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Abstract

It is acknowledged that the way of each person's life, group of people and nations is formed
depending on the specifics of geographical, economic, political, cultural, and religious
conditions. Lifestyle is created due to daily repetition and consists of the following factors:
nutrition, exercise, the presence of bad habits, moral and spiritual development, and so on. In
recent decades, lifestyle has been considered an integral part of well-being, leading to increased
research in this area. According to scientific research, more than half of health problems are
related to diet. Unfortunately, millions of people eat incorrectly and are not even aware of it.
There are many approaches to solving diet control, but it should be understood that different
analogues offer different opportunities that are not always clear and convenient. It is because
there are several ways to achieve the same goal. The need for research on healthy eating in
modern conditions is one of the priority tasks to improve the physical condition of different
age groups. The aim is to create a system that will be aimed at helping the end-user to follow
a healthy diet by determining the composition and caloric content of the product and the
formation of recommendations based on the appropriate rhythm of life. The system is designed
to solve specific tasks: to recognize products, to correlate the product and its caloric content,
to form a food diary, to remind the user about missed meals and to keep statistics.
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1. Introduction

It is known that the way of life of each person, group of people and nations is formed depending on
the specifics of geographical, economic, political, cultural and religious conditions. Lifestyle is created
due to daily repetition and consists of the following factors: nutrition, exercise, the presence of bad
habits, moral and spiritual development, and so on. In recent decades, lifestyle has been considered an
integral part of good health, leading to increased research in this area. According to the WHO [1-3],
60% of health problems are related to diet. Millions of people eat improperly and are unaware of it.
There are many approaches to solving diet control problems [4-7], but it should be understood that
different analogues offer different opportunities that are not always clear and convenient. It is because
there are several ways to achieve the same goal. Research on healthy eating in modern conditions is
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one of the priority tasks to improve the physical condition of different age groups [8-12]. The aimis to
create a system that will be aimed at helping the end-user to follow a healthy diet by determining the
composition and caloric content of the product and the formation of recommendations based on the
appropriate rhythm of life. The system is designed to solve specific tasks: to recognize products, to
correlate the product and its caloric content, to form a food diary, to remind the user about missed meals
and to keep statistics.

The object of the study is the control of the human diet and analysis of consumed products.

Given that the object and the subject of the study are correlated as general and partial, the subject of
the study is the recognition of products based on machine learning and the formation of relationships
based on caloric content. The scientific novelty of the obtained results. Improved:

e  Methods of counting the number of required calories based on the activity regime and daily

routine;

e  Methods of image recognition in ambiguity conditions and contradictions conditions.

Has undergone further development:

e  Methods of reading barcodes using computer vision;

o  Methods of teaching a neural network with the type of architecture with a teacher.

The main practical application will establish tracking consumed products and calculating the energy
value for the user. Effective use of the system will simplify the active leading of a healthy lifestyle and
will allow you to monitor the daily amount of calories consumed.

2. Related works

The initial stage of work is to get acquainted with similar topics that are publicly available on the
market. Therefore, this section covers several foreign publications that raise similar issues. This
approach allows not only to rethink the chosen topic and learn many new things from the relevant areas.

A team of researchers from the University of Massachusetts has developed a neural network that
can list ingredients and form a food recipe. The input data for the operation of the system is an image
of a predetermined format. The authors have created their own open database to teach the system, which
has about a million different subject images. The database was formed by collecting information from
available sources. The basis for this approach is culinary sites and access to food service databases. It
follows from this article that the neural network works on the principle of joint embedding: it divides
images into vectors with products or with ingredients. The neural network compares the formatted input
image with the most similar picture of the recipe, which is compared with the input element under the
influence of linear transformation. The researchers used the neural network in actual conditions and
compared the available results of the system with those that people themselves gave in a random survey.
Under these conditions, the accuracy of the neural network is 83.6%, while the survey showed that the
recognition accuracy of the products included in the dish is 81.6%. All scientific sources can be
classified into separate groups responsible for a specific area of the system. Thus, we specify the groups:
the architecture of neural networks and methods of their training, image classification, nutrition and
pattern recognition. Let's start with the architecture of neural networks and methods of their training.
The author of the article [13] argues that machine learning has become widely used in applied fields
and has excellent potential for development. Artificial intelligence is the basis on which all the latest
products are developed. The publication's conclusion is the author's hypothesis that the most critical
condition is constant work on improving technology for valuable purposes. Concerns have also been
expressed that artificial intelligence could replace humans as a working unit. Different methods of
implementing neural networks give rise to other approaches to their implementation. Therefore, the
article [14-15] proposes a different (adaptive) approach to neural network learning. The authors [16-
22] present solutions to problems using the least-squares method. Note that the main disadvantage of
simple neural networks is the rather cumbersome procedure for determining the weights, which, in most
cases, are reduced to nonlinear programming problems. More effective in this regard is the basis, which
focuses on reference vectors based on the least squares method and carries out the learning process
using quadratic programming [23-27]. The conclusion of this work is to simplify the numerical
implementation of the processing and counting of objects that are located at a considerable distance
from the starting point.



In the publication [28], the main idea of the work was a careful analysis of the convolutional neural
network with a deep type of learning to recognize elements in the image. The typical architecture of
ZNM is given in Fig. 1 [28]. During the empirical study, a set of optimal conditions for further
implementation of the developed model was substantiated: the total number of layers in the network,
the number of neurons in the hidden layers, and learning speed [29-32]. The result of the study is the
developed structure of an artificial convolutional neural network, as well as introducing ways to apply
the method of model construction, based on input data and phased development of hidden layers,
algorithms for their training based on a predetermined sample [33-37]. Based on the methods and
functions of the specialized library Keras [28], the model of the convolution network and the exact
results in the process of the active phase of recognition were described.
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Figure 1: Typical convolutional neural network architecture

Article [15] aims to implement such a neural network architecture radically different from the
previous ones: it is not prone to horizontal scaling and is effective in real-time information processing.
Also, several practical and straightforward learning algorithms are proposed to stabilize the network
response time in real-time. This approach helps to solve identification and forecasting problems in
systems where input information comes sequentially and accumulates in the process.

