300pakeHs [3, 2392-2399], [4, 1067-1074], [5, 390-396]. 3 HemaBHIMH 3pOCTAHHSIM IOTYXHOCTI
00pobku xomm’totepHoi rpadiku MLP 3aminmnm 3roptkoBi HelipoHHi Mepexi (CNN), ocobmuBo
CTOCOBHO 3aBJ/iaHb 00pOOKH 300paKeHb.

3ropTkoBa HeitpoMepexa (3HM) mae crieniaibHy apxiTEeKTypy, sSKa J03BOJISAE Tl MAKCUMaIBLHO
epexTBHO aHanmizyBatu obOpaszu. Cama izes 3HM 0Oa3yerbcs Ha yepeayBaHHI 3rOPTKOBUX Ta
cyomuckpeTn3yrounx mmapiB (pooling), a i cTtpykTypa € omHompasieHoro. 3HM orpumana cBoro
Ha3BY BiJ omepalii 3ropTky, siKa rnependayae, o KoxeH (parMeHT 300pakeHHs Oy/1e ITOMHOXKEHO
Ha PO 3TOPTKH MOEIEMEHTHO, NIPH [[bOMY OTPUMAaHUH pe3yIbTaT MOBUHEH OYTH ITiICYMOBAaHUH Ta
3aMMCcaHMui y CX0XKY MO3UIII0 BUXiTHOTO 300pakeHHs. Taka apxiTekTypa 3a0e3rneuye iHBapiaHTHICTb
pO3IMi3HABAaHHS BIIHOCHO 3CYBY 00'€KTa, MOCTYIOBO 30IJIBIIYIOUH «BIKHO», HA SIKE (JIUBUTHCS
3rOpTKa, BUSBIISIOUM BCe OLIBIII i OLIBII CTPYKTYpPH 1 IA0JI0OHH Y 300pakeHHi.

PosrnssHemMo Mojenm mpolieciB CIOTBOPEHHS Ta BiJHOBICHHS 300pakeHb. SIK MOKa3aHO Ha
puc. 1, mporec croTBOpeHHs 300pakeHHs OJISTae B TOMY, IO JISSKUN oniepaTop CoTBOpeHHs H 1ie
Ha BUXigHe 300paxenHs f(X, y), Tak, 10 B pe3yabTaTi JOJABaHHS aJalTUBHOTO IIYMY OTPHMYEMO
crioTBopeHe 300pakeHust g(X, V).

Llym hfx, y)

Binnosmooamii
dhineTp

g Oneparop |-
fixy) ——*| CIOTBOpeIHs H > &

CINOTBOPEHHA BIIHOBIEHHA

Puc. 1 — Mopens nporiecy CrioTBOPEHHsI/B1THOBIIEHHS 300pakeHb

[Iporiec BiHOBICHHS TOJIATAE B TMOOYAOBI ACSKOTO HAOIMKEHHS BUXITHOTO 300pa)KeHHS 10
CIIOTBOpeHOMY 300paxkeHHI0 (X, Y), 3a JesKO0 iHPOpMAIli€0 MOoI0 orneparopa crnoTBopeHHs H i
aJUTUBHOTO 1IyMy 7(X, ). [Ipu nbomy Hamie HaOIMKEeHHS. Mae OyTH IkoMora OJInK4e 710 BUX1THOTrO
300pakeHHs1. CioTBOpeHe 300pakeHHs MOKe OyTH MpeAcTaBiIeHe B MPOCTOPOBIi 001aCTi Y BUIIIAII

(1)
g(x,y) = h(x,y)  f(x,y) + n(x,y), 1)

e h(X,y) — GyHKIs, 110 MPEICTaBlisge€ CIIOTBOPIOE ONMEPAaTOp B MPOCTOPOBIii 00jacTi, a
CUMBOJIOM «™*) TIO3HAYAETHCS 3rOPTKA.

3ropTka B MPOCTOPOBIi 001aCTi €KBiBaJCHTHA MHOXKEHHIO B YaCTOTHINA 00JIaCcTi, TOMY BHIIIE
HaBeJIeHa piBHICTH (1) Moxe OyTu MpeacTaBieHa B YaCTOTHOT 001acTi y TAKOMY BUTJISII:

G(u,v) = Hu,v)F(u,v) + N(u,v), (2)

ne 3a3HaueHi pyHkuii — @yp'e-006pa3u BiAnoBiAHUX M (yHKLIH B (1).

Tax stk cioTBOpeHHs 300pakeHHs 11€ Pe3yJIbTaT 3TOPTKHU, TO JUIsl HOTO BiIHOBJIEHHS HEOOX1IHO
3HAWTH Takui (UIBTP, 3aCTOCYBAaHHS SKOTO NPU3BOAMIO O 1O 3BOPOTHOrO mporecy. Tomy ais
MO3HAYEHHS JIIHIMHOTO IPOLIECY BIJHOBJIEHHS YacTO BUKOPHCTOBYETHCS TEPMIH PEKOHCTPYKIIS
(1ekoHBOJMIONIS]) 300paxKeHb. AHAJOrI4HO, (IIBTPU JUIS BiJHOBJIEHHS YacTO HA3HMBAIOTHCS
PEKOHCTPYIOIOUUMU (DITBTPaAMHU.

