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Annotation. The paper substantiates the need to assess the harm of food for consumers with chronic diseases or
allergies, which is important to prevent possible deterioration of the disease or eliminate acute allergic reactions of the human
body to harmful ingredients present in the product. It is proved that currently there is no convenient intelligent system that
could recognize the composition of products on the Ukrainian market, provide product characteristics and assess the
harmfulness of the product. It is proposed to use food labels and packaging as primary sources of food information that is
available to the consumer. It is shown that the printed information on the packages is presented in text-graphic form. The
development of a mobile system as a software solution for the detection and analysis of textual and graphical information on
the composition of products based on the use of artificial intelligence methods is proposed and substantiated. The block
diagram of the intelligent mobile system for detection and analysis of food composition has been developed. The MSER
algorithm is used to select text regions on the input image matrix in the presented algorithmic software. The solution to the
problem of character recognition was based on the use of convolutional neural network MobileNet-V2, which is currently the
best option in the classification of images by mobile applications that do not have a server part, and therefore large computing
resources. Alignment of text on the image was carried out using the method of finding a rectangle with the smallest area
Developed algorithms for grouping words. A decision support algorithm has been proposed to assess the harmfulness of
products. The developed system allows personalized selection of food for each individual user, ie, the assessment of the
composition of products is calculated taking into account the state of health of use, existing threats, diseases, restrictions or
allergies.

Keywords: analyzing product composition; assessment of the harmfulness of food; decision-making algorithm;
intellectual system; text detection.
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AHoTaniss. Y po6oTi 00rpyHTOBaHO HEOOXiAHICTh OTPUMAHHS OIIHKU IIKOJIA XapUOBUX MPOIYKTIB IJIS CITOKUBAYIB 3
XPOHIYHMMH 3aXBOPIOBAHHAMH a00 ajepri€ro, MmO BaXJIMBO I 3aro0iraHHsS MOJIIMBOMY IIOTIpIICHHIO Iepediry
3aXBOpIOBaHHSA a00 YCYHEHHsI TOCTPOi aJepridHOl peakiii OpraHi3My JIOAWHH Ha IIKIJUIMBI IHTPEII€HTH, MPHUCYTHI B
npoaykTi. JloBeneHo, o Hapasi He iCHY€ 3pydHOT IHTeIeKTyalbHOI CHCTEMH, SIKa MOTJIa O po3ITi3HaBaTH CKJIAJ MPOIYKTIB,
MPE/ICTABICHUX HA YKPaiHCbKOMY DPHHKY, HAJaBaTH XapaKTePUCTHKH MPOAYKTIB Ta OLIHKY LIKIJJIMBOCTI MPOAYKTY.
[IponoHyeThCsI BUKOPUCTOBYBATH €THKETKH Ta YIAKOBKY Xap4yOBUX MPOJYKTIB SK MEPBHHHI pKepena iHdopmarii mpo
XapyoBHil MPOJYKT, SIKa € JOCTYIHOIO JJIst crioknBada. [lokaszaHo, 1o JpykoBaHa iH(opMallis Ha yrakoBKax MpeAcTaBlcHa
y TEKCTOBO-rpadiyHOMY BHIJISI. 3allpOIIOHOBAHO Ta OOIPYHTOBAHO PO3pOOJIEHHS MOOIIBHOI CHCTEMH SIK IIPOTrPaMHOTO
pilIeHHS JUIsl BUSIBJICHHS Ta aHaJli3y TeKcToBo-TpadivnHoi iHdopmanii ckiaay nmpoaykiii Ha OCHOBI BUKOPHUCTaHHS METO/IIB
LITYYHOTO iHTENeKTy. Po3po0ieHo CTpyKTypHY cXeMy iHTEJIEKTyalbHOi MOOIIBHOI CHCTEMH AJIsl BUSIBJIICHHS Ta aHANI3y
CKJIaJy Xap4oBHX NPOAYKTIB. [yl BUIINEHHS TEKCTOBHMX PETIOHIB Ha MAaTpHIL BXiJJHOTO 300pa)KCHHs Y HPENCTaBICHOMY
aNTOPUTMIYHOMY 3a0e3leueHHI BUKOPHCTOBYeThCs anroputM MSER. Po3p’s3anns 3amadi po3mizHaBaHHS CHUMBOJIB
BHUKOHYBAaJIOCS Ha OCHOBI BHKOPHCTaHHs 3ropTKOBOI HeliponHoi Mepexi MobileNet-V2, mo € Ha chorofHi Haikparium
BapiaHTOM Y 3a/ayax Kiacudikamii 300pakeHb MOOITbHIMH JTOIaTKaMH, SIKi HE MalOTh CEPBEPHOI YaCTHHH, a OTKE BEIMKHX
00YHCITIOBATEHUX PecypciB. BHUPIBHIOBaHHS TEKCTY Ha 300paXKeHHI 3MiHCHIOBATIOCS BUKOPHUCTAHHAM METOTY 3HAXOKCHHS
MPSAMOKYTHHKA 3 HaWMEHIIIOI IUIONICI0. Po3po0JIeHO anropuT™Mu TpyIyBaHHS CIiB. IS OLIHKHM MIKiIJIMBOCTI MPOIYKTIB
3alPOMOHOBAHO AJITOPUTM MiATPUMKU TPHUUHATTS pilieHb. Po3pobieHa cucTeMa Ja€ MOXIIMBICTD MEPCOHATI30BAHOTO
mig0opy TPOAYKTIB XapdyBaHHS Wil KOXXHOTO IHIMBIAyaJbHOIO KOpPUCTyBaua, TOOTO OI[iHKA CKJIaJy IpPOIYKTIiB
BUPAXOBYETHCS 3 ypaxyBaHHSIM CTaHy 3[J0POB’sI KOPUCTYBaya, HAsBHUX 3arpo3, XBOPOO, 0OMeKeHb abo alieprii.

