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6 HCTOYHHUKOB, 3 MPUIIOKEHHUS.
MOBWJIBHOE TIPWIOXEHME, KIACCUDUKALIMS H30BPAXEHUI,
CBEPTOUHASI HEHPOHHASI CETb, TPAHC®EPHOE OBYYEHUE,
TENSORFLOW LITE, MVVM, SQLITE, ANDROID STUDIO, MOBILENETV?2

Lene paGorer — paspaGorats Android-mpunoskeHue misi  JOKATbHOM
Knaccupukaumu n306pakeHuit ¢ UCONb30BAHUEM CBEPTOYHOU HEUPOHHOM CETH.

OIOHHUM U3 KJTIOYEBEIX pPeIeHnN 111 peaM3alii ITOCTABJICHHOM 330249 CTAJIO
CO3MaHMe MOOMIBHOrO NpPHIOXKEHHS, OOECHEeYHBAIOLUIET0 KIACCHDUKALIAIO
H300paXEeHUH 10 1mIecTH kareropusam («ABto», «JlokymeHTEI», «Enmay,
«OKuBoTHBIEY, «Jlrommy, «He OTNPENIENICHO») C HCIOJB30BAHUEM CBEPTOUYHOM
HEMPOHHOM CETH, a TAKXKE B3aMMOJECUCTBUE C CUCTEMHOM rajepeei ycTpoucTsa A1
AO0CTyna KO BcCeM ¢oTorpadusaM MoOaB30BATENS X HHTYUTHBHO-TIOHATHBIN
MHTEP(EHC IS MPOCMOTpPa Pe3yIbTATOB B BHIE MAMOK.

B pesynbrare pa3spaborano MoOGUIEHOE IPHITIOKEHHE, OCYIIECTBISIONIEE
[TOJIHOCTBIO aBTOHOMHYIO KJTACCH(DUKALIMIO BCEX MOIb30BATENIECKUX H300PaKeHHI.

Jlnst pocTrokeHus pe3ynbTaTa NpUMEHEHb! TEXHOJIOTHY, java, python, SQLite,
MV VM, TensorFlow Lite.
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Ilepeuenns coxpamieHuid 1 0003HAUEHU

B/l — 6a3a maHHBIX

MW — uckyCcCTBEHHBIN UHTEIUICKT

OC — onepanoHHas CUCTEMA

CVYB]I — cuctema ynpasiaeHus 6a3aMu JaHHBIX

Tounocts Top-1 — momst mpaBMIIbHO KJTACCH(UITUPOBAHHBIX W300paKEHUH, KOTAa
MO/JIEIIb IeNIacT €AMHCTBEHHBIN JIyUITHHA BHIOOD

Tounocte Top-5 — moia MpaBUIBHO KITACCH(DHIIMPOBAHHBIX M300paKCHHH, KOTraa
MpaBUJIbHAS METKA HAXOJAUTCA B CIHUCKE W3 TMATH HauOoJiee BEPOSTHBIX
MPEANOI0KEHUN MOJETH

ID (Identifier) — unenTudukaTop

IDE (Integrated Development Environment) — uaTerpupoBaHHas cpena pa3padoTku
MVVM (Model-View-ViewModel) — mrabmoH TpoeKTHPOBAHUSA apPXUTEKTYPHI
MPUJIOKECHUS

UI (User Interface) — monp3oBaTenbckuii MHTEPGEHC

UML (Unified Modeling Language) — yandummpoBaHHBIHM 361K MOACITAPOBAHUS

URI (Uniform Resource Identifier) — yaudunuposanasiii naeHTH(GUKATOP pecypca
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BBenenue

CoBpemeHHBIM ~ 3Tanm  pa3BUTHA ~ WHOOPMANMOHHBIX  TEXHOJIOTHI
XapaKTepU3yeTCs  CTPEMUTENIbHBIM  POCTOM  BHEJAPEHUA  MCKYCCTBEHHOTO
WHTEJUIEKTA B KU3Hb YEJIOBEKA, MPUUEM KITFOUEBYIO POJIb B ’TOM MPOLIECCE UTPAIOT
MoOuIbHBIE YeTporicTBa. CMaptdonsl Ha 6a3e Android, KOTOpeIe ¢ KaXKIbIM T'OJIOM
MOJTy4arOT 00JIee MOTITHBIC MPOIIECCOPHI, B HEKOTOPHIX CITydasx Aake rpaduiuecKue
YCKOPHUTEIH, CTAHOBATCA MPUOPUTETHBIMA TUTaT(GOpMaMy JjIi MHTETPAIAA B HUAX
HEHUPOHHBIX ceTel. OaHuM u3 Hanbojiee BOCTPEOOBAHHBIX HAMPABJICHUN B ATOU
o0JacTH  SABIACTCA KOMITBIOTEPHOE 3pEHHME, a WMEHHO KiIacCU(pUKaius
M300paKCHUM, KOTOpas HAXOJWT TMPHUMEHEHHE B CaMbIX Pa3HBIX cdepax — OT
aBTOMATHUYECKOW COPTUPOBKH (hoTtorpaduii 10 OHoMeTpuIeCcKol ayTeHTH(UKAITIH
IO JIMILY.

B03MOXHOCTb BBINOTHEHUS TAKUX 3a7a4 HEMOCPEACTBEHHO HA MOOUJIbHBIX
YCTPOMCTBAX crana peabHOU omaromaps PaA3BUTUIO MOOHITbHO-
ONTUMU3UPOBAHHBIX HEUPOHHBIX CETEH, KOTOPbIE COUYETAIOT B CE0E BBICOKYIO
TOYHOCTh C HU3KUM SHEPronoTpeOiIeHUuEM, YTO MO3BOJISET 00padaThiBaTh HAHHbBIC
JIOKAJIbHO, HE OTMPABJISAA TaHHKIEC 3a TIPEACIBI TeaedoHa.

AKTYaJIbHOCTh ~ JTaHHOM TeMbl OOYCJIOBJICHA HE TOJBKO IIMPOKUM
pacnpocTpaHeHHEM MOOWIBHBIX TellepoHOB Ha 0a3e OMeparmOHHOW CHCTEMBI
Android u pocTOM BHIUHCIHUTEITBHBIX MOMIHOCTEH CMapTHOHOB, HO W PACTYIIAM
CIIPOCOM Ha MPHJIOKEHHS, KOTOPble MOTYT 00padarhiBaTh OOJIBIIOE KOJIMUYECTBO
BU3YaJIbHOM MH(MOPMAIMK B PeaTbHOM BPEMEHH.