Hamu nepenbavaeThest po3poOka anropuTMy BUAAJICHHS IIyMiB Ha IU(PPOBHUX 300paKEeHHAX 32
nonomororo 3HM Ta 37iiicHeHHs 1oro mporpamHoi peanizaiii 3acobamu Python 3 BUKOpHUCTaHHSIM
¢bpelimBopka ais riaubokoro HapuaHHs Keras. [lanuii ¢ppelimBopk € HanOynoBoro Haja TensorFlow —
BIJIKpUTOIO TUIaT(GOPMOIO JIJIi MAalIMHHOTO HAaBYaHHS, 10 Ma€ THYYKY €KOCHCTEMY 1HCTPYMEHTIB,
610;110TeK Ta pecypciB, Ta JO3BOJISIE JOCTITHUKAM ITPOCYBATH HAWCyYaCHIII TEXHOJIOT1i MAIIMHHOTO
HaBYaHHS, a PO3POOHUKHN MOXKYTh JIETKO PO3TOPTATH JIOJATKH.
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PO3POBKA CUCTEMMU JETEKIII PYXY

Meroto poboTu € aHami3 Ta BHOIp TEXHOJIOTII 1 CTBOPEHHS NPOrPAMHOrO 3a0e3MEeUeHHS
BIJIIAJIEHOTO Bi/I€OCIIOCTEPEIKEHHS 13 BHUSBIEHHSAM pyXy JJIi CUCTEMH Ha OCHOBI cMapT(]oHiB, a
TaKOX MPOBEIEHHS EKCIIEPUMEHTAILHOTO JIOCIIIPKEHHS CTBOPEHOI CUCTEMHU.

Cwmaprdon 3 omepatiiiHoro cucremoro Android mMokHa neperBoputH Ha IP-kamepy s
BiJICOCIIOCTEPEKEHHS 3a 00'ekTaMu 3a gornomororo Wi-Fi-3'eqnanns. [P-kamepy MoxHa npuadatu B
marasuHi 3a § 20-50, ane, nepeTBopuBLIH CBii npucTpiii Android Ha IP-kamepy, KopucTyBau 3MOXKe
3aBaHTAXKUTH 11 0€3KOIITOBHO.

IP-kamepa Ha 6a3i cMapToHa MOXE BHKOPHCTOBYBATHCS SIK KaMepa crocTepeskeHHs. [l
nepeTBopeHHs cMmapTdoHa Ha [P-kamepy, BUKOpHCTOBYeTbCS MOOUIBHHMN mpucTpiii Android,
nporpamMHe 3a0e3nedeHHs Ta poctyn no Wi-Fi. IP-kamepa mpairoe, Komu cMapT(oH, Ha SIKOMY
BCTAaHOBJIEHA IporpaMa, HigkaodeHuid 1o mepexi Wi-Fi abo no mobinbHOro omepatopa. Ilicis
niakmoueHHs [P-kamepu Ta moyatky poOOTH, KOPUCTYBad 3MOXKE OTPUMATH JI0 HEl IOCTYyIl 4yepes
Telegram.

Ilpu peanizamii MpoeKTy CTBOPEHHS BiJEOCIIOCTEPEKEHHS 3a Jornomoror I[P-kamepu 3i
3BHYalfHOTO cMapT(oHa BUHUKAE MUTAHHS PO LIJIECTPSIMOBAHICTh caMoi 171ei peaisaiiii. 3 04HOro
00Ky, € 0€3KOLITOBHUI TeNe(OH, IKUI IIIKO/1a BUKUIATH, OCKUIBKH, 3 1HIIOTO OOKY, Ha IIei mpucTpii
ICHYIOTh OOME)XEHHS, SIKI MOXYTh CIIPUYMHUTH HETATUBHUHN CIIeHAPiii BUKOPHUCTAHHS.

Ha puc. 1 HaBemeHo, 3amporoOHOBaHMI HaMHU anroputMm poOotu mporpamu. Kmac Reader
BI/IMOBI/Ia€ 3a 34YUTYBaHHSA KaApiB i3 BigeomorToky. Ilicms mpouwTanHs kanpy kimac Detection
BIJIMTOBiIa€ 32 BU3HAYCHHS Ta BiAcTexkeHHS 00’ €kTiB. OOpoOKa 300paskeHb, (PpibTparrisi, CTBOPEHHS
($hoHOBOI MOJIEITi, BU3HAUECHHS 00’ €KTIB BUKOHYIOTHCS 3a JIomoMoror metonay detectObjects, skuid
MiCTUTh MacuB 00'ekTiB. KoxkeH 00'eKT BijieocrocTepekeHHs € ex3eMIusipoM kinacy Object. Kimac
Object micTUTh TOJIA, 1110 30€piraroTh IHPOPMAIIiFO PO 00'EKT: CKUTBKU KaJIPiB MMPOUIILIIO 3 MOMEHTY
MEepUIOro BH3HAYEHHS, KUIBKICTh KaJpiB, B SIKUX mporpaMa (ikcye mnepemimenHs o0'exrta. s
KOXKHOTO 00’€KTa cTBOproeThes GinbTp Kanmana, sikuii € ekzeMruisipom kinacy SingleKalmanFilter.