KaiouoBi ciioBa: aHani3 ckiiany NpoIyKTy; OLIHKA IKIJUTMBOCTI DKi; alTOPUTM IIPUUHSTTS PillieHb; IHTEIEKTyalbHa
CUCTEMa; PO3ITi3HABaHHS TEKCTY.

Introduction additives and their effects on the body can be

To take care of your health and prevent listed further and further.
health problems, it is necessary to pay special
attention to food products, before buying them,
and especially to the composition of these
products. 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.

Preserving  agents, stabilizers, and
emulsifiers, flavoring agents are used daily and
accumulate in the human body over a long period
of life. For example, 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
[25]. 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 [13, 26]. Food

Problem formulation

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.

The main requirements for the system are
speed, convenience and availability; the absence
of manual search, but instead the availability of
means of automatic processing of the
composition on the matrix of the input image; the
ability to calculate a personalized assessment of
harm to the user, taking into account his
warnings, restrictions and preferences; the ability
to obtain the characteristics of each available
ingredient in the composition; availability of a
database for storing the entities of this subject
area; have a large database of products; ability to
work without a network connection.

The mobile application will use the phone's
camera to obtain images of product labels. So the
system must have a software module for image
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processing and retrieval, conversion of textual
information in the image into text, and therefore
have a module for intelligent detection and
recognition of text from images.

Detecting text on images of food packaging,
as well as on images in living scenes in general,
differs from detecting text on document images
and is one of the most difficult tasks due to a large
number of image defects such as quality, noise,
distortion,  low-contrast  background, ftilt,
reflection, noise and stretch, font and text size in
such images [18].

To extract and recognize the text from the
image of the package with the composition of the
food product for further analysis, it is necessary to
solve a number of the following subtasks:

e it IS necessary to use mathematical
algorithms for extracting a set of
rectangles representing text regions, by
characteristic features;

e deleted regions that contain textual
information must be grouped into larger
regions of words and lines;

e each region candidate of the symbol from
the set of detected regions, which is
represented by a pixel matrix, must be
processed separately so the matrix
representation of the symbol image must
be intellectually recognized to the text
version of the symbol;

e characters that have been recognized must
be combined into words;

e the words obtained from the previous
paragraph must be compared with the
words of the dictionary and fill in the
missing or unrecognized letters, or correct
mistakes in words, after which the output
is the text of the list of food ingredients
obtained after recognition, which will be
further processed by the acceptance
algorithm  solutions to assess the
harmfulness of the product.

