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OBPOBKA BI3YAJ/IBHUX JAHUX
3A IOIOMOTI'OIO TEXHOJIOI'II COMPUTER VISION

VISUAL DATA PROCESSING BY COMPUTER VISION TECHNOLOGY

B naniit cTaTTi po3risgaeTbes MUTAHHS PO3MI3HABaHHS 00’ €KTIB Ta 00pasiB 3
BUKOPHUCTAaHHIM TEXHOJIOT1H KOMII IOTEPHOT0 30py. B X011 10oCHiKeHHS! OMHUCYIOThCS
nomnyJspHi anroputmu, Taki sk VGG16, DeepMask. [IpoBoanuThcsi KOPOTKHIA OTJISA
ICHYIOUMX pillleHb B 1Mi Tramy3i. Bu3HaualoTbcsl TEPCHEKTUBU BUKOPUCTAHHS
KOMIT'FOTEPHOTO 30py, 30KpeMa Ha PUHKY MOOUIbHHUX mpucTpoiB. [lig 1poro
MPOBENICHO OIS MOKIUBOCTEH 010mioTekn OpenCV, Ta, sk MPUKIIa], BUKOPUCTAHHS
11 y IPOMUCIIOBUX NPOAYKTaX.

KarouoBi caoBa: xomm’torepuuii 3ip, VGG16, OpenCV, posmnizHaBaHHS
00’exTiB Ta 00pa3iB.

Puc.: 3. bi6xn.: 5.

In this article the question of recognition of objects and images using computer
vision technologies is considered. The research describes popular algorithms such as
VGG16, DeepMask. A brief overview of existing solutions in this area is conducted.
The prospects for using computer vision, in particular in the mobile devices, are
determined. To do this, reviewed the capabilities of the OpenCV library, and, for
example, use it in industrial products.
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AKTYAJIBHICTh TeMH JO0CJHi[:KeHHsl. B 3B’S3Ky 31 3pOCTarOuMMH TeMIlaMu
BIPOBADKEHHS 1H()OpPMAILIMHMX TEXHOJIOTIH B TOBCAKACHHE J>XUTTS KOPHUCTYBAyiB,
TEXHOJIOT1i, 10 MOTPEOYIOTh 3aJyyeHHS KOMII FOTEPHOTO 30pYy HaOyBaloTh Jenaii
OUTBIIIOT TTOMYJIAPHOCTI. TakoXk MoAIOH1 TEXHOJIOTI 3HAXOAATh aKTUBHE 3aCTOCYBaHHSI
B Tally31 KPUMIHATICTUKHA Ta MOITYKOBHUX omepairiil. JlaHi TeHACHIlT CIIOHYKalTh J0
HMIMPOKOTO aHali3y MNpoOJeMaTHKH, IMOB’S3aHOI 3 TEMOIO KOMIT IOTEPHOTO 30py Ta
MIPOBECHHS MeBHUX JIOCIKECHb B 111 00J1acTi.

ITocTanoBka npodJemu. HeocTarHs KUTbKICTh OTJISIIOBHX MaTepiaiiB 3 ICHYIOUHX
IMIUTEMEHTaIIii MamMHHOTO OaueHHs. JledinuT aHaITHYHUX cTaTel 3 TIOPIBHSIHHS PI3HUX
ITOPUTMIB PO3Mi3HABAaHHS B KOHTEKCTI pEaTbHUX MNPHUKIAJHUX 3a/ad. 3aruTyTaHICTh
ICHYIOUMX TPUKIIAJIIB peattizarlii MoxkiuBoctel 616miorekn OpenCV.