MaxkcumansHuii  po3mip 300paxkeHHs — 1920 mikceni B gomxkuHy i 1080 B mmpuny.
[TocmimOBHICT MICTUTh O0'€KT, SKHH #Hae MO KPHUBOJIHIMHINA Tpaektopii. IlpoTsrom yciei
MOCTIIOBHOCTI TporpaMa HaJa€ MOXJIIMBICTh OauuTH 3MIiHM B CTaHOBHUINI 00'€KTa, IO
KOHTpOMOEThes. OTKe, HE3Ba)KAIOUM HAa HEBENUKI po3Mipu 00’€KTa Ta CIIOTBOPEHHS peabHOI
KaMepH, pe3yJbTaT [[bOr0 MPUKJIIaAy MOBHICTIO BUIIPABIOBYE OUiKYBaHHS.

VY pesynbpTaTi podoTu Oyna po3mouyata po3poOka MporpaMu Ui BU3HAYCHHS Ta yTPUMaHHS
o0'exTiB mig Yac BigeocrnocTepexeHHs (puc.2). I[IpoaHamizoBaHO METOIM Ta TEXHOJIOTIT
inenTudikamii o0'ektiB. IIporpamHi TeCTH NPOBOAMIMCH HA TPHOX IMPHUKIAaX, SKi IMOKa3aJIH
nepeBary Ta HeJOIIKU pOo3pOOICHOTO aITrOpUTMYy.
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3ABE3NNEYEHHSI THYYKOCTI OCBITHIX TIPOI'PAM B YMOBAX
JAUCTAHIOIMHOI'O HABYHAHH

Peanii chOroaHIIHBOrO AHSA CBIAYATh, IO BCl cepu JIOACHKOI AISUIBHOCTI NEPEXOASATh B
OHJIAMH 1 Lle HEe € BUKIIOYEHHSM AJis OcBiTHBOTrO mporecy. Cdepa ocBiTH 3a3Hala CYTTEBUX 3MiH
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BHACJIIJOK CTPIMKOTO PO3BUTKY 1H(OpMaliifHO-KOMYHIKalliiHUX TexHojorii. Ha 3miny
TpaaAuLIMHUM, ycTajgeHUM ¢GopMaM oOpraHi3alii OCBITHBOI'O MpoIecy (CTallloHapHa, 3a04Ha)
MpUIAIILTA TUCTAHITIIHA.

Jnst ycmimrHOTO  CTapTy JMCTAHIIMHOTO HABYaHHA TNEPIIOYEProBUM € (OPMYBaHHS
HOPMAaTUBHO-TIPABOBOTO MOJIS JIsl 3a0€3MeUeHHS TUCTAHIIHHOT OCBITH. [HIIUM Ba)KITUBUM aCIIEKTOM
€ po3po0Ka aJeKBaTHUX OCBITHIX MPOTPaM JIJIsi BUKOPUCTAHHS B CJIEKTPOHHINA (OPMI 3 MOKITHBICTIO
IHTEepaKTHBHOI B3aeMOAIl MK cTyneHToM 1 Bukiagadem. Came iH(oOpMaIiitHO-KOMYyHIKaI[iiHI
TEXHOJOrli € 1HCTpyMEHTOM 3abe3nedeHHss Takoi B3aemoxii. CydacHi CTYJEHTH aKTHBHO
BUKOPUCTOBYIOTh MOOITBHI JeBaiick Juia 3100yTTs ocBiTH. (Moiiceenko, 2015) MoxnuBicTh
JIOCTYIy 10 HaBYAJIbHUX KYPCIB y 3pY4HHUH I CTYJ€HTA Yac € 3al0PYKOI0 YCHIIIHOTO OTIaHyBaHHS
3HauyHOi YacTwHM iHopMalii. 3700yBad OCBiTH, mepedyBawouu y Oyab-sIKOMY MICIl, MOXe
MIPOXOJAUTH TEOPETUYHY YACTHHY OCBITHBOI MMPOTPAMH, 3aKPITUISIOYH 11 MiACYMKOBUMH TECTAMHU.

JlucraHIliiiHe HaBUYAHHS PO3TIIAJAETHCS K KOMIUIEKC Cy4acHUX iH(POPMaliiHUX TEXHOJIOT1H,
10 JIOTIOBHIOIOTH MPUHIIUIIH BIIKPUTOTO HaBYaHHA. Taka moOynoBa mpoIecy OCBITH 3a JOTIOMOT OO
iH(pOpMAaIIfHO-KOMYHIKAI[IHHUX TEXHOJIOTIH HAJa€ CTYyICHTaM MOXJIHUBICTh JOCTYIy OO0 BCiel
TEOPETUYHO1 0a3u 71 YCHIIIHOTO MPOXO/HKEHHS HaBYaJIbHOI IIPOTpaMHu.