The article [38] provides a fundamental analysis of various effective methods of processing the
visual component of information that exist and are in demand today. The main focus is on the display
of many objects and their standards [39-42]. The scheme of structural recognition is given in Fig. 2 [15]
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Figure 2: Structural recognition scheme

And in the scientific article [33], variants of their application are offered. In the research using the
Bayesian decision-making apparatus, the classification of images based on the structural description as
a set of characteristic features presented in a cluster form is solved. The meaning of applying these
approaches is to bring the analyzed object to the standard that has the highest value of a posteriori
probability. The developed method provides a sufficient level of image resolution. The described
calculations and simulation results confirm these conclusions. Thus, among the analyzed architectural
approaches, we can conclude that the convolutional neural network is the best solution if our system is
aimed in the long term. We have enough data that can be directed to the training of neurons. Otherwise,
you will have to choose a fixed architecture based on reference vectors. Let's look at united sources by
a common theme - image classification [43-51]. This source [43] reviews all aspects of image
processing, pattern recognition, geometric optics, and artificial intelligence necessary for solving



computer vision problems. It is also offered to get acquainted with the processing of the input image,
its subsequent display, optimization hardware and methods [52-56]. Unique computer architectures for
computer vision, new neural network programs, edge detection and segmentation strategies are
discussed. In the article [39], the coefficients used in classifying the image to a particular group are
considered. Also, the authors propose coefficients such as total classification accuracy, k-index and
average accuracy between class characteristics. It has been shown that the k-index has several
shortcomings and, therefore, cannot be used to assess the classification features accurately. The
probabilistic approach based on the matrix of errors, analysis of the matrix and the formation of pros
and cons of implementation, a new method of assessing the accuracy of the classification of
photography - all this was discussed in this article. It is projected that the introduction of classification
factors should bring significant advantages over existing approaches. As a result, we get more
information about the source of errors and their nature. The article [44] solves the problem of
recognizing visual objects based on applying the classification of image descriptors of the Kohonen
network. The scientific work describes the options and results of processing in detail, which are
regulated by a different number of artificially adjusted neurons. Criteria for assessing the level of correct
classification are analyzed. The results of software modelling of the network with other options for
processing and forming class centres are presented. The development of the work is the confirmation
of the study on the universality and possibilities of successful adaptation of the Kohonen network by
an arbitrary set of visual data, especially in the case of successful formation of primary class centres. In
general, this allows you to train the network and achieve the necessary classification indicators for
arbitrary initial filling of the database. All authors came to positive research methods, but the initial
data and approaches to experimental data differed, making each algorithm unique in a particular
application. We can conclude that the Kohonen neural network is an ideal solution with an initial dataset
and a leading mathematical basis for implementation. The information-extreme method with the right
approach will lead to almost actual results in recognition, so it is the best option for systems
implemented in the areas for the right to error can be fatal: medicine, military affairs, etc. The best
choice for a system implemented for educational purposes may be Bayesian methods, which are
thoroughly researched and guarantee a stable result in the ordinary course of events. Regarding the
mathematical results, the studies of the Kohonen network showed that the phased learning of the model
in 50 epochs ended in about 2 hours, with the time spent on calculating one period in 145 seconds [44].
In turn, popular information learning [57-59] is extreme in almost 3.5 hours. However, it should be
added that the complexity of organizing the initial configuration for the Kohonen neural network is also
a long process, which far exceeds the organization for the information-extreme nutrition and
requirements for its observance is one of the key parts of the developed system, so this topic is separated
into a separate category. The article [11] states that a person's need for various nutrients depends on
many factors: physical activity, environmental conditions, sex, age, physical development and so on.
The decision to provide people in institutions with quantitative and qualitative nutrition requires explicit
sex, age, physical development, etc. of substances received by the body, and the degree of compliance
with the body's needs, based on balanced nutrition. The publication [2] demonstrates ways to organize
a healthy diet for humans. The United States' experience in the organization of food for its population
from a rational point of view is revealed. Calculations for determining the body mass index are given,
and the correspondence of human height to weight is provided, which is shown in Fig. 3 [2].
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Figure 3: Graph of correspondence between height and weight of a person




One of the key conclusions is the recognition of the need to improve the promotion of healthy eating
among the population, which will serve as a robust foundation for the nation's recovery. The thesis
voiced that it is necessary to monitor the quality of different populations' food products closely. The
norms which influence the use of daily calories are established. Such indicators influence the reduction
of energy reserves as physical activity, weight, height and age. Next, consider the article [4], which
analyzes the daily diet of different segments of the population of Ukraine. The result of the study is
disappointing. According to statistics, the population violates their diet, and their diet shows a lack of
specific vitamins, trace elements, etc. To normalize the spread of the problem and propose their
solution, the authors created their model of forming the proper diet. For example, the information model

is based on the student, shown in Fig. 4 [4].
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Figure 4: A simulation model of human diet formation

It is not enough to eat properly to lose weight. Therefore, the article [6] proves the need to automate
calculating calories, determining the nutritional value of foods and keeping a food diary. Furthermore,
the authors substantiate the relevance of the development of services that will simplify creating physical
sessions for sufficient load, taking into account the characteristics of the human body. Therefore, the
main task is to automate the process of training and nutrition. Automatic calorie recording in the user
profile and well-established communication with fitness trainers can spread the system to the general
public [60-69]. The authors consider the introduction of educational institutions in the early stages. The
article [31] explores ways to use QR-code to improve the efficiency of service systems. The positive
and negative sides of the QR-code are shown in Table 1.



Table 1
Advantages and disadvantages of QR-code

Advantages Disadvantages
Storage of large amounts of digital and textual Relatively high cost of mobile Internet.
information.
Speed of QR-code creation. Low level of public awareness about QR-
coding technologies.
High recognition speed. After all, the print size of this There may be technical problems.

code can be minimal.

The ability to read in any direction and for placement
is suitable for almost any surface.
resistance to damage (reading at

code damage up to 30%).

The main advantage of a QR code is the amount of information transmitted using an image. The
peculiarity is that the image size is much smaller than the amount of data that the device with the camera
can receive. The authors simplify the definition of this technology and argue that the QR code is
primarily a simple way to distribute and receive digital information. The result of scientific work is to
determine the feasibility of using technology in current market conditions. Food photos are widely used
in food magazines and social networks to share gastronomic experiences. Many of these images are
made in restaurants. Recognition of dishes, in general, is very complex due to the different national
words, varieties, cooking styles and the inherent complexity of modelling food from its visual
appearance. First, you need to adapt the photo frame based on the rejection of unlikely categories
located far from the test image. Then, reformulate the problem using a probabilistic model that
combines dishes, restaurants, and places. This model is used in three different tasks: food recognition,
restaurant recognition and space improvement [70]. In May, the popular photo service Pinterest added
dish recognition to its image search program. Now, if you take a picture of the food with the program's
help, it recognizes certain ingredients and offers recipes related to them, which is shown in Fig. 5. The

company plans to use this technology to help brands advertise to Pinterest users.
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Artificial intelligence can recognize from a photograph which ingredients have been in the food:
represented by a plate of cookies, for example, the system can know that they probably include flour,
eggs and butter. But at the moment, Al can't tell how the ingredients were cooked - it don't know if the
onions have been stewed or fried. And while it tries to recognize hidden ingredients in sushi, the system
is especially good at finding cookie and cupcake recipes, Haines says, because they are relatively



popular online. The study will be presented later this month at the Computer Vision and Pattern
Recognition Conference in Honolulu, Hawaii. First, consider existing solutions in the market and
conduct a comparative analysis. Let's start with the mobile application "Calorie Counter”, which is
shown in Fig. 6. This program allows you to find information about the nutritional value of food and
simplifies forming a food diary and exercise. The system aims to balance the content consumed with
the user's physical activity during the day, so be prepared to record all physical activity. However, the
procedure can be burdensome for those who do not have enough free time for such manipulations.