Ilenp manHOM paboThl — pa3zpadoTka Android-puiaoskeHHs ¢ IPUMESHEHHEM
BCTPOCHHOW MOJICJTM  CBEPTOUHOH HEUPOHHOW CeTH [UIS  KJIacCH(pUKAIAN

M300paXKEHUH JIOKAJIbHO HA YCTPOUCTBE.
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1 Android-npusosxkeHue AJis1 KJIacCH(PUKAIUU H300paKeH Uil
1.1 Ananu3 TemMbl

Knaccndukanms m3obpakeHnid WCTOIB3yETCA BO MHOTHX cdepax Harei
*u3HA. Hampumep, B 31paBOOXpaHEHUH MEIWIIMHCKHE W300PAKCHUS MOTYT
ABTOMATHYCCKH  aHAJIM3UPOBATBCA € WMCMOJIB30BAHWEM  KiacCH(pUKAIAH
M300paXeHU. DTO TO3BOJACT MEIUIMHCKOMY TIEpCOHANY ©O0jiee TOYHO U
3 PeKTHBHO NMArHOCTHPOBATH W JICUWUTh TAIMEHTOB. He MeHee BakHYIO POJIb
Kkiaccuukarus M300paKCHWH WrpacT B CHCTEMaX MAIIAHHOTO 3PCHHS IS
ABTOHOMHBIX M OeCNUIOTHBIX aBToMOOWIeH. C €€ moMOIIbI0 aBTOMOOWIL MOXKET
KOPPEKTHO pPearupoBaTh HA W3MEHSIOMMAECS YCJIOBHS, pPa3IudaTh CHUTHAJIBI
cBeTo)OpOB W pa3pemialolie WKW 3anpenaronme 3Hakd. Kpome Toro,
BBICOKOCKOPOCTHast ~ 00paboTKa  HM300paK€HW  MO3BOJISET  TPAHCIOPTHBIM
CPEICTBaM MPUHUMATH PEIICHUS B PEATEHOM BPEMEHH, UTO KPUTHUECKH BAXKHO JIJIS
obecrieueHus: 0€30MaCHOCTH Ha JOPOTe.

Ocoboe BHMMaHWE HYXKHO yaeauTh cdepe 0e30macHOCTH, B KOTOPOH
KimaccuuKasa H300paKEeHWH MOKET OBITh HMCIOJIB30BaHA  CIICTYIOIIAMH
crocodamu:

— aBTOMAaTHWYECKas UASHTU(DUKAIUA U KiIaccuukanmuu 00bEKTOB Ha Kaapax
BUJICOHAOIIOICHUST MOXKET MOMOYb COTPYAHUKAM CJIy>KObl 0€30MacHOCTH ObICTpee
oOHapy’KHWBaTh MOTEHIIMAIBHBIC YTPO3bl U PpearupoBaTh HA HAX

— pacro3HaBaHUE JIAIl MOXKET MTOMOYb BJIACTSIM UACHTH(HUITUPOBATH JIIOJICH,
MPEACTABIAIONMX WHTEpeC, B Toime. Kmaccudukanmsa wn3o0paxkeHUn MOXKET
MOMOYb CEKTOPY 6€30MaCHOCTH UCIIOIH30BATh TEXHOJIOTHH KOMITBIO TEPHOTO 3PEHUS
B TAKUX 00JIACTAX, KAk OAHKH, a3pONOpPThl U APYTHE MECTa MAaCCOBOTO CKOTUICHUS
TOJEH.

Tarke wmaccudukammss W300PAKEHUNA HMCHONB3YETCA Ul  yIIyUIICHUAS
pPEKOMEHIAITNH TTOJIb30BaTENICH B COIMAIBHBIX CETSIX Ha OCHOBE WX HHTEPECOB, UTO

MO3BOJIACT NEPCOHANN3UPOBATH JICHTY HOBOCTEeH. [Ipn MomepupoBaHUM KOHTEHTA
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Tabnuma 1 — CpaBHeHHE aHATIOTOB

Kpurepun
Oo0pabotka
Hazsanue
Hoctyn B UHTEpHET HECKOJIBKHUX Llena
MPOAYKTa .
M300paKEeHUH
%SOOTgée Ha Jla Freemium
O(gzeofile/m Ila Her becnmaTtHo
I'anepesa MU Her Jla Freemium
Smart
Image Her Her becnmatno
Classifier

1.3 IlocTanoBKa 3212491

Hcexons u3 BEIIICTIEPSYUCIICHHBIX PUMEPOB, (yHKIIMOHAIIbHBIC TPSOOBaHMS
MIPHIIOKCHHS TSI KiacCH(pUKAIMN H300paKeHUH JOJDKHBI OBITh CJICTYIOIIMMHU:

— TIPUJIOKEHUE TOTKHO OBITh MOJTHOCTHIO aBTOHOMHBIM, T.€. TIPETIOIaraeTcs
€ro wucnonb3oBaHue 0e3 goctyna k MWMHrepHery. Bce BbluuciaeHus OyAyT
MPOU3BOJIUTHCA HA YCTPOUCTBE,

— npwiokeHne Oynaer oOpabarteiBaTh Bce doTorpadmu, XpaHsSIIuecs Ha
tenedone;

— MOJIb30BaTeM0  OyJIeT JaHa BO3MOXKHOCTh MPOCMOTPA HUTOrOBOTO
pesyapTata. B gaHHOM ciiydyae — TPOCMOTP COAEPKUMOTO TMamoK Pa3HbIX
KaTEropHii, B KOTOPBIX HAXOAATCA M300pakeHM s, MOMAAAr0IINAE MO JaHHBIN KJ1acc.
Bcero Oymer npenmocraBieHo 6 kareropuii: «ABTO», «JlokymenTwl», «Emay,
«Kusothbiey, «JItogn», «He onpenenenoy;

— IPWIOKEHHE TOHKHO HMETh HHTYUTHBHO MOHITHBIH HHTEPQEHC.

MuHuMaIbHbIE TPEOOBAHUS K aNnapaTHON YacTH:

H3m.

Jlucm

Ne dokym.

flodnuck

[lama

[1ry1.090301.33.001 13

Jluecm

12







YCIIOXKHSET TECTUPOBAHME, YXYAMIACT YMTACMOCTh KOJa M OOIee MOHWMAaHHE
JIOTUKH TIporpamMMbl. Bee 310 Hen30€XKHO TPUBOINAT K POCTY KOJIMUECTBA OMMMOOK 1
HEKOPPEKTHOM paboTe MPHIIOKEHUS B 11ej0oM. J[j1st Toro, uTo6B M30ex)aTh TaHHBIX
po0IeM, HY>KHO CIISTIOBATh OOIIMM apXUTEKTYPHBIM MTPUHITUTIAM:

— pa3feNieHNe OTBETCTBEHHOCTH — KOJ YTMPABIICHHUA TOJb30BATECIBCKIUM
uHTepdeiicoM 1 Ko Mojele (OM3HEC-TTOTHKH) JOJIKHBI OBITh Pa3ICICHBI;

— ynpasjenue cocrosaueM Ul m3 Moxeneil. Moaenn — 3TO KOMITIOHEHTHI,
KOTOpBbIE OTBEUAIOT 3a 00padOTKY MAHHBIX I MpUiIokeHWsS. OHU HE JOJHKHBI
3aBuceTh OT AmeMeHToB Ul u kommonenToB OC i1 UCKITFOUCHUS BIIMSAHAS HA HAX
KU3HEHHOTO ITUKJIA TTPUIIOKCHUS.