Ha cporoani HayKoBIIi MOAINSAIOTh MPUHIMIK JJIS1 AUCTAHIIIIHOT CUCTEMH HAaBYaHHS Ha TPU
rpymu: (Iymra, 2011)

—3aeanvhi npunyunu. BKIIOYAIOTh IPUHIIUIIN HAYKOBOCTI, CHCTEMAaTUYHOCTI, TTOCJIIIOBHOCTI,
CBIJJOMOCTI Ta JOCTYITHOCT1 3HAHB;

—IIpunyunu oucmanyitino2o HaguanHs. Y TBOPIOIOTH TisTbHICTb, 3 (DOPMYBaHHSIM CEPEIOBHIIA
«M'TKHX» 1 «TBepAuX» (popM Mi3HABAJIBHOI AISIIBHOCTI CTYACHTIB, CTBOPEHHS I1HTEIEKTYaJbHHX
MPOIYKTIB 3 1HIUBITYaJIbHUM T AX0I0M;

—Cneyugiuni npunyunu oucmanyitino2o Haguaurs. L[l IpUHIMIM CKIaTa€ThCs 3 KOMYHIKAIIIi,
IHTEPaKTHUBHOCTI, III0 00OYMOBIIOETHCS IHTEHCUBHUM BHKOPHCTAaHHIM 1H()OPMAIITHUX TEXHOJIOTIH.

['HyYKiCTh OCBITHBOTO MPOIIECY — II€ MOXKIIUBICTh 3/100yBadyaMu OCBITH CAMOCTIMHO BUOUpATH
MicIe, Yac, TeMI HPOXOJDKCHHS OCBITHBOI NMPOTpaMu, SIKUH PO3IIAAAETHCS SK JIEBHHA CIIOCIO
dhopmyBaHHS sIKOCcTel camopeani3anii criemianicra. (JIynenko, 2020)

3BepTAlOYUCh O HABEJACHHUX BHWINE MPUHIUIIB JUCTAHIIITHOIO HAaBYAHHS, 3a3HAYMMO, IIO0
OCTaHHS Tpyna BAAIO MOEAHYE B cOO1 MeAaroriydy JAOLUIBHICTh 3aC001B HOBITHIX iH(OpMaIiifHO-
KOMYHIKAIliHHUX TEXHOJIOT1H, BIAKPUTOCTI Ta THYYKOCTI HAaBYaHHA. Y MeEpUIy Yepry THYYKIiCTb
HaJaHHsS OCBITHIX MPOrpaM MOJISira€ B MPAaBUILHO BIJBEJCHOMY 4Yaci HA BUKOHAHHS THX YU 1HIIMX
3aB/IaHb. TaKUM YWHOM, TIOCTAITHE OIPAIFOBAaHHS TEOPETUYHOTO MaTepiay, SKUH MiAKPIILTIOETHCS
MIPOMDKHUM TE€CTYBaHHSM, BIANOBIa€ BUMOTaM OLIIHIOBaHHS 37100yBayiB OCBITH.

OcHOBHa pONh BUKIAJa4a B CHUCTeMi 3a0e3MeueHHS THYYKOCTI OCBITHBOTO IIpOIECy —
oprasizamisi 1 HaJaHHS MOXJIMBUX MJI JUCUUIUIIHM, TEOPETHUYHUX Ta MPAKTUUYHUX 3aBAaHb 1
cBoevacHa miaTpumka (Haganns feedback) npu mepesipiii naHux poOiT.

['HydKiCTh OCBITHIX Mporpam cTana OUTBII aIallTUBHOIO B YMOBaX AMCTaHIINHHOI ocBiTh. [Ipn
MpaBWIbHINA OpraHizaiii caMOoCTiHHOI POOOTH CTYAEHTIB MaeMO PE3yNIbTaT 3 BEJIHMKOI KUIBKICTIO
oraHoBaHOi iHQOpMAIIil PU TOCTIAOBHO CKJIaIEGHOMY HaBYaJIbHOMY ILJIAHI.

Cnncok BUKOPHCTAHUX [I7KepeJI
1. Jlyuenxo, I'. B. (2020). T'HyuKicTh OCBITHBOrO MpolECy AK CKIaa0Ba MPOQeCiiHOT MiArOTOBKM Mai6yTHIX
¢axiBUiB B yMOBax cTaHOBIeHHs iHAycTpii 4.0, [c. 16-17]. Yepkacu.
2. Moiiceenko, B. I. (2015). 3actocyBaHHs cydacHUX iH(QOPMAIIHHUX TEXHOJIOTIN JUIsl OpraHizaliii caMoCTiiHOT
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PRE-PROCESSING METHODS EFFECTIVENESS FOR HANDWRITING
RECOGNITION BY PHOTO

Abstract. This article presents results of effectiveness comparison of image pre-processing
methods for handwriting recognition from an image. It describes recognition accuracy
increase/decrease depending on pre-processing methods with the artificial neural network consisting
of 5 convolutional layers that use max-pooling between layers and 2 recurrent layers with 256
neurons at the hidden level. The resulting methods combination improves the final accuracy by 7.5%
comparing to the initial accuracy.

Keywords: Artificial Neural Network, Convolutional Neural Network, Handwriting
Recognition, Image Pre-Processing.

Introduction. Even today's world, there is still a lot of information that exists only in
handwriting, although, given the development of information technology, it is much more convenient
to analyse, store and transmit information in electronic form. And for this, it is necessary to have
reliable mechanisms for converting handwritten text on paper into an electronic version.

The research aims to create an intelligent image pre-processing system for handwriting
recognition by analysing image processing methods related to text recognition, their improvement
and combination. The task is to analyse the existing methods of image pre-processing for handwriting
recognition by photo and to develop intelligent technology by improving and combining existing
methods.