Positive aspects of the Calorie Counter system:

e Integration with intelligent watches;

Availability of a dietary calendar;
Weight tracking;

Image recognition;

Reading QR - codes of products.

Disadvantages of the Calorie Counter system:

e  Most of the subject functions are paid (diet plan, tracking of calories consumed and water

balance);

e  Lack of language selection in the program interface;

e  Quite a small database of products;

e Linking ingredients to specific regions;

e Low level of object recognition.

The next competitor in the market is the system "Lose it!". It is a mobile application that helps to
achieve the goal associated with weight loss. Works in the format of goal setting and monitoring of
gradual progress. The developers claim that the system uses sound principles of calorie counting and
tracking consumer balance. The interface of this system is shown below, in Fig. 7.

Advantages of the "Lose it!" System:

e  Allows you to track the daily routine (controls such processes as sleep duration, weight change,

steps taken, etc.);

e  Shows the caloric content of products;

e  Graphic visualization of statistics;

e  OR -scanner;

e  Ability to compose your recipes.

Disadvantages of the system "Lose it!":

o  All functionality works only due to manual input;

e  Slow product search algorithms;

e  Low sample of products and dishes;

e No process control.

Lifesum is a mobile application that serves as a food diary, health journal and calorie counter. The
list of functions helps to lose weight or gain weight and maintain physical shape. The interface of this
system is shown below, in Fig. 8.

Tofu and Cucumber Salad

NUTRITION INFORMATION
u-) %% ‘13

Figure 8: Lifesum system interface Figure 9: Calorie Mama Al system interface



Advantages of the Lifesum system:

Advice on nutrition and diets, based on expert assessment;

Calculation of calories consumed,

Food Diary function;

Beautiful visualization of processes;

A round-the-clock support group that answers questions and solves difficulties.
isadvantages of the "Lifesum" system:

Everything must be entered manually (it is not possible to take photos);

No ingredient recognition function;

English interface language only.

Consider a system that is as close as possible to the developed - "Calorie Mama Al". The system is
shown in Fig. 9. This application allows you to calculate the energy value of products that will be
recognized after image analysis. The developers claim that the system is able to identify more than a
thousand categories such as fruits, vegetables, meat, cereals, beverages, etc. Alternatively, the system
is able to analyze packaged foods and barcodes. Using a paid subscription allows you to:

e  Get access to tracking additional nutrients: carbohydrates, fats, sodium, etc.;

The function that tracks calorie expenditure;

Making changes to the current profile;

Creating user groups;

Access to specialist-approved exercise to maintain tone.
Advantages of the Calorie Mama Al system:

Fast recognition algorithms;

Convenient and intuitive interface;

Scanning barcodes;

Availability of a large number of recipes;

Cross-platform;

Synchronization with "Fitness Buddy", "Instant Heart Rate" and "Sleep Time";

API access without system installation.
isadvantages of the system "Calorie Mama Al":

Ability to scan only American products;

Small bar code database;

Non-optimized system: heating of the device during long-term use;

Poor synchronization with the watch;

Short trial period;

An obsessive offer to make a paid subscription;

Most of the functionality works with a subscription;

English interface language only.

To summarize the characteristics of these systems, we create a comparative table 2.
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Table 2
Comparative table of analyzed systems
Name «Calorie «Lose it!l» «Lifesum» «Calorie Mama Al»
Counter»
The duration of the None none none 7 days
trial version
Subscription fee 99 135 169 250
(UAH)
Interface language English 5 languages with a choice of 20 English
the possibility of languages
change

System size (MB) 41 29,8 61,5 110



Authentication Google, none none Google, Facebook

using third-party Facebook
services
Image recognition Available available It is absent based on artificial
intelligence
Barcode scanning None available none using cv
Average Itis absent to 10 Itis absent 6
recognition time (c)
Profile analysis None sleep control for premium if you have a
subscriptions subscription
Forming tips Exercise works based on based on a if you have a
the set norms macro- subscription
calculator
Notification widget on the none available available
home screen
Sync with other None Garmin tracker, google fit, argus, fitness
devices Withings scale, health buddy, instant
google fit, heart rate, argus
Healthkit
Tracking progress history available history Itis present consumption diary
magazine
Help centre Inaccessible available chat inaccessible only on a separate
site

Table 2 shows that the system "Calorie Mama Al" is able to meet most user needs but will have to
pay a much higher price than competitors. This pricing policy is dictated by the most extensive base for
processing and analysis. Quality is also guaranteed through the use of machine learning algorithms and
artificial intelligence. The use of computer vision determines the speed of barcode recognition.

The "Calorie Counter" system is the cheapest and is ready to cope with basic needs: counting
calories, forming physical activity by the activity and keeping a history log. The main disadvantage is
the lack of making and analyzing images of dishes, so it is inferior to analogues in practice. The optimal
solution for value for money can be a system "Lose it!". It is able to recognize images and barcodes,
perform analysis, synchronize with other devices and more. The advantage over others is the flexibility
in choosing the interface language and the weight of the programs. However, as a recognition, this
system is inferior to "Calorie Mama Al". Thus, the availability of many approaches and means of
solving one problem allows you to create different solutions and compare their effectiveness. However,
there is a possibility that the use of some tools is not able to solve all the tasks, so we have to resort to
the implementation of various solutions, which together allow achieving the desired result. After
studying the characteristics of analogues, it became clear that the market does not have an ideal system
for price-quality aspects. All applicants have some parts but exclude the presence of others.

3. Materials and methods

Within this section, we will connect all the system's goals and build a tree of destinations. First, let's
highlight the main goal, which will serve as the top of the tree and the subordinate objectives of the first
and second levels. The primary purpose of the developed system is to create an information system of
dynamic and adaptive control of the human diet based on machine learning [71-78]. To achieve this
goal, it is necessary to analyze the subject area, design the system, and implement it. The goal tree
shown in Fig. 10 allows you to create a compelling and complete hierarchical structure by decomposing
the primary goal. The purpose of the analysis of the subject area is to analyze the current market
situation, explore methods that allow you to solve specific problems, etc. At the design stage, the



necessary functions of the system are prioritized, and structural approaches are formed. The
implementation stage is the implementation of the already researched and designed solution in an
existing information system. It is known that according to the level of automation, information systems
are divided into information retrieval, information reference, information management and intelligent
information systems and decision support systems.

Creation of an information system of
dynamic and adaptive control of human
diet based on machine learning

Subject area analysis System design System implementation
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Figure 10: Goal tree

To select the appropriate type of information system, we use the method of analysis of hierarchies.
As alternatives, we choose four types of information systems: information retrieval (A1), information
reference (A2), decision support system (A3) and intelligent information retrieval system (A4).
Determining the type of information system will be evaluated about six characteristics of the novelty
of the developed product (K1), quality of recognition (K2), flexibility of implementation (K3),
productivity (K4), speed (K5) and ease of use (K6). To calculate the expert assessment, we use the scale
of the relative importance of priorities, which is given in table 3.