Analysis of recent research

Existing text detection algorithms are
divided into two groups: region-based methods
and connected components-based [1, 10].
Region-based methods analyze texture and
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identify areas of text based on it [1], while
methods based on connected components extract
candidate symbols based on edge detection or
cluster color analysis. The processing of images
by region-based methods causes a loss of speed
because the image must be processed on several
scales, especially if all calculations are performed
on a mobile device [21].

Analyzing approaches to detecting
symbols on food labels was found that such
image objects have the same features for their
detection, there is no need to use region-based
methods that will re-process the image and
require high computational costs for speed.
Therefore, to solve the problem of removing text
from the image of product labels, a group of
methods based on connected components was
chosen [1].

Among the methods based on connected
components, for example, the Takahashi et al
method extracts component text areas using a
canny edge detector, then the extracted
components are analyzed using a region
adjacency graph [16]. The method presented by
Zhu et al. works using a nonlinear local
binarization algorithm to extract connected
components based on several types of
exceptional component features, which include
special features such as geometric features,
features of contrasting edges, characteristics of
arrangement of details, stroke features statistics,
patterns of form, etc. [13].

One of the most suitable methods for
detecting text on label images is the method of
detecting the most stable extreme regions
(MSER), presented by Matas et al [16]. The
method works by analyzing the contrast of image
pixels to find image regions represented as a set
of pixels that can be detected with high
repeatability because they have a certain
difference (from non-text regions), intensity, and
stability [17], and are called extreme regions; in
the images of food labels - text contrasting
regions.

Machine learning methods of character
classification in the image, in particular, artificial
neural networks, are the best solution to the
problem of recognizing text regions.
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Machine learning methods that recognize
symbols in images include the k-Nearest
Neighbor method, the Random Forest method,
the Decision Tree method, and others [7]. The
most well-known method of machine learning,
which has proved itself well in solving problems
of character recognition, is the method of support
vector machine (SVM) [20].

Today, to solve image recognition
problems, researchers have focused primarily on
deep learning architectures, which include
recurrent neural networks (RNNSs), including
long-term memory architecture, and, of course,
convolutional neural networks (CNN). So, we
decided to use convolutional neural networks
MobileNetV2, due to the proven high accuracy
and efficiency of image recognition in mobile
applications.

The structure of an intelligent mobile
system for detecting and analyzing the
composition of food products

The main aim of the study is to create an
intelligent system presented in the form of a
mobile application for assessing the harmfulness
of food composition, based on the analysis of
textual and graphical information of the
manufacturer; creation of a reusable software
module for detecting and recognizing text on
images of product packaging. The purpose of the
system is to provide the user with a decision
support tool to prevent existing or potential health
problems.

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
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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.

The infrastructure layer is software for
processing and recognizing text in images with
the composition of products.
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Figure 1. The structure of the intelligent system

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.

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

31

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.
First of all, pre-processing of the input
image is required: conversion of a multi-channel
(color) image into a single-channel (black and
white) and binarization of the image. Binarization
by the process of converting the image matrix
into binary using threshold approaches. Each
pixel of the image is classified as white for the
background and black for the text. Binarization
makes it easier to detect signs of symbolic
regions.
The development of the presented
intelligent system for detecting and assessing the
harmfulness of the composition is based on the
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Figure 2. The structure of algorithmic software

Regionextraction

The MSER algorithm is used in the
presented algorithmic software to select text
regions on the matrix of the input image. The
detector finds stable areas among the extreme
areas of the image [2]. The extreme region is a
linked region that corresponds to a certain gray
level threshold, and the gray levels of all pixels in
that region are greater than the threshold, while
the gray levels outside this region are less than the
threshold.