Coznanne COOCTBEHHOM apXUTEKTyphl, KOTOpas OyJeT CIea0BaTh TaKUM
MPUHIIMIAM — 33/1a49a HEJIETKas, KOTopas TpeOyeT OOJBIIOro KOJMIECTBA OIBITA, HO
€CTh H TOTOBBIE pEIICHUA. OTHW PENICHWS HA3bIBAIOTCS  MAa0JIOHAMHA
npoekTupoBanusa. OJHUM U3 HUX sABAeTCS naTTepH MVVM.

[Tatrrepp  MVVM  nos3BosisieT  pa3felinTh  NPHIOKEHUE HA  TPHU
(hyHKIIMOHATHHBIC YACTH:

— Model — moxens. B He€ Bxoaar Takue kimacchl, kak ImageClassifier.java u
SQLitePhotoDatabase.java. Onm oTBe€HalOT 3a OCHOBHYIO JIOTHKY MPOTPaMMBbI
(xmaccudukanms, padoTa ¢ TaHHBIMH, XPaHEHHE),

— View — npeacTaBieHue, BUA, MOIH30BATEILCKAN HHTEPHENHC TTPUITOKEHUS.
K View otHOcaTcs kimaccel  PermissionActivity java, MainActivity.java,
ImageActivity java. OTBeuaer 3a OTOOpaKCHWE ITAaHHBIX W B3aMMOJICHCTBHE C
MOJTE30BATENICM;

— ViewModel — wmoxmens mpeacraBieHus. Bxmouaer B cebs  Kiace
ViewModel.java, koTopsbIii clTy>kuT npocioiikoi mexay View u Model. ViewModel
MPEIOCTABJISIET NaHHbBIE, KOTOPhie View oTtoOpakaeT, U oOpadarsiBacT NEHCTBUSA
MOJTE30BATEIIA.

Ha pucyHnke 6 noka3zaHa B3auMOCBA3b yacTel narrepua MVVM.,
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View ViewModel OG6HoBenne Model
MOJIENIH

PermissionActivity.java TIpHBsI3Ka TAHHBIX

MainActivity.java ViewModel java

ImageClassifier.java
[Monyuerne NaHHBIX

ImageActivity.java PR SQLitePhotoDatabase.java

Pucynok 6 — Bzaumoneiicteue yactei narrepaa MVVM
1.5 Bo16op f13bIKa NPOrpaMMHUpPOBAHUSA

Jnsa cozmanmst mpwimoxkernid aia Android-yCTpoHCTB MCTIONB3YIOTCS JBa
OCHOBHBIX s3bIKa nporpammupoBanwns: Java u Kotlin.

Java — »3T0 0OBEKTHO-OPMEHTHPOBAHHBIM SA3BIK MPOTPAMMHUPOBAHUS,
co3nanubiii B 1995 roay. bnarogaps sei6opy kommnanuu Google, chirpan KIIOueByo
ponb B paspaboTke ¢ camoro Hayajga MoOwnbHOM OC. 3a AoATHe TOIBI
pazpaboturku Java co3ganu  OOIIMPHYIO SKOCHCTEMY, IIOJIHYI0 OHOIHOTEK,
(bpeliMBOPKOB M HHCTPYMEHTOB, KOTOPHIC CIOCOOCTBYIOT Oosiee OBICTPHIM ITUKIIAM
Pa3pabOTKH U PECYPCOEMKOMY PEIICHUIO TTPo0IeM. XOTA 3a BpEMs CYIIIECTBOBAHUA
Java mosBHIOCH MHOTO HOBBIX s3bIkOB, Hampumep Kotlin, ee cTraGmIBHOCTS,
IITUPOKOE PACIPOCTPAHCHHE TMO3BOJISIOT €l TIIyOOKO YKOPEHHUTHCS B JaHmmadTe
pa3pabotku Android, Bimsis Ha MHOTHE apXUTEKTYPHBIE W MPOCKTHBIC TIAOIOHBI,
WCITOJTb3YEMbIE CETOJTHA.

Kotlin — s3pik, mpeacrasnennsiii B8 2011 romy xommanueit JetBrains. Ero
paspaboTajgu CHenuajbHO JJIS 3aMEHBl Java, KOTOPBIM CUWTAIA CIAITKOM
rpoMo3akuM. JlaHHbIH sA3bIK momyunsicss Ha 40% koMmakTHEe MPEaIeCTBEHHUKA,
YTO TO3BOJISAET YCKOPUTH paspadboTky npwimoxkernwit. [Ipu 3tom Kotlin momrocThIO
COBMECTHM ¢ Java, JIeTKO WHTETPUPYETCS C CYIIECTBYIOMMMHA KOJOBHIMU OazamMu
Java, uyTo mO3BONISET pazpabOTUMKAM PACIIMPITH HUMEIONMIHUECS OMOIMOTEKH H
3HAHMS. JTa COBMECTHUMOCTh CHITpajia BaXKHYIO POJIb B €T0 MPUHATHNA KOMITAHUCH
Google, kotopas B 2017 roay odunmanbHO MpU3HAIA JAHHBIH SI36IK OCHOBHBIM JIJIS
paspabdotku Android-npHiToKEeHUH.

JIns co3manust JaHHOTO MPOEKTa ObLT BBIOPAH A3BIK MTPOTpaMMUApOBaHUA Java.
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1.6 Beidop CYB/I

B Android mis xpaHeHHWs AaHHBIX JIOKAJIbHO MCIOJB3YETCSA TOIBKO OJHA
pensmmonnas bJI — SQLite. CooTBeTcTBeHHO, OHa M OyAeT OTBETCTBEHHA 3a

xpaHeHrue nHpOpMaIuu 00 H300paKCHHX.
1.7 Beioop CNN-moae/n

ITpu BbIOOpe momxoasmiedt CNN-moaenu Ajis BHEAPEHUS B MOOUJIBHOE
MPUIOKECHUE YUYUTHIBAJIUCH JBA KITIOUECBBIX KPUTEPHUS. pPa3Mep MOACIU U €€
TouHoCTh. llociie aHanu3a MOCTYMHBIX penieHuid ObUIM O0TOOpaHbl Hauboliee
MOAXOAIINE BAPUAHTHI, KOTOPHIE COOTBETCTBYIOT 3aJaHHBIM TPEOOBAHUAM.

B tabnuue 2 npuseaeHo cpaBuenue moAaenei. Tounoctu Top-1 u Top-5 O6bun
noyiyueHbl Ha Hadope nanHbIx ImageNet, KOTopblid coaep:kuT 14 MITH n300paxeHui

1000 knaccos.