When performing the work the following tasks needs to be performed:

* Review and comparative analysis of existing methods of pre-processing images with text.

« Identify the methods that are best for pre-processing images with handwritten text, highlight
methods to improve the visibility of the text, divide the photo into individual words and recognition.

« Identify solutions of existing problems in existing methods.

* Design and develop a system for analysis and verification of the implementation of the found
methods of image pre-processing for handwriting recognition.

* Conduct experiments using the developed system with selected methods and their
combinations, analyse the results of experiments and choose the most optimal mechanisms.

Materials and Methods. Methods such as comparative analysis and experiment were used in
the study. Comparative analysis was used to study the feasibility of using certain methods of image
pre-processing for handwriting recognition, and the experiment was used to test the effectiveness of
different implementations of intelligent pre-processing technology using the analyzed methods and
their combinations.

Usually the task of handwriting recognition is not limited to the recognition of one word, which
is already perfectly cut from the text, aligned, free of digital noise, etc. The most difficult task is to
divide the document into segments that can be recognized by the neural network.

The tasks of preparing a manuscript image for recognition by a neural network can be divided
into several groups: general image processing, text alignment, word selection (which in turn,
depending on the method, can be divided into line selection and word selection from these lines).

The general processing of the image includes such operations as binarization, reduction of the
image to shades of gray, noise reduction, blurring and sharpening of the image, normalization [1],
etc.

Results. Designing the experimental system.

Experiments are needed to identify the effectiveness of the methods described above, to identify
the best of them, and to improve their effectiveness. But given that experiments require the training
of a neural network of the same configuration with different sets of pre-processing methods, it is first
necessary to develop a system that will allow these experiments to be performed.

Therefore, a neural network model was developed to test the effectiveness of image pre-
treatment methods for handwriting neural network training. [2]
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It consists of 5 layers of CNM, 2 layers of LNM, CTC level loss, and decoding.

* The input image is gray and has a size of 128x32 [3]

* 5 layers of ZNM display the input image to a sequence of objects of size 32x256

* 2 layers of RNM with 256 units distribute information through the sequence and display the
sequence to a matrix of 32x80. Each matrix element represents an estimate for one of the 80 symbols
at one of the 32-time steps

» The CTC layer calculates the value of the losses specified by the matrix and the true text
(during training) or decodes the matrix to the final text with the decoding of the best path. [6]

Implementation depends only on the numpy, cv2, and tensorflow libraries. The experiments
will be carried out taking into account the following points:

* The batch size is set to 50

* One epoch - 500 games, so one epoch will include 25,000 images

* JAM Handwriting Database [5] with 118 thousand images will be used for neural network
training

* For training and validation, the dataset is divided into 95% for training and 5% for validation.
Data for validation remain unchanged, 25 thousand images are selected from 95% randomly

* 2 parameters will be evaluated: the average error in word recognition and the error in the
characters in the recognized words

» If the recognition accuracy does not improve after 10 epochs, the training ends

* Accuracy will be considered the average error of character recognition.

Base model

First you need to determine the starting point from which you can start. To do this, we will train
the neural network, the pre-processing of the image for which will include only the conversion of the
image into shades of gray.

In order to make sure that the results are not random and based on regularity, training will be
conducted several times to determine how the accuracy of accuracy results when learning from
scratch with the same data set and the same method of pre-processing.

The learning results of the neural network are presented in table 1 and in Fig. 1.

Table 2.1
Base Model - 1 Base Model - 2
Word error 28,80% 28,94%
Symbol error 11,96% 11,95%
- Base - 1 - Words -~ -~ Base - 1 - Char Base - 2 - Words Base - 2 - Char

Fig.1. Diagram of the average error of the neural network depending on the era for the base
model
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As can be seen from the results, the accuracy of the neural network hardly changes when re-
learning with random initial weights in the model, but with the same set of data for training and the
same method of pre-processing.

The first approximately 20-25 epochs of learning are unstable with constant fluctuations in
accuracy, but after 25 epochs only slightly improves accuracy. It is worth noting this feature of the
basic model and compare the methods used in the following experiments.

The difference in results between the two re-training of NN is only 0.01%, which can be
considered as an error in future experiments. Also, any change greater than 0.1% in character
recognition accuracy can be considered as an effect of the pre-processing method.

For the model for comparison the second run of training will be used as accuracy it turned out
a little higher.

Final model

After experiments, it was found that binarization not only does not improve the result in the
case of handwriting recognition, but also worsens the results of handwriting recognition from the
image.

At normalization it is possible to see obvious improvement, both on stability of results, and on
the maximum accuracy. Although the absolute value of accuracy has not changed much, but the
stability of the result has significantly improved. This improvement will reduce training time when
using very large amounts of data, as it allows you to stop learning before the maximum accuracy has
been reached (and determining such a maximum for a large sample is also a difficult task).

When using augmentation, the absolute accuracy result improved markedly relative to the base
model. The change in the relatively normalized model is not so noticeable, but it is also there. But the
other side of improving accuracy was the much lower stability of the results.

Taking into account the previous results, only normalization and swelling of the images were
chosen for the combination. Normalization significantly improves the stability of learning and at the
same time increases the accuracy of recognition. When the images are inflated, an increase in
accuracy can be achieved, but the stability of the results deteriorates even compared to the base model.