For an image with a given intensity, we
assume that its gray level range is equal to [0,1];
n equal-interval thresholds of the gray level are
set as
milmiza = m+An; €[0,1],i =12...,n},
where A (delta) means the interval, and n; is the
i-th threshold.

The extreme region Q is the region of the
image where for all p € Q,q € 3Q : I (p) >
I (@) (maximum intensity region) or I (p) <
I (g) (minimum intensity region), wherel is a
collection of sets of picture’s levels,p is a certain
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point of the region Q, g is a certain point of the
boundary of the region dQ [17].

That is, all pixel values in the regions are
either strictly darker or strictly brighter than the
values at the boundary where the intensity
threshold is n.

S (Qy,) € [a,b]
|S(Qﬂi+1)_(9ﬂi)|

(on;)
where S (Q,,,)represents the square of the region;
[a, b] — square size range;
qn, — the degree of change in the square of
the extreme region Q,, ;
eis the upper limit of the degree of square
change [18].
The most stable region can be mathematically
represented as:

Q*z

that is, from the set {Q,,i = 1,2, ...}, the value
Qy,is chosen, which has the corresponding q,,,
which is the smallest in the set [18].

qn; = <E

arg min{qn.,i =1,2, },
Qn; :
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The output is a set of rectangles that
contain the most stable extreme areas, ie
candidate symbols.

The non-text areas detected by the MSER
algorithm that needs to be filtered can be divided
into the following groups: defective contrast
areas that have a large height to width ratio, or
width to the height ratio; regions with geometric
shapes that are not characteristic of symbolic
information; regions outside the main area with
text; contrasting regions created by the interior of
other regions; areas that have similar restrictive
frameworks (duplicates).

Heuristic filtering of non-text regions

Let the candidate regions detected by the
MSER algorithm be denoted as C = {cy, ¢y,
,Cm}, Where m is the total number of regions.
Region x is defined as x € C. According to the
features of the geometry of the form and lines of
symbolic information, a set of heuristic rules is
established and applied. The features of the
image stroke include the ratio of the stroke width
to the height of the region: Ry, (x) = sw,/hy;
the ratio of the stroke width to the width of the
region: Ry, (x) = swy/w,, where sw,is the
width of the stroke widthfor the region x. The
stroke width is the value of the width of the lines
that make up the symbol. Character areas have
small variations in stroke width, while non-text
areas have larger variations. The following
principle approach is used to find the width of the
stroke width:

1. First, the thinning method proposed by
Lam and et al [22] is used to demonstrate the
skeleton of a symbol one pixel wide.

2. Then one uses the method of obtaining
the feature points of the symbol skeleton by
calculating the eight values of the pixels of the
neighborhood of the points of the pixel of the
skeleton [8] to obtain the endpoints.

3. Then, starting from the endpoint, points
are formed on the skeleton using step e, which is
the distance between the points starting fromPe:
P1(x1,y1), P2(x2,y2),..., P,(Xn, yn). The
angle of the point P1(x1,yl)is the angle
0 between the vectors PP, = (x, — X1, Ve — V1)

Ta P1P, = (X3 — X1,Y2 — Y1)
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The angle is calculated by the following
formula [15]:

— x —>
0 = arccos(—2e—12
— x ——>
|P1Pel  |P1Pa|
4. The stroke width, which is determined by
the length of the segment a;, is drawn through the

point P;perpendicular to PiTHIand bounded by the
contour of the stroke. The length of the segment
a;is the width w;of the stroke on the
interval P;P; 4.

After calculating the stroke width, set the
limits:= < Rg(x) <3, 0.3 < Ry, (x) < 3.

The next step is to use a heuristic filter
according to the geometric features of the symbol
region. If the aspect ratio is defined as Ry, (x) =
h, /w,, then to filter non-text regions we set the
value of the ratio as 0.1 < Ry,,(x) < 10. The
ratio between the diameter of the region, which is

defined as d = vw? + h2and the average value
of the strike width is defined as Ryy(x) =
sw,/d,, is set within Ry, (x) < 10.