AHai3 ocTaHHIX JociKkeHb Ta myOJjikamiii. Hapasi y mmpokoMy moctymi
MO>XKHA 3HAWTH BEIMYE3HY KUIBKICTh MaTrepiasiiB, MPHUCBIYCHUX TEMATHIl KOMII IOTep-
HOTO 30py. 30Kpema, JOBOJI KOPHUCHUMH B IIbOMY IUIaHI OyIyTh MyOsikaiii Ha TaKux
pecypcax sk Xabpaxabp [1] Ta Medium [2]. 3 iHmoro 60Ky, moaioH1 cTaTTi HE MalOTh
aKpeAUTAIITHOTO TIATBEP/KEHHSI 1 MOXYTh MICTUTH TIOMUJIKOBY 1H(OpMAIIiIO.
Kopucnoro ans mouarkiBuiB Oyze crarrs Learning to Refine Object Segments Bin
HAyKOBIIIB IEHTPY AOCIIIKeHb IITYy4YHOTO iHTenekTy kommanii Facebook [3]. Cepen
ICHYIOUMX PpIIICHh KOPUCHUM B IUIaHI PO3YMIHHS ICHYIOUHMX aJITOPUTMIB MOXHA
BUJILTUTH IOKyMEHTaIlito 0106;110Teku 3 BiakputuMm kojom OpenCV [4].
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BunineHHs HepoCaiIKEeHUX YACTHH 3arajbHol npodjemu. Ha nanuii MOMEHT
B HayKOBIH1 JIITEpaTypl CIIOCTEPIra€ThCsl HEBEMKA KIIBKICTh IPYHTOBHUX ITyOJIIKaIii 3
aHaJli30M Ta MOPIBHSHHAM aJIrOPUTMIB MAIIMHHOTO OadeHHs. Y LUX MyOJiKamisgx
PIAKO TNPUAUISETHCS yBaraiCHyrouuM 010iioTekam peaji3aiiii  aJropuTmiB  Ta
HAIMCAHHIO MPUKJIAJHUX TPOTrpaM 3 iX BUKOPUCTAHHSIM.

IMocTanoBKka 3aBAaHHs. 3aBIaHHSAM € OTJISAJ OCHOBHUX aJTOPUTMIB peaiizallii
TEXHOJIOT1i KOMIT IOTEPHOTO 30Dy, HaBEJCHHS NPUKJIIaJAy HaBYaHHS HEHPOHHOI Mepexi
JUIS BU3HAYCHHsI 00’ €KTIB HA KapTHHII Ta oryisiy 6i6mioreku OpenCV.

Bukianenns ocHoBHoOro marepianay. Kowm'rorepHumM 30poM  Ha3MBaroTh
CKJIaJIHy CUCTEMY BHM3HA4YE€HHA Ta aHaJli3y 00’ €KTIB Ta 00pa3iB, OTPUMAHUX CUCTEMOIO
330BHI. BHBUEHHSI MOXXJIMBOCTEH Ta MOTEHLIATy KOMII'IOTEPIB B rajly3i MalldHHOTO
6ayeHHs po3noyanucs e B 70-X pokax MUHYJIOTO CTOJIITTS, e aKTUBHOTO PO3BUTKY
3a3HaJIM came Yac. 30Kpema, OyJio CTBOPEHO Oarato auropUTMIB ISl PO3ITi3HABAHHS
obpazie: VGG16, VGG32, VGG29, ResNet, DenseNet, rpymna anroputmis Inception,
Toio. Po3risiHemMo feranbHille KiibKa 3 HUX.

VGG16. VGG posmudpoByethes sik Visual Geometry Group, T00TO rpyma
HAYKOBLIB 3 (pakyibTeTy 1HXKeHepHUX Hayk Okcdopiachkoro yHiBepcuTeTy, a 16 -
YHUCIIO CJIOIB HEHWPOHHOT Mepexi, HEOOXiHHMX i po3mi3HaBaHHS o0pasiB. CyThb
JAHOTO aJITOPUTMY HACTYIIHA!

1) momin 300paXkeHHs MOMOJIaM, TOKH HE IiiaeMO 10 TIMOMHU 300paXKeHHs
14x14 mikceniB (MiHIMaIbHA MOXJIMBA TTTMOUHA - 3X3 11C);

2) B mpolieci MOAITIB OTPUMAHHUX MIMATKIB 300paKeHHS HAMAara€eMocChb OTPH-
MaTH MacKH IIyKaHOTo 00pa3y Ta Koe(illieHTH WMOBIPHOCTI 3HAXOHKEHHSI IITyKaHOTO
oOpa3y B JaHiil TUISHII 300paxKeHHS;

3) Ha OCHOBI aHami3y 3MEHIICHHUX YaCTHH 300pa)KeHHs OyIyIOThCS BHXIIHI
He3aJexHi onucu. [1oTiM pe3ynbTar ycepeaHIoeThCs sl BCIX MaCOK.
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Januit miaxin mpoOpe mpairoe Ui 3HAXO/PKEHHS 00pasiB, IO KOHTPACTYIOTh 3
(oHOM, ajnie HEe TOAUTHCS ISl BIIYYEHHS OMHOMaHITHUX 00’ekTiB (Hampukman, 3Haiitn
KUTBKICTB OBEIlh Ha (oTO) a060 3HAXOPKEHHS 00 €KTIB, KOJIP SKUX 30IraeThesl 3 KOJIbOPOM
¢ony. st 110ro ci1iy BUKOPUCTOBYBATH BAOCKOHAJICHUH aJlTOPUTM 3rOPTKOBOI HEMPOHHOT
Mmepexi - DeepMask.

