Now
there are a lot of options for achieving the goal. You can develop an 10T device that would monitor
your health status, such as heartbeat, body fat, blood pressure, oxygen in the blood, and physical
activity, by tracking the number of steps. However, the disadvantages of this approach outweigh the
pros. Among the penalties can be identified the following factors, users do not like to be tracked since
no one knows where this data will end up. Since this data is directly related to the user’s health, the risk
that this data can be sold increases since now many companies could offer their services to users
interested in sports and a healthy lifestyle. It is precisely because of this type of data that they can be
very interested in. The next disadvantage of this approach is that not all users want to pay for a special
device that will track their health status. Because of this, the number of potential users will drop sharply.
However, this approach also has advantages, namely that the user will not need to spend their time and
enter data independently. Such a system will not forget to constantly monitor the user and update the
data alone, unlike a user who will regularly enter data about their health status. Therefore, the best way
to solve this problem was to choose the method of entering data by the user himself, since this method
has many disadvantages. In comparison with other methods of solving this problem, this method has
more advantages than disadvantages. It is also helpful to develop an action plan to make it easier to
achieve the goal because having the project goals in front of you helps a lot. A project plan that clearly
describes what functions the system should perform, and a UML diagram that shows the system’s
performance in a cross-section helps a lot about development in one case or another.



In the system, the user plays a vital role in monitoring the state of health [17-24]. When designing a
system, there is always a question of defining the system’s boundaries for in personal monitoring the
state of health [25-31]. It is known that no system can do all the work, which is why it is necessary to
clearly distinguish between the boundaries of the system and the boundaries of the user so that in
software development, there are no questions about what data the system still processes, and what data
the user will deal with himself. So for the health monitoring system [32-36], there is a difficulty in
determining the boundaries because the designs can only report, for example, problems with excess
weight and provide a tool for solving this problem in the form of training programs, a meal plan, healthy
sleep, etc. The user is forced to decide whether to follow the recommendations and whether the
indicators as results of the content monitoring system based big data analysis [37-53] are acceptable for
him. Of course, all indicators that the system monitors and the data that it processes must be agreed
with the user of this system. In other words, the user must be fully informed about the limits of
functioning that do not go beyond the assistant. In other words, the system only provides an interface
that reminds the user about training, nutrition, etc. and monitors the training process. This system is
easily divided into subsystems according to the criterion of tasks set formed from the goal tree. About
dividing the system into subsystems, you should perform decomposition so that the subsystems were
easily scalable in the future and had a minimum number of dependencies on each other. This result can
only be achieved by using a goal tree and UML diagrams because these methods allow you to view the
system in the most detail. Decomposition of the system follows from the very essence of the system:

e A subsystem that monitors training sessions;

A subsystem that performs power monitoring;
A subsystem that monitors the water balance;
A subsystem that monitors sleep;

Notification and reminder system;

Settings element.
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Figure 9: General view of the system architecture



Based on the review made above, the system should make recommendations based on the user’s
data and monitor health based on the user’s data. Based on this, you need to divide the system as mobile
application [54-63] into five subsystems (Figure 9), select two types of users in this system, such as the
user himself and the coach, and select the server part as a separate part.

The client-server architecture was chosen as the system architecture. The client-server model, or
client-server architecture, is a distributed system of modules that divides tasks between servers and
clients that are either on the same system or exchange data over a computer network over the Internet.
The client relies on sending a request to another application to access the service provided by the server.
The server runs one or more programs that share resources and distribute work between clients [1-9].

The client-server relationship interacts in a request-response messaging pattern and must follow a
standard communication protocol that formally defines the rules, language, and dialogue patterns to
use. Client-server communication usually corresponds to a set of TCP/IP protocols.

The TCP protocol maintains a connection until the client and server complete messaging. The TCP
protocol determines the best way to distribute application data into packets that networks can deliver,
transmit, and receive packages from the web and manages flow control and retransmission of dropped
or malformed packets. IP is a no-connection protocol in which each box travelling over the Internet is
an independent data unit that is not associated with other data units.

Client requests are organised and prioritised in a scheduling system that helps servers cope when
receiving requests from many different clients in a short period. The client-server approach allows any
general-purpose computer to expand its capabilities by using the shared resources of other hosts.
Popular client-server applications include email, the World Wide Web, and network printing.

There are many advantages of the client-server architecture model:

o Asingle server that puts all the necessary data in one place provides easy data protection, user

authorisation, and authentication management.

e  Resources such as network segments, servers, and computers can be added to the client-server

network without significant interruptions.

o  Data access can be efficient without requiring clients and the server to be nearby.

e All nodes in the client-server system are independent, requesting data only from the server,

making it easier to update, replace, and move nodes.

o Data transmitted using client-server protocols is platform-independent.

A class diagram is a static diagram. It represents a static view of the program. The class diagram is
used to visualise, describe, and document various aspects of the system and build executable code for
a software application. You can even generate basic code sets from properly constructed class diagrams.
The class diagram describes the attributes and operations of the class, as well as the constraints imposed
on the system. Class diagrams are widely used in object-oriented modelling systems, as they are the
only UML diagrams that can be directly mapped to object-oriented languages.