The results in comparison with the base model are presented in Table 2 and in Fig. 2.

Table 2
Base Model Normalization +
Augmentation
Word error 28,94% 26,92%
Symbol error 11,95% 10,88%
- Base - Words -— - Base - Char  Nermalized + Augmented - Word

Normalized + Augmented - Char

Fig.2. Diagram of the average error for the base image and using inflation
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The combination of the methods described above is expected to give results, both in a marked
increase in accuracy and in improving the stability of learning relative to simply inflated images.

The final result showed an improvement of 7.5% in word recognition accuracy and 9.83% in
character recognition accuracy relative to the base model.

Summary & Conclusions.

The article carried out a theoretical study of image pre-processing methods for handwriting
recognition and formed a set of methods, the effectiveness of which was analysed at the stage of
experiments.

An experiment was conducted to analyse the effectiveness of various methods of image pre-
processing to teach a neural network for handwriting recognition. As a result of the experiment, the
result relative to the basic model trained in grayscale images without additional processing was able
to improve the result by 7.5% in word recognition accuracy and 9.83% in character recognition
accuracy, which can be considered a significant result.

As a result, the following prerequisites are formed for handwriting recognition systems:

« For neural network training, binarization leads to data loss (which does not preclude the use
of binarization in the early stages of processing)

» Normalization and bloating can significantly increase the accuracy of recognition.

Discussion. This approach has further prospects for improving accuracy. This can be achieved
by sharpening images, whitening the background, increasing saturation, deslanting, etc. This will
allow the algorithm to be used to digitize library archives automatically. Also, using this algorithm,
you can optimize processes in schools by automating handwriting verification.
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Anomauyia. Y 1l cTaTTi NpEACTAaBICHI PE3yIbTaTH NOPIBHAHHS €PEKTHBHOCTI METOIB MOIEpeHb0I 00poOKH

300pakeHb ISl PO3Mi3HABAHHS PYKOIMCHOTO BBOAY I3 300pakeHHs. BiH omucye 30UTbIICHHS / 3MCHIIICHHS TOYHOCTI

pO3Mi3HAaBaHHS 3aJIC)KHO Bil METOMIB MOMEPEeTHhOI OOpPOOKM 3a MOMOMOTOI0 IITYYHOI HEHPOHHOI Mepexi, Mo

CKJIaJIa€ThCsl 3 5 3rOPTKOBUX IIApiB, sSKi BUKOPHCTOBYIOTH MaKC-NyJ MDK IIapaMd Ta 2 MOBTOPIOBaHMX HIaph 3 256

HEWpOHaMHU Ha MPUXOBaHOMY piBHI. OTpuMaHa KOMOiHamis METOAIB MOKpaIIye KiHIEBY TOYHICTh Ha 7,5% MOPIBHIHO 3

MIOYaTKOBOIO TOYHICTIO.

Kntouogi crnosa: po3nisHaBaHHS PYKOIIMCHOTO TEKCTY, IITYYHA HEHPOHHA Mepeka, 3rOPTKOBa HEHPOHHA Mepexa,

monepenHs 00poOKa 300paxeHb.
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Jin’anina-Ionuapenxo X., Anicimosa 1.
3axioHoykpaincoKuli HayioHAIbHUL YHIGEpCUmMem

O/ HAYKOBHX TOC/IKEHb ®OPMYBAHHSI HABYAJIbHOI BUBIPKU JIJIAA
CEI'MEHTALII OPTAHI3ATOPIB TEHAEPIB HA OCHOBI MALLIMHHOI'O
HABYAHHA

Tennepu € BaxJIMBUM IHCTPYMEHTOM y CYYaCHOMY MeEXaHi3MI PHHKOBOI'O TOCIIOJIapCTBa:
CIPUSIOTh PO3BUTKY BHYTPIIIHBOI TOPTiBIi, 5IKa, Y CBOIO UEPTry, € 3aCO00M 3a0e3nedeHHs OiIbIn
BHCOKHMX TEMITIB 3POCTAHHS HAIlIOHAJHHOI €KOHOMIKH. YYAaCHHWKY TEHJEPiB, BaXKJIMBO 3HATH, IMPO
oprasizaTopa I'pyHTOBHY iH(OpMaIlito, CKUTBKH OpPTaHi3aTop MPOBOAMB ayKIIOHIB, CKITbKU 3 HUX
YCHIITHUX Ta Ha SKy cyMmy. ToMy mis 1mporo moTpiOHa aBTOMAaTH30BaHA CHCTeMa [JIsi BUOOpY
Oprafi3aTopiB TEHJIEpIB Ha OCHOBI MAIIMHHOTO HAaBYAaHHS, IO TAaKOX JacTh MOKJIHMBICTh
aBTOMATU3YBaTH MPOIIeC ydacTi y TeHaepi. s mporo motpioHo chopmyBaTn HaBUalIbHY BHOIPKY,
sKa 3MOK€ HAaBUUTH CUCTEMY PO3Ii3HaBaTH OPraHi3aTopiB TEHEPIB, 6€3 JOJATKOBUX 0OpaxyHKIB.

barato aBTOpiB MPOBOATH NOCHIKEHHS ACp)KaBHUX TEHACPHUX 3akymnok [19] B cdepax:
OXOpOHH 3/10poB’st [14]; BimHOBIIOBaHUX JoKepen eHeprii [15]; xapduoBiii mpomucioBocti [16];
OyniBenbHiit ramysi [17]; riparya npomucioBicts [20] Ta mo okpeMux kpainax [18, 21-23].

