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ABTOMATHU3ANIA TEXHOJOI'TYHUX IMTPOIECIB
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'"HauionansHuii Texuignmii yniepcurer YKpainu
«KuiBcbkuii mosiitexniynuii incturyt imeni Irops Cikopcbkoro»
BiHHNUbKA HAIOHAJLHAN TeXHITHMIT YHiBepcuTeT

PEAJIIBALIA CUCTEM KOHTPOJIIO AKOCTI HPOI[YKI_IIj
HA OCHOBI MAIIMHHOT O 30PY TA WEB-TEXHOJIOI'TA

Texnonozii komn’romepHozo 30py OMPUMANU WUPOKE 3ACMOCY8AHMS @ DISHUX 2dNY35X, 30KpeMd 6 MeOUuyuHi,
BUPOOHUYMBT, MPAHCNOPMI, 102iCMuYyi, CiIbCbKOMY 20Cn00apcmei. B cmammi HagedeHo 3a2abHy cxemy KOHmpOoo
aKkocmi npoOdyKyii HA OCHOGI KOMN l0OmepHo2o 30py. Ak npuxiad pozenaHymo 3a0auy GuseieHHs Oedexmis
OpYKOBAHUX NIAM MA NPOAHATIZ08AHO CMEK MEeXHO02il 0114 ii po36 s3anns. Posniznasanns depexmis bazyemuvcs Ha
iHOexci cmpykmyproi nodionocmi SSIM, wjo 00uucIoe pisHUYIO MIdIC 300PANCEHHAMU eMATIOHHOT | NOMOYHOT naamu.
Hessaowcarouu na 3naunuii npoepec y 2any3i MAWUHHO20 30pY, 3aIUUAEMbCA 6A2AMO He8UPIUeHUX NUMAaHsb Wooo
AKOCMI ma po3mMIpHOCMI 8XIOHUX 0aHUX, 6UOOPY Modenell, moyHocmi pesyibmamie. Inmezpayis eremenmis cucmem
MAWUHHO2O0 30pY 018 0OMIHY iHOpMAYicto Mma NPULIHAMMSA PilleHb MAKOHXC CIMAHO8UMb 3HAYHY NPOOIeMY, MOMY Y
cmammi npedCcmaegieHo 00uH i3 nioxoodig 00 it po38 sa3aHHs. 3anpONOHOBAHO NPOSPAMHY Peani3ayito Ol BUAEIEHHS
Odepexmis y euenndi 6eb-000amxky. Apximexmypa cucmemu CKIA0AEMbCs 3 KIEHMCbKOL ma cepeeproi YacmuHu.
Knienmcora wacmuna peanizoeana 3 suxopucmanuam Vue.js, na cmopoui cepsepa suxopucmano Flask ¢peiimsopx,
wo nonesutye inmezpayiio 3 icnyrouumu Python-6ioriomexamu.
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IMocTanoBka mpo6iaemu. Po3sutok TexHomoriit komm roreproro 3opy (Computer Vision — CV) B ocraHHe
JECATWIITTS 3HAHIIOB MIMPOKE BIPOBAPKCHHS B PI3HUX Taly3saX: MEIWIIMHI, BAPOOHUIITBI, TPAHCIIOPTI, JIOTICTHIII,
arpapHOMY CEKTOPi, XiMiuHi# mpomucioBocti [ 1-3]. Anani3 nociimkens [4—5] mokasye, mo Computer Vision Ta oro
MIpaKTUYHA peajizallis B MPOMHUCIOBOCTI — MammHHHNA 3ip (Machine Vision) mHMPOKO BHUKOPHUCTOBYIOTHCS IS
PO3B’sI3aHHS 3a]]a4 BUSABICHHS NE(PCKTIB MPOMYKINi UM o0nagHanHs. Takuii miaxif TOBHICTIO BiAMOBIIAa€ KOHICIIIIT
CTaJIOr0 PO3BUTKY, OCKIJIBKH JO3BOJISE MiABHIIHUTH Pecypcoe(eKTHBHICTb BUPOOHMITB, 3MEHIIYIOYHM KiJIbKICTh
3aIiSTHOTO MEePCOHAIY i 0JJHOYACHO IiIBUIYIOYH TOYHICTh NeTeKTyBaHHs. He3Ba)karouu Ha pi3Hi peaMeTHI 00J1acTi,
3arajibHy CXEMy KOHTPOJIO SIKOCTI MPOJYKIii HA OCHOBI KOMII IOTEPHOrO 30py (puc. 1) MOXHA NPEICTaBUTH
HACTYITHUM YHHOM:
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Puc. 1 — Cxema KOHTPOJII0 IKOCTi MPOAYKIii HA OCHOBI KOMITI’I0TEPHOI0 30Py
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Xoua B OCTaHHI ACCATIIITTS BifOyBa€ThCS CyTTEBE 30UIBIICHHS TOCTIKEHD B JaHIH TaIy3i, IPoTe icHye 6araTo
HEBHPILIEHNX IPOOJIEM TOB’S3aHUX 3 MOBHOTOIO 1 PO3MIPHICTIO BXIIHHMX AaHMX PO 00’€KT, BHOOpY Mopeiei
po3mi3HaBaHHS 300pa’keHb Ta iX HaBYAHHS, TOYHICTH pe3ynbTaTiB [6]. OnHi€0 3 BaXXIMBHX HPOOJIEM € TaKOXK
IHTETpaIlisl eIeMEeHTIiB CHCTEMH MAaIIMHHOTO 30pY Ui 0OMiHy iH(opMaliero Ta 3miiiCHEHHS BHCHOBKIB. B poOoTi
NIPOJICMOHCTPOBAHUH OZIMH 3 MiAXOIB ISl pO3B’sI3aHHS L€l MPoOIeMHu.