The class diagram shows a set of classes, interfaces, associations, collaborations, and constraints. It
is also known as a block diagram. The purpose of the class diagram is to model the static appearance
of the program. Class diagrams are the only diagrams that can be directly mapped to object-oriented
languages and thus widely used during construction. UML diagrams, such as an activity diagram,
sequence diagram, can only give the program sequence flow, but the class diagram is slightly different.
It is the most popular UML diagram in the programming community.

The purpose of the class diagram can be summarised as [54-63]:

¢  Analyse and design a static application view;

e  Describe the system’s responsibilities;

e  The basis for component diagrams and deployment;

e  Forward and reverse engineering.

The User class is the main class that displays the user in the system, and the system interacts with
user data through this class. This class is converted to JSON typing and passed from the application to
the server and back. This class has the UserData class as a data member that stores all user data. The
ServerManager class is the main class that processes all user requests and interacts with the database,
and it also sends data over the network. Request/Response classes are classes that act as containers
when sending data over the web. They know how to properly wrap and deploy user data on both the
client and server sides. The HTTPClient class is a client-side class that is responsible for sending data



to the server. This class stores information about the address, port, and features of sending data to the
server. The RushApp class is the main class of an Android app. Fragment interface descendants classes
control the display of data in an application, the markup of graphic elements, and data controllers.

User ServerManager ServerData
&name : Sting &users - User] & serverPort: Int
&userData : UserDz... & serverData : ServerData gmaxCiems 2Int
‘_“ﬂ '_.f-*" ipAddr: Sting
:getUserData() 0.*| ®startServer() 1
setUserData() QconfigureServer()
1 9sendResponse() [T RequestResponse
:handIeRequest() & status - Int
‘updateDatabase() & statusMessage : String
UserData startWorkers() &userDataJson : String
&age :Int
&height: Int
&weight: Int \J
& waterAmountPerDay: Int -
&caloriesAmountPerDay : Int HTTPClient
& sleepAmountPerDat: Int Q
&caloriesToLosePerDay: Int P ®handleResponse()
& waterData : List s g Re ®sendRequest()
&sleepData : List ®parseUserDatalson()
&foodData : List P SonCreate() M
&trainingData: List e * %onCreateView() . \\\
§ i . ) RushApp
lﬁ’i & memberName
SieepFragment QapplyUserDataToFragment()
QupdateSieepDat...| - q
L WaterFragment !
} QupdateWaterDat:...
> D 4Q
TrainingFragment RushFragment
FoodFragment
' QupdateStatisicData
SupdateTrainingDat.. P 0 QupdateTrainingDat...

Figure 10: UML Class Diagram

The basis of the system is a mobile application since, in the modern world, the “smartphone”
accompanies a person throughout the day and until sleep itself. Through the smartphone, we constantly
interact with various systems. Therefore, using a smartphone as a system in which the user can track
their health status by pre-configured parameters of their physical condition, such as height, weight,
body fat percentage, amount of water consumed, amount of Physical Training, number of hours of sleep
and diet was an obvious solution. Based on these parameters that the user will enter daily, the system
will analyse and output a public health report. This way, the configured system will work independently,
requiring only data entry from the user. The user will have the following functions:

Filling in basic physical parameters such as height, weight, level of physical activity, etc.;
Make an appointment for classes with a trainer;

Heart rate tracking;

Subscribe to create a training plan;

Subscribe to ration preparation;

Track your workout progress;

Sleep tracking;

Track the amount of water you drink.

Personal physical data is filled in only after the user has authenticated as data. The user enters their
height, weight, level of physical fitness, etc. Making an appointment for classes with a trainer is a



function that is available to both the user and the trainer. The user signs up for classes with a trainer
and, when the time comes for the lesson, goes to some pre-agreed video chat where the user can study
under the direct supervision of the trainer. The user will also have the opportunity “to order” from the
trainer to prepare the diet individually. The user receives a ready-made diet for the week at the output,
which will be displayed in the “Nutrition” section. Where products and dishes will be described in detail
their quantity cooking method and the amount of protein, fat, and carbohydrates contained in the
products, the trainer, in turn, will be able to create a workout, invite users to it, create a training program,
make a diet and drink. Additionally, the trainer will have the same features in the system as the user.

So a user with the coaching status will have the following functions:

e  Create a workout and invite users to it;

e  Create a training plan and track your progress;

e  Create a diet and drink;

e  Create a training course.

The trainer will be able to create a workout and invite users to it. When an activity is created, you
can find details about the action in its description, such as its difficulty(for beginners, amateurs, and
professionals) and a link to the video chat where the lesson will be held. The training plan is drawn up
only after the user requests it. After drawing up a training plan and confirming it, the user pays for the
training plan, and this training is displayed to the user in the “training” section. Drawing up a nutrition
plan is the same as drawing up a training plan. The user requests the trainer and asks to make a meal
plan. The trainer, after drawing up the program, corrects it for review to the user. After that, the trainer’s
services are made, and the user receives his diet in the “nutrition” menu in the mobile application. As
you can see from the UML usage diagram (Figure 11), the proposed architecture has enough
disadvantages and advantages.
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Among the advantages, you can list the following:

o  Client-server architecture;

e Data differentiation;

Among the disadvantages are:

e  Complex system expansion;

e  The severity of introducing new authentication methods.