VY nocnimxennsx [1, 2, 5] 3anpornoHOBaHO alanTHBHUN MeToJl pOpMyBaHHS Ki1ach(iKOBaHOI
HaBYaJIbHOT BUOIPKHM HA OCHOBI BUKOPUCTAHHS ITOPOTOBOI OI[IHKH Koe(DillieHTa KOpesllii MiXKKaHaIIiB
KOMOIHOBAaHHX MEPEIIKOA. Y TOCIIHKSHHSX [3, 4] 3anpONOHOBAHO aJITOPUTM PO3POOKH HABYAITBHOTO
HaOopy, SIKUK HallKpallle onucye 00’ €KTH PO3Mi3HABAHHS.

Hocmimxenns [6, 8, 10, 12] 3acnoBane Ha mozaeni RFM (Recency, Frequency and Monetary)
Ta BUKOPHCTOBYE MPHUHIMIIKA CErMeHTalii Habopy JaHUX 3a JOMOMOror aiaroputmy K-Means.
Hocnimxenns [7, 9, 11] mae Ha MeTi po3poOUTH HOBHUH METOIOJOTIYHUM MIAX1JA, 1HTETPYIOUH
“Recency, Frequency and Monetary” i3 pinkicHuMm K-o3Hauae anroputM kiactepusaiii BiTteHa ta
Ti6mipani. 3anmpornoHOBaHUN MiAXIA NPUAATHUM 118 OOpOOKM BEIMKHUX, BEJIMKHX PO3MIpPIB Ta
PO3PLIKEHUX CMOKKUBYUX NaHuX. JlocmimkenHs [13] BAOCKOHANIOE JOCIHIKEHHS 1010 PO3POOKH
CTpaTeriii mu@poBOro MApKETUHTY HA OCHOBI PEKOMEHIAIlH, HAJalOUd KOMIIAHISIM TPOTHO3HY
Mozens. Ll Moaens BUKOPUCTOBYE HayKy JaHUX, BKIIOYAIOYM METOAM MAITMHHOIO HAaBUAaHHS Ta
BEJIMKI JaHi, U epcoHaiizanii (piHaHCOBUX CTUMYJIIB Ui KOPUCTYBAaUdiB Ha OCHOBI SIKOCTI HOBHX
KIII€HTIB, SIKUX BOHU MOCUJIAIOTh Ha BeO-CalT 3 MOBEPHEHHIM T'OTiBKH.

JlocipKeHHS cerMeHTaIlli KIIE€HTIB, € HAI3BUYANHO MOMYJISIPHOIO TEMOTO, 1110 1 MATBEPAKEHO
aHamizom Bumie. [Ipore kofeH 3 HUX HE PO3IIANAE CETMEHTAIlI0 OPraHi3aTopiB TEHICPHHUX
ayKIIOHIB, aJUKe 1€ JacTh y4yaCHMKaM ayKI[IOHIB MpoaHali3yBaTHU: HOBI PHUHKU 30yTy CBO€Q
MPOAYKLIT; TPO30PICTh Ta YECHICTh CUCTEMHU E€JIEKTPOHHUX TOPI'iB — BUTPA€ KpaIMii; BUO1p HAWOIBIII
MpUBAa0IMBOTO OpraHi3aTopa, IO JacTh MOJJIHMBICTh CIIJIKyBaTH 3a HAWBWIIIHIIIUMHU
MpOMo3uIisMUA. TakoX Ha OCHOBI OTPHUMAaHHUX [AHUX, MOKHA PO3POOUTH CUCTEMY ISl BHOOpY
OpraHi3aTopiB TEHAEPIB HA OCHOBI MAITMHHOTO HABYAHHS, IO JACTh MOXKJIMBICTh aBTOMATH3YyBaTH
IpoIleC yyacTi y TeHIEepi.
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Mucwpa IO. O.
Yepxracvkuil Hayionanvuuil yHigepcumem im. b. Xuenvnuyvrozo

ITPOI'PAMA BIJHOBJIEHHA TEKCTOBUX ITIOBITOMJIEHD 3 BATATOKPATHUM
BUITPABJIEHHAM ITIOMUJIOK

CyuacHi iH(GOpMaLIiHI CUCTEMH CTaBIATh JOCUTh BUCOKI BUMOTH JI0 HaAIHHOCTI 1 Oe3IeKu
nepenadi iHdopmamii. JlocuTh 4acTo 3 pi3HUX NMPHUYMH NepenaHuil (aiin (HampukiIaa, TEKCTOBE
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MOBIIOMJICHHS) MOX€ BHSBUTHCH MOIIKO/KEHUM. ToMy HEOOXITHO SKHMOCh YHHOM IMiJBUIIUTU
HaJIIMHICTH Mepeaadi iHhopMaIrii.

