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Abstract—The paper substantiates the need to obtain an assessment of the harm of food products for
consumers with chronic diseases or allergies, which is important to prevent a possible worsening of the
course of the disease or eliminate an acute allergic reaction of the human body to hazardous ingredients
present in the product. It is proposed to use food labels and packaging as the primary sources of
information about the food product that is available to the consumer. It is shown that, the printed
information on the packages of Ukrainian food products meets the requirements of the law "On
Consumer Information on Food Products" and the labeling on food labels is presented in the text-graphic
form. In this work it is used convolution neural networks for text-graphic information processing. It is
proposed and substantiated the system structure for detecting and analyzing the text-graphical
information of product composition. It is developed mobile software solution.

Index terms—Analyzing product composition; assessment of the harmfulness of food; decision-making

algorithm; intellectual system; text detection.

I.  INTRODUCTION

To take care of your health and prevent health
problems, it is necessary to pay special attention to
food products, before buying them, and especially to
the composition of these products. According to the
Ministry of Health, 2/3 of all diseases in Ukraine are
caused by harmful food products. One of the most
common causes of food poisoning and digestive
system problems is the presence of toxic chemical
ingredients in foods that have nothing to do with
nutritional value [17].

Food products have a complex structure and a
large number of ingredients of different chemical
composition. The quality of the whole food product
depends on the properties of the ingredients of the
food composition. In general, food ingredients are
divided into two groups, those that are useful for
human life and health and those that perform
technological functions. Nutrients provide the
energy value of products (macronutrients) or can
bring additional benefits from the food product, for
example, improve the physiological functions of the
body (micronutrients). Substances that are added to
food to maintain or improve the safety, freshness,
taste, texture, or appearance of food are known as
food additives. Most of the harmful to health
ingredients are synthetic non-nutrients obtained
through chemical synthesis — food additives [9].

Following the Law of Ukraine "On approval of
Sanitary rules and regulations for the use of food
additives" food additives are natural or synthesized
substances that are specially introduced into food
products to provide them with necessary properties
(for example, organoleptic, technological). Food
additives can remain in food products as is or in the
form of substances that are formed after the
chemical interaction of additives with food
components [22].

The modern development of the food and
chemical industry makes it possible to introduce
food additives into food not only for technological
needs, such as extending the shelf life but also to
improve the taste and color of the product, improve
the appearance to make the product cheaper. Due to
this development of food technology, the number of
food additives has increased to 2800 units [25].

II. THE PROBLEM OF DETERMINING
THE COMPOSITION OF FOOD PRODUCTS ACCORDING
TO THE PRINTED INFORMATION OF THE
MANUFACTURER

Preserving agents, stabilizers, and emulsifiers,
flavoring agents are used daily and accumulate in
the human body over a long period of life. The
World Health Organization notes that, for example,
flavoring agents in the wrong amount cause
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hypersensitivity to certain foods or idiosyncratic
reactions (iodine allergy) [18]. Sweeteners such as
cyclamates (E952), aspartame (E951), saccharin
(E954), which are found in many foods such as
cookies and biscuits, sauces, ketchup and
mayonnaise, carbonated beverages, sour milk
desserts, yogurts, kefir, have the permissible amount
of consuming per day and are not recommended for
consuming over a long period. [17]. Also, the well-
known palm oil, which is still used in food
(margarine, some cheeses, cakes with buttercreams,
chocolate, chocolate sweets, etc.) due to a large
amount of saturated fatty acids, causes
cardiovascular disease and is used to make
production cheaper [12], [27]. The harm of saturated
fats contained in palm oil, as well as in meat and
dairy products is stated in a report submitted by the
World Health Organization [5]. Soy lecithin (E471),
which is a common emulsifier and stabilizer and is
used even in bread, is contraindicated for people
who have problems with the liver [7]. Sugar, which
is now added to almost all foods, such as pastries,
bread, sauces, and ketchup, to improve the taste, but
in excess amounts leads to diabetes [11].