A sequence diagram is most suitable for displaying interactions in a system. After all, it is a type of
interaction diagram because it describes how - and in what order - a group of objects works together.
These diagrams are convenient to use in the future to quickly explain the interaction in the system, for
example, to a new employee or colleague, or in the case of updating the code, it will be much easier to
understand how a particular module should have been used. Sequence diagrams are sometimes referred
to as event diagrams or event scenarios [54-63]. The basis for constructing a sequence diagram is to
represent entities involved in interaction processes without specifying their architectural connections
with other entities. To describe the process of notifying the trainer when the user overexerts himself
during online training, it was decided to use a sequence diagram because it perfectly describes the action
that occurs in time(Figure 12).
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Figure 12: Basic lifeline of the “client” actor in a system using a sensor

As you can see, the sequence diagram showed the lifecycle of the “client” actor, which plays a
significant role in the operation of this system since it is the basis for most processes. This line is shown
in (Figure 13). This figure shows most of the actions that the user can perform in time. To begin with,
the user logs in to the system. After confirming the server, the user has the opportunity to perform
actions inside the system. It has the chance to enter data on the state of physical health, enter data on
nutrition, training, liquids consumed, and can send a request for Statistics generation. Component
diagrams are used to ensure a consistent transition from the representation level to actual system
modules and program code. The graphical elements of this diagram are components, dependencies, and
interfaces [54-63]. For the user’s health monitoring system, the physical representation of the system is
structured, after which the model is supplemented with an interface and a database (Fig. 14).

“Model-View-Controller” was used as a template for designing the system. MVC is an application
design model consisting of three interconnected parts. These include the model (data), view (user
interface), and controller (processes that process data as it is entered). The MVC model or “template”
is commonly used to develop modern user interfaces. In addition, it offers essential components for
developing applications for desktop or mobile devices, as well as web applications.

The three parts of MVC are interconnected (Figure 14). The view displays the model for the user.
The controller accepts the data entered by the user and updates the model, and view it accordingly.
Although MVC is not required for application development, many programming languages and IDEs
support the MVC architecture, making it an ideal choice for mabile application development.
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Figure 13: Basic life line of the “client” actor in the system

It works well with Object-Oriented Programming, as various models, views, and controllers can be
treated as objects and reused in the application. Each aspect of MVC is described below:

e  The model is the data used by the program. It can be a database, a file, or a simple object, such

as an icon or character in a video game.

e Aview is a means of displaying objects in a program. Examples include displaying a window

or buttons or text in a window. It has everything that the user can see.

e  Controller — updates the view. It accepts input and performs appropriate updates and validation.

For example, the controller can update the model by changing the attributes of the training module.

It will change the appearance of the workout menu according to the new verified data.
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Figure 14: Component diagram

Initially, the system is in a menu selection state. The user can go to the submenu of training, nutrition,
sleep, water balance, and statistics from this point. The user can view data from these submenus, update
it, or log out of the program. If the user has edited the data, this data will be sent to the server for
processing. after sending it, it will be possible to exit the program.
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Figure 15: State transition diagram



An activity diagram is a flowchart that represents the transition from one activity to another. The
activity can be described as the operation of the system. The primary purpose of activity diagrams is to
capture the dynamic behaviour of the system. It is also called an object-oriented flowchart. This UML
diagram focuses on the execution and flow of system behaviour, not implementation. Activity diagrams
consist of actions that include actions that are applied to behavioural modelling technology.
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Figure 16: Activity diagram

Itis a behaviour that is divided into one or more actions. An activity is a network of nodes connected
by EDGES. There can be action nodes, control nodes, or object nodes. Action nodes represent some
action. Control nodes represent the control flow of activity. Object nodes are used to describe objects
used within an activity. Edges are used to show the path or execution flow. The activity starts at the
initial node and ends at the final node.

3.2. Problem statement and justification

The purpose of the development is to help monitor the user’s health status after analysing existing
solutions for tracking the user’s health status. The system’s main task will be to maintain the user’s
health in the desired state. This support will be performed based on the user’s wishes and the parameters
they will enter at the beginning of using the system. Indeed, many smartphone extensions on the market
offer health monitoring solutions, such as those discussed in the first section. Almost all extensions on
the market provide a point-to-point solution to the problem. For example, some applications can track
and help not forget about the body’s water balance. Some extensions offer their users a nutrition
tracking system. The same extensions exist to track training and track the quality of sleep. However,
there are quite a few extensions that could provide comprehensive assistance in monitoring all these
aspects that significantly affect human health. We also took into account the specifics of the application
described above because a minimal number of them provide experience in using the platform, which is
why it was decided to develop a platform where trainers can develop their training programs, nutrition
and water balance for users and receive rewards from them for this. Users will subscribe to trainers who
have a good rating or a new and exciting training program that the user liked, and the service will charge



