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INTELLIGENT SYSTEM FOR DETERMINING THE HARMFULNESS OF FOOD
COMPOSITION

VY naniit poOOTi 0OTPYHTOBAHO CTBOPEHHS IHTEJIEKTYAIbHOI CHCTEMHU BU3HAUCHHS Ta aHANI3Y CKIIATLy
HpOIIYKTiB I 3a0e3reueHHs KOpI/ICTy'Ba‘IiB AdBTOMAaTU30BaHNUM iHCTPYMeHTOM BHU3HAYCHHSA OI_[iHKI/I
IIKiTTUBOCTI CKJIQAy MPOAYKTIB, KU OyAe 1HTENeKTyalbHO BHM3HA4YaTH TEKCTOBY iH(OpMAIlio
ckianay. 3apazoM, Oyino po3poOJIeHO Ta 3almpOIIOHOBAHO APXITEKTypHE PIMIEHHS MJis MO0YyI0BU
IHTENIEKTYaJIbHUX CHUCTEM, AKi 0OpOOJIAIOTH TEKCTOBI JaHi 300pakeHHS, 3 MOYKJIMBICTIO OHOBIICHHS
IHTEJIEKTYaJIbHOTO ITPOTPaMHOTO MOJTYJISI Ta OOMIHY JAaHWMH 3 30BHIIIIHIM XapHUM CEpPEIOBHINEM O€3
MOCTIHHOTO JOCTYymy 10 cepBepy. Po3pobnena apxiTekrypa BKiIO4ae B cebe: Oe3cepBepHe
CEPEIOBHUIIIE, SIKE JI03BOJISE MaTEPialIbHO €PEKTUBHO 0OPOOJIATH HEBEITUK]I HABAHTAKCHHS; 30BHIIITHE
CXOBHILIE JAHUX JUIs 30€epiraHHs BEIMKOi KUTBKOCTI HECTPYKTYPOBAaHHUX TAHMX; KIIEHT, SIKHH MOXe
TPUBAIMIA Yac MATPUMYBATU (QYHKIIOHAIBbHICT, 3HAXOATYHChH Y 130141111 (BiJl PEIITH CUCTEMHU, IIPH
BiJICYTHOCTI MOOIJTBHOTO 3B 513Ky TOIIO); 30BHIMIHIN PETIO3UTOPIH JJIsi MOJIETICH HEHPOHHUX MEPEXK,
110 JO3BOJIIE€ PO3NTOBCIOKYBATH OHOBJICHHSA MO,I[GJ'Ii, HC BUMAararO4u OHOBJICHHA BCbOI'O 3aCTOCYHKY.
3apazoM, y cTarti OyJg0 OmNMCaHO OaraTtomapoBy CTPYKTYpY IHTENEKTyalbHOI CHUCTEMHU
MEPCOHANI30BAHOI OI[IHKU CKJIaay MPOAYKTIB XapuyyBaHHs, a TaK0X OOTPYHTOBAHO HEOOXIiTHICTh
CTBOPEHHS MPOrpaMHOro 3a0e3rnedyeHHst y BUTIIAAI 0i0Ii0TeKn Ha MOBI mporpaMmyBaHHs Java s
IHTEJIEKTYaIbHOTO BUSIBIIGHHST TeKCTy Ha 300paxkeHHsx. CrTBopeHa 0i0mioTeka peanizye
BUKOPUCTaHHS BHCOKONPOIYKTUBHUX AJITOPUTMIB Ta pillleHb, TakuX, sK: anroputm MSER s
,Z[eTeKI_[ﬁ TCKCTY, AJITOPUTM BHUAAJICHHA HCTCKCTOBUX periOHiB, aJIrOpUT™M BI/IpiBHI-OBaHH}I TCKCTY Ha
300pa)XCHHI, AITOPUTM TPYITLYyBaHHs CJIiB Ta PSJKIB, 3rOPTKOBY HelipoHHY Mepexy MobileNetV2 s
pOSHiBHaBaHHH CI/IMBOJ’IiB, SIK1 HAO3BOJIAKOTE 3aCTOCOBYBATU i Ha MNpUCTPOAX 3 00OMEXEHUMU
O0YHCITIOBAILHUMHE PECYPCaMH Ta MiCTUTH MIATPUMKY 0OpOOKH YKpaiHCBKOTO TeKCTy. PesynbTarom
po60TH € oliHKa €(heKTUBHOCTI 3alPOTIOHOBAHOTO MTPOTPAMHOTO 3a0€3TICUCHHS.