AHami3 momepenHix xocaimkedb. [Iporec moOymOBH CHCTEM KOHTPOJIIO SIKICTIO MPOIYKINI MOxe OyTh
MIPEICTAaBICHAN HACTYITHUM YHHOM: OTpHUMaHHA iH(opmarii 3 kamep, momepenHs oOpoOka miei iHdopmarii,
po3B’s13aHHs o/iHiET 00 NEKUIBKOX HACTYITHHX 33Ja4: CEMaHTHYHA CErMEHTAllisl, IHCTaHC-CerMEeHTallisl, IeTEeKTyBaHs;
Ta CyNPOBODKEHHS 00 €KTIB, OLlIHKa po3MillieHHs (pose estimation). Ha Ko)kHOMY 3 ITMX eTaliB BUKOPHUCTOBYIOTHCS
BIZIMTOBIAHI TEXHOJIOTIT Ta MpoTpamMHi 3aco0u s iX peaiizaiiii, HaBeneHi B Tabmui 1.

Tadauusa 1 — Ctek TexHoJ0riil 1715 32724 00po0KH 300pakeHb

Cranii
30ip nanux IHonepenus I'enepyBanus / IloOynoBa mopesi Po3ropranus
00poOKka MapkyBaHHus /
AyrmeHranis
OTtpumanHs ¢urbTpauis myMis, AHoTauis obnacrei HaBuanHhs, [TyOGnikamis
JIAHUX 3 3MEHILICHHS a00 TOYOK y BUMAAKY TECTyBaHHS, MoJenen s
MIPUCTPOIO PO3MipHOCTI, ML / renepartis 3 BHCHOBOK 0 1aJIBIIIOTO
3MEHILECHHS BUKUAIB | BHKopucTanHsM CAD MPOMHCIIOBOTO
Mojesnei BUKOPHUCTAHHS
[Iporpamsi 3aco6u (Python, C++)