a small percentage of this subscription. This decision seems evident since many services work in this
way. This system is designed for people of all age categories interested in tracking and monitoring their
health and lifestyle. The system will remind the user about their sleep time, the number of calories they
should consume today, their water balance, and a reminder of their fluid intake time to maintain it at
the proper level and their workouts. This system can be used anywhere. And even more, this system
should be used anywhere. Although each module of this system can be said to be aimed at different
groups of people, such as the training module is aimed at people who mostly stay at home or do not
have time to go to the gym and still want to maintain their body in proper athletic condition, and vice
versa, the nutrition and water balance module is aimed at all types of people, regardless of what they
do, since now people always carry a smartphone with them and that is why it has become very easy to
track nutrition and water balance, the user will need to enter data every time after eating a meal or liquid
or after a reminder, and the system will do everything else for the user. The problem of controlling
one’s health is ancient, and the quality of its solution previously mainly depended on the person.
However, now most of the issues people transfer from their responsibility to computer systems. The
same thing happens with health care and control. It is since the computer system does not make mistakes
and does not sleep. Now the scientific society is already fully engaged in the introduction of the latest
technologies in this area. After all, now this problem is most acute. Because currently, people are
working less and less physically and are moving more and more to sedentary work due to the technology
boom. And with sedentary work, more and more people lead a sedentary lifestyle, which is why the
introduction of this system will only benefit users and allow trainers to earn money even in such difficult
times as the pandemic, when gyms are closed and people self-isolate in their homes.

In this chapter, the application architecture was analysed and described, a systematic analysis of the
object was carried out, and specific aspects of the system functionality were specified, a goal tree was
built, and a general goal was formulated, decomposition criteria were defined, the boundaries of the
system functioning were outlined and UML diagrams were created following the requirements that will
be used in the next chapter.

3.3. Methods and tools for solving the problem
4. Selection and justification of methods for solving the problem

Monitoring the state of physical health has always been one of the most critical points for a healthy
life. Now, more and more developments aim to solve this problem, but unfortunately, the problem is
too extensive for one application to solve. Still, when using it, it will help you monitor your health and
physical condition more carefully. Smart bracelets have long learned to measure the heart rate and the
level of oxygen in the blood. Now even smart bracelets and applications have known to detect the early
risk of a heart attack. A bracelet based on a constant reading of the heartbeat using algorithms based on
artificial intelligence detects abnormalities in the heart and advises you to see a doctor. This kind of
health monitoring system has already saved more than one life. Now there are also active joint
developments of medical and technical universities designed to manufacture special devices that can
monitor health and prevent such deadly diseases as a heart attack. Since the sensor will be able to detect
a heart problem at a very early stage, this, in turn, will allow doctors to immediately start interventions
that can prevent repeated and possibly fatal hospitalisation and avoid heart failure. That is why the
ability to provide heart rate data to qualified individuals only improves your health [1-9]. Based on
heart rate data, the trainer can correctly select and adjust training programs depending on the specific
client. Another advantage of using the app for health monitoring is that you do not need to visit gyms,
as you can choose training programs that cover almost all muscle groups and keep the body in good
shape at home. During periods of a pandemic, it is essential to be able to stay at home and maintain a
healthy lifestyle since there is a very high risk of infection, especially in places such as a gym or gym,
where it is challenging for people to maintain sterility and quarantine conditions, due to the proximity
of open areas of the body to exercise machines that other people, and possibly infected can later use.

Based on the above considerations, the idea of a system appeared that would allow people to work
out with qualified trainers and nutritionists without leaving home, who would be able to track the
training process online using a heart rate sensor and an application on a smartphone. However, despite
all this, the user will enter the basic data that the application will require for regular operation



independently since it is not yet possible to measure the number of calories consumed by the user in
offline mode and track the amount of liquid consumed, or count the number of exercises performed by
the user. It seems that smart devices learn to recognise basic exercises, and even these exercises are so
few that they can be ignored, although there are smarter devices based on artificial intelligence that can
distinguish a lot of exercises, but such devices are now very expensive and require a lot of computing
power that smartphones can not provide now, and performing such calculations on the server is very
resource-expensive. The system under development for monitoring the state of health allows you to
monitor and view physical fitness. For this purpose, the user will have a very convenient tool called
statistics, in which the user can view their condition and status. But the main idea of the statistics page
is that the user will receive a rating. The rating is formed by each of the items that the app controls,
namely, nutrition - at the beginning of using the app, the user will have to set a goal for themselves in
how exactly they want to monitor their diet. The choice will consist of three points:

e  Weight loss is when the app automatically calculates the required number of calories and

protein, fat and carbohydrates based on the user’s data and the number of workouts.

o  Weight maintenance - in this mode, the app calculates the required number of calories and the

amount of protein, fat, and carbohydrates necessary to maintain body weight at the current user-

friendly level. It is also worth noting that this mode will be selected automatically after the user has
set a goal in weight loss or weight gain.

e  Weight gain - to gain body weight, the app will have a mode that will help you achieve the

desired body weight.