Tabnuma 2 — CpaBHeHUE MoAeeH

Kpurepun
Haszsanue monenu Pazmep Tounocts Top-1 Tounocte Top-5
MobileNetV?2 14 Mb ~72% ~89%
ResNet18-v2 44 Mb ~69% ~89%
SqueezeNetl.1 5 Mb ~56% ~79%
EfficienZNet-Lite 51 ME 80% 979,
ShuffleNet-v2 9 Mb ~69% ~88%
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Hcxons w3 BHIICNIEPEUUCIICHHOTO CpaBHEHHWsA, Obljla BhIOpaHAa MOJEINb

MobileNetV?2.
1.8 Bui0op cpenbl pa3padboTku

Jlns  pazpaboTku  mpmnoxkeHuddt i Android-ycTpoicTB  CyIIECTBYIOT
OOJIbIIIOE KOJWYECTBO Ccpea  pa3padOTKH, KOTOpPbIE BKIOUAIOT B ce0A BCE
HEOOXOMMBIC WHCTPYMEHTHI UTA CO3/aHUS MPOTPAMMHOTO OOECTICUCHUS, TaKHe
KaK: TeKCTOBBIM PEMAKTOP KOJA, OTJAAUHK, CHCTEMY YIIPABJICHHUS BEPCHUSIMHU H T.1I.
Ha mannbiii MOMEHT cymiecTByeT 3 HanOoJee MOMyJISIpHBIE CPEIbl Pa3padOTKH O
Android:

— Eclipse;

— IntelliJ IDEA;

— Android Studio.

Eclipse — »1o Oecmnatnas IDE, paspaborannas kommanueii Eclipse
Foundation. [Iporpamma siBsieTCsi OCHOBOH, K KOTOPOU MOAKIIOYAIOTCS Pa3IAYHBIC
moayu, Hanpumep, Java Development Tools m C/C++ Development Tools. Ha
JAHHBIA MOMEHT OHA HE MCTOJIb3yeTCs i pa3padoTku Android-npriioKeHuid, T K.
Google mpexparun nogaepxky B 2015 roxy. Mcnomb3yercs TOIbKO IIS TOAASPKKA
CTapbIX MPOCKTOB.

IntelliJ IDEA — »sto IDE ot kommammm JetBrains, momaep:kuBarormas
MHOXECTBO SI3bIKOB TporpammupoBanus, Takmx kak Java, Kotlin, Python,
JavaScript u 1.11. UneansHo moaxoaut mia pa3padotku npoayktos gt OC Android,
T.K. Y JJAHHOH CPEIbl €CTh BCE HEOOXOIMMBIE MHCTPYMEHTHI: moaaepkka Android
yepe3 miaruf, cuctema coopku Gradle. Umeet equacTBeHHBIN HEeqoCcTaTOK — 332 IDE
IntelliJ Idea HyxHO MIATUTS.

Android Studio — 10 odmmumansHas IDE nma paspaborkm Android-
npwioxennii, cozmanHas Google ma ocHoBe Intelli] IDEA. OrnuuutenbHbie
ocobennoctr 3toit IDE ot mpemmecTsennnka: monaas naterpanus ¢ Android SDK

(mopnepkka Bcex Bepcuit Android), BH3yanbHBIM PENAKTOP MAaKETOB, HAJWUHE
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BCTPOCHHOTO »MyJiaTopa W Tiaybokod momnepxkku Gradle (cucrema cOopku u
yTIIPABIICHAE 3aBUCUMOCTSIMH).

W3 Bcex BHIMNIENEPEUNCIACHHBIX Cpel pa3pabOTKu, BHIOOP TMaj WMMEHHO Ha
Android Studio BBumy Toro, uro sro IDE co3maHo crenmmaibHO I CO3JaHUS
npuioxeHuit ayis Android.

Jlnst oOyueHHus: MOJIeNIM CBEPTOUHONW HEHPOHHOM CETH WCMOJB3YIOTCA Ba
ocaoBHbIX IDE — 310 Spyder m PyCharm.

Spyder — 310 6ecrurarnas IDE nmias HaydHBIX HCCICAOBAaHWM, MAIIMHHOTO
oOyuenwms v aHanmm3a nanHbix. OHa co3gana ¢ yuétom creruduku padotsi ¢ Python
1 UMEET BCE HEOOXOauMble OMOIMOTEKH JIJ11 00yUEHUS] HEHPOHHBIX CETEH.

PyCharm - sTo mHTETprpOBaHHas cpena pa3padboTku s sa3bika Python. Ona
paspaborana kommanuel JetBrains u wmcmomesyetrcs  Oomee  uyem  50%
paspabdorunkamu Python. Cpena npeamaraet MHOXECTBO (DyHKITHH 1)1 HAITUCAHUS,
3aMycKa, OTJIAJKU KOJIa, aBBTOMAaTHUECKOTO TECTUPOBAHKS U MAIIMHHOTO O0yUCHMUS.
Ecte nBe Bepcun nannoro npoxaykra: Oecruratias — PyCharm Community Edition,
u maatHas — PyCharm Professional Edition. Ilnarmas Bepcus mporpamMmbl
MOJICP)KUBACT OMOMMOTEKH, HEOOXOAUMbBIEC JIsI 00yUSHUS] HEMPOHHBIX CETEH, UTO
ABJIACTCS TJIABHBIM MHUHYCOM 3TOM CPEJbl pa3pabOTKH.

Tax xak IDE Spyder sBasieTcs MOMHOCTHIO OECTUIATHBIM TMPOIYKTOM,
HMEIOIMM BCE€ HEOOXOIUMBbIE MHCTPYMEHTHI IS pa3padOTKH, B HEW WU OyjaeT

MPOBOJAUTHCS O0YUCHHE.
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2 Pa3pa0oTKka npujiosKeHust
2.1 O0yuenue Moaean

CymectByer JaBa cmocoba pemieHus HpoOiieMbl  KiaccH(pUKAIIAN
N300paKCHUN, WCITOJIb30BAHWE TIPEABAPUTEILHO OOYUYEHHOW MOJEIN, YTO HE
SABJISCTCSA PaAllMOHAIBHBIM TOAXOA0M, TaK Kak MoOjellb oOydajgach Ha OOJBIIOM
Ha0ope MaHHBIX JUIS MacIITaOHOW 3amaud  KiIaccu(pUKaluy, WM CO3JdaHHE
COOCTBEHHOH MOJENH IJi1 KOHKPETHOHW 3a/adu ¢ MPUMEHEHHWEM TpPaHCHEPHOTO
00yUeHHUS.

Unes Ttpancdeproro oOydeHHs 3aKOYaecTcss B TOM, YTOOBI HAa OCHOBE
3HAHWHA, TOJYYEHHBIX MOJCBIO MPHU PEIICHUH OJHON 3a/Jaud, TIOCTPOUTH CBOIO
MOJEIb 1A PEMICHUS IPYTOU, HO CBA3aHHOMW 3aJa4H.

