JIOJIATOK A

3BIT pe3ynbTariB [lepeBipku Ha yHIKaIbHICTh TeKCTy B 0a31 XHYPE

() UNICHECK

by Turnitin
IM'A KOpHCTYBaYa: ID neperipxH:
Onidannk Onena Bonogwmupliena kadp. Mi 1016324406
Data nepesipkm: Tun nepesipkn:
05.06.2024 17:52:45 EEST Doc vs Internet + Library
DaTta 3BiTy: ID kopHCTYBaYa:
05.06.2024 17:54:55 EEST 100012353

Hazsa poxkymenTa: 2024 M_IN33am_22 1_Kozen_O_[l_ ckopodeHWR

Kinexicte cTopinok: 59 Kinexkicre cnie: 9267 KinskicTs cuMBonie: 72740 Poamip harmny: 281 MB ID channy: 1016123147

Buasnerno moanpikauli Texcry (MoxyTs BnnueaTk Ha BlgcoTok cxoxocTi)

2.31%
CxoXicThb

Ha#binswa cxoxicTe: 1.06% 3 InTepHeT-axepenom (https:/fudhtu.edu.ua/wp-content/uploads/2021/11/kmoss-2021_05_11_..

2.17% O xepena 3 IHTepHeTY n ....................................................................................................... Cropimka 61
0.35% A xepena 3 GiGnloTexn B ...................................................................................................... Cropinka 61

0% UuTaTt

BHJI,"‘I!IIIII UMTAT BHMKHEH2

Buny4enna cnucky Gibniorpacgiyinx nocunans BHMKHEHE

0%
BunyuyeHb

Hemae BHAY4YEHWX AXepen

Moaudikauii

Buaeneno mogndikauil texcry. letansHa incopmauin poctynHa B onnanx-asiri.

Nigospine gpopMaTyBaHHA m

76



77
JIOIATOK B

Peauizarist Be6-10/1aTKy 3a JOIOMOTOI0 HEUPOMEPEKHUX TEXHOJIOT1H

PesynbTatu peanizauii BeO-101aTKy HaBeneHo y gictunrax b.1-b.15.

Jlictunr b.1 — ®yHKIis 1711 OTPUMAaHHS KOHTYPIB €JIEMEHTIB 300paKEHHS

[ #]
I
Hh

getContours (image, colour):
thl = cvi.adaptiveThreshold(cvZ.cvtColor (image, cvZ.COLOR BGRZIGRAY),
cv2 .ADAPTIVE THRESH GAUSSIAN C, \
cw2 .THRESH BINARY, coclour, 18)

(o8]

n

on
-

kernel = np.ones( (15, 15), np.uint8)
thl = cvi.morphologyEx(thl, cvZ.MORPH OPEN, k=srnel)

contours = cvZ.findContours(thl, cvZI.RETR TREE, cvZ.CHAIN RPPROX SIM-

s}
=
™

coordcountours = []

for ¢ in contours:
¥, ¥, W, h = cvi.boundingRect (c)
coordcontour = [x, y, x + w, y + h]
coordcountours. append (coordcontour)

coordcountours.sort (key=takeFirst)

return coordcountours
Jlictunr b.2 — ®yHKis 1715 OTpUMaHHS O3HAK 3arajbHOi T'YCTHHHU Ta BIAHOCHOI

3B'SI3HOCTI

def getElementsPriority(cleancontours, height, width, graph):
elements _priority = []

# cuMTaeM OepBEEF OOKaS4TSlb, obmad MIOTHOCTE
sguare = height * width

contours_count = len{cleancontcours)

metricl = square / contours_ count

# cuYMTaEM BTOpoH OOR333TSAE, COTHOCHTESABHAA CEBESHOCOTE

connections = []

more_than median = []

for membker in graph:
connections.append{len (graph [member]) )

connections.sort ()
median _index = int({(len(connections) + 1) f2)

more than median.append(connection)

metricZ = len(more_than _median) / len(graph)

elements pricrity.append(metricl)
elements pricrity.append(metricl)

return elements priority

Jlictunr b.3 — Pearizariis MoJielli HEHpOHHOT Mepexi
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model = Segquential()
model.add (Dense (10, input_dim = 10, activation= "relu"))
m .add (Dense (&8, activation = "relu"))
hul .add (Dense (16, activation = "relu"))
bi il .add (Dropout (0.1%))
m .add (Dense (16, activation = "relu"))
m .add (Dense (1, activation = "sigmoid™))
m .compile (loss="binary_ crossentropy",
gptimizer="adam", metrics=['acc'])
Jlictuar b.4 — Imimamizamis FastApi ¢gpeiiMBOpKy Ta Jo0/JaBaHHS I1a0JIOHIB
CTOPIHOK

app = FastAPT ()
cemplates = JinjaiTemplates (directory = 'templates')
app.mount ("/templates"™, StaticFiles(directory="templates"),

name="templates")

Jlictunr B.5 — Meton ais noBepHeHHs html cTopiHKHM KOprCTyBady

Bapp.get ("/")
def home (regquest: Reguest):
return templates.TemplateResponse ("home.html', {
"reguest": reguest,
"model selection opticons™: model selection options,
"model image_ size options": model image size_options

Jlictunr b.6 — ®opma BBeIeHHS

<div class="form-row">
<div class="form-group col-md-2">
<label>Pazmep Msofpamexma</label>
</diwv>
<div class="form-group col-md-Z":>
<3glect class="Iform-control form-control-sm" name="img size">
{% for selection in model image size options %}
<option>{{ selection }}</option>
{% endfor %}
</3elect>
</fdiv>
<Sdive

Jlictunr b.7 — CemanTtuka metoay Juis Kiacudikatopa

el

app.post ("/fanalyze/™)

sync def analyze_via_api (reguest: Regqusst,
file list: List([UploadFile] = Fils(...],
model name: str = Form(...),
img_aize: Optional[int] = Formi(..):

W

class RnalyzeltemsBeguest (BaseModel):
model name: Str
img size: int
file list: List[UploadFile]

Jlictunr b.8 — IlepeBipka imeH1 Moperi

Evalidator['mndel_name']
def walidate model name{cls, v):

assert v in modsl selection opticna, f'Invalid modsl name. Valid
options: {model selecticn options}.'

return v

Jlictunr b.9 — O06poOHMK BUHATKIB



Try:
response = AnalyzeltemsReguest (model name = model name, img size =
img size)
except ValidationError as e:
return J3ONResponse (content=e.£rrors(), status_cods = 422)

Jlictunar b.10 — Immopt BiamoBizaei 3 6i0mioTexu pydantic

from pydantic import BaseModel, ValidationError, wvalidator

Jlictunr b.11 — Kongepraiist RGBA 306paxens y RGB.

img batch = []

for i, file in enumerate(file lisc):
img = Image.open(BytesIC(awalt file.read()))
img = img.convert ("RGB")

img_hatch.append (img)

Jlictunar b.12 — Kox xenryBaHHsS MOeIe HEUPOHHNX MEPEK

parser.add argument('--precache-models’, action='store true', help="pre-
cache all models in memory upon initialization')

opt = parser.parse_args()
if opt.precache models:
model dict = {model name: torch.hub.load('ultralytics/yolovs',
‘custom', path='./models/{model name}.pt')
for model name in meodel selection opticns}