JpaiiBepu Kamep, open3d VoTT PyTorch TensorFlow
SDK opencv CVAT TensorFlow Serving,
PO3pOOHUKIB pandas Blender OpenCV PyTorch Serve

KaMep PyBullet scikit-learn AWS SageMaker

PosrnsHemo 6inbIn AeTanbHO OCTaHHIHN eTarm po3ropTanHsa Mojeneil. Ctparerii i popMu po3ropTaHHS 3aIekKaTh
BiJl KOHKPETHOI 3ajadi, aje IX MOXXHa yMOBHO moainutd Ha online Ta offline. Mojenb BHCHOBKY CTBOpEHa 3
ypaxyBaHHSIM TepudepiiHoro (oduraiiH) po3ropTaHHs mnepeadadae, mo po3podieHi MoaeTi MOKHA 3allyCKaTH Ha
npuctposix ARM (manpukian, Raspberry Pi), mpuctposx 3 mintpumkoio CUDA (takux sk NVIDIA), nmpuctposx
apxitekrypu x86 Ta iHmmx. [Ipu OHNalH po3ropraHHi 3IIHCHIOIOTHCS BUKIMKH BimmosimHoro API (Application
programming interface), siki O3BOJISIOTH B3aEMOIISITH 3 PO3POOIICHO MOJICILIO.

3a3HaunMo, Mo npu BukopuctanHi APl s BiZHOCHO HECKIAAHWX 1 HE TPYAOEMHHX 3agad, TOUIIHHO
BHUKOPHCTATH BiIacHe rporpaMHe 3abe3nedyenHs Ha ocHoBi REST/RPC, 1110 103BOINTH TIOBHICTIO OTPUMATH KOHTPOIIh
HaJl MPOLIECOM PO3PaXyHKIB 1 OyTH HE3aJIe)KHUM B HOTO JI0OTPALIOBAHHI/TIATPUMAaHHI.

MeTo10 CTaTTi € AOCHIIKESHHS MIX0AY peati3amii CHCTeM KOHTPOIIO SIKOCTI MPOIYKIIii 3 BUKOPHCTAHHIM Web-
TexHONOTiH. OCKINbKM HaWOIBII MTOMYIAPHIMH MOBAaMH TIpoTpaMyBaHHs i po3poOku cucteM CV e Python ta C
(1€ TOB’3aHO 3 HASsIBHICTIO BIJIIOBIAHUX WIapers—00ropToK JUls BUKIMKY METOAIB 0101i0TeKk 00poOKH 300paskeHs ),
TO B po0OTi Oyjie pO3KISTHYTO CTBOPEHHSI Web-101aTKy 3 BUKOpUCTaHHIM Python-dpeiiMBOpKiB.

MaTtemMaTH4Ha MoJeJb po3Ni3HABaHHA [Je(eKTiB APYKOBaHMX mJaT. 3agada BHABICHHSA Je(EKTiB
JIPYKOBaHHUX IJIAT 3yCTPIiYaeThesl HA O0araTbox BUPOOHHMLTBAX. J[JIs KOHTPOJIIO IIaT BUKOPUCTOBYETHCS ITOPIBHSIHHS
MTOTOYHOTO 3pa3Ka IJIaTH 3 ETAIOHHKM, 110 He MiCTUTh nedekTiB. PakTUIHO I 3a/1a4a MOPIBHAHHS IBOX 300paKeHb
i BHUSBIIEHHS BimMiHHOCTeW MiK HUMH. CHOTOMHI € JEeKibKa MiIXOAIB TOPIBHAHHSA 300pakeHb [7], 30Kpema:
ocHoBaHMX Ha rictorpamax (Histogram-Based Approaches), inpekcax noamionocti (Structural Similarity Index),
o3Hakax 300paxenb (Feature-Based Approaches) ta riubokomy HaBuanHi (Deep Learning-Based Approaches). s
moOyT0BH MOZETi po3Mi3HaBaHHS Ne(eKTiB mIaT BUKOpUcTaHo ¢ororpadii Bupobis Ta 6a3oBuil kof 3 podoTH [8].
PosmizHaBanHs nedekriB 06azyerbcs Ha BUKopucTaHHi inaekcy SSIM (Structural Similarity Index). Bin obuucmoe
JierpaaliifHy KOMIIOHEHTY, 110 BifloOpaXkae pi3HHUIIIO MK 300payKCHHSIMH, 1 CX0XKY KOMIIOHEHTY. 3aranbauil SSIM
IHIIEKC BUPAXOBYETHCS K JOOYTOK IIUX BOX KOMIIOHEHT.
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ITepen 3icTaBiaeHHIM 300paxeHb APYKOBAHKX IUIAT iX HEOOX1THO BiopMaTyBaTH: TIEPEBECTH Y BIITIHKH CipOTO
Ta 3MEHITUTH PO3Mip. SMEHIIIEHHS pO3Mipy Ma€ JCKiIbKa PUIHHH:

® 00YUCTIOBATLHA eheKkmUBHICMb: SMEHIIIEHHS PO3MIpy 300paKeHHS 3MEHIITY€ O0UHCITIOBAIbHE HABAHTAXKCHHSI,
ockinpku SSIM BUMarae MOpiBHSHHS CTPYKTYPH 300pakeHHS HA PiBHI MiKCETiB.

® 3MeHuleHHs wiyMy: IPU 3MCHIICHHI PO3Mipy 300pa)KCHHS JIesKa BTpaTa JeTalcii MOXe NPUXOBATH IIyM abo
apredakTy, 1110 MOXKYTh BIUIMHYTH Ha 3HaueHHs SSIM.

® 3HUJICEHMSI GNAUBY HENOMIMHUX 3MIH: 3MEHILCHHS PO3Mipy 300pa)KCHHSI MOXE JIOTIOMOITH 3HWU3UTH BIUIMB
HE3HAYHUX 3MiH, [0 € HEBUJAMMUMHU TS JIFOIMHHU, aJI¢ BIUIMBAIOTh HA 3HAUYCHHs MeTpuku SSIM.

3 ypaxyBaHHSM BHUIIIECKA3aHOTO HaBeneMO ()ParMeHT KOy, KU BUKOHYE Ii IepeTBOpeHHS [8].
imageA = cv2.resize (imageA, (1000,500),interpolation=cv2.INTER LINEAR)
imageB = cv2.resize(imageB,(1000,500),interpolation=cv2.INTER:LINEAR)

grayA = cv2.cvtColor (imageA, cv2.COLOR BGR2GRAY)
grayB = cv2.cvtColor (imageB, cv2.COLOR BGR2GRAY)

Grayscale A image Grayscale B image

Puc. 2 — Pe3yabTaT nepeTBOpeHHs BXiTHHX 300pakeHb y BiATiHKH ciporo

Mertpuka SIIM yxe peanizoBana B 6i0sioTexax oOpoOkH 300paxkeHb. B poOOTI BHKOpHCTaHO MiAXix s
obuuncienns SIIM Ha ocHoBi 6i6mioTek OpenCV Ta scikit-image [9]. @akTHIHO MOTPIOHO BUKIUKATH BOYIOBaHUI
METO]I 1 oJIaT! oMy Ha BXia 300pakeHHs. OtpumaBmy SSIM 300pakeHHS, BAKOHAEMO HOTO MTOPOTOBY OOPOOKY.

(ssim, ssim img) = structural similarity(grayA, grayB, full=True)
thresh = cv2.threshold(ssim img, 0O, 255, cv2.THRESH BINARY INV | cv2.THRESH OTSU) [1]

Puc. 3 — Pe3yabtytoue SSIM 300paxeHHs miciast Puc. 4 — Pe3yabtytoue 300paxkentss SSIM micast
3icTaB/IeHHSA TMOPOToBOi 00POOKH

ITicns oTpuMaHHS pe3ynbTaTy MOPOroBOi OOPOOKH CIIiJI BU3HAYUTH KOOPJAWHATH OO'€KTIB Ta OOBECTH iX Ha
BXIJTHUX 300paKCHHSX.