Table 3
The scale of the relative importance of priorities
Value Qualitative characteristics
Equivalent elements
Insignificant priority
Weak priority
Moderate priority
Significant priority
Significant priority
Strong priority
Extreme priority
Unconditional priority
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We represent the relative importance of one criterion compared to others in the matrix of
comparisons of characteristics in Fig. 11.



K1 K2 K3 K4 K5 K6 BY BB

K1 1 15 1,17 1,2 1,33 1,25 1,33 0,1
K2 3 1 1,2 1,25 15 1,33 1,5 0,11
K3 7 6 1 3 5 4 3,99 0,29
K4 6 5 15 1 4 3 2,98 0,22
K5 4 3 1,25 1,33 1 1,5 1,79 0,13
K6 5 4,03 1,33 15 3 1 2,26 0,16

Figure 11: Matrix of characteristics comparisons

By formula 1 we calculate the eigenvalues:

’ 1
BY = " ?=1 al-j. ( )

By formula 2 we calculate the eigenvectors:
BB = o (2)

n ’
i=1 Wi
where w; is own number, Y., w; is the sum of eigenvalues for a specific criterion.
We compile matrices of pairwise comparisons of the created alternatives Al, A2, A3, A4 for each

of the criteria and the corresponding goal in Fig.12:

Al A2 A3 Ad BU BB
Al 1 1,5 3 5 241 027

A2 3 1 5 6 351 0,39

A3 15 1,25 1 3 1,71 0,19

Matrix for criterion "novelty" A4 125 12 15 1 14 0,16
Al A2 A3 Ad BY BB

Al 1 15 125 3 171 0,19

A2 3 1 1,5 5 241 027

A3 5 3 1 6 351 0,39

Matrix for criterion "quality" Ad 15 125 12 1 14 016
Al A2 A3 A4 BY BB

Al 1 15 1,25 3 171 0,19

A2 3 1 1,5 5 241 027

A3 5 3 1 6 351 0,39

Matrix for criterion "flexibility" A4 15 125 12 1 14 016
Al A2 A3 Ad BY BB

Al 1 1,5 3 5 171 0,19

A2 3 1 5 6 241 027

A3 15 1,25 1 3 351 0,39

Matrix for criterion "performance" A4 125 @ 12 15 1 14 016
Al A2 A3 A4 BY BB

Al 1 3 1,2 5 212 023

A2 1,5 1 1,25 2 171 0,18

A3 6 5 1 6 416 0,44

Matrix for criterion "speed" A4 125 15 12 1 14 015
Al A2 A3 Ad BY BB

Al 1 3 5 6 351 0,39

A2 1,5 1 3 5 241 027

A3 125 15 1 3 171 0,19

Matrix for criterion "convenience" A4 12 125 15 1 14 016
Al A2 A3 Ad BY BB

Al 1 15 125 1.2 14 0,16

A2 3 1 15 5 241 027

A3 5 3 1 6 351 0,39

A4 6 1,25 12 1 1,71 0,19

Matrix for criterion the main goal
Figure 12: Matrices of pairwise comparisons of the created alternatives A1-A4 for each of the criteria

We create a matrix of comparisons of alternatives and identify the type of information system. The
matrix of comparison of other options is shown in Fig. 13. Thus, the result of the method of analysis of
hierarchies is an information system to support decision-making.



K1 K2 K3 K4 K3 K6 Generalization

0.1 0,11 0,29 022 0,13 0,16

Al 0.27 0,19 0,19 019 0,23 039 0.24
A2 0.39 027 0,27 027 0.18 027 028
A3 0.19 039 0,39 039 0,44 0,19 033
A4 0.16 0.16 0.16 016 0.15 0.16 0.16

Figure 13: Matrix for comparing alternatives

In detailing the structure of the information system, the implementation of IDEFO diagrams was
chosen. The conceptual model of the process "Product recognition and diet control” is shown in Fig.
14. The input parameters for the full functioning of the system are data on the caloric content of
products, data on dishes, a dataset with images, user features (set in the settings) and an authorized
profile for access to the APl with barcodes. One of the critical parameters that influence the formation
of advice and establishing a consumption plan is dietary norms. The initial result of the whole system
can be the final calculation of calories and the establishment of recommended theses on nutrition and
adherence to the regime. The following steps are to build hierarchies of lower-level processes. Figure
15 shows a decomposition diagram of the first level of “Product recognition and diet control”. Fig. 16
presents a decomposition diagram of the second level of the process "Product Recognition”. Fig. 17
shows a diagram of the decomposition of the second level of the process “"Determination of energy
value of products”. Fig. 18 illustrates a diagram of the second level decomposition of the process
"Statistics". Figure 19 shows the decomposition diagram of the third level of the process "Recognize
the object™:
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Figure 15: Decomposition of the first level of the process "Product recognition and diet control"
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Fig. 20 presents a diagram of the decomposition of the third level of the process "Break the dish into
ingredients”. Fig. 21 shows the decomposition diagram of the third level of the process "Get data on the
barcode". Fig. 22 presents a decomposition diagram of the third level of the process "Involve the user

in recognition”. Fig. 23 shows a diagram of the decomposition of the third level of the process "Put by
the products - calories".

-Picun'e; of a dish

T It iz difficult to recogiize the elements
Dataset [Carry out =

chastering
Pt

The result of clustermg

Data on dishes Recognition relationship

ointcidences @

Proces= the Eecognired elements
~ data

o X

Figure 20: Decomposition of the third level of the process "Break the dish into ingredients"
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Figure 22: Decomposition of the third level of the process "Involve the user in recognition”
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Fig. 24 presents a decomposition diagram of the third level of the process "Get calories from the
barcode". Fig. 25 illustrates a decomposition diagram of the third level of the process "Update History".
Fig. 26 shows a decomposition diagram of the third level of the process "Update neat network dataset".
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Figure 24: Decomposition of the third level of the process "Get calories from the barcode"
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Figure 26: Decomposition of the third level of the process "Update neat network dataset"

Fig. 27 presents a diagram of the decomposition of the third level of the "Create a popularity rating”
process. Fig. 28 shows a diagram of the third level decomposition of the "Generate advice on change™



process. Fig. 29 presents a diagram of the decomposition of the third level of the process "Filtration
according to preferences”.
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Figure 29: Decomposition of the third level of the process "Filtration according to preferences"

Based on IDEFO, we will build a hierarchy of processes that affect the result of the system. To do
this, in the All Fusion Process Modeller environment, we will generate a prototype of the already created
hierarchy. The work is shown in Fig. 30:
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Figure 30: Hierarchy of processes (functions, tasks)

The choice of software for implementing the system is primarily due to the peculiarity of the
platform for its further performance. The system will be available on mobile devices, so this feature
requires specific or cross-platform technologies. The favourites on the market to solve this goal are such
programming languages as JAVA, Kaotlin, C #, Swift, Objective C, JavaScript. These programming



languages have their characteristics, so we detail them. As for the JAVA programming language, it is
considered the best option if the system's target audience is users who own mobile devices on the
Android operating system. It is clear that in this case, it is advisable to use a native programming
language. Using this programming language for a mobile platform with a "green robot™ will bring you
closer to the maximum fast operation of the interface, which will form a better experience from use.