Algorithm for removing duplicates and
areas created by the interior of other
regions using intersection metrics over
the merge

These algorithms for filtering defective
regions and regions with geometric shapes that
are not characteristic of symbolic information are
effective for these tasks. But the problem of
duplicate regions leaves. So was decided to create
an algorithm for removing duplicates based on
loU metrics. Interception over Union is a metric
used to obtain an index of similarity between two
arbitrary forms of objects based on the properties
of the objects being compared [6].

The loU metric is a way to solve the
problem of removing duplicates. Due to the
properties of the loU similarity index, it makes it
possible to compare the two extracted contrasting
regions for repeatability.

Therefore, suppose that there are two
rectangles on the coordinate plane with
coordinates x4, y,, and x,, y,, respectively. Then
the coordinates of the intersection are defined as:
Xig = Max(xy,%;);  Yig = Max(y1,y; )iy =
min(xy, Xz );yp = min(yy, yz).
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The intersection area S; is calculated by the
formula for the product of the difference of the
coordinates of the intersection: S, = (x;, —
X1a) * V1p — Via)- Next we find the square for
each of the rectanglesS, and S, as S =
(x; — x1) * (y2 — y1). The formula of the union
square Sy has the following formS, = S, +
Sp — S;. The similarity index is the following
formula [12]:

IoU = SS—’ wherene S, isANB,aS, — AU B.
U

The initial threshold ¢ is an indicator of the
desired accuracy of duplicate removal. It is
compared with the original similarity index. The
coefficient that is higher than the initial threshold
will be considered a true instance of the letter, and
a lower one will be considered a duplicate that
will be eliminated.

Algorithm1: Removal of duplicates using
IoU metrics

Input: the set of rectangles C =
{c1, ¢, ..., ¢y }with coordinates x, y and size w, h,
the threshold of the coefficient t at which two
rectangles are considered duplicates.

Result: a set of rectangles with removed
duplicates.

1. Depending on the number of rectangles
in the input set, calculate the parameter m, which
determines the number of rows and columns into
which you want to divide the plane that places the
rectangles, what is worth for optimizing.

2. Divide the rectangles into groups
according to the cell (rectangle formed by
dividing the plane into n columns and rows).

3. For all possible pairs of rectangles within
the cell, calculate the similarity coefficient IoU.

4. Denote the rectangle in each pair, where
the similarity coefficient IoU exceeds a given
threshold t, one of the rectangles.

5. Obtain the resulting set of rectangles by
filtering the rectangles that were marked in the
previous step.

We will compose all the previous
algorithms for deleting non-text areas and get
regions that contain only symbolic information,
which is presented in the following image:
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Figure 3. The result of the algorithm
for deleting non-text areas

Character recognition

Detected text areas are individual image
matrices that contain characters. For the problem
of character recognition, the architecture of a
convolutional neural network called MobileNet-
V2 was chosen. This neural network is currently
the best option in the classification of images by
mobile applications that do not have a server part,
and therefore large computing resources.
MobileNet-V2 is based on the inverted structure
of the residual neural network, where the residual
connections are between the narrow layers
(bottleneck layer).

The intermediate layer of expansion uses
depthwise convolutions to filter objects as a
source of nonlinearity. Depthwise layers are a
replacement for standard convolution layers.
Empirically, they work almost as well as
conventional convolutions, and at the same time,
reduce the cost less of calculations compared to
traditional layers [9].

gt image
| Pty g |

Figure 4. MobileNetV2 neural network architecture



ISSN 2710 - 1673. Artificial Intelligence. 2021. Neo 2

S3Ee2ET

- e -

The MobileNetV2 network architecture
contains an initial convolutional layer with 32
filters, followed by 19 base blocks, called
residual bottlenecks. These blocks are followed
by a 1 X 1 convolution layer with an average
subsampling layer. The last layer is the
classification layer [14].