Jlictunr b.13 — 3aBaHTakeHHs y METO/1 Kiacugikaii

if model dict[model name] is None:
model dict[model name] = torch.hub.load({'ultralytics/yolows",
'custom', path='./models/{model name}.pt’)

Jlictunr b.14 Ipuknan qis merony kinacudikariii

results = model dict[model name] (img batch, size = img size)

Jlictunr b.15 — BinnoBias cuctremMu

"class": int(pred[5]),

"class_name": model.model.names[int (pred[5])],
"normalized box™: pred[:4].tolist(),
"confidence": float (pred[4]).,
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JIOJIATOK B

PeSYJIBTaTI/I TCCTYBAHHA

Pe3ynbraty TecTyBaHHS HaBeJIEHO Ha pucyHkax B.1-B.5.

v\fastapi> python server.py
Uvicorn running on http://localhost:8000 (Press CTRL+C to quit)
Started reloader process [ ] using
Started server process [ ]
Waiting for application startup.
Application startup complete.
127.0.0.1:52849 - "GET / HTTP/1.1"
127.0 152849 - "GET /templates/main.css HTTP/1.1"
127.0. 152849 - "GET /favicon.ico HTTP/1.1"
0
0

o000

127. 152849 - "GET /docs HTTP/1.1"

127. 152849 - "GET /openapi.json HTTP/1.1"

127.0. 153523 - "GET / HTTP/1.1"

127.0. 153523 - "GET /templates/main.css HTTP/1.1" 384 Not Modified

o0

o0

127.0.02.1:53523 - "GET /favicon.ico HTTP/1.1"

Jsing cache found in C:\Users\artem/.cache\torch\hub\ultralytics_yolov5_master
Fusing layers...

Model Summary: 232 layers, 7265397 parameters, @ gradients

Adding AutoShape...

YOLOVS 2024-5-16 torch 1.8.1+cpu CPU

127.0.0.1:53524 - "POST / HTTP/1.1"
127.0.0.1:53524 - "GET / HTTP/1.1"
127.0.0.1:53596 - "GET / HTTP/1.1"
127.0.0.1:53597 - "POST / HTTP/1.1"
127.0.0.1:53640 - "GET / HTTP/1.1"
127.0.0.1:53641 - "POST / HTTP/1.1"
127.0.0.1:53641 - "GET / HTTP/1.1"

Pucynox B.1 — I[Ipartoroua nporpama

Responses

curl X "POST' \
*http: //localhost: 8008/ detect/’ \
'accept: application/ison’ \
‘Content-Type: multipart/form-data” \
*mode]_
*img_size: A
*download_image=false'

Request URL

http://localbost i/ detect/

Server response

Code Details.

477

Eror: Unprocessable Entity

Response body

: “value_error.missing”

Response headers

content-length: 93
content-type: application/json

date: Sun,1? May 2821 18:37:37 GMT
server: uvicorn

Pucynoxk B.2 — JToxymenTanis



Tonoena J[loxymeHT:

3apaHTaxkTe 300paxenHs Ta BHbepite YOLOVS mozens

3aparTaxenns sodpaxerns |Bubip dpaime | He suGpano xommoro dailmy
Mogene YOLOVS

Posaip sofpaxerna

3aBaHTAKUTH

€ Bimxpurta X
kN « Website Screenshots.v1-raw.yolovSpytorch > train > images v O Tlomrys: images
Bropanxysaru v Hosa nanxa
~ - ey
abenews_go_com_pngrf.b06f06cbdaadeed3d0Be about_me_png.rf,333358e8ff365034ad9f3ac3996d
28e72395556b ce58
aboutads_info_png.rf.b02602d40b39¢a871d01a3e aboutcookies_org_png.rf.c846c24907bf1d8d%4ac
v 289b5d8ch 7f1d243f3440 v
In'a paiury: [auuueokies_ug_png.ﬁ.t&ﬁd‘%?bﬂ3969“(7116243'3440 VJ! Vi daitm v
Bigxpuri Bimuina

Pucynok B.3 — Biakpute BikHO BUOOpY 300pakeHHS

Tonoena [loxymenTauiz

PesynbTatn

lNepeBipKa npoligeHa: CTOpiHKa BignoBigae KpUTEPIAM PI3HOPIAHOCTI
3HanaeHo enemMeHTiB: 42

AboutCookies.. rre—
0.50
Welcome to AboutCookies.org, a guide to 0 0
and controlling cookies, X |
o o
hutton O age 0

text 0.26 '
b on 0 m Iqut'(_?Lerét 8

that s stored on your

Kaac Mexd 08'ekTy Jocrosipaicrs
button  [0.15504040436187744, 0.20301373302936554, 0.29930776357650757, 0.23373596370220184] 0.5470277070999146

button [0.1579485833644867, 0.24594460427761078, 0.3052675127983093, 0.27367454767227173) 0.5423619747161865

text [0.31633538007736206, 0.11461099237203598, 0.8471004366874695, 0,19750969111919403] 0.49722835421562195

Pucynok B.4 — Pe3ynbrat 00po0OKH 300paskeHHSs
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http://localhost:8000/detect

® Aut t t 1 Body ®

none @ form-data x-www-form-uriencoded binary GraphQL

KEY VALUE
file_list Select Files
model_name

img_size

Pucynok B.5 — BaniganiitHa noMuika Ha BIACYTHIN (ailsn 17151 3aBaHTaKEHHS

82



83
JIOJIATOK T

[Ipe3enTariiini cnaiau 11 3aXucty KBamdikaiiitHoi podoTu

II133am-22-1 Kozen O.]1.
zon. Konecrikog JI.O.

Pucynoxk I'.1 — [lepmmii cnaiin: «TutynbHuin

IlonsATTS IEPaApXIYHOCTI Ta PISHOPIAHOCTI iHTEPeiicy
Iepapxiunictb iHTepdeiicy BeO-cTOpIHKH — CTYNiHb CHIBBIHOMIEHHSA IUIONI 1
B3a€MOIIOB'I3aHOCTI €JIEeMEHTIB 1HTepdeiicy BeO-CTOpPIHKM MK c000I0, a came: KHOIIOK,
TEKCTY, MATIOHKIB, IOCWIAHb Ta 1HIIHUX €IEMEHTIB
Pi3HopinnicTh iHTep Peiicy — KUTBKICTH 00'€KTIB Ta IXHIX KJIaciB

] ) [y [y | [Wewion ) [edion  (Fesin) KHOIIKa
3ar0J0BOK
300pakeHHs
TEKCT

World Cup 2018 Animation by Gentleman|

O E E

T prm— (s

Pucynok I'.2 — [Ipyruii cnaiin: «IIoHATTS i€papXiyHOCTI Ta pi3HOPILAHOCTI iHTEpdecy»



Po3pobka meToay oniHKH iepapxiuyHOCTi Be0-CTOPIHOK

Metpura M1 (koHTYpHE TpeacTaBIeHHA iHTEpdeiicy BeO-CTOPIHKH) PO3paxoBYeThCS 32 (YOPMYIIOH0:

M ,{lxn:x;\m:yj (1)
) Tl Eg Ay Yy _ )
(Komn emeMeHT BUPIBHAHO Ha KOOPANHATHIIT ciTii, 11 GyHKIS mpiiiMac 3HaueHHs | aGo 0, 3a1eKH0 Bl BUPIBHIOBAHHS

eIeMeHTIB 1HTep(elicy KOpICTyBada Ha BeO-CTOPIHIIL.)
Metpuxra M2 (iHTepdefic 3 eTeMeHTaMII Pi3HOI IIIONI) PO3PaXxoBYETECA 3a (HOPMYIO0:

L z": 5, @
i nls
i=1
Mertpuxa M3 (mepeBaHTaKeHIIT elTeMeHTaM 1HTepdeiic) po3paXxoByeThes 3a (POPMYIOL0:
s

M3=;- 3)

JIBa emeMeHTH BeO-1HTEpdeiicy BBaKAaTIMEMO MOB'S3aHIMIL, SKIIO ICHYE MPSIMa JTIHIA, KA OMIICYEThCSA PIBHIHHAM 3a

bopytozo: X-x _Y—» )

X=X Y2—0Nn

Metpuxa M4 (modynoBa pebep rpada 3B'S13KIB [T BEPIIIHI) PO3PAX0OBYETECS 3a (POPMYII0I0:
&)

IIe 1 — KITBKICTE €IeMeHTIB iHTepdelicy KopHucTyBaua; K — KITBKICTE @IeMeHTIB, 1A AKX JOTPIMY€TECA HEPIBHICTE!

deg (v) > |_$|Z deg (v), ©

vEV

AKTYAJ/IBHICTD

KopucryBanbkuii inTepdeiic - OCHOBHUIA KaHAT B3a€MO/IiT KOPUCTYBaua 3 Bed-caliToM
[Ipu3navenuit 1718 KopUCcTyBada iHTepdelic - MeTOI CTBOPeHHS BpakeHHs TTPO KOMTIaHIIo
Bisyasibna mnpuBa®auBicTh 1 (PYHKIIOHAIBHICTh IMPU3HAYEHOIO JUIS  KOpHCTyBada
mTepdelicy - KoY 10 3aTpe0yBaHOCTI Ta JIOBIOCTPOKOBOT eKCILTyaTallli BeO-caidTy
[Ipodaemarnka: OuLiHOBaHHA 1HTep(elicy BeO-caliTiB IPOBOJUTHCA B HEIOCTaTHBOMY

00Cs31, BIICYTHI IHCTPYMEHTH aBTOMATHYHOTO OIIIHIOBaHHS

TectyBanns Ul HaifuacTiie IpoOBOIUTHCS Y BUTIIS/II PYYHOTO TeCTyBaHHSI.
1. Jlis omiaroBanug sikoeti Ul moTpiden qocBiaenuii paxigerb
PoGoTa ekcriepTa - TpuBaimMii mporec

EKCHGpTI/IBﬁ BUMAarac BCJIMKHX BUTpaT

2
3
4. KUIBKICTB CaiiTIB IPOJOBKYE 301IbITYBATHCS
5

Brnacnuku BeO-pecypciB 3amikaBieHi B akicHoMy Ul

Pucynok I'.4 — YetBepTuii cnaiia: « AKTyaJIbHICTB»



IHOCTAHOBKA 3AJTAY1

Mera:
Po3poOutu cucteMy OLIIHOK 1€papXI4HOCTI Ta PI3HOPLAHOCTI 1HTep(eiicy BeO-CTOPIHOK 3a

JIOIIOMOT 0K HelpoMepeKeBUX TEXHOIOT1H

3agaui:

1. Bupuutu npeaMeTrHy oOnacTh 1 3IHCHUTH TOPIBHSUIBHUN aHall3 ICHYIOUMX METOIB
OIIHOK 1€papXIg4HOCTI Ta PI3HOPLAHOCTI 1HTEep(eiicy BeO-CTOPIHOK
Po3po0uty MeTOIMKY OLIIHOK 1€papX1dHOCTI Ta PI3HOPIIHOCTI IHTepdeiicy BeO-CTOPIHOK
CrpoeKTyBaTH apXITeKTypy CHCTEMHU OIIHOK 1€papXIdHOCTI Ta PIZHOPITHOCTI 1HTepdeticy
BeO-CTOPIHOK 32 JIOIOMOTOI0 HelipoMepeKeBUX TeXHOIOT1ii
PeamzyBaru Ta mnporecTyBaTM CHCTEMY OIINHOK 1€papXigHOCTI Ta PI3HOPIJIHOCTI

HTepdeiicy BeO-CTOPIHOK 3a JIOMOMOT0I0 HelpoMepekeBUX TeXHOJIOT i

Pucynox I'.5 — II’stuit cnaiin: «IlocranoBka 3amaqi»

OLJIAIl AHAJIOI'IB

Excnepra IHCTpYMEHTH oNiHIOBaHHS ABTOMaTHYHA
oninka

UsabilityHub Tectepn cepBicy, IHION KOPHCTyBadl BiAmoBijl Ha 3aIUTaHHA, TEITIOBA KapTa
UsabilityHub KIIKIB

UserPlus TecTepu cepBicy, 3aMOBHHK TecTyBaHHS BIinmoBiidi Ha 3alUTaHHA, TEIIOBA KapTa
3a JI0IIOMOTOK0 ONHTYBATBHIKA KIIKIB

Usabilla KopmeryBawi, 3ampoimeHi 3aMOBHHKOM 3BITH HIpO Jii KOPHCTYBadiB, TeIIoBa
TecTyBaHHI KapTa KIIKIB

ConceptFeedback VyacHHKH CHUTEHOTH BeO Amn3aiiHepiB Biarykm, omiHKN Ta MOPaIH yYacHHKIB
npodeciifHol CIUIBHOTH

m XT0 TecTye O0'eKTH TecTyBaHHA PesynbTaTH TecTyBaHHSA

UsabilityHub Tectepn CepBicy, iHmi  CKpIHIIOT BeO-CTOPIHKI BinmoBini Ha 3amnTaHHg, CcOPMYTBOBAaHI Ha
KopHcTyBaui UsabilityHub TIOUaTKy TecTy; TelIoBa KapTa KIKiB

ConceptFeedback VwacHHKN cmimpHOTH ~ Be® CKpIHMIOT — BeO-cTOpiHKHM, BIATYKI, OMIHKH Ta MOpaal  yYacHHKIB
nm3aifHepiB pobotmit cailt TpodeciiiHol CIILTBPHOTI

ClickHeat PeanbHI KOpHCTYBadi caliTy PoGourrit caiit TemmnoBa kapTa KIiKiB

SitePolice PeanpHI KOpHCTyBadi cafiTy Poboumit caiit 3BIT ayAuTOpa y BLIBHII (opmi

BuaB/1eHi HeToTiKH:

1. AHKeTyBaHHA KOPICTYBadlB BHKIIOYAE MEXAHI3M aBTOMATIIHOIO OLIHIOBAHHA KOPICTYBAIBKOTO IHTepeiicy.

2. OmuiHOBaHHS BIANOBITHOCTI 1HTep(eiicy MIKHAPOIHIM CTAaHIAPTaM CTOCYETHCS XapaKTEPICTIK OKPEMIX KOMIIOHEHTIB KOPHCTYBAaIlbKOTO
1HTepdeiicy.