Furthermore, using native elements of the Android operating system allows users to see the
corresponding graphic details on different versions. That is, during development, you may not specify
the final version of the mobile platform. Focusing on one operating system excludes users who own
devices on a different OS. Therefore, users on iOS will not be able to use the developed system. This
condition is why such a language as JAVA is not used to create this system.

Moreover, free access to JAVA remains unclear because, for example, version 13 is paid, and it is
unknown what to expect from the next ones. New versions are introduced for the following reasons:
improving existing designs, creating entirely new ones, improving security measures for library
vulnerabilities, and so on. Accordingly, the use of the paid version will not allow the involvement of
volunteers in the project, which could theoretically improve the project on an unrestricted basis. A
similar controversy is observed in the Swift programming language. Although it is evolving rapidly and
enriched with new structural approaches, it is purely for the iOS operating system. It is clear that this
language automatically reduces the possible number of active users. The C # programming language is
a favourite, in this case, thanks to the .Net Core platform. Using this platform allows you to run projects
of varying complexity on different platforms Windows, Linux, macOS, etc. The platform is quite
popular today because it is freely available. Regular updating, focus on broad functionality and
integration with Microsoft products allows you to choose this platform as the basis for writing the
business logic of the developed system.

The introduction of cross-platform Xamarin technology allows you to target users with operating
systems such as Android and 10S. However, this possibility creates a disadvantage - the size of the
project. By default, when creating a Xamarin solution, four projects will be included: a general task, a
project for Android devices, a project for 10S devices, and UWP devices. Too many projects, cross-
platform modules and dependencies lead to too much dimensionality of the final system. This
disadvantage affects the installation time for users, the Cl / CD deployment time and the development
time, as the build time is directly proportional to its size. Also, a strong argument against this technology
is the lack of native elements so that the input field will look the same on all platforms. This decision
is not joint, as it contradicts accepted practices. An alternative cross-platform solution is to use the
ReactNative framework. It uses JavaScript and JSX (JavaScript-XML) to implement native applications
on 10S and Android operating systems. It is worth noting that the result will be the same as if we use
Java or Objective C., And everything is possible without being tied to a specific mobile platform.

React Native is the best way to build your mobile applications (Fig. 31). With the tool, novice
developers can actively create productive mobile applications. Ability to automatically update the code
in the "hot reload" mode (hot reload) and immediately see the changes, whether in the emulator or on
an actual device. The above features have a positive effect on the developer and improve his experience.

h?Poslgre R
“
ioS ;;"‘“
Figure 31: React Native Figure 32: PostgreSQL interface

It is good practice to use Redux in combination with modern frameworks and libraries. Redux is a
global status container for applications written in JavaScript. It helps develop applications that behave
consistently, run in different environments (client, server) and are easy to test. In addition, it provides
an excellent experience for developers, such as editing live code in combination with the process of



"debugging” in real-time. Redux is small in size (about 2 KB, including dependencies) but has a large
ecosystem of "addons". It is advisable to use this framework for the following reasons:

e  Time efficiency: due to the feature of "fast reboot";

e« Performance: uses a separate interface thread;

o « Community growth: open-source project;

e« Cross-platform application.

Regarding the implementation of relational databases, candidates such as MySqgl, MSSQL and
PostgreSQL were considered. As for MySql, it is a free relational database management system. They
are supported on Windows, Linux and UNIX platforms. Because it is a relational database, data is stored
in tables that contain tuples and attributes. Typically, MySql is used in conjunction with PHP. The
server of this database runs on a client/server model or embedded systems. It consists of a multi-
threaded SQL server that supports various software tools, various client programs and libraries,
administrative tools and a wide range of application programming. The advantages of this system are
data security, on-demand scaling, round-the-clock operation, comprehensive transaction support,
complete control of the workflow, open-source flexibility, adaptability and ease of use and speed.

Disadvantages of implementing this system include limited complex business logic, open issues of
stability, inefficient processing of some operations, and functionality dependence on addons. Also,
consider PostgreSQL as one of the most professional database systems, shown in Fig. 32. It is managed
and supported by an open community, provides full support, and helps solve specific application
problems. It runs on various platforms Windows, Linux and Mac. The advantages of PostgreSQL
include a simplified transaction process, code commenting, a large humber of internal parameters and
the ability to install extensions to improve security. As for the shortcomings, it is worth mentioning the
complex structure, poor efficiency and common problems with backup recovery. We also considered a
relational database model such as MS SQL, which works well with local databases and cloud
environments. Starting with Microsoft SQL Server 2016, the system is available on Linux. The
advantages include speed and stability, the ability to track load levels, the ability to gain limited access
to the database, even on a mobile device, excellent integration with products from Microsoft. The
disadvantages include the high price of a full version. Furthermore, despite the optimization, there are
cases of significant resource consumption. So, we summarize the comparison in the form of table 4.

Table 4
Comparative table of the considered RDBMS
Name MySQL PostgreSQL Microsoft SQL Server
Primary models RDBMS RDBMS RDBMS
Secondary models Document store,
Graph DBMS
Developer Oracle PostgreSQL Global Microsoft
Development Group
License Open access Open access Commercial
OS support FreeBSD, Linux, OS X, FreeBSD, HP-UX, Linux, Windows

API and other
access methods

Scripts on the
server-side
Transaction

concepts

Possibilities of

storage in memory

Solaris, Windows

ADO.NET, JDBC,
ODBGC, Proprietary
native API
Available

ACID

Available

Linux, NetBSD,
OpenBSD, OS X,
Solaris, Unix, Windows
ADO.NET, JDBC,
ODBC,ts

BnacHa moBa PL/pgSQL,
Perl, Python, Tcl
ACID

Missing

ADO.NET, JDBC,
ODBC, OLE DB,
Tabular Data Stream
Transact SQL, .NET
languages, R, Python
ACID

Available



Access control User-defined According to SQL According to SQL
authorization concepts standard standard

The ORM in Asp.Net Core will run much faster in conjunction with MS SQL, so the choice was
made on Microsoft SQL Server.

The software was written in Microsoft Visual Studio 2019. Visual Studio is a development
environment (IDE) created by Microsoft (Fig. 33). This environment is used to develop classic
applications for Windows, mobile applications, web projects, games, etc. There are several editions to
which the Community belongs - a free version, which can be accessed through an existing Microsoft
account. There are also paid versions: Professional and Enterprise.