In many countries, among all existing food
additives, the use of only 50-60% is allowed. In
Ukraine, it is prohibited to use only additives that
belong to the category of very dangerous. The use of
all other additives is permitted. The main
requirement for the food manufacturer is to indicate
the name and index of the food additive [21]. By
paying attention to the product composition, one can
find that a product that is labeled "organic" or
"natural" contains synthetic additives; hard cheese
contains dye-ware colors and potassium chloride
(which causes irritable bowel syndrome and
ulceration), and so on. Unfortunately, it's not just
food additives that cause health problems - a large
number of people suffer from food allergies.
According to the Information note about Food
Allergy of the World Health Organization, more
than 70 foods can cause food allergies. The only
way to prevent allergies is to avoid allergens,
including cereals that contain gluten, dairy, cocoa,
peanuts, and other types of nuts, eggs, and fish,
mustard, celery, etc. [16]. Allergen products cause
skin diseases, gastrointestinal disorders, breathing
problems, or even affect the central nervous system.
Allergen products are being used to make food
products in which they do not need to be at all. For
example, dark chocolate may contain egg products
and wheat gluten.

Another problem for many people is lactose
intolerance. The body cannot break down milk
sugar-lactose, which is in all, without exception,

dairy products, bread, flour, ham, and sausages,
sweets, chocolate, and cocoa, dressings for salads,
and ketchup, etc. According to the Ministry of
Health, more than 75% of the population suffers
from this intolerance. [28], [14]. Intolerance causes
not only discomfort after eating dairy products but
also destroys the intestinal villus, which impairs its
function. The only way out for people with lactose
intolerance is to completely abandon foods that
contain dairy products, including desiccated milk.

Consequently, consumers must understand what
include food products they buy and consume.
Therefore, consumers must understand where to
look for the necessary information about the food
product, what information food manufacturers
should provide.

III. STATE STANDARDS FOR FOOD LABELING

Food labels and packaging are the primary
sources of information about the food product that is
important to the consumer. According to the Law of
Ukraine "On Consumer Information on Food
Products", labels are words, descriptions, signs for
goods and services, graphics or symbols relating to
food, one place on any package [24]. That is,
labeling is any textual and graphic information
presented on the manufacturer's label. The main
requirements for labeling are adequacy and
reliability, and therefore following the third section
of the Law of Ukraine «On information for
consumers about food products», manufacturers are
required to provide such textual information about
the product as name, presented in a form
understandable to consumers; list of ingredients
(product composition); information on the physical
state of the product, for example, frozen or
sublimated; conditions of storage or use; country or
place of origin; any ingredients or processing aids
that are used in the production or preparation of the
food product and remain present in the finished
product, even in a modified form (food additives);
nutritional information; expiration date [24]. These
food labeling standards are presented in the Codex
Alimentarius, which is a generally accepted standard
for labeling packaged food, implemented in many
countries, including Ukraine. Food manufacturers
are obliged to provide adequate information on the
list of ingredients, the presence of food additives,
and other information on product packaging, and not
to overlap in any case with textual or graphical

information [4]. Thanks to adequate food
information, consumers can make a conscious
choice. =~ Graphical information gives an

understanding of the quality of food products or the
environmental friendliness of packaging or
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organicity. For example, if the content of
genetically modified organisms in products exceeds
0.9%, the label "GMO" is a mandatory requirement.
Otherwise, a "GMO-free" label is applied.

According to the standards mentioned above,
labeling on food labels is presented in the text-
graphic form. By reference to the figures below, the
printed information on the packages of Ukrainian
food products meets the requirements of the law.

The form of presentation of information on food
packaging is a system of blocks, which includes an
information block with composition, an information
block with nutritional value, an information block of
product weight, an information block of storage
conditions, an information block with a barcode, etc.
In some images, the text of the composition is quite
small, which makes it difficult to read. The most
important information that allows the consumer to
analyze the product is the informational block of
food composition - the ingredients list after the word
"Composition" or "Ingredients" located at the top of
the label.
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Fig. 1. Label of hard cheese ‘Holland’

Consider the composition of hard cheese, which
has a medium price, and immediately notice such
ingredients as hardening agent calcium chloride
(causes intestinal diseases and ulcers) , dyestuffs
annatto extract (causes food allergies [1]), potassium
nitrate, which is also used in the production of glass
and rocket fuel (moderate toxicity, causes headaches
and dizziness, nephritis and breathing problems for
people with asthma [6]), chymosin (may cause
allergic reactions, not recommended for pregnant
women). From all the above, it is clear that this
cheese is very harmful to health.

Another example is the usual milk chocolate,
which children enjoy eating. We immediately notice
a large number of dairy products and sugar, so this
product is no longer recommended for people with
lactose intolerance and diabetes. Under the names,

non-hydrogenated and palm kernels are palm oil
(which causes cardiovascular disease), synthetic soy
lecithin E476 (used to make production cheaper,
although tested and approved by the Food Standart
Agency [2]), ammonium bicarbonate (approved, but
ammonia may be released during the decomposition
of carbon monoxide [2]). The composition is quite
controversial, and although certain additives have
passed some tests, this product will not be
recommended as not harmful due to the presence of
palm oil and belongs to the category of medium
harmfulness.