OcCHOBHBIC IPUHITUTIBI TAHHOTO TTOAX0/A:

— MCIIOJIb30BaHME MPeA0OYUSHHOM MO OEPYyTCs CJIOM HEMPOHHOM CETH,
00y4YeHHOH Ha 00JBIIIOM HA0OPE AAHHBIX. DTH CJIOU YK€ YMEIOT U3BJICKaTh 00IMe
MpU3HAKKA H300pakeHuH (Kpasi, TEKCTYPhI, (POPMBI);

— aJlanTaIys o1 HOBYIO 33/1a4y: 3aMEHSIOTCS WJTH T0OABJISFOTCS HOBBIE CIION
MoBepxX mnpeAaoOyueHHOW dYacTh Mojaenu. Hampumep, 3amMeHa MOCIEAHUX
MOJTHOCBSA3HBIX CJI0EB HA CIIOM, COOTBETCTBYIOIITHE YACTY KJIACCOB B HOBOM 33/1aU€;

— 3aMOpO3Ka 6A30BBIX CIIOEB; Beca MPEAOOYUCHHBIX CIIOEB 3aMOPAKHBAIOTCA,
yTOOBI OHH HE U3MEHSJIUCH BO BpeMs 00yUeHHUS Ha HOBBIX JIAHHBIX. DTO COXPAHSAET
ye BBIYUCHHBIC OOIIHME MPU3HAKK U TIPEIOTBPAIAET IEpeo0yueHHE;

— 1000yUeHHe: 00y4aroTCs TOJIBKO HOBBIE OOABIICHHBIE CJIOH.

Pabouwii mporiecc MammmHAOTO 00YUYEHHUS COCTOUT U3 CIEAYIONINX TATIOB:

— CO37aHNE€ TPEHUPOBOUHOTO, BAMJAIMOHHOTO W TECTOBOTO HAO0OPOB
JAHHBIX

— co3aanue 6a30BOM MOJEIH U3 TIPEIBAPUTEIIHHO 00YUCHHOM,

— o0ydeHHne MOJIEH W TOHKas HaCTPOUKaA,

— OICHKA M 3KCIIOPT.
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2.1.1 Co3nanue Habopa AaHHBIX

B cBoOogHOM nmocTyne OblIM HAWEHBI H300paKeHUS 5 KaTeropui: «ABTOY,
«Jlokyments», «Enma», «KusoTHbie», «Jltomm». JlanHbIH HAOOp AAHHBIX OBLI
3arpy’keH, ¥ Ha ero OCHOBE C(hOPMHUPOBAHBI TPCHUPOBOUHBIC M BAIMIAIMOHHBIC
Habopsl. Koa npoueaypsl co3aanvs HaOopa JaHHBIX TMPEACTABIICH JUCTUHIOM 1.

Jluctunr 1 — Co3znanne Habopa JaHHBIX

BATCH SIZE = 32

IMG SIZE = (224, 224)

directory = "C:\\Users\\iljak\\Desktop\\dataset"

train dataset = image dataset from directory(directory,
shuffle=True,
batch size=BATCH SIZE,
image size=IMG SIZE,
validation split=0.2,
subset="training’,
seed=42)

validation dataset = image dataset from directory(directory,
shuffle=True,
batch size=BATCH SIZE,
image size=IMG SIZE,
validation split=0.2,
subset='validation’,
seed=42)

[TockonbKy MCXOAHBIM HA0Op AAHHBIX HE COACPIKHT TECTOBOTO HaOOpa, OH
OBIIT co37aH U3 BalmaarmonHoro Hadopa [5]. Koa mis cozmanusa maHHoro Hadbopa
MPE/ICTaBJICH B JIMCTUHTE 2.

JIuctunr 2 — Co3zaanue TeCTOBOTO Habopa

val batches = tf.data.experimental.cardinality(validation datase
t)

test dataset = validation dataset.take(val batches // 5)
validation dataset = validation dataset.skip(val batches // 5)

2.1.2 Coznanue Moaenu

bazoBas Mmoaens cozpaérest Ha ocHoBe Mo MobileNet V2, paspaborannoit
B Google. Ona npeapaputenbHO 00yueHa Ha Habope maHHbIX ImageNet, GoypimomM
Habope AaHHbIX, cocroamuM u3 1,4 maH n3obpaxenuit u 1000 kmaccos. ImageNet
— 9T0 HA0Op MJAHHBIX Mg OOYUEHWS HCCIICAOBAHHUIO C IIMPOKHM CIEKTPOM
Kareropuid, Takmx Kak jackfruit w syringe. Orta 0a3a 3HAHWN TIOMOXET

KJlaccu(pumpoBaTh N300paKCHHSI M3 HAIIETO KOHKPETHOTO HAbopa JaHHBIX [5].
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IIpexxne uwem 3arpy3mth Mozaenb MobileNetV2 nmns wmcnoib3oBaHus B
KauecTBe 0a30BOHM, HEOOXOAMMO BBIMOTHUTH HOPMAJIM3ALMUIO BXOJHBIX JAHHBIX.
OTO KPUTUUYECKU BAXKHBIN IIar, MOCKOJbKY MOJEIb OKHJIA€T BXOJHBIC 3HAYEHUA
nukcener B [-1, 1], Ho HA JaHHBIM MOMEHT 3HAUCHUS TUKCEIEH B M300paKEHUIX
HaxoasaTcs B [0, 255]. UroOwl macmtabupoBaTh WX, HCHOJB3YETCA METOJ
MpeBapuTEIbHOM 00padOTKH, BKIIOUEHHBIM B Moaenb [5]. B nuctunre 3
MPEICTaBJICH KO METO/Ia IIPeIBapUTEIbHOM 00padbOTKH.

Jluctunr 3 — MeToa npeaBapUuTebHOW 00pabOTKH
preprocess input = tf.keras.applications.mobilenet v2.preprocess
_input

Jlanee Hy»HO BBIOpaTh, Kakoit ypoBeHb MobileNetV2 6y et ncmonbs3oBarbes
JUTSL M3BJICUEHUS TPprU3HAKOB. CaMblid OCTISAHNM CION KiTaccuuKammun («CBEPXY,
MOCKOJIbKY OOJBIIMHCTBO JUAarpaMM MOJENICH MAIIMHHOTO OOYUYEHHS UIYT CHU3Y
BBEPX) HE OUYECHB MOJIE3¢H. BMECTO 3TOr0 ClieMyeT MOIb30BaThCSA OOIMIECTPHHITON
MPaKTUKOM, YTOOBI TOJaraThCs HA CaMblil MOCICAHWN CIIOH Tepe] omepaiue
BBIPABHUBAHUS. DTOT CJIOM HA3bIBACTCSA «CJIOEM Y3KOro MecTay. DyHKIUHM CJIoA
Y3KOIO  MECTa  COXPaHAIOT  OONBIIYH0  OOIMHOCT, 1O  CPaBHEHHUIO C
KOHCUHBIM/BEPXHHUM CJI0eM [5].

Hakonen, mepetiném k co3ganuio sk3emiunsipa moxaenn MobileNetV2 ¢
MPEABAPUTEILHO 3arpy>XeHHbIMU BecamH, oOydyeHHbiMU B ImageNet. Vka3zas
apryment include top=False, 3arpyxaercst cerb, KOTOpas HE BKIIOYACT CIIOH
KJTacCH(pUKaIu BBEPXY, UTO UACATHHO MOIXOIUT /TS U3BJICUCHUS MTPU3HAKOB [5].
Kon nms 3arpy3ku npeapapuTeIbHO 00YyUSHHON MOIEIIH TTPEACTABIICH TUCTHHIOM 4.