Figure 33: IDE Visual Studio 2019 Figure 34: Visual Studio Code interface

To set the development environment, the minimum requirement is a processor with a clock speed of
at least 1.8 GHz. The minimum possible amount of RAM is 2 GB (recommended to use - 8 GB). The
above requirements satisfy the workstation on which the system is developed. The peculiarity of
programming in the VS environment is that it can attract other users using VS Live Share technology.
Improved version of Team Explorer - you can temporarily save changes to the project and work on
further developments simultaneously. Improved global file search efficiency, allowing you to move
faster on a large project. Another development environment is another product from Microsoft - Visual
Studio Code (Fig. 34). In this environment, the development of the interface design for mobile devices
was carried out. First of all, many additional packages make this text editor a powerful tool for the
development environment. It is worth noting that all development environments from Microsoft have
an IntelliSense system, which provides clever hints to the introduced functions, methods, commands
and dramatically simplifies the process of writing code. The most significant effect is achieved in
projects that are written in languages supported by the .Net platform. The convenience of project
debugging, built-in git commands in the system interface, the possibility of maximum customization of
the environment, simplification of the project scanning process - all these positive features allow you
to use VS Code as an indispensable code editor. It should also be noted the incredibly high speed, which
is significantly different from all available alternatives. VS Code positions itself as a cross-platform
code editor that allows you to use it on Windows, Linux and Mac operating systems. The database was
configured and developed in SQL Server Management Studio 2017. This utility contains an editor for
interacting with scripts and a graphical shell for configuring and administering servers.SQL Server
Management Studio's primary tool is Object Explorer, which allows users to explore, view, and fully
manage server objects. Therefore, in this section, the analysis of software for system implementation is
carried out, and the most optimum taking into account the set tasks is revealed. The choice of relational
database and development environments is substantiated.

4. Experiments, results and discussions

The software product is designed based on a three-tier architecture consisting of the following levels
- presentation, business logic, and database access. Visualization of the system architecture, the
relationships between the layers and the related technologies for their implementation are shown in Fig.
35.
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Figure 35: System architecture

It is worth noting that the sequence of layers is appropriate and constant. That is, the level of
representation "knows" only about the existence of business logic. In turn, business logic interacts with
the level of expression and access to the database. The story of access to the database using the scripting
language and a given link brings the results to specific objects and sends the product to a higher level.
The advantages of this architectural solution are:

o  Code maintenance and support - each level is independent, so changes in one class do not lead

to changes in another;

e  Flexibility - each level can be managed and scaled separately;

e  Reuse - independence allows you to use levels within different systems;

o  Faster development process - other specialists can deal with specific areas: front-end specialists

- the representation, back-end engineers - the introduction of business logic; database administrators

- develop a database model.

The work of architecture is as follows. The user performs a set of operations that lead to a request
to the server. Within the presentation level, projects are exchanged via the REST interface. A request
comes from the mobile device and goes to the appropriate controller. The proper method of the
controller calls the object from the level of business logic and instructs it to perform tasks. In turn, the
business logic layer calls an object from the database access level to connect to the database to retrieve
data. The last story forms the language of scripts that are executed for a given database.

After processing the data at each level (top-down), the response is returned to the controller. The
processing result is sent using the HTTP protocol with the corresponding status code on the
development of the operation. The information is provided to the user due to processing the body of the
response that the device received from the server part. Let's start with a database description, which is
directly related to the lowest level and is the central place to store data within the system. The database
meets the requirements of 3NF and consists of the following tables: Users, Roles, Genders, Meals,
MealTimes, Ingredients and Measures. The scheme is shown in Fig. 36. The following relationships
have been established between entities:

e Roles and Users - 1: N, as many users can register with a shared role;

e  Genders and Users - 1: N, as one gender can belong to many users;

e  Users and Meals - 1: N, because one user can create many unique dishes that differ in image,

UPC, consumption time, etc .;

e MealTimes and Meals - 1: N, because, for example, many dishes can be breakfast/lunch/dinner;

e Ingredients and Meals - N: N (with intermediate table Meallngredients), because one ingredient

can be in several dishes and vice versa - one dish can consist of many elements;

e Ingredients and Measures - 1: N, which is true: one aspect can be measured in grams, number

of tablespoons, etc.



The development created a database-level validation that will not allow you to create a tuple if the
required field is empty or the field's length exceeds the allowable limits.
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Figure 36: The database schema

Fig. 37 shows an example of conditions that ensure efficient use of the system. Validation measures
of this type help reduce the database's size and get rid of empty records in the table at a distance. The
database is directly related to the level of data access. This level has a connection that allows you to
connect to a database server that will run scripts in the future. Because this system is highly dependent



on the database, so Dapper was chosen as the main ORM. The implementation of this package will
allow you to directly write scripts in the code that the database server will process. The business logic
layer performs basic operations within the system: saving files, bringing objects to a specific form,
sending requests to open APIs, and so on. Within a system, there are two types of layer exchange
objects: transport objects and model representations. Transport objects are identified with a specific
database model. The model representation is a collection of many models and is an alternative to using
temporary tables in the SQL standard. The presentation level consists of a project in which the code for
the user interface for mobile platforms is written and a project that receives requests from the previous
one. An example of a query with the return of a successful result is shown in Fig. 38.

Column Name Data Type Allow Nulls

b7 ld int O
Firsthlame nvarchar(25)
LastMame nvarchar(25)
Uzername nvarchar(33)
Emnail nvarchar(33) O
Password wvarbinary(MAX) O
DateCfBirth datetime2(7)
RegistrationDate datetime2(7)
Country nvarchar(35)
State nvarchar(33)
City nvarchar(35)
Roleld int
Genderld int
PasswordSalt wvarbinary(MAX)
Token nvarchar(MAX)
(|

Fig. 4.5. Example of validation of the table "Users"

Figure 37: Example figure

Figure 38: Successful query resUIt

Using such a powerful tool as Redux has created a single data warehouse for the entire application.
Applying this approach allows you not to send a request if we have done so before. First of all, we
speed up the system and optimize the mobile device's resources because we do not create new variables.
The basic cycle of Redux is shown in Fig. 39. Components are the building blocks of our system that
send specific signals to the repository. Manipulations within components cause specific actions that
change the state in the storage and update it accordingly. A repository is an object that contains all the
forms at a particular point in time. The warehouse is registered in the root, the main component, which
is the first to run in the system. You can access the state using the getState () function. You can update
the status using the dispatch () function. In Fig. 40, the system repository is shown. Fig. 41. shows the
state of the history of consumption. It features the unique values of each product. Finally, the available
state tree is given in Fig. 42.
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Introduction. For full use of the system, it is necessary to get acquainted with the technical
characteristics and functionality of the program. The user manual helps in this context.

General information of the program. The name of the program is "PocketDietCoach”. The program
is written using the C # and JavaScript programming languages. The SQL standard was used to write
scripts to interact with the database. The following development environments were used during the
development: Visual Studio 2019 and Visual Studio Code. Microsoft SQL Management Studio 2017
was used during the story. The Git version control system was used using Git Bash.