According to all mentioned above, the World
Health Organization recommends consumers be
familiar with the composition of products. But
consumers do not want to spend time studying the
characteristics of each component that is part of it -
it is important for consumers quickly to choose a
product in the store.

IV. THE NEED TO CREATE A SYSTEM FOR
DETECTING AND ANALYZING TEXTUAL
INFORMATION OF PRODUCT COMPOSITION

Even though the food packaging contains all the
essential information about the food product, the
results of surveys conducted among Europeans
showed that 52.2% of consumers do not read and
don't pay attention to the composition of the food
packaging. Among consumers who check the
composition of food products, 57.7% of consumers
around the world do not understand the product
composition, are not familiar with the ingredients in
the product composition and do not know what they
are used for, while 39.7% understand only partially
[10].

Difficulty with understanding and unwillingness
to read the composition of products are caused by
newly introduced terms or food additives that are
unfamiliar and incomprehensible to humans. The
manual analysis of the composition, shown in the
previous section, requires much time and is
generally undesirable. But to understand the product
composition, it is necessary to thoroughly examine
each component to give an objective assessment of
the harm. Usually, the average consumer does not
have time for all this.

According to the fact that most of the population
does not read the composition of products at all, and
people who read it does not understand it at all, there
is a need to create a system that quickly and easily
will provide consumers with all information about
ingredients in the food composition, its
characteristics, and give an assessment of the
harmfulness of the product by food packaging. This
system is of great social importance and aims to help
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consumers make informed choices and prevent
health problems.

The purpose of the article is to analyze the
structure of the created system to identify and
analyze the composition of products, justify the need
to create this system. It follows from the above
that there is the need to create a system that
should:

e be fast,

consumers;

e process the list of ingredients from the food
composition block and give the user all its
characteristics;

e save the consumer's time spent on the
introduction of ingredients manually;

e be able to search for ingredients to obtain its
characteristics and properties;

o allow the user to enter their preferences and
restrictions (or allergens) in ingredients of the
food composition;

e have a component for the analysis of the
harmfulness of each ingredient, which based
on the food composition and taking into
account all the limitations of the user, will be
able to assess the food product;
have a large database of products;

e be able to work without a network connection;
have a component for presenting a hazard
assessment and listing all ingredients along
with their characteristics.

The need to create a mobile application as a
quick and convenient way for consumers to obtain
an assessment of the harmfulness of the food
composition follows from all requirements to the
system above. The subject environment in the
developed application are images that contain the
text of the food composition.

Firstly, similar existing systems were analyzed.
Today, among the mobile systems that should
perform similar to the system is being developed are
the following: Naturometr, Open Food Facts, Food
Scanner. The principle of operation of the
‘Naturometr’ and 'The Open Food Facts'
applications is based on scanning the bar code with
the phone's camera, and as a result, a product
evaluation should be provided. But applications have
the following disadvantages system does not
recognize the food products of the Ukrainian market;
their database is small, so you have to add food
products by yourself if they are absent.

The two applications analyzed above should
provide an assessment of the harmfulness of food,
but because of the impossibility of recognition, it
can be concluded that systems that scan the barcode

convenient, and accessible to

of products are ineffective due to the constantly
limited database and the need to add new products,
and therefore was found the application, which scans
the text of the composition of products - Food
Scanner. The only thing that can be determined is
that the application has a manual search with links to
Wikipedia articles that is not understandable
information for consumers. After a brief review of
the most popular applications, we can conclude that
today there is no convenient intelligent system that
could recognize the food composition on the
Ukrainian market, give product characteristics and
assess the harmfulness of the product.