= 3()
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Hanucanus Be6-101aTKy

Ha mepmomy ertami KOHTPOJIO SKOCTI Kamepa 3IIHCHIOE 3HIMOK JpykoBaHOoi rmiatw. Jlami BUKOHYETBHCS
MOPIBHSHHS OTPUMAaHOTrO 300pakeHHs 3i 3pa3koM 3a jgornomMoroto Merpuku SSIM. Ha ocHoBi pe3ynbrariB aHamizy
CKpHUNT poONTH BUCHOBOK, UM MICTHTB 300pakKeHHs JPYKOBaHOI IIaT AePeKTH, i BU3HAYA€E, i TOTPIOHO OpaKyBaTH
wiaty. s aBromaruzanii mpolecy HOpIBHSHHS IUIaT, BUPIIICHHS 3aJiad pO3ropTaHHsA Ta iHTerpauii Ha piBeHb
SCADA cTBOpeHO BeO-10/1aTOK, apXiTEKTypa SIKOTO HaBeAeHa Ha puc. S. Ilei BeO-101aTOK Ja€ 3MOTY KOPUCTYBadeBi
BUOpATH €TaJlOHHE 300pa)KEHHs IPYKOBAHOI IIJIATH Ta 3aBaHTa)KyBaTH IIOTOYHE 300pakeHHS APYKOBAHOI IJIATH, Ky
CHCTEeMa MepeBipATHME Ha HASBHICTH TOITKOIKEHb.

KinieHTCcbKa yacTHHA

CepBepHa yacTMHa

[HTepdeiic kopucTyBaya

bizHec-siorika

API/Compare
BisHec-yorika
request
<
il 0
response AnropyTM po3ni3HaBaHHA
JedekTiB

Puc. 5 — Apxirektypa web-goaaTky ajs NopiBHSIHHS TJIAT

v [ defects
v [ front
> [Ddist
> [ public
v @src
> [ assets
> [ components
> [ utils
¥ App.vue
Js main.js
@ style.scss
@) .gitignore
<> index.html
{} package.json
{} package-lock.json
m: README.md
Js vite.config.js
> [ images_used
> [Dvenv
@ comparing_service.py
_ defect_detection.ipynb
@ main.py
= requirements.txt

Puc. 6 — CTpykTypa npoekry

s peamizamii kimieHTChKOT 9acTHHH OyB oOpaHmii Vue.js, o €
OJHMUM 3 HaWOUIbII BHUKOPHCTOBYBaHUM (peiiMBopkoM JavaScript,
CIIPSIMOBAaHMM Ha PO3POOKY KOPHCTYBAIlbKUX IiHTEpQEHCiB BeO-
noxatkiB. OpHi€l0 3 mepeBar BUKOPHUCTaHHS VUE.jS € MOKIHUBICTH
moOymoBU e€(EeKTHUBHUX Ta TUHAMIYHHX OJHOCTOPIHKOBHX JOJATKIiB
(SPA). 3aBnmsiku peakTuBHIN cucteMi Vue.js, 3MiHM B CTaHi JaHUX
aBTOMATHYHO  BIJCTEXKYIOTBCSI 1  BilOOpaKeHHS  OHOBIIOIOTHCS
BIJITIOBITHO.

Jlnst peamizanii cepBepHoi yactuHu OyB Bukopuctanuii Flask —
(peiiMBOpK HamMcaHWil Ha MOBI nporpamyBanHs Python. Ile nonermrye
IHTETpaIil0 3 aJITrOPUTMOM TIOPIBHAHHSA IUTAT, OCKUIBKM OOHIBa
BUKOPHUCTOBYIOTH Python. Ha puc. 6 HaBeZeHO CTpYKTYpy MPOEKTY.