The program is designed to control the daily diet and automatic calorie counting. This focus of the
system suggests that its implementation is possible in various spheres of life. As for the system's
capabilities, you should make a list of needs that it can meet for the user. The main functions include
recognition of products and QR-codes, determination of energy value, automatic calculation of caloric
content, control over consumption, forming a consumer diary, tracking history. Ancillary features of
the program are sending notifications of missed meals and recommendations for improving the diet.

Classes of solved tasks. The system solves the problem of determining the dish and its contents,
highlighting the exposure and recognizing the word in the image, calculating the energy value,
recording the processed information in the user profile, notification of missed meals, and
recommendations for consumption time. One of the initial methods is that help to solve the tasks -
methods of authentication and authorization. During these procedures, it is determined whether the user
can log in and perform certain operations. Successful authentication results are in a temporary token
that is active for 40 minutes. It means that it quickly becomes inactive, and the system updates it. It
allows the system to ensure that the requests are sent by a specific user, not by an attacker who changed
the encrypted part of the key. The following method is to get statistics for the current date. A successful
result allows you to process data and display information on the user's screen. This method is
parameterized, so navigation on the home screen causes a new request with a variable date parameter.
An essential strategy for organizing processes for the system is the formation of statistics related to
power sets. The processed information is submitted to the relevant sections, which can be further
defined in the user profile.

Regarding the functions that perform the analyzed tasks, the client part distinguishes:

e  createStore - creates a global object that contains the current states;

e combineReducers - a combination of all states for the global store;



signin - sends a get-request for user authentication;

signup - sends a post-request to create a user;

updateProfilelnfo - sends a patch request to update the user profile;

createStackNavigator - creates a navigation stack for a single menu item;
createDrawerNavigator - merge all application stacks that change when you select a new option
in the drop-down menu on the right;

e getlnAccount - the function gets values from AsyncStorage;

o renderMealsBoard - depending on the result obtained from the database, this function returns
various components to the home screen;

e navigationOptions - the rendering of elements of the navigation menu is set;

o saveDataToStorage - save the date to local storage;

o getMealsByUserldAndDate - the function sends a request and receives a list of periods for
eating;

e addMealByPhoto - the function sends images for a specific period;

Regarding the functions performed on the server-side:

o  CreateUserAsync - is responsible for creating a user. Successful creation returns the DTO of
the created user;

o  GetUserAsync - returns the DTO of the created user according to the passed input parameter;
e  GetUserCredentialsAsync - a private method that is called when logging in to compare
encrypted passwords further;

o  GenerateRefreshToken - the function generates a long-term token and writes it to the database
of a specific user;

o  GenerateAccessToken - a short-term token is generated, which consists of a header,
information to transmit and an encrypted signature;

e  GetPrincipalFromExpiredToken - the method retrieves the signature from a short-term token;
o  AddNewlngredient - record a new ingredient in a specific table;

o  GetAllingredientsByMealld - the method allows you to create and execute a query to the
database and get a list of ingredients;

o  GetAllMealsByDate - the method allows you to create and execute a query to the database and
get a list of dishes that satisfy the transmitted data;

o  AddNewMeal - is responsible for creating a new dish consumed by the user. Successful creation
returns the DTO of the created dish;

o  GetTheClosestMealTime - this method determines in which time category it is advisable to
write the current dish;

e  AddNewlingredient - is responsible for creating a new ingredient consumed by the user.
Successful creation returns the DTO of the created dish;

GetAllIngredientsByMealld - the method returns all the ingredients of a particular dish;
UnitOfWorkSave - a method of a UnitOfWork object that stores the current transaction;
OnConfiguring - a method in which database parameters are configured;

OnModelCreating - a method that sets validation rules for writing an object to the database;
GetIngredientsByPhoto - a method in which the recognition of ingredients by image;
GetNutritionsByUpcAsync - the function will receive data according to the received bar code;
GetIngredientsNutriotion - the method compares the ingredient and its energy value;
AutoMapperConfiguration - this method configures interdependent objects;

e  ServicesConfiguration - configure the living area for classes and system interfaces.

In terms of time characteristics, the recognition of a product such as pizza is approximately 5s.
However, this time dependence depends on the speed of the Internet so that it may differ on the devices.
Nevertheless, compared to analogues, this time is more than satisfactory for a given purpose of product
recognition and calorie counting. Currently, there is only one mode of operation in the program -
custom. At this stage, the possibility of maintaining global statistics and creating an administrative
method for closed users is being developed.

The controls are the freely available Clarifai API, which is also capable of recognizing dishes. If the
local neural network could not match the received image, the unrecognized element will be sent along



the described route. NutritionxAPI is used to recognize the barcode. The limitation of the program is
the presence of a device with Android / 10S version 8 and higher. The device must be equipped with a
camera module for the entire operation and have access to the Internet. The system requires access to
these parts of the device during the first start-up to comply with all usage rules.

A smartphone, camera module, and Internet access must fully use the system in full release mode.
Requests can be sent via Wi-Fi or cellular data. The primary condition is the optimal data rate. Also, an
essential requirement is to use the Android or iOS operating system on your mobile device. The features
of the operating system versions are as follows: for Android, the Android SDK version must be at least
higher than 8.0. For iOS devices, the system will run successfully on iOS version 11 and above. In local
development mode, you need to compile the project and get its assembly DLL. Then, run the ASP.NET
CORE project regardless of the start port. The next step is to run React Native to run on your mobile
device. Finally, the mobile project is launched using npm commands in the developer console.

To access the application, you must install it on a user's mobile device. The installation process
meets the conditions of the platform community, which is confirmed by permission to use the camera
and the Internet connection. To start, you need to log in to the application called "PocketDietCoach",
which is shown in Fig. 43. Logging in the system indicates in Fig. 44. Here you need to enter the login
and password of the created account. The main page is shown in Fig. 45. The navigation menu is shown
in Fig. 46. The photo mode is given in Fig. 47. Finally, activity statistics are presented in Fig. 48.
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Consider the efficiency of the system and the compliance of the task to the results of work.



After the user downloads the application, he sees the page shown in Fig. 49. This page appears when
the token has expired or does not exist at all. After a successful login process, the next login will redirect
the user to the home page. The user can go to the registration page or log in under a pre-created account
on this screen. To complete the registration process, the user must click on the "Create Account™ button
and go through the account creation procedure. Fig. 50 shows users that are asked to enter gender and
body parameters: age, height, and weight. The presence of these parameters in the system allows you
to determine how many calories the body needs. After entering the required parameters, the user must
fill out the registration form shown in Fig. 51. You need to fill in all available fields and enter your
login, e-mail and password. The order of registration is accompanied by two stages: the introduction of
body parameters and creating a profile. If the user has created a profile in the system, he goes to the
Login page, which is shown in Fig. 52. The system prompts the user to enter their e-mail and the
corresponding password. If the response is successful, the user will go to the main page from the server.
Suppose the user has not filled in all the fields or entered a login/password that does not correspond to
reality. In that case, the user will see the appropriate messages that will notify him of non-compliance
with the validation conditions. In Fig. 53 -54, examples of such statements are shown.
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The main page is shown in Fig. 55. The page is conditionally divided into two parts. The first
contains information about the calories consumed, and the second - the dishes that the user destroyed.
The current date and the left and right navigation buttons are indicated at the top of the screen. They
are responsible for moving by date and accordingly download the necessary information to the home
screen. The starting point from which you can view the consumption history is the user's date of
registration. The calorie ring clearly shows how many calories are left to consume to maintain the body's
energy balance. More detailed information is given under the ring. It contains data on how many calories
the user should consume, how many he destroyed during the day and how many are left. The formation
of the parameter of the daily norm is based on the age, weight and height of the user. The main page
also displays the products that the user consumed during the day.