DeepMask. Ilo dakry, nanuii AITOPUTM € BJIOCKOHATICHHM allfOPHTMOM VGGle.
CyTb B TOMy, IO Ha KOXXHOMY KpOIll MH JI0JIAEMO  He TUIbKA MaCKy oOpazy, ane i
BHKOPHCTOBYEMO n{(popMauuo OTpHMAHy BiJ|
HIDKHIX IIapiB, a TaKOX JaHl 3 PO3Mi3HAHUX
BEPXHIX IIapiB.

Koxxnuit eranm 3MeHINEHHS BUXIJHOTO
300paXeHHsI JI03BOJISIE  OTPUMATH  KOJOBaHY
MacKy, 3T€HEpOBaHy TMpH MPOXOKEHHI BiJl
3arajJbHOTO 300paKEHHS JI0 3MEHIIIeHoT0. Pazom
3 IIMM Y BJIOCKOHAJICHIN 3rOPTKOBiM HEHpOHHIM
Mepexi BIIOYBaeTbCsl pyX BiJl MEHIIOro 300pa-
YKEHHS JI0 OLIBIIIOTO 3 OTPUMAHHSIM XapaKTEPHUX
¢byskuii (Touok). I[lincymkoMm € macka, oTprmMa-
Ha TUISIXOM JIBOHAIPABJICHOTO 3UTTS (YHKITIH 1
OITOPHUX TOYOK.

I'onoBHa npobiema DeepMask B Tomy,
[0 IIsI MOJIeJIb BUKOPUCTOBYE IMPOCTY MEPEKY MPSIMOTO IMOIIMPEHHS, sIKa YCHIIIHO
CTBOPIOE MAaCKH 3 BIJHOCHO HHU3bKUM pIBHEM MJHCKpETH3allli, ajle HE BUKOHYE
CErMEHTAIlII0 3 TOYHICTIO 70 mikcens [3].

OpenCV. OpenCV (Open Source Computer Vision L1brary) e 6i0ioTeka
MPOrpaMHOrO 3a0e3MeUeHHs 3 BIIKPUTUM KOJOM Il KOMIT'FOTEPHOTO 30py Ta
MamHHoro HaB4aHHs. OpenCV Oyrna moOyaoBana, mo0 3a0e3nedyuTH 3arajibHy
1HGPaACTPYKTYpy I MPOrpamM KOMII'FOTEPHOTO 30py Ta MPUCKOPUTH BUKOPUCTAHHS
MalmH y koMmepuiiaux npoaykrax. OpenCV, mo nomuproerbes 3a Jinensito BSD,
JI03BOJISIE MAIPUEMCTBAM JIETKO BUKOPUCTOBYBATH Ta 3MIHIOBATH KO [5].

bibmioTeka peanizye monan 2500 onTUMI30BaHUX aNropuTMIiB. BoHH MOXKYThH
OyTH BUKOPHWCTaHI IS BHSBJICHHS Ta pOSl‘IiBHaBaHHH 00mny, BU3HAUYCHHS OO0'€KTIB,
kinacudikaiii JIOACBKUX A Yy BiJ€O, BIACTEXKEHHS PyXy KaMepH, BiJICTEKECHHS
pyXomux 00'exTiB, BUTATYBaHHs 3D-Mozeneit 00'ekTiB, cTBopeHHS 3D-TOUKOBUX XMap
13 cTepeokaMep, 3IIMBAHHS 300pa)K€Hb pa3oM JJIsi OTPUMAHHS BHCOKOI PO3IUTHHOI
3IaTHOCTI 300pa)K€HHS ITUTICHOI CIIEHH, IMOIIYKYy CXOXXKHUX 300pa)kKeHb 3 THUMH, IO
3HAXOMATbCsl B 0a3l JAaHMX, KOpeKIi eeKkTy “YepBOHMX OdYeil”, 10 BUHUKAE MPHU
BUKOPHUCTAHHI crmanaxy Iia 4ac ¢oTorpadyBaHHs, BIJICTEKYBaHHS pPyXiB O4YEH,
BU3HAUCHHS JIEKOPAIlii Ta BCTAHOBIIEHHS MapKepiB JUIsl MOJANbIIOT0 HAKIaJaHHs X Ha
JIOTIOBHEHY peajbHICTh TOIIO.