OnepaTtop Mae MOXKIHUBICTh 33aBaHTAXKUTH J(BAa 300pa)KCHHS:
300pakeHHs 3pa3Ka APyKOBAHOI IJIATH 1 300paKeHHsI IPYKOBAHOI IJIATH,
sIK€ TIOTPiOHO MOPIBHATH 31 3pa3koM. ITicys 3aBaHTa)KeHHs, 300pakeHHS
JIPYKOBaHWX TUIAT BioOpaxaroThCs B iHTepdeiici cuctemu. J{ist mouaTky
mpoliecy TOPIBHSHHS, OMEPaTop Mae HATUCHYTH KHomKy "Compare'.
ITicnst mboro 300paskeHHs IPYKOBAHUX TUTAT IIEPETBOPIOIOTHCS B (popmaT
base64 1 Ha/ICUIAIOTHCS 3aITUTOM Ha CepBep.

Ha cepBepi oTpuMmaHi JaHi BIiINMOBIAHO JEKOAYIOTBCS i
MOPIBHIOIOTECS. 3 BHKOPUCTAHHSAM BiJNOBiIHMX anroputMis. Ilicis
3MIMCHEHHS TOPIBHSAHHS, Pe3yJbTaTH KOIYIOThCA B ¢GopMar base64 i
HAJICWIIAIOTHCS HAa3aJl Ha KIIEHTCBKY YacTHHY cucTeMH. KilieHTChka
YacTHHA JIEKOJy€e OTPUMaHi JaHi Ta BUBOIUTH 300pakKeHHS pE3yIbTAaTiB
HOPIBHSHHA B iHTEp(deiici cucremMu, 110 JO3BOJISIE ONEPATOPY OLIHUTH
MOMIOHICTh UM PO30IKHOCTI MiXkK IPYKOBAHOIO TIATOIO 1 3pa3KOM.

JlomaTox MoXe TpaIoBaTH B aBTOMATHIHOMY 1 PyYHOMY PEXKHMI.
B nmepmomy — indopmartiss Mae 39UTyBaTHCS 3 KaMepH 1 TiepecuIaTucs
Ha BKazaHy url-aapecy y ¢opmi POST 3amury HTTP-nipotokoay.

3]  —
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B npyromy Bunajaky (oTo 3aBaHTaKYeTbCs OnepaTopoM BpydHy. Hibkue HaBeleHWi KO, IIO BIAMOBIAaE 3a
MOPIBHSIHHS JBOX 300pakKeHb.

@app.route ('/compare', methods=['POST'])
def compare images():
try:
data = request.get Jjson()
image a = base64 to cv2 image(data["sample image"])
image b = base64 to cv2 image(data["compared image"])
if image a.shape[0] != image b.shape[0] or
image a.shape[l] != image b.shape[l]:
raise ValueError ('Images not same')
result image a, result image b, image defect count, image ssim =
compare (image a, image D)
response = {
"image a": cv2 image to base64 (result image a),
"image b": cvZ2 image to base64 (result image b),
"image defect count": image defect count,
"image ssim": image ssim,
}
return jsonify(response)
except ValueError as e:

return jsonify({"error": str(e)}), 400
N @ Boards comparing tool X + — (m) X
C @ 127.00.1:5000 max 00

0o

0o

ao
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Lo o6

O 6 6
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Puc. 7 — Pe3yabTaT nopiBHSIHHA IJIAaT B web-10AaTKY
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BucnoBku. [IpoBeneHo anami3 npoOiemM, 0 BUHUKAIOTH MPHU pealizarlii Ta po3ropTaHHI CUCTEM KOHTPOIO
SIKOCTI NMPOAYKIIi HA OCHOBI METOZIB KOMII IOTEPHOTO 30py. 3alpONOHOBAHO BHKOPHCTOBYBAaTH Web-TeXHOIOrii
30kpeMa Python-ppeiMBOpKiB IS iHTEeTparlii CKIaJoBHX TaKMX cHUCTeM. JlaHWi MiaxiJ TMpoJeMOHCTPOBAHO Ha
TIPUKIIAJII 33729l po3Mi3HaBaHHA Je(PEKTIB IPYKOBAHUX IIJIaT.