JluctuHr 4 — 3arpy3ka npeBapuTesibHO 00YUCHHONW MOJETN

IMG SHAPE = IMG SIZE + (3,)

base model =

tf.keras.applications.MobileNetV2 (input shape=IMG SHAPE,
include top=False,
weights='imagenet")

CrneayoonyM I1aroM BaKHO 3aMOPO3UTh CJIOM TIepe]l KOMIWJIALUEH WU

oOydeHreM MOJENH. 3aMopakuBaHue (myTeMm ycTaHoBKHM layer.trainable = False)
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MPEOTBPAIACT OOHOBJICHUE BECOB B JAHHOM CJIOE BO BpeMs OOydCHMUS.
MobileNetV2 mmeeT MHOTO CIIOEB, MOATOMY ycTaHOBKa ¢uiara trainable Bceit
Mozaenu B 3HaueHne False, 3amoposut ux Bce [5]. B muctuare 5 mokasan ko s
3aMOPO3KHU CIIOEB MOJEIH.

JIuctunr 5 — 3aMopo3Ka CI0EB MOJICTTH

base model.trainable = False

Kpome toro, Hy»kHO 100aBHTH CIIOM KiaccH(pUKaTOpa IMOBEPX CIOEB 6a30BOit
MOJIEIN, KOTOpble W OyayT oOyuarbcsi B JajbHelineM. OJHUM M3 3TUX CIOEB
ABJISIETCA CJIONW TJIO0AJbHOTO CPEIHEro MYJMHIra, KOTOPBIM HCMONb3yeTCd i
npeoOpa3oBaHWsd  MHOTOMEPHBIX  MPU3HAKOB, TMOJYUYEHHBIX HA  BBIXOJE
npeao0yYeHHON MOJIeNH, B KOMNaKTHBIN BekTop. KogoM B iuctunre 6 u 7 nokazaHo
nobaBiieHre CI0EB Kaccupukaropa.

JluctuHr 6 — JlobGaBaeHue citos KiaccuruKaTopa

global average layer = tf.keras.layers.GlobalAveragePooling2D ()
feature batch average = global average layer (feature batch)

Cnenytomum cjaoemM OyAeT HUCHOIb30BAaThCS MOJHOCBA3HBIA CJIOW C 5
HEHPOHAMH (KOJIMUECTBO HEUPOHOB OTPEACIIACTCA YMCIIOM K1accoB). JlaHHbIH cloit
UCIIONb3yEeTCs AJi MpeoOpa30BaHUs YCPEAHEHHBIX MTPU3HAKOB B MPEACKA3AHUA.

Jluctunr 7 — JloGaBaeHue cios KiaccupruKaTopa

prediction layer = tf.keras.layers.Dense(5, activation = 'softma
x")

prediction batch = prediction layer (feature batch average)

OObenMHUB BMECTE€ CIIOM YBEIMYECHHWS JAHHBIX, MacIiTaOMpOBaHUA,
npeao0yueHHON MOIeH U KilacCu(pUKaTopa, MOJyduM COOCTBEHHYIO MOoJeb [5].
Kon cozmanusa Moaenu npeacTaBlieH JIMCTUHIOM .

Jluctuur 8 — Cozmanue Moenu

inputs = tf.keras.Input (shape=(224, 224, 3))
X = preprocess_ input (inputs)

x = base model (x, training=False)

x = global average layer (x)

x = tf.keras.layers.Dropout(0.2) (x)

outputs = prediction layer (x)

model = tf.keras.Model (inputs, outputs)

2.1.3 O0yueHue moaenu
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2.1.4 Tonkas HacTpoiika

OnnuM u3 cnocoOoB emié OOoJIbIIErO MOBBIIICHUS MPOU3BOAUTEIILHOCTH
ABrgeTcsl 00yueHWe (WM «TOYHAs HACTPOWKA») BECOB BEPXHUX CJIOCB
MPEeABAPUTEILHO OOYYEHHOW MOJenu Hapsagy ¢ oOydeHueM J00aBJICHHOTO
kimaccudukaTopa [5].

B OoapmmHCTBE CBEPTOUHBIX CETEH YEM BHIIE YPOBEHB, TeM Oojiee OH
cneruanu3upoBan. [lepBrie HECKONBKO CIIOCB M3YyYarOT OYE€Hb MPOCTHIE W OOIIHe
(hyHKIIMM, KOTOPIC MPUMEHUMBI TIPAKTHIECKH KO BCeM THMaM n3o0paxeHuid. [{ens
TOHKOHW HACTPOWKH — aJAaNTHPOBAThH CIICIHMATM3UPOBAHHbBIE (PyHKIMH /TSI PAOOTHI
C HOBBIM HA0OPOM JaHHBIX, a HE Mepe3anuchiBaTh 00IIee ooyueHue [5].

Jlisa Hagama Hy>KHO Pa3MOPO3UThH CJIOW 0A30BOM MOJACIH U CIEIaTh HIKHUE
cion HeoOydaembiMu. B nmuctunre 11 mokazan koa MaHHOM MPOTIEAYPHI.

Jluctunr 11 — Pazmopo3ska ciioés

base model.trainable = True

fine tune at = 100

for layer in base model.layers[:fine tune at]:
layer.trainable = False

Ocranock Julllb CKOMOWIMPOBATh MOJIETb U MOBTOPHO OOYUHTh, UCMOJb3Y S
P 3TOM 00Jie€ HU3KYIO CKOPOCTh 00y4YeHUA. B NpOTUBHOM ciiydae MOJEIb MOXKET
oueHb ObicTpo mepeoOyumuthes [S]. Koa mponeaypsl KOMOMISAIIMM W OO0yUeHHA
MOJIEIN NIPEACTABJICH JIUCTUHTOM 12,

JIuctunr 12 — KoMnuisiiyma 1 moBTOpHOE 00yUYeHHE MOJICTTH

model.compile (loss=tf.keras.losses.SparseCategoricalCrossentropy
(from logits=
False),
optimizer =
tf.keras.optimizers.RMSpr
op(learning rate=base lea
rning rate/10),
metrics=["accuracy'])
fine tune epochs = 10
total epochs = 1initial epochs + fine tune epochs
history fine = model.fit(train dataset,
epochs=total epochs,
initial epoch=history.epoch[-1],
validation data=validation dataset)
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KJTFOYEeBBIC OCOOCHHOCTH — YMEHBIIICHHE pa3Mepa MOJICTH M YBEJTUUCHHUE CKOPOCTH
BBIBOJIA.

Cam mporecc KOHBEPTAMKM COCTOMT W3 JBYX ATAlOB. SKCIOPT MOJCITH B
dbopmar «saved model» u nocemyromas koHBepTaIusa u3 3roro popmara B TFLite.
Kon mporiecca koHBepTaIlMKM MPEACTABIICH B TIUCTHHTE 13.