KJIFOUOBI CJIOBA: aBromMaTH30BaHa OI[IHKA MIKIJJUBOCTI CKJaAy IPOJYKTIB; apXITEKTypHE
piI_I_ICHHSI JJIA iHTeJ’IeKTyaJ'ILHOI CHUCTCMU, iHTeJ'IeKTyaJ'IBHa CUCTCMA; NPOIrpaMHC 3a6esnequH$1;
pO3Mi3HAaBaHHA TEKCTY.

This paper substantiates the creation of an intelligent system for determining and analyzing the
composition of products to provide users with an automated tool for determining the assessment of
the harmfulness of the composition of products, which will intellectually determine the textual
information of the composition. At the same time, an architectural solution was developed and
proposed to build intelligent systems that process textual image data, with the ability to update the
intelligent software module and exchange data with an external environment without constant access
to the server. The developed architecture includes: a serverless environment that allows materially
efficient handle small loads; external data storage for storing large amounts of unstructured data; a
client that can maintain functionality for a long time, being isolated (from the rest of the system, in
the absence of mobile communication, etc.); an external repository for neural network models, which
allows you to distribute model updates without requiring updates to the entire application. At the
same time, the article describes the multilayer structure of the intelligent system of personalized
assessment of food composition, and also substantiates the need to create software in the form of a
library in the Java programming language for intelligent text detection in images. The created library
implements the use of high-performance algorithms and solutions, such as: MSER algorithm for text
detection, algorithm for removing non-text regions, text skewing algorithm in the image, word and
line grouping algorithm, MobileNetV2 convolutional neural network for character recognition, which
allows to use it on devices with limited computing resources and includes support for Ukrainian text
processing. The result is an assessment of the effectiveness of the proposed software.

KEYWORDS: automated assessment of product composition harmfulness; architectural solution for
intelligent system; intelligent system; software; text recognition.
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I. INRODUCTION

The purpose of the intelligent system for
determining and analyzing the composition of
products is to provide users with a tool that will
intelligently determine the textual information of
the product composition and automatically
calculate the assessment of the harmfulness of
the food composition.

The developed system implements a
hybrid architecture that combines the advantages
of client-server and client architecture and
combats the disadvantages of each.

When using machine learning methods to
process any type of information by mobile
systems, the software module, which includes an
information processing component is located
mostly on the server part to increase
performance. Despite the high speed, the use of
client-server architecture in the development of
mobile applications has many disadvantages,
such as the problem of scalability, the problem of
constant data access, privacy, lack of access to
the system in the absence of a mobile connection
[1]. Therefore, there is a need to transfer all basic
computing operations to the client's side, thus
struggling with the above problems. In other
words, in the developed system of intelligent
detection and assessment of the harmfulness of
the composition of products, such a software
module for detecting and recognizing text should
be in the client part of the application. This
solution raises a list of other problems: reducing
the speed of text recognition in the image and its
analysis due to lack of computing power; lack of
reliable storage of user information about
possible operations performed by him, etc.; the
ability to update local database data only when
updating the entire system.