Consequently:

e the mobile application will use the phone's
camera and make clear images with the text of
the food composition (for example, the figure
above) to reduce the time spent on manually
searching for ingredients and their properties;

o it follows from the previous paragraph that the
system should have a software module for
image processing, extraction and conversion
of textual information of the image into text,
and therefore the system should have a
module for intelligent text detection and
recognition;

e the application contains a component
‘personal account’, in which the user will add
their restrictions and allergen ingredients;

e the application should contain a software
module that analyzes the ingredients obtained
after recognition, and according to their
characteristics to assess the harmfulness of the
whole food product;

o it follows from the previous paragraph that:

a) there is the need to have an extensive
product database that will be store all the presented
ingredients with their characteristics;

b) there is the need to create and use a
decision-making algorithm that will analyze the
textual information of the food composition and,
based on the characteristics of each ingredient, give
an overall assessment of the food, it means an
assessment of the harmfulness of the food product to
a particular consumer;

o the application has a monolithic architecture
to provide work in the absence of a network
and solve the problem of scalability;

e the application contains a component for
viewing historical data and quick access to
products previously scanned by the user;

e the application has a component for
presenting the results.
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V. THE STRUCTURE OF THE SYSTEM

According to all mentioned above the system has
the following structure (Fig. 2). The system is
divided into five levels, which interact closely with
each other. The first level — presentation level is a
user interface; the business logic level is the
implementation of the subject area; the infrastructure
level is software for intelligent text recognition of the
composition; platform level represents the interaction
of platform components, such as notification,
camera, geolocation with system components; data
level is a database and interaction with it.

The presentation level includes  three
components: the ‘personal account’ component, the
component for displaying scan results, and the
historical data view component. The personal
account component allows the user to enter personal
data such as restrictions, allergies, health problems,
preferences, which will be taken into account when
assessing the harmfulness of a food product. So, if
there is an ingredient that is part of the user's
restrictions, it will have the highest level of harm,
and the system will inform the user about the

presence of this ingredient in the food product. The
component for displaying scan results is a
presentation component that displays a product
hazard assessment and a list of products with their
characteristics. =~ The historical data  viewer
component stores and presents information about
previously scanned foods for quick access and
resource savings for image and composition
reprocessing. The ‘personal account’” component
interacts with the database integration component to
store information entered by the user. The
component for displaying the results of scanning
interacts with the component for analyzing the
composition of products and displays the result of
assessing the harmfulness of the product.

The business logic level includes a component of
product composition analysis and represents the
algorithmic support of the system — the decision-
making algorithm. Based on the text, recognized
from the image, the algorithm analyzes the
ingredients and calculates the assessment of the
harmfulness of the food product.
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Fig. 2. The structure of the system

The infrastructure layer 1is software for
processing and recognizing text in images with the
composition of products. Therefore, the image
processing component performs pre-processing:
contrast adjustment, image binarization to increase
the speed of further recognition. The text detection

component finds the letters in the image and extracts
the text of the product composition in the form of an
array of images. The text recognition component
receives a set of single-letter images from the
previously described component and recognizes
letters using a neural network classifier.
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The text analysis component deals with the
division of the text into lines, composing letters into
words. If it is necessary, the word is filled with
missing letters based on the dictionary of the
database.

The platform level includes the interaction of
levels with platform mechanisms for ease of use of
the application. The image capture component
interacts with the camera and uses the camera to
capture images. The push notifications component is
responsible for sending reminder notifications to the
user. The map integration component is used for
graphical map display. The map interacts with the
historical data view component and is needed to
store locations of stores where food product has
been scanned. The geolocation integration
component makes it easy to determine the user's
current location to store relevant data in the
historical data view component. The data level
includes a database integration component and gives
other components access to data access mechanisms.

This structure of interconnected components
helps abandon the client-server architecture, gain
constant access to the use of the application, and
obtain an assessment of the composition of the food
product.

VI. CONCLUSIONS

Due to the presence of a large number of harmful
ingredients in food products today and because of
the absence of process automation many consumers
ignore the product composition and eat harmful
foods, it can be concluded that there is a high need
for a system of intelligent, personalized analysis of
product composition.

In contrast to existing solutions that provide
feedback on the product only in the presence of an
identifier obtained by scanning the barcode in the
database, the presented system recognizes the text of
the food composition and, therefore, covers a much
wider range of food products. There is no need for a
server, so excellent scalability and accessibility can
be achieved. During the implementation of the
application, an independent reusable component,
which can be supplied as a separate library for quick
text recognition, and the component for analysis of
product composition for the assessment of product
harmfulness were developed.
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B. M. Cuneraa3os, O. C. Kozak. CucteMa BUSIBJICHHS Ta aHAJII3Y TEKCTOBOI iH(opManii mpo ckiag npoayKTy