Jluctunr 13 — Dxcnopt u kouBepTarus B popmat TFLite

model.export ("C:\\Users\\iljak\\Downloads\\model")
converter = tf.lite.TFLiteConverter.from saved model ("C:\\Users\
\iljak\\Downloads\\model\\")
tflite model = converter.convert ()
with open('C:\\Users\\iljak\\Downloads\\model\\mobilenet.tflite’,
'wb') as f:

f.write(tflite model)

2.2 Pa3pa0oTKa KOMIIOHEHTOB NPUJIOKEHHS

ITattepp MVVM, kak y’ke ONHUCHIBAJIOCH paHee, 0O0eClneunBacT UYETKOE
pa3elicHue OTBETCTBEHHOCTH MEXIy KOMIIOHGHTaMH. J[aHHBIM MAaTTepH JCITHT
mpoekT Ha 3 yactu: Model, View, ViewModel. Kaxxapiii 13 Tpéx CI0EB BRITTOIHAST
CTPOTO OMpECIICHHBIC 3aJaul, YTO MHHHMH3HUPYET CBA3AHHOCTh MEXKIy HUMH H
MOBBIIIIACT MOYJIBHOCTD TIPHJIOKEHHS.

2.2.1 Pazpabotka Model

Croit Model npencraBnsaet co0oit sapo NPHIIOKESHHS, OTBEUAIOIIee 3a padoTy
C JaHHBIMU W OusHec-JIoruky. OH BKJIIOYAET B ce0s TpHU KIOYEBBIX Kiacca:
SQLitePhotoDatabase.java, ImageClassifier.java, Userlmage.java.

Kmace SQLitePhotoDatabase HyxeH mis co3gaHus W TOCIEAYIONIETO
OOHOBJICHUSI JIOKQJbHOW 0as3bl JAaHHBIX JUIS XpaHCHHWsS HWHQpOpMau| 00
n300paxkeHUsIX. baza JaHHBIX COCTOWT JIMIINb W3 OJHOW TaOJHIBI, KOTOPas UMEET
CJIC TYIOIITUE TIOJIA:

— 1d (INTEGER, PRIMARY KEY) — yHukampHbIii WACHTH(PUKATOP
n300paxkeHus, coBnamaromero ¢ ID w300pakeHWsT B CHCTEMHOM rajepee
(MediaStore). Dto mo3Bojisier W3OexkaTh MyOJUPOBAHWS AAHHBIX W YIIPOINAET

CHHXPOHHU3AIIHIO,
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Meron «findNewlmages» BBHIIOJHAET MTOMCK HOBBIX H300pakKeHHUH, KOTOPHIC
ernie He Obui oOpaboTaHbl npusioxkeHueM. OH CpaBHUBAET H300PAKCHUA W3
cuctemuoit rajgepen (MediaStore) ¢ maHHBIME B JIOKaJTbHOH 0a3e qanHbIX (SQLite),
yTOOBI ONPEACTUTh, KaKhe U300pakeHUs HYKHO KinaccudumupoBats. Ko meTona
«findNewImages» mokasan B nuctunre 15.

Jluctunr 15 — Mertop «findNewlmages»

public Cursor findNewImages (Cursor cursorWithProcImg) {
Set<Long> existingIds = new HashSet<>();

if (cursorWithProcImg != null &&
cursorWithProcImg.moveToFirst ()) {
do {
long id =

cursorWithProcImg.getlLong (cursorWithProcImg.getColumnIndexOrThro
w("_id"));
existingIds.add(id) ;
} while (cursorWithProcImg.moveToNext ());
}
String[] projection = {
MediaStore.Images.Media. ID,
MediaStore.Images.Media.DISPLAY NAME,
i

Cursor mediaStoreCursor =
context.getContentResolver () .query
MediaStore.Images.Media.EXTERNAL CONTENT URI,
projection,
null,
null,
MediaStore.Images.Media.DATE TAKEN + " DESC"
) ;
MatrixCursor resultCursor = new MatrixCursor (new
Stringl[]{
MediaStore.Images.Media. ID,
MediaStore.Images.Media.DISPLAY NAME,

"uri"
b
if (mediaStoreCursor !'= null) {
try {
while (mediaStoreCursor.moveToNext ()) {
long id =

mediaStoreCursor.getLong (mediaStoreCursor.getColumnIndexOrThrow (
MediaStore.Images.Media. ID));
if (!existingIds.contains (id)) {
String name =
mediaStoreCursor.getString (mediaStoreCursor.getColumnIndexOrThro
w(MediaStore.Images.Media.DISPLAY NAME) ) ;
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Uri imageUri =
ContentUris.withAppendedId(MediaStore.Images.Media.EXTERNAL CONT
ENT URI, id);

SQLiteDatabase dbWriter =
this.getWritableDatabase () ;

ContentValues values = new
ContentValues () ;

values.put (" id", id);

values.put ("name", name) ;

values.put ("uri", imageUri.toString()):

dbWriter.insertWithOnConflict ("photo",
null, values, SQLiteDatabase.CONFLICT REPLACE);
resultCursor.addRow (new Object[]{id,
name, imageUri.toString()}):
}
}
} finally {
mediaStoreCursor.close();
}
}

return resultCursor;
}
Meron «findProcessedlmages» Bo3Bpamaer CIHCOK ¢ H300PaKCHHSIMHU W3

JOKaJbHOM 0aswl JAHHBIX, TJC¢ €CTh pe3yibrar kiaccudumkamuu. Kox meroma
MPEICTABJICH JJUCTUHTOM 16.

Jluctunr 16 — Merton «findProcessedlmages»

public Cursor findProcessedImages () {
SQLiteDatabase dbReader = this.getReadableDatabase();
String selection = "result IS NOT NULL";
return dbReader.query (
"photo", null, selection,null,null,null,null

) ;

}

Meron «getlimgWithCategory» BO3Bpammaer CHHCOK C H300paKCHUSAMH

OHOM KaTeropuu. B nuctunre 17 mpoaeMOHCTPUPOBAH KOJ AAHHOTO METO/A.

Jluctunr 17 — Meton «getimgWithCategory»

public Cursor getImgWithCategory(String category) {
SQLiteDatabase dbReader = this.getReadableDatabase():;
String selection = null;
switch (category) {

case "ABTO": selection = "result IS 'vehicle'";
break;

case "JokyMeHTH": selection = "result IS
'document'"; break;

case "Ema": selection = "result IS 'food'"; break;
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case "XuBoTHbe": selection = "result IS 'animals'";
break;
case "Joomu": selection = "result IS 'human'"; break;
case "He omnpenejenHo": selection = "result IS 'He
onpeneneHo'"; break;
}
return dbReader.query (
"photo", null, selection,null,null,null,null
) ;
}
Knacc ImageClassifier oTBedaeT 3a KiacCH(HUKAIIAIO KaKI0I0 U300paKeHUS

¢ momotpio Moaenu TensorFlow Lite.