And in the future, the user will be able to independently track them based on these parameters, that
is, the number of calories per day, and add dishes that he ate today. The application will independently
calculate the number of calories consumed by the user through the database. You can also order a
nutrition program from a trainer or dietitian and follow it in the app. Training - depending on the
selected goal, the user will also receive the recommended number of calories to burn per day. The
training section will help you do this. Here, as well as in the nutrition section, you will be able to order
training from a trainer, who, depending on the user’s goal, will create a training program for him
displayed in the training section. Water balance is also an introductory section for daily health, as many
people do not even realise how much water they should drink per day, and the app will help them with
this because it will put forward its recommendation for the amount of water per day based on the user’s
database. Sleep is a critical section because, without good sleep, healthy existence is impossible. During
sleep, there are essential processes both in the head and in the human body. A person removes toxins
during sleep, restarts memory and much more that is still unknown to scientists.

Statistics is a section that summarises and shows the user their progress in all the areas listed above,
namely nutrition, training, water balance and sleep. All these sections will have their own goals. In the
nutrition section, this is the number of calories that the user should consume per day. In the training
section, these are the exercises that the user has planned to perform. The number of sets and repetitions
of these exercises in the water balance section is the amount of water that the user has planned to drink,
and in the Sleep section, this is the number of hours that the user has planned to sleep.

All these sections are united by the statistics section, which in the centre will have a number called
the “Rush” indicator as a percentage where 0% will mean that the user did not follow any
recommendations or will only mean that the user just woke up and 100% means that the user has
completed everything that he planned, this section is considered the most important because it helps to
keep the user in an exciting state. After all, when the user sees in front of him a motivating figure that
has not reached its maximum, it motivates the user to perform all tasks. In Table 6 you can see the
percentage settings that will make up the statistics section.

Table 6
Percentages of sections that make up the statistics section
Health monitoring section Percentage (%)
Nutriotion 20
Workouts 20
Water balance 20

Sleep 20




Of course, these percentages are essential, and the user can change them to their needs. For example,
if it is more critical for him to eat right, he can replace the “Nutrition” section with 30 or 40%, thus
increasing the importance of this value in the statistics section.

5. Selection and justification of means of solving the problem

Choosing the right maobile technology package is vital to make a mobile app development project
valuable and successful. The technology stack not only gives life to your project but also makes it
maintainable, scalable, and compliant with your functional requirements [64-72]. A suitable mobile
accumulation can lead to lower costs and less time spent developing mobile apps. Now we are
considering the most popular approaches to mobile application development and advanced technology
stacks. Then it can be used in implementation [54-63]. Developing your applications means using
platform-specific programming languages, software development kits, development environments, and
other tools provided by operating system vendors. As a result, creating your apps for multiple platforms
requires using separate mobile app development technologies for each. Popular apps like Lyft and
Pokemon use a native approach.

Since the app is also planned for iOS in the future, it is worth noting the stack of technologies used
in the future. To create your iOS app, consider the following technology stack programming languages:

o  Objective-C;

e  Swift.

To create an iOS app, you can choose Objective-C or Swift. Objective-C is a subset of the C
programming language and provides object-oriented capabilities and a dynamic runtime environment.

It is best to use Swift because it is more functional, provides code that is less error-prone due to
built-in support for manipulating text strings and data and contains dynamic libraries that are directly
loaded into memory, reducing the initial size of the application and ultimately improving application
performance. 10S developers use Swift and recently created their library of watermarks for overlaying
videos and images. This library can be quickly and efficiently integrated and installed, allowing you to
place watermarks on videos and pictures.

The iOS SDK includes an application programming interface (API) that links software applications
and the platform on which they run. APIs can be created in various ways and have useful programming
libraries and other tools. The iPhone SDK provides tools for Apple’s touch interface and its iOS
operating system, which is used to run Apple’s iPhone and other Apple mobile devices such as the iPad.

To create an application on Android, it was decided to choose the following technology stack, which
will significantly simplify development through the newly created JetBrains Kotlin programming
language. Developing an Android mobile app can use Java or Kotlin. Java is a reputable programming
language with powerful open-source tools and libraries to help developers. However, Kotlin has become
a more stable and reliable development option for Android Studio. Java has certain limitations that
prevent the development of the Android API. Kotlin is inherently light, clean, and much less verbose.
In other words, Kotlin was explicitly designed to improve existing Java models by offering solutions to
API design flaws. Here for the development of the Android app, was preferred Kotlin mobile.

Android Studio provides code editing, debugging, productivity tools, a flexible build system, and
an instant build/deployment system. It allows you to focus on creating applications and does not distract
from any shortcomings that could take up time since everything is effortless to set up. After setting up,
all the necessary modules will be loaded automatically. With Android Developer Tools (ADT), you get
full support for Android app development. In addition to providing dedicated coding support for
Android, ADT allows developers to use various on-device debugging tools, a graphical user interface
designer, emulators, and support for fully automated test scripts.

To write apps with the latest features, developers must download and install each SDK version for
a specific phone. The Android SDK components can be downloaded separately. Third-party add-ons
are also available for download. Both Apple and Google provide app developers with their development
tools, interface elements, and SDKs. However, before choosing to develop your apps, let’s look at the
pros and cons of this approach.