Pucynox I'.6 — Illoctwmii cnatin: «Orisg aHATOTiBY



METO/M OILIITHK! IHTEP®EICIB

3 Ge3mocepeTHLOI0 YUACTH) KOPHCTYBAYIB:
1. FO3a01miTi-TecTyBaHHA 3 MOAEpaIlicio 1 6e3
2. AWTpeKIHT

3. Be06-anamTiKa

4. InTepB'to, aHKETYBaHHS, OIIUTYBAHHS
be3 yuacri kopucTyBaviB:
1. ExcriepTHa o1liHKa

2. OmiEKa Ha IIcTaBl Mojieneil
3. ABTOMAaTH4HEe OIIHIOBAHHSI

OIJIS1JI METOJUB OLIHKU CKJIAJJHOCTI CUCTEMHU

Entponis RGB-mipodimto. Orminka Bi3yaabHOT CKIaHOCTI CUCTEMHU

Indopmartiiina IpolyKTUBHICTD
. Busnadenris cepeHROTO Yacy He0OX1THOTO KOPHCTYBaUeB! /I BUKOHAHHS CIleHapiio
. Anam3 XML-nepeBa

Ki1pKIcTh K7TaciB, Ha K1 MOKHA PO30OHTH 00'cKTH HTepdeiicy

Pucynox I'.7 — Cromuii cnaiin: «Metosu omiHKY 1HTEphEnCiB»

METO/J OLOIHKH IEPAPXITYHOCTI
ITepemnik MeTpUK AT OIIHKY 1€papXiuHOCTI:
1. HasiBHICTh BUPIBHIOBaHHS €JI€MEHTIB Y KOOPMHATHIHI CITII
2. BizyaJbHICTh
3. 3arajnHa NIUILHICTE
4. BigHocHa 3B'I3HICTH

3ATAJIbHUM AJITOPUTM POGOTU CUCTEMH

Habip MigroToBneHi

306paxeHs 300paeHHsA
Mepenobpobka

—_— -
. 300paxeHs Knacwdikauis

4

Pesynbrar MeTpukn
OuiHka
METPUK

Mepenobpobka
pesynbTaTie
Knacudikauii

Pucynox I'.8 — Bocemuii cmaiin: «MeTo1 OIiHKH i€papXigHOCTI»



HABOPU 30bPA’KEHb

Haoip 300paskens 1

Hadip 300paskenn 2

KinbkicTh
300pamkeHb

1203

2700

Po3miTka

Posmivennii

He po3miuenuii

Oco0JuBoCTI

PosMiuennii, MICTUTh 8 KJIaciB (KHOIIKa,

IIOJI€  BBCIACHHA, CIINIMBaro4de BiKHO,

3aroJoBOK, 300pakeHHs, TeT, TOCHITaHH,

TEKCT)

Mictuth  300pakeHHS  JBOX

¢dopmartis: JPEG, PNG.

Karamorizopanuit. 3o00pakeHHs

HE CTUCHYTI

3acTocyBaHHS

Bukopucrano a1 HelpOHHOI Mepexi-

K1acugdikaTopa

PyuHe TecTyBaHHS, aHKeTYBaHHS,
460 300paxkeHb poO3MIUEHI Ta

J07aH1 B HaO1p 300pakeHs |

H:kepeno

https://public.robotlow.com/classification

https://www.kaggle.com/datasets

Pucynox I'.9 — [ler’aruii cnaiia: «Habopu 300pakeHb»

INPUKJIA/IX 30BbPA’KEHD

RUT GON LINK MIEN PHI

$ Goid Gictal Sporacrs

© Jetpack

Pucynox I'.10 — [lecsatuii cnaitn: «I[Ipukimagm 300paxeHb»




KIACU®PIKAILIA

1.b1ok TekeTy

2.300paxeHHS

3. KHomnka
4.1locnmanns
5.CrmuBarodi BIKHA
6.11onsa BBencHHS
7.3aro10BOK
8.ITiamuc

MOMEPEIHA OBPOBKA PE3VIBLTATIB KJIACU®IKALIIL

1.3aranbHe drcao 00'€KTIB

2 KinekicTh KiIaciB
3.Ku1bKicTh GJIOKIB TEKCTY

4 KinpKicTh 300pakeHb
5.KiTeKicTs KHOMOK

6. K1IBKICTH IIOCHIAHD

7 KiABKICTh CIUIHBAIOUHX BiKOH
8. K11bKICTD I10/I1B BBEACHHS

9 KiIpKicTh 3aTOJIOBKIB
10.KinpkicTs mijamnucie (TeriB)

Pucynox I'.11 — Ogunaansatuii cnaiin: «Knacudikaris»

AJI'OPUTM POBOTHU CUCTEMMU

1 IliaroTyBaTH 300paKeHHS

2.Po3paxyBaTu METPUKH BIATIOBIIHO 0 PO3POOTIEHOTO METONY OILIIHIOBaHHSA
3.HaBunTu HelipoHHY MepeKy

4.OTpUMaTH OIIHKY SKOCTI IHTep(eiicy 3a JOIOMOIOK HaBUCHOI HEHPOHHOI MEpPeiKl

MIJATOTOBKA JAHUX

basoBnii HaGip TaHHX:

1500 cxpiamoTiB 13 Habopy manux « Web Pages» 3 https://www.kaggle.com
HigBudipka:

100 CKpIHIIOTIB, 10 BIAIIOBIIAKOTH BOCBMHU I'PYIIaM - IIO€IHAHHIM BHIUICHHX MCTPUK

BigHocHa 3B'I3HICTH He BKJIIOUCHA J0 MEPeIIKy METPHK Yepe3 TPYIHOII B13yalbHOI OIIHKU
eKCIIepTaMH
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HIAT'OTOBKA 30bPA’KEHHA

1. ITepeBeieHHS B TpaIalliio Ciporo
2. Binapu3aiiist 300paxeHHs

3. BuaijgeHHs KOHTYpIB

4. BunaneHHs 3aiiBUX KOHTYPIB
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Buxinze 300pakeHHs -> Ilepekman y rpanariro ciporo -> biHapmsamis -> BIaineHHS KOHTypiB -> BirmaneHHS 3aiiBIIX KOHTYPIB
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PO3PAXYHOK METPUK
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BupiBHoBanns: 1 BupiBHoBanHs:1
BisyaabnicTs: 0,0005 BizyaabHicTb:0,26
HinbHicTH:10763,2 HliabHicTH: 171498

BignocHa 3B's13HicTh: 0,442

BinnocHa 3B'sa13HicTD: 0,44
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CTBOPEHHS JAHHUX 111 EKCIIEPTHOI HEHPOHHOI MEPEXKI 15

Onirtopanocs 140 300pazeHb HABYAHHS HEHPOHHOI MEPEKI
bparo yuacts 3 excnepTu:
. Hovep  Aprew  Mapia  Omra  OINIHKA

1 — mogodaeThes
0 — He mojto0aeThCS

1. TpenyBaiibHMii HAOIp JTAHUX —
100 cKpIHIIOTIB

2. IlepeBipounnit Hadlp JaHUX —
20 CKpIHIIOTIB
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CroBmenib «OIHKa» pPO3PaXOBYEThCA AK cepedHe apudMeTHdHe OINHOK eKCIepTiB 3
OKPYIIICHHSIM V IIITY YacTHHY
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MepexKi»

APXITEKTYPA HEMPOHHOI MEPEXKI
Hapuanns HelipoHHOT Mepeski npoBoamiocs Ha 300 ermoxax
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train—77%, test—87%
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OLIIHKA.TOIOJIOT'ISI HEHPOHHOI MEPEXKI
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PE3VJIBTATHU OHIHKHA
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MOJIUDIKALIA JAHUX JJI1 EKCIEPTHOI HEHPOHHOI MEPEKI 19