Composing words

With multiple rectangles that contain
images of characters, you need to combine them
into words.

To solve this problem, it is necessary to 1)
rotate the image so that the text present in this
image is aligned; 2) select rows; 3) make regions
with symbols and separate regions of words.

The test skewing on the image is carried out
using the method of text alignment by finding the
min area rectangle [11]. The calculation of the
min-area rectangle is determined by calculating
the area of the bounding rectangle of the text by
rotating it at different angles in a large range. The
calculation takes place in two stages.During the
first iteration, the rectangle rotates from a,,;, to
Amax degrees with certain step size, Aa and the
estimate of the orientation of the rectangle is
calculated, in other words, the area of the
rectangle at this angle is calculated. During the
second iteration is the final orientation of the
rectangle, calculating the area of the rectangle by
rotating it in the range between the angle of the
rectangle with the smallest area and the second
smallest area of the adjacent rectangle.

The algorithm is as follows:

1. SUppose Apmin, Amax aNd Aa, X is a set
of points forming a convex hull of a set of
regions, the point of the coordinate center is the
point of the center of mass of the convex hull
formed by X. Set the value of rotAngle as initial
(Amin), minArea is equal to the area of the
current bounding box.

2. For each value of a from to a,,;, with
step Aa at @ # 0 perform step 3 and step 4.

3. Suppose there is a line m (y =
tg(a)x + by) and a line n (y = -1/
tg(a)x + by)then the area of the limiting
rectangle at the angle « is calculated by the
formula:
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area = (hy — hy) * (hg — hy) * |cosa *
sina|,where h,is the maximumb,,, and h,is the
minimum b,,, at which the line n passes through
x is X, h5 and h,are the maximum and minimum
b,,, at which the line m passes through x € X.

4. Ifarea < minArea , then minArea =
area, arotAngle = a.

5. Therefore, the angle of rotation of the
region with the text is equal to rotAngle [4].

After text skewing, the text in the image
must be divide into lines. If one looks at the
bounding boxes, one can see that their height is
different. So the height of the line is
mathematically determined based on information
about the size of each bounding box. To find the
height of the line, use the method of finding half
the median of all heights of the bounding
rectangles. To do this, all bounding rectangles are
sorted by height, after which the median height is
the  middle of all heights: H =
{hy, h, ..., h,}, where n is the number of all

heights, so the median value index ism = g The

value of the median v is equal to h,, /2, where m
is the index of the median element.

Then, the regions that contain the image of
the symbol must be grouped, taking into account
a certain interval for the coordinates y (the value
of half the median v). The regions are sorted by
the y coordinate, after which the bounding
rectangles are grouped by comparing them two
by the y coordinate.

Algorithm 2:
Grouping regions with characters in to line
input: set of boundingbox rect angles with
characters
output: set of boundingbox rect angles
begin

H={
For allrect anglesc € C
Add the height h. of the bounding box to H
End for
sort list H in as cending order;

calculate v = h,,/2, where m = %;
sort C by y coordinate in ascending order;

L=40

levrrent = {}
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For each for allrect anglesc € C
if |Cprev - Ccurrentl <v
add to the current list of liner ectangles I .,y rent
else
clear lcurrent
add current Ccurrent 1O lcurrent
end if
end for each
for each coordinate of the list [.,;;ren: € L

Ymin = Min(leyrrent);

Xmin = MIN(leyrrent);

Ymax = MaxX(leyrrent);

Xmax = MaX(lcyrrent);

rect = (Xmin, Ymin, Xmax, Ymax)
addrecttolistR = {...};
end for end

Combining regions into words is similar to
Algorithm 2. The difference is that the value of
the median quarter v is calculated as w,, /4, and
the regions are sorted by x.
As a result, we obtain the coordinates and

spatial dimensions of the bounding rectangles,
which contain grouped symbols in words (Fig. 3).