Admittedly, Google managed to lag behind Apple in entering the mobile market, which led to some
consequences, namely acceleration when the first version of Android was released. It is not surprising



that Google sought to finish the main user functions first, and taking care of the convenience of
developers was the second priority. Therefore, along with the first version of Android, Google did not
provide developers with any standard recommendations for development, design and UX. It led to every
developer or every company being forced to write as they wanted and could [64-65].

Of course, we must admit that Google has done a great job of popularising the Android system
among developers. But at the same time, the initial problems were not entirely resolved.

What are these problems? When it comes to design, it’s clear that completely different app styles
will confuse the Android system user, and navigation can be difficult. But what’s wrong with the lack
of standards in the code itself? After all, as mentioned above, the user can in no way know how good
the application code is, and this does not affect its use. The problem is that not all developers know
Design Patterns well and can develop a good application architecture. If you don’t follow clear
principles in architecture, you will very soon get horrible code.

Code that cannot be supported. There will be a lot of complex logic in the code, it will not be placed
in strictly defined classes, and it will not be clear how this or that part of your application works. It
follows that when you add new functionality, you need to either take a long and challenging time to
understand the written code, redo it and do it correctly or perform the task somehow, that is, figuratively
speaking, with the help of supports of the old code and the fear of breaking something. Since not all
developers understand the need for refactoring and can convince management of this need, and not
every manager agrees to postpone releasing a new version and incur additional costs due to refactoring,
they often choose. It often leads to terrible consequences. It degenerates into massive programs
consisting of three activity files. Of course, each of these types of activity consisted of thousands or
even tens of thousands of lines, which made them completely impossible to read. Moreover, each new
feature implemented with crutches causes additional errors and crashes.

You can’t test it. This problem flows smoothly from the first one. You won’t be able to write unit
tests if the entire program is one large module. Moreover, due to the peculiarities of writing tests for
Android applications in the JVM, with many dependencies on Android classes in the tested classes, you
can not write examinations. And lack of tests:

e It gives you much less confidence that your code is working correctly.

e You won’t quickly check if the added changes don’t disrupt the rest of your app.

This situation lasted quite a long time. Android apps continued to be written in different styles with
entirely different approaches to design and architecture. Someone took the design from the iOS system
and the design patterns from web development (in particular, attempts to use MVC in Android owe
their existence to web developers who switched to Android). And it’s hard to say why there were no
attempts to fix this situation, Android is a very young system, and at the time of its release, all the design
patterns and architectural patterns were already widely known.

In general, everything continued as usual until 2014, when two significant events occurred at once.
The first one is well known to everyone - this is the Material Design Concept presentation at Google
I/0. This concept can be treated. Differently, some consider it a failure. Others say that in this way,
Google restricts the freedom of developers to choose a design. But the fact that the emergence of this
concept has significantly improved the situation on average is indisputable.

Implementation of client-server interaction. It would seem that the problem here is to perform
requests to the server using various tools, process the result, and show it to the user. Yes and no. There
are many factors involved. First, you need to handle errors correctly, which can be very different: from
the lack of internet and incorrect parameters in the request to the server that does not respond and errors
in the response. Secondly, your program may have more than one request, but many, and you may need
to combine these requests in a complex way: run them in parallel and use the result of the previous
request to execute the next one. Third, and this is the most unpleasant thing - requests can take a
considerable time, and the user is often not the most patient and calm person - they can lock the device
(and then you will lose the current data inactivity), or they can completely close the program, and then
you can get data desynchronization. And all this needs to be solved somehow.

Along with the server language, a technology was chosen to specify and unify the API for the server
and client called Swagger. This technology also allows you to debug the written API code in the
GUI(Fig. 17), you can also generate client code.
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Figure 17: Swagger Editor View

Swagger allows you to describe the API structure so that machines can read them. The API’s ability
to define its structure is the root of all the awesomeness in Swagger. After reading the API structure,
Swagger can automatically create beautiful and interactive APl documentation. You can also
automatically generate client libraries for APIs in many languages and explore other features, such as
automated testing. Swagger does this by asking your API to return YAML or JSON, which contains a
detailed description of your entire API. This file is essentially a list of your API resources that conforms
to the OpenAPI specification. The specification asks you to include information such as:

e  Operations that the API supports;

e  Parameters that the API returns;

e  Permissions that the API requires;

e Terms and Conditions, contact information, and license to use the API.

You can write a Swagger specification for your APl manually, or it can be automatically generated
from annotations in the source code. Check out swagger.io/open-source-integrations for a list of tools
that allow you to generate Swagger from code.

In this chapter, the stack of technologies with which it will be possible to develop a system for
monitoring the user’s health status was considered, the reasons why the choice fell on these technologies
were also analysed and justified, a comparative analysis was carried out with other technologies, and
technologies for other platforms that are currently just being planned for development were also laid.