Kinpkicts — 500 306paxkeHp
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BxigHum
wap R0

HEHWPOHHOI MEpexKi»

HOBA TOIIOJIOI'ISI HEMPOHHOI MEPEXKI
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PE3YJIbTATH OIIIHKH
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3ACOBH PEAJIIBAIILL CUCTEMHA

ITi1 wac peamnizalili cucTeMHU BUKOPUCTOBYBAJIMCA TaKl TEXHOJIOTTT:

Moga nporpamyBanns Python Bepeii 3.12.2 - s peanizanii ocHOBHHX (PYHKITIH cUCTEMU
bibmoreka komm'vorepHoro 3opy OpenCV s BHAUICHHS KOHTYPIB €JIEMCHTIB
HTepQeiicy

biomioreku Keras 1 Tensortflow a1 po3poOKi Ta HaBIaHHSI HEHPOHHOI MepexK1
®peitmBopk Flask mrs peamsaini Bed-1o1aTky Moo Python

Coco-annotator, RoboflowAnnotate - 3aco0u po3MITKH KJIaciB Ha 300paKeHH1

FastApi - Oek-ens ppefiMBopK

PyTorch - ¢peitMBOpK MammMHAOTO HaBIaHHS

YOLOVS - nepeiHaBueHa MoJielb Kiacupikaiii 300pakeHb

Google Colab - cepric oOunciieHb (eKCIIEpUMEHTH, HABYAHHS HEHPOHHUX MEPEK)
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PO3POBKA BEB-JJOJATKY

Cucrtema ANA OUIHKK Cucrtema Ons oOUiHKKN
iepapXxi4HOCTi iHTepdency iEpapxi4HocTi iHTepdency
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TECTYBAHHA

2 3asanTaxTe 306paxenHs i BubepiTe YOLOVS mogens
3agaHTaxTe 306paKeHHs | BGEpiTL YOLOVS Moens 3aBaHTaNTe 306paXeHHs | BHOEDITL YOLOVS Mofent
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OCHOBHI PE3YJIbTATH

1 BupdueHo mpenMeTHY oGmacTh 1 3MiHCHEHO TMOPIBHAIBHEE aHAT3 HAIBHHX METOJIB OIHOK i€papXidHOCTI Ta
Pi3HOPiHOCTI iHTepdeiicy BeG-cTOPIHOK

2. Po3pobiieHO METOMKY OIIHOK 1€PapX19HOCTI Ta PI3HOPIAHOCTI 1HTEp(ekcy BeG-cTOPIHOK

3. CopoekToBaHO apXITEKTypy CHCTEMH OLIHOK 1€papXidHOCTI Ta PI3HOpiIHOCTI iHTepdeiicy Bed-cTOPIHOK 3
BHKOPHCTAHHAM HeHpoMepeKeBHX TeXHOIOTIH

4. Peami3oBaHO Ta IPOTECTOBAHO CHCTEMY OIIHOK 1€papX1dHOCTI Ta PI3HOPIIHOCTI 1HTepdeficy BeO-cTOPIHOK 3
BHKOPHCTAHHAM HefpoMepeskeBHX TeXHOIOTiH

5.V paMKax TecTyBaHHA po3poOIeHOl CHCTeMH 0yII0 IPOBeIeHO:

+ @DyHKIIOHANBHE TeCTYBaHHS BeG-T01aTKa

* Iurerparifine TecTyBaHHS MOIYIIB BeO-T01aTKa Ta HEHPOHHOT Mepeki

3a YCHINTHUMHE Pe3yIbTaTaMH POX0IKEHHS TeCTiB MOJKHA 3poOUTH BHCHOBOK TIPO KOPEKTHICTE POGOTH CHCTEMH

HEPCIIEKTUBH

PoszmmpuTt mepeTik MeTPHK I OIIHOK 1€papXiTHOCTI Ta Pi3HOPITHOCTI iHTepdeiicy Beb-cTOpiHOK
JlocmiguTH B3a€MO3B'SI30K MK €KCIIEPTHOIO OIIHKOKO Ta OOMHCIIOBAHHM 3HAUEHHSIM METPHKH
O6'eHaTH MOJTIYJI OLIIHOK 1€PapX1THOCTI Ta pi3HOPLIHOCTI 1HTepdeiicy BeO-CTOPIHOK B €IHHY CHCTEMY

BuBUHTH B3a€MO3a/I€KHICTh KPUTEPIIB OLIHOK 1€papXIdHOCTI Ta PI3HOPIAHOCTI 1HTEpdeiicy BeG-cTOPIHOK

Pucynox I'.25 — JIBaausate 1’ situit cnaiin: «OCHOBHI Pe3yJIbTaT»

TSAKYIO 3A YBATY
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This paper presents how to redesizm a website by applyinz a set of design principles to enbance the usability. The main
objecoves of the smdy ame to find oui the wsability problems of the targeted interactive sysiem in order to list out reguired
suggesiions 1o improve the website and to provide solutions by re-designing the existing interactive system. In order to implement
the objectives of the project, we should initially evalnate the inferactive system using usability evaluation. The outcome of the
eviluztion provides us mformation sbouat the issues and requrements to design 3 new system. Based on the evaluation and its
outcome, varous methods will be used for resolving the problems while re-designing the website. This helps in identifying the
problems which require usability mmprovemsnts. The objeciive of this paper is to provide 3 concepiual framework snd foundaton
for systemartically investigating featares in the Web environment that conmwibwte 1o user sansfction with a Web interface and uses
moiivation-hygiens theory to guide the identification of these features. Objects of research s1e gensratve systems with associative
memory. Furpase is 3 development of a system for evalmatng the hierarchy and heterogensity of the inferface of web pages wsing
neural network technolomies.

NEUEAL NETWORE, MACHINE LEARNING, MEMOEY, GENERATION, GENEEATIVE MODELS, TEXT.

Kozen 00, Konecaaxos 1.0, Hazapos O.C_, Hazapopa HE. TeopeTEwR] 0CHOEE 0NIEEE W3adiniTi imTepdeioy ned-
CaBTy. ¥ Oifl CTSTTI Ope3cTAEIEHD, %K DepepoSHTH Bel-CafT, 3aCTOCYBABME HaOip OPHEDENE JEZSHHY D18 OOEDAIISHHT
H330imTi. DrEoEEEME TiTIME J0CTLTHEHER € 3 ECYBAHHE n;luﬁ::u: :03300L7iTi DimzoB0] IETEPAETHEHO] CHCTEME LTS TOTO, Mo
cdopy EoEaTE BeolxiTs nponeseh MoJ0 DOEPAMeEss Bef-calTy T4 3aNpOTONYEATH DIeHHET MTEoN PeIRsaimy KEyRTol
iETEpaETREEN] CRCTeME. 1% ToTO, o0 pedmIvEATH OUTI DPOSETY, MH MDOBHEHE] CNOTITEY OOIERTH INTEPAETHEHY CHCTEMY 34
IOMOMOTOR OINEEH H3abimri ]:"ET_I.':I.T:I'B.'IE OIIEEY HEATATYTH HiM iBEdopMani: npo mpolleM® T3 BEMOTH JI0 OPOEETYEAHHS
HoBOl CHCTeMHE Hi ocHOEL OUIEEH T3 L PeIyIETATIE OVIHTE EMECDPHCTAHI PIEEl MEeTOIN I0F ERpINesET Opo0TsM LI =&EC
pemEIsAEY Bed-cafTy. Ile TOMOMET3E BENBHTE Opo0ieME, SEi ToTpefyIOTE moEpamesHs pozadimiti Merow misl craTri €
CTECDEHNS EOHDENTYATEECI OCHOBH 178 CHCTEMSTHEHODD JO0CTITEeHES oCo0IHEOCTEH Bef-CEpeloRNMA, SR COPHENTS
IATCEOIEEOCTI EOPHCTYEITE Eed-imTepdeficoM, 3 TANOE EEXODECTAHES Teopil MOTHEAIN T3 CiClHE % EMIHITEEHE X
ocobmmBocTed. D'EETOM J0CTITXEHEY € MeESPATERH] CHCTEME 3 ACOMISTEEHCH na'sTree. Merox pofoTH € p-uzpuuxa CHCTEMH