Crnan: mirpanse GopowHo,
HKI GUHl, KOKOGOBUA

Figure 5. The result of the words grouping algorithm

Algorithm for analysis and evaluation

of food hazards by its composition

The best solution for calculating the
product's hazard assessment was to create an
algorithm that could take into account all
comments on each of the ingredients, as well as
the user's comments on threats, restrictions,
allergies, and intolerances, and issue an
individual product hazard assessment for a
specific user.

First of all, it is necessary to obtain
information about each ingredient from the
database. Let the set of ingredients be represented
as C = {cy,¢cy, ..., Cy}, then each ingredient, if
composite, ie those that include other ingredients
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that also have their level of threat, is represented
as a graph, where the constituent ingredients of
the representation

as ¢, = {cy,Cryp s €y € © CFL

Therefore, if the ingredient is composite, it
IS necessary to bypass the tree of elements that
make up the current ingredient and recursively
subtract all threats to the tree of ingredients.
These steps are necessary to avoid duplication of
information at the database level, and therefore
only threats to the composite ingredient that were
created during its creation from child ingredients
remain. Then we have a set of ingredients M,
which are part of the current product M =

{my, m,,...,m,}, where m; is an ingredient with
its characteristics (description and level of
threats).

The next task is to check for the presence in
the set of ingredients M of ingredients that are
threatening to the user. To do this, you need to get
from the database user-entered restrictions R, =

{ry, 15, ..., 1}, Where R, is a list of restrictions,
allergies, wuser restrictions on food and
ingredients.

Threatening ingredients are compared with
those present in the composition and stored. Thus
R = {r,nry,...,1}, will contain all the
ingredients from the composition, which coincide
with the restrictions of the user R, =
{ry, 1y, ..., 1, }. At the same time, we compare the
ingredients from the list of user preferences and
the ingredients of the composition P. =
{p1, D, ..., pn}- The current ingredient m;, which
is equal to pj, is denoted as one that is part of the
user's preferences and is stored asP =
{pup0, ..., Pu}-

If the current ingredient m; is equal to 7;,
then the threat level for the user y = 0 is set to
the highest level of threat y = 6, the ingredient
is marked as harmful to the user.

At the output we have R = {ry,1y,..., 1.}
or R=0; P={p,p....,pnJor P = 0,
updated or unchanged list of ingredients M =
{my,my,,...,m,} (Fig. 4).
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Figure 4. Block diagram of checking the presence of threatening to the user ingredients or preferences in the composition
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The last step is to go through all levels of
threats and calculate the hazard assessment. To
assess the harmfulness, we chose the formula of
the arithmetic mean weighted, for all real
numbers X, Xz, ..., Xn With weights wy, wo ..., W
and is defined as:

X1Wq + XoWo + -+ XnWn

Wl +W2++Wn

Figure 5. Block diagram of the calculation of hazard
assessment

It was taken by weights: w = 1 for for level
1, 2; w=2for level 3, w =3 for level 4, w = 4 for
level 5.

At the output, we obtain an estimate of the
harmfulness of the product (from one to six,
which is converted into an alphabet, where 1 = A,
5 = F) based on the analyzed ingredients. If the
maximum level of threat is 6, then the
composition receives the status "the product does
not fit the user's preferences” (Fig. 5).

Conclusions

The intelligent system for determining and
assessing the harmfulness of food today is of
great social importance, which determines its
creation. An intelligent presentation system in the
form of a mobile application has been developed,
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which is due to the requirement for system
convenience and speed of use.

Therefore, the best solution was to use a
mobile phone camera to scan food labels, after
which the textual information about the
composition of the resulting image is
intellectually processed. Due to the limited
computational costs that a mobile application can
provide, a text recognition software module
based on the use of algorithmic software and
convolutional neural networks, has been created.
Algorithmic software includes methods for
identifying regions with text, aligning text in the
image, grouping the resulting regions into word
regions.

The developed system allows personalized
selection of food for each user, ie, the assessment
of the composition of products is calculated
taking into account the state of health of use,
existing threats, diseases, restrictions, or
allergies. Therefore, the real-time decision
support algorithm calculates the harm assessment
for each user based on the product composition
information.
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