IcHyroTh pi3HI MeTOoaM 3a0e3NeUeHHs IIJTICHOCTI IMOB1IoMJICHb. HaliyacTiiie BOHU MOJISTal0Th
y JIoJlaBaHHI JAeSAKOI HaJTUITKOBOI iH(GopMaIlii y IToBIIOMIICHHS niepe ] BianpasiaeHHsIM. [Ipuknagamu
TaKMX KOJIB € JiHiiHi 0;10K0BI koau Xemminra [1, 134] ta koau Piga-Mamepa [1, 144]. Ajie Bouu
MPAIIOIOTh 3 0iTaMH, SIKMX Y BEJIMKOMY TTOBITOMJICHHI JTy’ke O6araro. Lle Moxke CipuanHUTH BETUKI
YacoBI 3aTPUMKH MPH KOJIyBaHHI 1 IEKOIyBaHHI BEJIMKMX TEKCTOBHX ITOBIIOMJICHb.

Tomy Mm GyfeMO TpamioBaTH 3 IPyHaMd CHMBOJIB. IX 3pydHO NpPEACTABIATH Yy BUTISII
OJTHOBUMIPHHUX MaTpUIlh. [Jis TOT0, 00 3aKOAyBaTH IPYITy CUMBOJIB, IOMHOXXHMO MAaTPHIIFO, IO 1i
MIpeACTaBIIsE, HA JSSAKY IHIITY, IKY Ha3BEMO XelI-MaTpHIler0. MU MaeEMO Taki BUMOTH JIO XeII-MaTpPHIIl
— BOHA MYCHUTh MaTH KUTBKICTh PSJIKIB, PiBHY JOBXKHHI TPYIH CUMBOJIB, & TAKOXK OyTH KBaIPaTHOIO
1 HeBHPOHKEHOIO (11 BU3HAYHUK HE ITOBUHEH JOPIBHIOBATH HYJIIO) JIJISl TOTO, III00 MU MOTJIM OTPUMATH
obepHeny 110 Hei maTpuiro [2].

PosrasiHeMo anropuT™ KoayBaHHs OBioMiIeHHS. /{715t Toro, 11100 3aK0TyBaTH MOBIIOMJICHHS,
MU pO30HBAEMO HOTO HA TPYITH CUMBOJIIB, SIKi 3aITUCYEMO y OJTHOBUMIPHI MaTPHIIi, & IOTIM MHOKHMO
KOXKHY 3 HUX Ha XelI-MaTpuIlio. B pe3ynpTaTti MaTuMeMO (Gaiii 3 TaKOK CTPYKTYpOIO:

did,..d,C;C; ...Cy,

ne di — i-Ta rpymna cuMBOJIiB noBigomiieHHs, Ci — i-Ta MaTPHIIA, IO € PE3YJILTATOM OIMUCAHOI
BHIIIE OTIEpaIlii KOTyBaHHS.

Jlns nexoAyBaHHS 1 BHUIIPABJICHHS IOMHJIOK y OTPUMAHOMY TOBIJOMIICHHI MH 3HOBY
BHUKOHYEMO OIICPAIIif0 KOJYBaHHS — MHOXKEHHs (i Ha XeII-MaTPHIIO, IKY MU [MO3HAYMMO sik M. SIkIiio
oTpuMaHa Matpuils gopisHioe Ci, To i-THii 0JI0K Oyi10 TIepe1aHo 0e3 MOMIIIOK.

Skmio x oTpuMana Matpuils He nopiBHIOE Ci, TO IS BUTIPABIICHHS TIOMUJIKU CKOPUCTAEMOCS
BJIACTHBOCTSIMHU 0O€pHEHOT MaTpuiii [2]:

M-M"1=E,

e M1 — obepHeHa 1o M matpuns, E — oquanyHa MaTpwHIis.

OTxe, OTpUMY€EMO TTPaBUIILHUIN OJIOK IMOB1IOMIICHHS 32 ()OPMYJIOHO:

di'M'M_l = Ci'M_l,
di = Ci ' M_l.

Jlns mporpaMHOi peaizailii MOAY/IIB KOJYBaHHS 1 IEeKOAYBaHHSI MH BHKOPHUCTAIN 010110TEKy
Math.NET Numerics [3], sika MiCTUTh HEOOXiIHI HaM orepailii 3 MmaTpursMu. CKIaJIHICTIO OYJI0 Te,
1o 1 6i0JioTeKa MoKe 3amucatH y (paiii Juine oJgHy MaTPHUIIO 3a pa3, TOMYy MH MYCHJIA CKJIACTH
pe3yJbTaTH KOIyBaHHS TIOBIIOMJICHHS B OJIHY MATPHITIO 32 JOIIOMOTOFO OIleparlii KOHKaTeHaIlii.

OTxe, MU IIPOAHAII3YBaJIX 1 JOCIIAUIN OQUH 13 CIIOCO0IB KOAYyBaHHS TECTOBHX IIOBIJIOMIICHb
13 TMOJAJIBIIOK MOXKIIMBICTIO BHMIIPABIICHHS HOMMIOK. OTpUMaHI HaMU PE3YJIbTaTH JOCIIIKCHHS
MOXYTb JIOMMOMOTTH Y PO3pOOIll MPUKIAAHUX CHCTEM Tiepenadi JaHuX, KOMIT I0TepHOI Oe3nekn Ta
3aXHUCTy JOKYMEHTIB Pi3HHUX THIIIB.
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