IlepcnekTUBH MOAANBIIMX AOCTIIKeHb. B mnonanboioMy IOLUIBHMM € TPOIOBXKEHHS JOCTIJUKEHb Ui
CTBOPEHHST aBTOMATHYHOI CHCTEMH KOHTPOITIO SIKOCTI, B SIKiii OM 300pakeHHS 3 KaMep aBTOMaTHYHO IepPeIaBaliocs B
Be0-/10/1aTOK, pe3yJbTaTH MOPIBHIHHS BioOpaXkajaucsi Ha €KpaHi oleparopa, BUKOHyBaJlacs BIJINOBiAHA iMiTariis
poboTa-MaHIIMyJIATOPa y BUMAAKY BUSBIECHHS Ne(DEKTiB.
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Dmytro Kovaliuk, Oleh Kovaliuk, Volodymyr Malishevskyi

IMPLEMENTATION OF QUALITY CONTROL SYSTEMS BASED ON MACHINE VISION AND WEB
TECHNOLOGIES

The development of Computer Vision technologies has seen widespread adoption in various fields over the last time,
including medicine, manufacturing, transportation, logistics, agriculture, and chemical industry. Research analysis
indicates that Computer Vision and its practical implementation, known as Machine Vision, are widely used for defect
detection in production and equipment. Despite significant research progress in this field in recent years, many
unresolved issues remain concerning the quality and dimensions of input data, selection of image recognition models
and their training, and the accuracy of results. Integration of machine vision system elements for information
exchange and decision-making poses a significant challenge. This paper presents one approach to addressing this
issue.

The aim of the paper is to explore the implementation approach of quality control systems using web technologies.
The task of detecting defects in printed circuit boards (PCBs) is common in many manufacturing processes. PCB
inspection involves comparing the current PCB sample with a defect-free reference. Essentially, this task involves
comparing two images and identifying differences between them. Defect recognition is based on the Structural
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Similarity Index (SSIM), which computes the degradation component reflecting the difference between images and
the similarity component. The SSIM metric is already implemented in image processing libraries. This work utilizes
calculations using OpenCV and scikit-image image libraries. To automate the PCB comparison process and address
deployment and integration challenges at the SCADA level, a web application has been developed. This web
application allows users to select a reference PCB image and upload the current PCB image for inspection.

For the client-side implementation, Vue.js was chosen due to its popularity and efficiency in developing web
interfaces, particularly Single Page Applications (SPAs). Vue.js's reactive system ensures automatic updates to reflect
changes in data state. For the server-side implementation, Flask — a Python framework, was used, facilitating
integration with the PCB comparison algorithm as both utilize Python.

According to the available features, operators can upload two images — a reference PCB image and the PCB image
to be compared with the reference. After uploading, the images are displayed in the system interface. On the server
side, the received data is decoded and compared using the appropriate algorithms. After comparison, the results are
encoded in base64 format and sent back to the client-side for display, allowing the operator to assess the similarity
or differences between the PCBs. The application can operate in both automatic and manual modes.

Therefore, an analysis of the challenges encountered in implementing and deploying quality control systems based
on computer vision methods has been developed. The use of web technologies, particularly Python frameworks, for
integrating developed models is proposed. This approach is demonstrated using the example of PCB defect
recognition tasks.

Keywords: quality control, control systems, computer vision, machine vision, web technologies, resource efficiency
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