OIIHER JPapXiTHOCT] T3 TeTEPOreHEOCT] iNTepdeiicy Bef-CToPiHOE 3 BHEOPHCTAHESY EelpOMEpe®esinT TEXHOTIOTIH.
HEAPOHHA MEFERA, MATTFHHE HASTANHE [IAM AT, TEHEPALLA. [EHEPA THEHI MO JETL TEECT.

1. Imtreduoction The suthor mooeduoces the coocept of  element

. . beterogeneity and describes ifs practical spplicaton [3].
The Internst has become 3 mediom for a wide range of

actvities, inchoding entertainment, COOUDUNICAOON, COTMINAITE,
management, information sharing, and more. 4 website hac
become an imfegral parr of sy business, fom retail o

From the busimess point of view, the nser mterface afects
the quality of the provided services, creates & posidve afimde
towards the web service and leaves a desire to use it in the
fomre. The quality of web mterfaces is subject W increasing

mamnfacmrng. Social nerworks, personal business sites, web
applications are prime examples that use web pages o display
content. Ower the past five years, the onmber of Internet users
and the momber of websites have increased sipnificantly snd are
expected to confinue to do so for a long ame [1].

Omne of the most imporiant coteria for successful business
promotion on the Intermet im terms of user experience has
become customer scquisition snd retention [2]. In the work
related to the creation of an applied ontolozy for assessing the
quality of nzer web mterfaces, SEQ was highlighted as one of
the most important areas.

Pucynoxk /1.1 — Ily6mnikariist crarti B )xypHaii bionika intenexty. [lepia ctopinka

demandsz. User preference plays an important role [4]. Smdies
support this theory [5,6,7].

Techniczl sesthetic: and ergonomics are applicable to the
Web environment snd are demandead by users. Research on the
quality of user interface snd its ergonomics is regularly
conducted [6,8-10], new theories are proposed, new tools are
used to obtain relisble information

The gozl of the project is fo develop a system for
evaluating the Werarchicality and beterogeneity of web page
mierfaces using neurzl network technologies. To achieve this
goal, It is necessary to solve the following tasks:
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1} To smdy the subject area and conduct 3 comparative
analysis of existing methods for evaluating hierarchicality and
heterpgensaity of the interface;

2} To dewelop a methedology for evaluating the
hierarchicality and heterogeneity of the Web page interface;

3) design the architecmre of a system for evalnating the
hierarchy and bheterogeneity of web pages using neural
network technologiss.

The project describes the theoretical justificadons for
creating a3 methodology for assessing guality based on the
heterozeneity of elements and the cresdon of this
methoadology. It also describes the practical implementation of
A quality assessment system based on onrrent research in the
field of ULUX quality, using IS0 standards, methods for
assessing the beterogeneity of application components [8,11].

The system wunder development allows, based on the
operafion of & meural network, fo determune the degree of
compliance of the user interface with the establiched
repulatory characteristcs.

1. Suobject area description

Today, evalnating the functomal usability and wvismal
appeal of a2 Web zite i1s somewhat subjective and depends
largely on homan perception.

Dme to differences in personmal prefersmce: and culmural
backgrounds, differsnt gronps of website users can draw wvery
different conclusions about the quality of the wser inferface.
Therefore, it is difficult to perform an accurate and ermor-fres
usability evaluation using automated tools.

The mplementation of the interface for working with an
information system affects the success of that system: the user
iz interested in exploring the functionality, receives aesthetic
plezsure, and feel: comfortable if the mmplementation is based
on general cultral principles and expectations. This affects
both the duration of user interaction with the system and the
lavel of user satisfaction after inferaction with the system. and
as a resnlt, the desire to use the system in the fure [§].

Since thers are no other measures that provide a high lavel
of reliability, nser satisfaction is considersd the most useful
indicator of system swccess [10]. Sagsfied users spend more
time on & website and wisit it more often. In genmeral, user
zatisfaction can lead to sudience retention and increased tmust
in the prodwct Therefore, it is important to improve the
indicators that increase website satisfacon [3].

3. Modern methods for evaloating website nzability

Modem nsability assessment methods include a fairly wide
range of methods and tools, ranging from user interviews and
surveys to the use of sophisticated eye tracking devices and
antomated usability evalaton systems.
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MModern usability evaluation methods can be divided into
the following categories:

- Methods based on observation of user behavier,

- MMethods based on self-evaluation of nser behavior,

- Methods bazed on indirect user involvement [1,6]-

In simeations where wusers are directly iowolved
misinterpretation or incomect answers to guestions and low
reliability can affect the relisbility of the resulis. Expert
methods, sutomated assessments, or process modeling not
only take 3 lomg time to implement but may also miss
important issues and problems, reducimg the reliability of the
final assessment resulis.

Thus, based on the analysis of variows nsability assessment
tools, it can be concluded that neither of the two existing
assessment mathods provides 3 complete, accurate and reliable
uzabilify assessment

4.  Analynnz Methods Used to Assess Interface Cuality

Usahility evaluation methods are divided inte broad
categories [4]:

13} Methods iovolving direct nser participation:

- Uzer observaton - collecting imformation about the user's

behavier and actions n the context of specific tasks while the
user is working with the program.

- Crtical event anmalysis - collecting datz on specific evenis
(positive or negative) that ccoamred dunng the wnser's work
with the program.

- Performance megsurements - collecting data oo

quantifizble performance characteristics o understand the
impact of usability problems.

- Qoestionnaires - indirect evaluation methods that collect
users' opinlons sbout the wuser interface in  specific
quesionnaires.

- Imferviews - smmilar to guestioomaimes, but with more
flexibility and personzl contact with the persom heing
interviewed.

- Participatory desizn and evalnaton - methods that allow
different types of participanis to participate in the evaliation
or design of systems.

- Thought aloud method - wsers contimpowsly say out louwd
all their thounghts, beliefs, expectations, doubts, discoveries
while mzing the system under test.

- Creative methods - methods that invelve identifying
properties of new products and systems, nsnally as a resnlt of

interactions among group members, often with users as
members of such groups.
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1) Methods that inwolve indirect user participation, which
are used when it is not possible to collect usage data due to the
abzence of wnsers, or n cases where they provide addifional
data and information:

- Model-azed approaches - the use of models, which are
an abstract representation of the product being evaluated, that
allow prediction of nser actions.

- Document review methods - the smdy of existing
docurments by a usability specialist to provide a professional
evilnation of the system.

- Automated evalnagon - algonthms based on ergonomic
knowledge that identify product defects by comparing them
with specified data.