Y po6oTi 00rpyHTOBaHO HEOOXIMHICTH OTPUMAHHS OIIHKHM IIKOJIW XapYOBUX HMPOAYKTIB JUIS CIOKHUBAUIB 3 XPOHIYHUMHU
3aXBOPIOBAaHHIMHM a00 aJiepriero, 0 BAXKIMBO JIJIS 3aII00IraHHSA MOXIIMBOMY TOTIPIICHHIO MepeOiry 3aXBOPIOBaHHS a00
YCYHEHHsI TOCTpOI aJiepriyHoi peakuii OpraHi3My IIIOAWHU Ha IIKiJUIMBI IHTPEOIEHTH, TPHUCYTHI B IIPOAYKTI.
[IporionyeThCs BAKOPUCTOBYBATH €THKETKU Ta YIIAKOBKY Xap4yOBHX IPOIYKTIB SIK MEPBUHHI JDKepena iHdopmarii mpo
XapyoBHH MPOMYKT, sKa € JOCTYIHOIO Uil criokuBaya. [lokasaHo, 10 JApykoBaHa iH(pOpMAIlisi Ha YIIaKOBKax
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YKpaTHCBKUX Xap4yOBUX HPOJYKTIB BiAIOBiZae BUMoram 3akoHy «lIpo iHpopMaIliro uisi ClIOXXKMBAYiB IOAO0 XapYOBHX
MIPOJYKTIBY», @ MapKyBaHHs Ha €TUKETKAaX Xap4OBHX IPOIYKTIB HPENCTABICHO Y TEKCTOBO-rpadiuHOMY BUIAI. Y
JlaHiii poOOTI BUKOPHCTaHi 3TrOPTKOBI HEMPOHHI MEpexi sl TEKCTOBO-rpadiuHoi 00poOKH iHpopMallii. 3arporroHOBaHO
Ta OOTPYHTOBAHO CTPYKTYPY CHCTEMHU BHUSBIICHHS Ta aHANI3y TEKCTOBO-rpadivHOi iHpopMalii ckiaxy npoaykuii. e
po3pobieHe MOOiIbHE IPOrpaMHe pillleHHSI.

Karwou4osi cioBa: AHami3 ckiany MpoayKTy; OLiHKA LIKITHBOCTI TXKi; aqroOpuT™M NMPUHHATTS pillleHb; iHTEJIEKTyalbHa
cHCTEMa; PO3Ii3HABAHHS TEKCTY.
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B. M. CuneriaazoB, O. C. Ko3zak. Cucrema o0HaApy:KeHHUsI U aHAJIM3a TEKCTOBOW HHGOpPMAUMU O COCTaBe
TMPOayKTa

B pabore oOocHOBaHa HEOOXOAMMOCTH ITONYYECHUS OIEHKA Bpela IHUILIEBBIX IPOAYKTOB Uil MOTpeOuTenen c
XPOHUYECCKMMHU 3a00JICBaHUAMU WM aJUICPTUEi, YTO Ba)XHO Ui MPEIOTBPAINCHHUS BO3MOXHOIO YXYIIICHUS
3a00JICBaHMs WK YCTPAaHCHUS OCTPOH aJUIePTUYECKOM peakiMi OpraHW3Ma 4YejOBeKa Ha BPEIHBIC HHIPEIUCHTHI,
MIPUCYTCTBYIONIUE B MPOAYyKTe. lIpessiaraercs HCIONb30BaTh ITHKETKA W YIAKOBKY IMIIEBBIX MPOAYKTOB Kak
MEPBUYHBIC MCTOYHUKH MH(OOPMAIMK O IHIICBOM IPOMYKTE, JOCTYIHON Jsa motpedurens. [TokaszaHo, 4To mevaTHas
nH(pOPMAIUA Ha yIaKOBKaX YKPAMHCKHX IMHUINEBBIX MPOJYKTOB OTBeuaeT TpeOoBaHMsIM 3akoHa «O0 wHOpMAIWK st
MOTPEOUTEICH IO MUINEBBIM MNPOMYKTaM», a MAapKUPOBKA HA 3THUKETKAX IHIICBBIX IPOAYKTOB MpEICTABICHA B
TEKCTOBO-TpauyeckoM BHiC. B maHHONW pabOTe HCIONB30BAHBI CBEPTOYHBIC HEUPOHHBIC CETH ISl TEKCTOBO-
rpaduueckoii 00paboTku uHOpManuu. [IpemiokeHa W 0OOCHOBaHa CTPYKTypa CHCTEMBI BBIABJICHUS W aHalu3a
TEKCTOBO-rpadrueckoii MH(POPMAIIMK cOCTaBa MPOAYKIMU. ITO pa3paboTaHHOE MOOMIBHOE MPOrPaAMMHOE pEIICHHE.
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