Il. PROPOSED SOLUTION

Our system allows users to enter a list of
threats, restrictions, or allergies, i.e., essential
user data that the user does not want to lose and
re-enter. Therefore, there is a great need to save
this information when logging out, etc. Also,
another problem may be the subject area, the
interaction with which relies on the use of
vocabulary data that requires frequent updating.
For example, in a developed system for assessing
the harmfulness of the composition of products,
information about the ingredients that are part of
it should be regularly maintained. This problem

can be solved by using additional external data
storage.

But with the classic server approach,
payment for calculated resources does not
depend on the load. In our system, the load is low
and not regular, so there is no need to pay for
server time.

For the optimization of material expenses, it is
necessary to use a serverless architecture for
these purposes [2]. The combination of using the
benefits of a client architecture for computing
and a serverless architecture for data storage
makes it possible to get the best of the two
traditional architectures (Fig. 1).
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Figure 1 — Components of hybrid
architecture
The developed hybrid architecture of the
system has the following components:

» serverless environment that allows
materially efficient handling of small loads [3].

+ external data storage for storing large
amounts of unstructured data.

* a client that can maintain functionality for a
long time while isolated (from the rest of the
system, in the absence of a mobile network, etc.).

« external repository for neural network
models, which allows distributing model updates
without requiring updates to the entire
application.

Ill. THE STRUCTURE OF THE
DEVELOPED INTELLIGENT SYSTEM

In the developed software the client is
presented as an intelligent system for
determination and the analysis of the food
composition. The client part, in its turn, has a
multi-layered architecture and consists of the 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
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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.
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Figure 2 — Multilayer structure of the client part

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 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 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.

The infrastructure layer is software for
processing and recognizing text in images with
the composition of products. 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 infrastructure layer of our system, which



127

is a component of text detection, is a developed
reusable library for detecting and recognizing
textual  information in  images.  The
implementation of the developed library allows
you to reassign the implementation of the
classifier (neural network) of symbols on the

together with the sum of all misrecognized
ingredients (false positive recognition) - "relative
accuracy" and amount misrecognized - "absolute
error”. The result of the accuracy assessment is
given in the table 1.

Table 1. The results of the accuracy

image matrix, which allows the developer to assessment

dynamically update the models, or use the built- | Average relative accuracy 98.33 %

n. o _ Minimum relative accuracy 92.14 %
The criterion for assessing the accuracy of text -

recognition of the proposed software solution Aver_agea solute error 0.87

was the following ratio (represented by | Maximum absolute error 1.30

percentage): the sum of correctly recognized
ingredients in relation to all available ingredients

CONCLUSION

The presented architectural solution helps to overcome the problem of scalability by abandoning
the traditional client-server architecture and transferring the basic infrastructure logic to the client's
side. In this case, for the possibility of storing valuable user data, a non-permanent serverless
environment is used. The structure of an intelligent system presented as interconnected components
helps gain constant access to the use of the application, and obtain an assessment of the composition
of the food product.

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.

This reusable program module in the form of a library differs from existing in high-speed text
recognition due to the use of highly efficient mathematical algorithms, such as MSER text detection
algorithm, non-text region deletion algorithm, word composition algorithm, and solutions -
convolutional neural networks for character recognition.
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HIEnyIsK0 .M.,
KoBTYHEIF O.B..

AHAJII3 TIEPEBAT TA HEJIOJIKIB ®PEMMBOPKIB ORLEANS TA AKKA.NET

B naniii ctaTTi po3TIISHYTI OCHOBHI IepeBaru Ta Helodiku 180X (ppeiimopkis s matdopmu NET.
Takox po3risiHyTI clieHapii BUKOPUCTAaHHS Ta OCHOBHI MPOOJIEMH, II0 BUPIMIYIOTH (peiiMBOPKH.
JleranpHO onMcaHa MaTeMaTH4Ha MOJIENb Ta 17iesl, 0 JIeKUTh B OCHOBI IHCTPYMEHTIB.

KJIFOYOBI CJIOBA: .NET, ORLEANS, AKKA, ACTOR MODEL, DISTRIBUTED SYSTEMS