- Expert evalnation - an evaluation based oo a3 usability
specialist's  knowledze, professionalism,  and  practcal
experience in the fiald of ergonomics.

Let's take a closar lock af the antomanc scoring methods:

1. Entropy of the RGE profile. The visual complexity of
the system is estimatad.

2, Information preductivity. The mate of the minimum
amount of information peeded to complete a task to the
amount of information the nser has to ioput.

3. Determinaton of the average tme required by the nser
according to the GOMS, EIM methodology. Based on the
averages, the average time speat by the nser on the main tasks
iz calculated. User scenarios are determined mdividuslly for
each project

4. XML wes analysis. The complexity of the staciure of
the provided page 15 checked This method requires
specialization in web client development and principles of site
optimizati

5. Number of classes into which mmterface objects can be
divided.

£ Anabring Methods Used to Assess Element Heterozensity

The wariety of web elements iz one of the importsnt
criteria that make up the safisfcton score. This criterion
affects the ease of assimilaton of information, the perception
of a welb page and the ease of management of the system.

It i+ imporant to note that interfaces usually samve two
main purposes [3]:

1. To provide information to the user.

2. Providimg interaction with the system.

The process of creating imterfaces is divided imwo two
stages:

1. User Expenience (U] - shaping the mteraction.

2. User imterface (UL} - vismalizes or materializes the
interaction.

Experimental studies

The paper [4] presents tables describing such important
afiributes as understandability, well presented and organized
information, interactivity, navigation (the sbility to easily
navigate betwesn different pagss of a resource), eaze of nza,
which in wvarying proportions create a  measure  of
heterogeneiry. Their brief decoding is provided in this paper.

Learn more shount the sutomatic scoring methods.

1. Understandability - the clarty and completeness of
information on web pages.

2. Well-presented - the guality of mformation publiched on
websites.

3. Easze of use - shows how easy it is for users to use the
webste's feamres.

4. Well organized - controlled (ie. intuitive organization)
and stuctured web emvironment.

These crteriz weare ned to creste 3 wversion of the
questonnaire to assess the heterogeneity of the interface of
neurzl nefwork framing sites based on user guestonnaires.
Based on thess questionnazites, 2 neural network was
consmmcted. The results and the weizght of each parameter in
the neural network are shown in Figures 1 and 2.
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Fig 2. Nearal Network Weights for Frivate Site Criteria
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Az you can see, robusipess is rated the highest by the
neurzl network i the information quality secton.

Similarly, well presented, well organized, and ease of use
are highly rated by the rained neural nemmnork.

In amother paper [3], similar metrics were obtained to
creafe user imferface gualify evaluation systems. Fizmre 3
shows the ontology diagramm.
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Fig. 3. User Interface Ontology Diagram

Bazed on the tesk the direcdons of the onotelogy wene
determined o create 3 tool for evalusting atributes such as
readability, comfort, cleanlmess, and somplicity [3].

Standards and specifications

We manzged o formalize these sspects nsing I50 standards
related to uman imteraction with displays and interfaces. It is
regulated by standards im the field of ussbiliy and hmaen-
machine interaction:

1. The User-Centersd Interactive Systems Desizm Process
providss mmdsnce on how to orgamize the imberface desigm
process and integrate it semmlessly into the overall software
production process. It describes the wsability methods necessary
for: determining the context of product nse, identifying user and
customer requirements for the system, prototyping and nsabilicy
testing the product.

2. Ergonomics of boman-compuater inferaction, description of
the process of designing user-onented interfaces. It describes n
datall the maturity model of the erganization m ferms of the level
of use of the UCD process. Fecommendatons for moving fo
hizher mamrity levels are given.

3. Erponomic: of multimedia user interface softaare.
Fecommendstions are given for desisming comtrols  for
mulimedia prodacts.

4. Humsn-system inferaction ergonomics. Guidelines for
access o human-machine interfaces.

5. Human-systern mteraction ergonomics. Usabilify-based
metheds for ensuring hunnan~centerad desim,

Smmce IS0 provide only technmiral requiremesnts for the
implementation of web pages, the visual and variable part of the

99

desigm iz outside the scope of the above standards. It is
mmppriant o nofe that the standards define the color paletie and
normalize its confrast. This 1= an Important criterion that can
affect the heterogeneity of different elaments togsther. They
also standardize imput'output methods, the basics of element
behavior (for example, the prnciples of interaction with the
"tutton" element), and their variability.

Experi research

Kielsen & MNoman Group is & large expert firm that
provides services for evalnatng and improving T2 TT desizn.

Their publications have also been used to develop expert
evalustion methods, In pargonlar, an article that provides mons
than & lmndred tips for creating a high-gualiny Web site [12].
Some recommendstions related to the selected memics were
selected for the expert system.

Alzp, the works of NN Group employess describe pattems,
best practices, and obvions mistakes i the desizn of web page
glemeants [13-21].

Based on the knowledze gaimed, it iz possible to develop
the basis for 3 method to assess the heterogeneity of weab page
elements:

Summarizing the data from the differsnt sources described
apowe, we can assume that to assess heterogenelty, the
following criteria should be taken imto account accessibility,
quality of the information provided, ease of nse, organization
of components, comfort, cleanliness, simplicity.

The example of the implementation of an expert system
nusing 3 neural network capable of assessing the guality of a
web site shows that there is practical evidence for the guality
metrics proposed. The resulting weights for the criteria give a
good idea of the value of each evalnation criterion. Bazed on
the given task, we can understand that there are all theoretical
prerequisites for cTeating a system bazed on neurzl networks to
assess the heterogzeneity of elements,

The result of the research part 1= the developed concept of
imterface heterogensity. Interface heteropeneity is the oomber
of objects and their classes.

6.  Ampalyzing and comparing analogoes

In the course of studying amalogs, we exammed web
applications for nser interface evalation that use screenshots
as input data [12].

UsabilityHub i= a web application that allows you to
determine the guality of usability based on an uploaded
screenshot. The anabysis provides information on how easy it
iz for users to navigate a website page, identifiss the elaments
that atiract the most aention, snd creates & heat map of clicks.
The evaluation iz based on a nser survey.

UszerPlus is a web application that allows you to determine
the guality of usability based on an uploaded screenzhot. Each
screenshot is independently marked by the nser of the service
and then after the survey, the result of the nsability analysis is
published for each marked interface alemeant
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Uzabilla is a web application that conducts user smrveys
bkazad on upleaded scresnshots and pre-prepared questons and
genarates analysis based on the results.

ConcepiFesdback is an online resource where yom can get
3 user interface evaluation from professional designers.

Based oan the results of the comparative analysis, it can be
conchoded that most web applications wse guestonnaires and
surveys of wmsers and festers as & method of intsrface
evalnation. A number of programs also monitor wser activity
on & web page. Wone of the exising snalogmes uses an
antomanc nser mmterface evaluation system.

User interface evaluation according to the international
standard is performed only in the UserPlus application
However, this evaluation methed mainly refers to the
individnal elemenis of the interface rather than to the overall
assessment of the interface wsabiliny.

EBased on the resalts of the review of modem methods of
evalnating web mmterfaces, as well as on the identified
shorfcoming: among the stadied snalogues of web
applications for evalwating imterfaces, there 1= 3 need to
develop our own method of evalnating the hierarchical
interface of web pages and web applications, which provides
work with screenshots based on the developed method.