6. Experiments, results and discussion

The principle of operation of the system is to create a graphical interface based on XML files that
describe the visual attributes of their position on the screen, define the layout of elements and their logic
for placing, minimising and scaling graphic elements. Kotlin initiates requests from the client-side, and
JavaScript is responsible for accessing the database and sending data from the server-side. Access to all
files involved in the work is carried out within the local network, as the service is still under
development. Let’s look at the system’s operation in stages. To start working in the system, the user
needs to register. They will go to this submenu immediately after logging in to the application. To
register, the user must enter their data in particular: user name in the system - this name will be used to
show to other users this is the so-called nickname of the user in the system under which it will be known
to other users in the future, you will need to come up with a password to log in to the system, this
password can be changed later, or restored if the user forgets it, in the future, you need to enter the
user’s email address that will be used for important notifications, such as renewal of subscription so
warning renewal of subscription if a user has a trainer’s charter, they will receive information about



each new user who subscribes to a training program from that trainer, or if another user wants to pay
for a nutrition program, and then you need to enter a phone number. Android Studio was used to develop
the graphical interface (Fig. 18). It is effortless to create a design for Android applications. This design
method also makes it very easy to turn the developed interface into ready-to-use code.
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Figure 18: Design development in Android Studio

Also used the very convenient functionality of Android Studio, which is called a smartphone
emulator (Fig. 19) on Android, where it is very convenient to develop applications as it allows you to
emulate any smartphone, with any level of the Android API, and any extension that may be available.

The Pixel 3A emulator was used to do this work.
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Figure 19: Emulator for Andrid development
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Figure 20: The database schema

The health monitoring of information system database consists of 11 tables: users, user_trainings,
training, user_info, water_item, meals, nutrition_plans, exercise, dreams, ingredients, user_nutrions.
Now we need to consider each of the tables in more detail [66-72].

Users table — created to save the user’s primary data. The user’s table consists of 7 fields:

e id—an integer type with a maximum number of characters — 11, this field allows you to assign

a unique number to each user of the system, which will be possible to identify their data in the table,

and this field is also the primary key that allows you to identify the user uniquely. Therefore it cannot

be repeated.

e name — a field of the varchar type that is the user name that they specified during registration.

It is used to send emails to their email address to personalise the mailing of emails.

e surname — a field of the varchar type that is the user’s last name that they specified during

registration, it will also be used mainly for sending personalised emails.

o email — a text-type field is created to store the user’s email address and login for logging in to

the system.

e  password — a text-type field that exists to save the user’s password, which is used for logging

in to the system.

e created at —a date field that stores the time when the user registered.

e phone_number — is a text-type field that stores the user’s phone number for two-factor

authorisation in the future.

e  The user_info table is designed to separate user data from the user itself. The user_info table

consists of 10 fields:



e id — field of integer type with a maximum number of characters — 11. This field allows you to

assign each user data of the system a unique number, which will be possible to identify his data in
the table. Also, this field is the primary key, which allows you to specify user data uniquely.

Therefore it can not be repeated.

e age—an integer field that displays the user’s age.

e weight —a non-integer float field that displays the user’s weight.

e height — a non-integer float field that displays the user’s size.

e water_target —a non-integer float field that indicates the water that the user wants to drink each

day.

o calories_target —a non-integer float field that shows the number of calories that the user wants

to consume each day.

o fats_target —a non-integer float field that displays the amount of fat that the user wants to finish

each day.

e  proteins_target —a non-integer float field that displays the amount of protein that the user wants

to consume each day.

e  carbohydrates_target — a non-integer float field that shows the number of carbohydrates that

the user wants to consume daily.

o calories_to_burn_target —a non-integer float field that displays the number of calories the user

wants to burn each day.

The user_trainings table is designed to create a many-to-many relationship between the user’s table
and the training table. The user_trainings table consists of 2 fields:

e training_id — an int field that points to the id of the training table.

e user_id —anint field that indicates the id of the user’s table.

The training table is designed to save custom workouts that they subscribe to. This table has a link
to the exercises table, meaning it lists individual exercises for the user. The training table consists of 3
fields:

e id — an integer field that allows you to assign a unique number that will be used to identify

training sessions in the table. This field is also the primary key that will enable you to identify
training sessions uniquely, so they cannot be repeated.

e name — a field of the varchar type that displays the name of the training session that the user

subscribed to.

o type —a field of the varchar type that indicates the type of training that the user has subscribed

to.

The water_item table is designed to store all data about the user’s water balance, i.e. every time
the user enters data about the liquid consumed, they are entered in this table. The water_item table
consists of 4 fields:

e id — an integer field that allows you to assign a unique number that will be used to identify

water balance data in the table, and this field is also the primary key.

e data —a field of the data type that stores the calendar date when the user drank the liquid.

e time — a time-type field that stores the time when the user drank the liquid.

e amount — a float-type field that stores the amount of liquid consumed.

The meals table is designed to save all data about meals by the user, i.e. every time the user enters
data about meals, they are entered in this table. The meals table consists of 2 fields:

e id—aninteger field that allows you to assign a unique number that will be used to identify food

intake data in the table, and this field is also the primary key.

e name — a field of the varchar type that stores the name of the meal.

The nutrition_plans table was created as a container for the user’s diet ingredients. The
nutrition_plans table consists of 2 fields:

e id—aninteger field that allows you to assign a unique number that will be used to identify data

about the meal plan in the table, and this field is also the primary key.

e name — a field of the varchar type that stores the name of the diet.