The ability to add a dish or product is possible due to the presence of a particular button. The "plus"
sign switches the user to the mode of use of the camera in which it is possible to direct on a product and
photograph it. Access to the camera is shown in Fig. 56. After taking a photo, the system shows us the
image taken and asks us to wait a few seconds to process the information. This window is shown in Fig.
57. During this time, the system recognizes the elements in the photo, determines the caloric content
and records the data to the database. In case of successful recognition, the main menu is updated, and
the information about calories consumed changes. The obtained results are added, and the product is
displayed whether you finished an insufficient amount or, conversely, exceeded. The photo taken is
attached to a specific time range during which you ate and is supported by the dish's name. The
recognition result is shown in Fig. 58.
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Hints are also integrated into this system based on previous experience. For example, in Fig. 59, a
message indicates that the user has not consumed food to date. Therefore, the plan urges him to fix it
because the user usually eats breakfast at this point.
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Another page is the user profile, which is shown in Fig. 60. Initially, the information in the profile
is filled with the data that were entered during registration. You can change them by clicking the
appropriate option in the upper right corner. The user's page lists the main parameters associated with
it: name, age, country, weight and height. In addition, the profile shows user activity. Activity is
represented by an activity schedule that displays the number of actions during a given day. A graph is
an array that consists of an object that contains the date and number of contributions for a given day.
Accordingly, the richer the square, the more activity the user has performed during a specific date.

Particular attention is paid to the analysis of consumed substances and dishes, so the information in
the form of diagrams is given in the section of the user's diary.

Fig. 61 shows a line graph showing the number of calories consumed in the last seven days. The
abscissa shows the days of the week, and the ordinate indicates the number of calories. It allows you to
track a trend and draw conclusions about the improvement of the diet. Also, in Fig. 61, a pie chart shows
the relationship between the amount of food consumed and time. There are four-time ranges in the



system, so the circles are also four, respectively. For example, breakfast should have the highest
percentage under ideal conditions, and dinner before bedtime - the lowest. This chart allows you to
determine the meal that covers the most calories and draw conclusions. With the data from the two
charts above, you can choose the trend of calories consumed during the day and during the time range.
Fig. 62 is a bar chart showing the average number of calories consumed during the day over the last
four months. The bar chart allows you to monitor progress and understand whether the user is moving
towards weight loss or vice versa.

Fig. 62 shows a pie chart showing the most popular dishes or foods during the last week and their
share in the user's daily diet. Therefore, the result of this section is an analysis of the feasibility of using
certain technologies to develop this system. The advantages of the selected C # and JavaScript
programming languages are substantiated. The architecture of the developed system is described, and
the database model is given. A user manual has been created to determine the system's conditions, and
its features are described in detail. A detailed description of using the program with confirmation of the
results of work with the task. The purpose of the work is to create a working system that can identify
products, count calories, monitor user consumption, etc. This system will help the end-user follow a
healthy diet by determining the composition and caloric content of the product and forming appropriate
recommendations based on the rhythm of life. The main functionality is to recognize the product and
calculate the energy value. As for economic feasibility, now the trend of leading a healthy lifestyle is
becoming widespread. Most of which is tracking the daily diet. Automating processes in a smartphone
will allow you to easily control the number of calories consumed, keep statistics and get relevant advice
on how to improve your diet. For the most part, alternative systems are implemented and popular on
mobile devices, as the specifics of use depend on the mobility of the application platform. There are
alternative solutions on the market, but they often focus only on the automation of calorie counting
processes and neglect the automatic recognition of dishes and products. The above arguments suggest
that high-quality implementation will be in demand in mobile devices among connoisseurs of proper
nutrition. The number of mobile users is increasing every day. It is not surprising, because today the
smartphone is the undisputed centre of digital life for hundreds of millions of people. Internet,
communication, entertainment, work - smartphones combine many features that shape the image of the
modern world. Many processes work successfully with smartphones, so this industry is improving with
incredible speed. Payment for purchases, utilities, ordering tickets, doctor's appointments - all this is
solved with the help of a smartphone due to its convenience and mobility. You can be in a traffic jam
and pay for a new purchase that will be delivered from another part of the country. The main advantage
of a mobile lifestyle is saving time. The mobile industry leaders are trying to stay ahead of time and
offer technologies that will dramatically simplify our lives and, consequently, will enjoy incredible
success. So smartphones have become an integral part of our lives. Therefore, introducing a mobile
system that will significantly simplify daily life is a priority among the world giants in the market.
Developing a strategy with dynamic image recognition is considered appropriate for further
implementation, as it is relevant in the market. The main advantage of the mobile application is the
automatic recognition of the dish (no need to fill in the ingredients manually and their caloric content),
ease of use and speed of output.

5. Conclusion

To choose the current topic, the current market situation was analyzed, and the need to create a
system that will help automate the process of counting calories based on the recognition of ingredients
contained in the image of the dish was identified. The topic's relevance is confirmed by the massive
demand for similar systems of similar scale in the market of mobile applications. The number approves
it of downloads on different platforms. The advantages and disadvantages of alternative solutions are
summarized in the table and summarize the result. To design the system, various architectural solutions
and algorithms for neural network training methods are analyzed. The efficiency of their
implementation in different areas is compared. The appropriate form is selected, and the optimal initial
data set is set. All information was analyzed with the help of scientific articles, thematic literature, etc.
The result of the system analysis is the creation of a goal tree based on an integrated approach. The
system's primary purpose is established, and its decomposition is carried out at different hierarchical



levels. The method based on the IDEFO hierarchy is specified. Within this structural methodology, there
is a context diagram and its decomposition to three levels of hierarchy. Based on the order, the structural
content of the existing processes of the system is shown.

The expediency of system development in such programming languages as C # and JavaScript is
substantiated. The research results are the analysis of software for the implementation of the system
and the selection of the most optimal, taking into account the tasks. The choice of relational database
and development environments based on comparative tables of analogues is proved. The result of
successful work is creating a system that satisfies all the tasks: product recognition, automation of the
process of counting calories, generating tips and sending notifications. All results are supported in the
description of the software product and user manual. The user manual describes the appropriate use of
the system given the necessary conditions for a start-up. The system's functionality is supported by
images that show step by step the sequence of using the system. The economic part confirms the
feasibility of developing and implementing the system from a financial point of view.
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