Characteristics of Analog Selection

There are curently no finished public products available o
users, noT are there any mplementztions wsing the approach
presented in this paper. Therefore, it was decided fo smdy
prototypes, te results of theoretical studies, and related solutons.

The research paper [4] describes theories such as the two-
factor theory, the expectation of refutstion theory, and the
three-factor theory. Thess theories argue that the impact of a
website atmbute on satisfaction can have different weights for
different characteristics, which means that thelr importance
depends on their effectiveness. This fact leads to non-linear
and asymmetric relafonships that are difficult to evaluste
usimg traditional methoeds. Therefore, successfol results are
obiained nsing neural networks, which ars presented below.

The following analogmes ooplement 3 part of the fask at
hand, so the description of each of them is a confirmed variant
of the system component o be implemented, taking into
account the specifics of the task at hand.

Evaluation af an expert sysiem based on a quesiionnaire

Paper [3] atempts o determine the relatonship between
overall nser satisficton and website atributes. The paper uses
the experimental resnlts of a large gquestiomnaire-based sumey.
The input data are also guestionnaizes. The purpose of the
survey is to determmine the overall satisfaction of website nsers
by answering guestions related to specific website atmibubes.
The survey ssked a set of 370 Intermet users to rate the
effectiveness of 1§ specific and 9 general atmibutes, and to
indicate their overall satisfacfion on a nine-point scale ranging
from "very dissatsfSed" to "very satisfied”. The results were
tested and validsted wsing relishility and validity procedures,
showing that there is a relationship stmicture as certain general
and specific website atimibutes create a3 link to user
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satisfacton. In this article, we oy to find out the relationship
between overall satsfaction and specific website atiributes
using neural networks to approximate the functions.

The result of the research is an expert neural network that
shows the results of the valme of each criterion on user
safisfacion depending on the guality of that criterion. The
results are shown in Figures 4-7.
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These fizures allow us to understand the value of each of
the criterta n the process of comparmg them with their results

It can be seen that these criteria together give an ImcTease
in satisfaction in relation to each other. It fums out that the
proposed evaluation method should be producdve for any
imaze quality and the svaluation result should be mmitnve for
the system user.

Unformnately, the system described in this paper requires
an expert who is able 1o relisbly convey the initial evalnation
of 3 web page In general the neursl petwork and its results
are for research and exploratory purposes only and are not
suitable for sutomated image processing.

Owerview of the implementation of UL element refmieval
using meural nerworks

Paper [22] provides comprehenszive information on the
performance of neural network meodels. The companson
inchodes Faster BCWM, Cascade RCHN, snd YOLOWVY in
Figure E.
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Fig. 8. Newral Network Performance Besnlis

Az yvou can see, YOLOw4 cshows a good performance
result. It shonld be clapfied that when choosing the
implementation tools and the technical experiment. it was
decided to nse YOLOw5s, since it rehuns the answer faster,
which iz extremely important fior server applications.

We used 2050 images to frain the neural network to search
for Ul elemesnts: 2363 images were used to fain the neural
network, and 587 images were nsed for testing.

The knowledze gained from the smalysis of related
programs allowed us to choose the mesns of implementation,
the futore architectare of the system the smount of necessary
expart Tammg, verification and test data

7.  Selection of the means of realization

The choice of implementation tools is based on the
knowlsdge of nenral networks gamed dunngz training, as well
as on the resnlts of project and course work.

We chose the YOLOwS peural network model to classify
web page elements because it is quite compact and efficient
and meets the performsnce requirements of server
applications. Accordingly, the framewprk for nmning the
neurzl network = PyTorch, the programming langmage is
Python, amd the famework iz FastApi. 5Simce some
componenis of the system were developed during the
internchip and coursework, the seconmd neural nerwork, which
plays the role of an expert, is implemented using the Keras
framework, which was proposed for work during the maiming.
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Heterogeneity is one of the criteria for the quality of the user
mterface, so it was decided not to use frameworks fo create
SPA applicadoms, as it is obwvious that at this stage of client
development it is UNNSCessaTY.

For the same reason, the search for tools and technologies
for databases iz not taken into account due to the small
fancrionality of the program - the nser simply has no reason to
save mmages for further work.

The nser is given the oppornmiry to download the oarrent
result, which is quite enough

Techmical Experiment

Two frameworks were chosen to implement the server

APL: Flazk and Fastdpi. Both fameworks are positoned as
gacy to understand and easy fo wse.

To zelect the optimal framework, a techmical experiment
was performed: 3 protofype program was implemented using
Flazk and FastApi, and standard prediction modsls for
YTOLOwS:s and YOLOw3 were used as 2 neural network to
clazsify objects. As a result, the FastApi framework was
chosen because of its implementation of asynchromy, the
ability to easily create parallel threads, and simple and flexible
tools for configuring server endpoints, such as simple and
tramsparent validation implementation.

YTOLOvS was chosen as a preliminary model because it is
a more productive version and requires less memory to mn
An important factor was the speed of fraining, zince the onky
place to ram 3 neurzl oetwork is provided by Google Colab,
which has technical limitations in terms of resources and time.
You can see the difference m the reguired resonrces o Figures
9. 10.
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The choice of 3 simplified model had a posigve effect on
the quality of the wained moedel: more epochs improved the
clazsification accuracy. As part of the task, if is Grst necessary
to find all the classes represented in the image.

The accuracy of YOLOw5s is lower than that of YOLOw3E,
=0 it was decided to allow the nser to chooss a modsl if speed
iz not 0 important. The choice of YOLOw3s iz also due to the
fact that the latency is acceptable for mass processing, eg.
ohject classification of 850 Full HD images (1920 x 1080
pixels) in multi-threaded, asypchronous mode takes no more
than two minutes using AMD FX-§300 CPU § § threads
instesd of 4-3 miootes wsing YOLOw3 and full CPU
utilization. See the System Performance Testing section for
mers nformation At the tme of selecting system
development tools, the current information is sufficient.

Conclusions

The guality of the user mferface is 3 dififcult concept to
evaluate The varety of web elements is one of the important
criteria that make up the satisfaction score.

This criterion affects the ease of assimilation of information
the perception of & web page and the eaze of mansging the
system. The relsvance of the fopic = confimmed by many works.

Ax part of this work, we have developed a web application
for evalnating the hierarchical namrs of web page interfaces
baszed on the analysis of screenshots.

In particular, the following tasks were solved:

13 A review of existing methods for evaluating mnser
inferface mzability and exizting anzlogs.

1) Analyzed the requirements, developed 3 method for
evalusting the erarchy of web mterfaces, snd designed the
architectare of the web application.

3) The subject area is studied and a comparative analysis of
methods for evaluaing interface heterogensity 1= mads.

4) Developed a methodology for assessing the heterogeneity
of web page interface.

5) Dresigned the architecmre of the system for assessing the
heterogensity of web pages using neural nepwork technologies.

Further research is planned to sobve the following tasks:

1) Extend the list of feamres of the hisrarchy evalnation

2) Investigate the relationship between expert opinion and
the value of the meiric to be calcnlated.

3) Combmng the moduoles for hierarchicality and
heterozensity evalostion of the web page interface imto 2
single system.

In addifion to practical and research experience, the work
provided invalhsble expernence In miegrating wwained neural
network models and a client-server program

The tasks of nenral network integrafion and practcal
application were completad

The work itself has further development potential:
exfending the evaluaton methods, mmproving the oorment
solution, publishing the service and providing access to it
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