The exercise table is created as a container for the user’s diet ingredients. The exercise table consists
of 3 fields:



e id — an integer field that allows you to assign a unique number that will be used to identify

exercise data in the table, and this field is also the primary key.

e name — a field of the varchar type that stores the exercise name.

e calories — a float-type field that stores the number of calories that exercise burns.

The dreams table is designed to save all data about meals by the user, i.e. every time the user enters
data about meals, they are entered in this table. The dreams table consists of 4 fields.

o id—afield of integer type that allows you to assign a unique number that will be used to identify

data about the user’s sleep in the table, and this field is also the primary key.

o time — a time-type field that saves your sleep time.

e start_sleep is a timestamp-type that stores the time and date when sleep starts.

o end_sleep is a timestamp-type that stores the end time and date of rest.

The ingredients table is designed to store all data about ingredients, meaning that each meal consists
of these ingredients. The ingredients table consists of 7 fields:

o id—a field of integer type that allows you to assign a unique number, which will identify data

about the ingredients of dishes in the table, and this field is also the primary key.
type — a type field that stores the ingredient type.
name is a varchar type field that stores the name of the ingredient.
calories — this is type float that is the number of calories in an element.
fats are float type that is the amount of fat in an ingredient.
proteins are float type that is the amount of protein in an element.
carbohydrates are float type field that is the number of carbohydrates in an ingredient.

The user_nutrions table is designed to create a many-to-many relationship between the user’s table
and nutrion_plans. The user_nutrions table consists of 2 fields:

e nutrion_id — an int field that points to the ID of the nutrion_plans table.

e user_id—an int field that indicates the id of the user’s table.

When a user registers, they get permission to perform various actions in the system depending on
their user role. To register, the user must provide their registration data, such as a username, password
that the user will be able to restore, email that will be used to send notifications, and send newsletters.
When registering, you must enter the phone number that will be used for two-factor authorisation.
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The “Food” menu allows you to calculate calories consumed automatically and shows how many
calories you need per day. All calories consumed are displayed in the list at the bottom, and this is also
divided into graphical elements, which show the current progress depending on the calories consumed
and also show the progress of the amount of protein, fat, and carbohydrates consumed relative to the
daily norm for a particular person, also in the list shows the time when the user entered this data in the
system. Water Balance menu (““Water”) this menu is quite simple from a visual perspective. It consists
of an indicator of the amount of water consumed relative to the daily norm and a list that displays the
amount of water consumed and when the user entered this data into the system.

The statistics menu ("Rush*) is straightforward. The main element in it is the so-called “Rush point”
- this is a number that displays general statistics on completed user tasks. It is an excellent motivator
that motivates the user to get as many numbers as possible at the end of the day. Because the number
100 means that the user has completed all the planned goals for the day.
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Figure 24: Statistics menu Figure 25: Training menu Figure 26: Sleep menu

The training menu (”Sport™) displays the completion of the user’s workout and the main element of
which is a list that displays what exercise was done, at what time the user completed this exercise, and
how many calories were burned during the workout, also at the bottom there are two buttons one of
which allows you to add a workout, that is, enter the completed workout, and count calories, and the
other allows you to read the pulse from a pre-connected fitness bracelet.

The “Sleep” menu displays the number of hours spent by the user in sleep, and consists of a list that
contains: the number of hours spent in sleep, and the date when this data was entered by the user.

As a result of the work, you can see a well-functioning system for monitoring human health, which
monitors the number of calories consumed by the user, heart rate, water balance, amount of physical
activity, diet and sleep. A server-side for this application has also been developed, as described in
Section 2. There is too little data, and testing on real users is also not enough to give any qualitative
assessment of the system. One thing is for sure - this is a very promising direction for software
development, the health care market is constantly growing. There are more and more software products
that are similar to the product described above. This chapter showed the practical implementation of
the Health Monitoring Information System Project. a primary user interface was developed, and a
database with all tables and fields was fully described.



7. Conclusions

In this paper, an information system for monitoring the state of health was described and developed,
which is implemented as an Android application. During the development of this system, an analysis
of the problem was carried out, which showed that now this problem is more relevant than ever since
humanity has made a big step away from an industrial society where people led an active lifestyle
through since this was associated with their way of working, in the digital age where most people stop
moving and sit more and more in the office and lead a sedentary lifestyle.

As part of this work, a systematic analysis of the project was carried out in which the central
architecture of the smartphone application based on the client-server architecture was developed. UML
diagrams of classes, use cases, sequence diagrams, components, and activity diagrams were created that
allowed us to study the projected system in a cross-section and describe the procedure in more detail
before development. A goal tree was also built that answered the question of what type of system is
being developed. A decomposition of the system was carried out, from which more detailed aspects of
it became clear. The analysis became clear on how to organise through the global Internet for further
use and integration into the system. A graphical interface was also developed for user interaction with
the system via the Internet for accessing and tracking user health data from anywhere in the world. The
system is based on parameters that the user sets: height, weight, the purpose of using the system, age,
the number of calories that the user wants to consume, the number of calories that the user wants to
burn, etc. We also analysed the similar systems available on the market from global manufacturers.
After that, it became clear that many famous companies began to develop their solutions in this direction
since monitoring and monitoring health is an essential aspect of human life.
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