Hocaimxenns. BukopucroByroun 6i6mioteky OpenCV peantizyemMo IETEKIlII0
QR-komy 3 ypaxyBaHHSIM KyTOBHX BIIXWJIEHb. {11 IbOTO CKOPUCTAEMOCH TEOPEMOIO
PO CITIBBITHOIIEHHS.

Buznauenns: criiBBigHOmeHHs twion] N 4uciia ABOMIPHUX IMOJITOHIB 3aJIMIIAE-
ThCS IHBAPIAHTHUM JI0 PIBHOMIPHOT'O T€OMETPUYHOTO IEPETBOPEHHS:

Sxuo a, - 1e miomnia 6araToOKyTHHKA T, TO:

a;ray...an=R (1)

B 2D twomuai X. Toni:

a'zay...;axn=R (2)

TSt OyIb-s1KOi 1HII01 2D-1omuan Y, sika € TEOMETPUYHUM MEPETBOPEHHSIM X:

Puc.2. Pezynbrar pobotu DeepMask
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Puc. 3. CriBBiIHOIIIEHHS IO TOJIICOHIB

Buxignuit ko npoekTy IocTynHuii 3a nocunanusaM https://github.com/denGlob/
CppDemo.

BucnoBku. B xomi mpoBeneHoi poboTH  Oylo  pO3MIISIHYTO —IEPCHEKTUBU
BUKOPHUCTAHHSI KOMIT FOTEPHOTO 30py. OTJISIHYyTO OCHOBHI aJITOPUTMH BUSIBIICHHSI 00pa3iB
Ta 00’€KTIB Ha 300paKeHHsIX. 3a3HavaeTbes, 1o anroputM VGG16 mobpe mpatitoe st
00’€KTIB, III0 KOHTPACTYIOTh 3 (JOHOM, ajle € JayKe Hee()eKTMBHUM B TUIIOBUX MPAKTUYHUX
3ama4ax, Jie (OH YacTO 3JMBAETHCS 3 IIyKaHUM o0’exkToM. [lnsg 1poro Kparie
BUKOPHUCTOBYBATH MOJEpHIi3allii airoputMmy Taki sik DeepMask Ta SharpMask. OrnsiHyTo
610motexy OpenCV. Ha ii ocHOBI CTBOpEHO TeCTOBHI T01aTOK /st ieTekii QR-ko/iiB.
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Denys Smishnyi, Oleksii Aleshchenko

VISUAL DATA PROCESSING BY COMPUTER VISION TECHNOLOGY

Relevance of research. In connection with the increasing rate of
implementation of information technology in the daily life of users, technologies that
require the attraction of computer vision are gaining popularity.

Formulation of the problem. Creation of a review of existing implementations
of machine vision. Analysis of popular algorithms for the operation of neural networks
for finding images and objects. Guide examples of commercial implementation of
computer vision technology.

Analysis of recent research and publications. At present, you can find a huge
amount of materials on the subject of computer vision in broad access. For beginners,
the Learning to Refine Object Segments article is from the research team at Facebook's
Artificial Intelligence Research Center. Among the existing solutions useful in
understanding the existing algorithms, you can select the library documentation with
OpenCV open source code.

Uninvestigated parts of general matters defining. To date, there is a small
number of solid scientific articles with analysis and comparison of machine vision
algorithms, as well as a review of libraries and their implementations.

Setting objectives. The task is to examine the main algorithms for the
implementation of computer vision technology, give an example of studying the neural
network to identify objects in the picture and review the library OpenCV.

Presentation of the main material. At the first stage we overview the VGG16
algorithm. Research shows, that this algorithm is good for contrast objects, but rather
better to use DeepMask algorithm or SharpMask in partial tasks. Also, we overview in
a short OpenCV library. It contains 2500 algorithms for computer vision and bridge
code for popular languages such as Java and Python for comfortable coding.

Conclusions. During the work the prospects of using computer vision were
considered. The main algorithms for the detection of images and objects in images are
reviewed. It is determined that the VGG16 algorithm works well for objects
contrasting with the background but is very ineffective in typical practical tasks, where
the background often merges with the target object. To do this, it's best to use an
upgrade algorithm such as DeepMask and SharpMask. The OpenCV library is under
review. On its basis, a test application for the detection of QR-codes was created.

Keywords: computer vision, VGG16, OpenCV, object and image recognition.