B stom kmacce ectp cinemyromme Metonbl: «loadModel», «loadLabelsy,
«classifyy.

Meron «loadModel» 3arpyxxaer momens TensorFlow Lite w3 aiina
mobilenetV2 tflite, pacnomokemHOoro B akTHBaxX mnpwiokenus. Kox merona
MPEeICTaBICH JUCTUHTOM 18.

Jluctuar 18 — Meron «loadModel»

private MappedByteBuffer loadModel (Context context) throws
IOException {

AssetFileDescriptor fileDescriptor =
context.getAssets () .openkFd (MODEL PATH) ;

FileInputStream inputStream = new
FileInputStream(fileDescriptor.getFileDescriptor()):;

FileChannel fileChannel = inputStream.getChannel ();

long startOffset = fileDescriptor.getStartOffset();

long declaredLength =
fileDescriptor.getDeclaredLength () ;

return fileChannel.map (FileChannel.MapMode.READ ONLY,
startOffset, declaredLength);

}

Cnenyrommii meton «loadLabelsy cumThiBaeT MeTku kareropwii u3 daiina
«labels.txt», koTopsbrit comepxuT 5 knaccoB. JIuctuar 19 mokassiBaeT KO JAHHOTO
METO/1a.

Jluctuar 19 — Meton «loadLabels»

private List<String> loadLabels (Context context) throws
IOException {
List<String> labellist = new ArrayList<>{();
BufferedReader reader = new BufferedReader (new
InputStreamReader (context.getAssets () .open (LABEL PATH)));
String line;
while ((line = reader.readLine()) !'= null) {
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labellist.add(line) ;
}
reader.close () ;
return labellist;

}
OcHoBHyro paboty BemodHsAeT wMeTon «classify». Ol 3arpyxkaer

nzoopaxkenre o URI u3 ranepen ycrporictea. C:xuMaeT ero a0 pasmepa 224x224
MUKCENIeH, CO3MaéT TEH30p W 3allyCKaeT KIacCH(PUKAIAIO C TOMOIIBIO METOa
«classifyWithTFLite», koTopblii BBIIOIHSAET HHPEPESHC MOJSIHM M BO3BpAIIACT
MAaCCHB YBEpPEHHOCTEH i Kaxaoro kimacca. [locine w3 maccuBa BeIOMpaeTcs
KaTeropyus C HAuOOJIBITICH BEPOSITHOCTHIO, W JAHHBINA Pe3yNbTar (KaTeropus W
YBEPEHHOCTh) coxpaHsercs B 0a3zy pganaslx. Kom wmeromoB «classify» m
«classifyWithTFLite» mponemoncTpuposan muctuaroM 20 u 21, COOTBETCTBEHHO.

Jluctunr 20 — Meton «classify»

public void classify (Uri imageUri) {
Bitmap bitmap = null;
try |
bitmap =
MediaStore.Images.Media.getBitmap (context.getContentResolver (),
imageUri) ;
} catch (IOException e) {
throw new RuntimeException(e);
}
Bitmap image = bitmap.copy (Bitmap.Config.ARGB 8888,
true) ;
TensorImage tensor = new TensorlImage (DataType.FLOAT32) ;
tensor.load (image) ;
TensorImage processedTensor =
imageProcessor.process (tensor) ;
float[] output = classifyWithTFLite (processedTensor)
int maxIndex = 0;
float maxConfidence = 0;
for (int i = 0; 1 < output.length; i++) {
if (output[i] > maxConfidence) {
maxConfidence = output[i]:
maxIndex = 1i;
}
}
SQLiteDatabase db =
databaseHelper.getWritableDatabase () ;
ContentValues contentValues =
if (maxConfidence < 0.75) {
contentValues.put ("result", "He onpeneneHo");

new ContentValues () ;
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else {
contentValues.put ("result", labels.get (maxIndex));

}

contentValues.put ("confidence”, " (" + (maxConfidence *
100) + "%)");
db.update ("photo", contentValues, "uri = \"" + imageUri

+ "\";", null);
}
Jlucturr 21 — Metop «classifyWithTFLite»

private float[] classifyWithTFLite (TensorImage tensorImage) {
int[] outputShape =
interpreter.getOutputTensor (0) .shape () ;
FloatBuffer outputBuffer =
FloatBuffer.allocate (outputShapell]) ;
outputBuffer.rewind () ;

interpreter.run(tensorImage.getTensorBuffer () .getBuffer (),
outputBuffer) ;
outputBuffer.rewind () ;
float[] output = new float[outputBRuffer.capacity()];
outputBuffer.get (output) ;
return output;

}
2.2.2 Pa3zpabotka View

Cnoit View (xmaccel PermissionActivity, MainActivity, ImageActivity)
OTBEUACT 3a B3aUMOJCHCTBHE C TMOJIH30BATEIEM, TPEAOCTABISAI HHTYHTHBHO
MOHATHBIM WHTEpdENHC Ui YNpaBiAeHWUA TMPHWIOKEHUEM W OTOOpaKCHUS
pesynbpratoB. OH peaiM30BaH dYepe3 aKTHBHOCTH W aJalTepPhbl, KOTOPHIC TECHO
uHTerpupoBansl ¢ ViewModel mis obecrnicueHus peakTHBHOCTH.

PermissionActivity BcTpedaeT MOB30BATENd TPH 3aMyCKe MPUIIOKECHUA.
['maBHas 3a1aua NTaHHON aKTUBHOCTH — TIOJTYYHUTh PA3PEIICHUE OT TIOIb30BATEIIS IS
aocTyma K aiiaaMm. OTo paspelieHue HeoOXoauMo i AanbHEHIeH padoThl
TIPWITOKCHHS.

['maBHBIM 2KpaHOM TPWJIOKEHWS sABAseTCsA Kiacc MainActivity. On
O0TOOpakaeT TMaIkKu C KaTerOpUsMHU, CTaTUCTUKY 00pabOTaHHBIX/HEOOPaOOTaHHBIX
M300paKCHUMN, a TaK)Ke KHOMKY YITPABJICHMUS.

Pons ImageActivity 3aknrogaeTcs B 0ToOpaxeHUH H300paXeHui BHIOpaHHOM

KaTCropmum B BUIAC CCTKH.
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[TomumoO KaccoB aKTUBHOCTEH €CTh 2 BCIMOMOTATENBHBIX KJIacca: KJIacc
FolderAdapter, koTopsIit HyKeH I OTOOPaKCHHS MAOK ¢ KaTErOPHSIMH, B KJ1acc
ImageAdapter, koTopsbrit oToOpakaeT H300paKCHHS.

2.2.3 Pa3pabotka ViewModel

Kmacc ViewModel BpicTymaeT HEHTPaIbHBIM 3JIEMEHTOM apXHUTECKTYPHI
MIPWIIOKECHHMS, BRITIOHSASA poiib mocpeaanka Mexay Model u View. On He TOBKO
yhpaBisieT OW3HEC-JIOTUKOM, HO H OOECMEUMBACT PEAKTUBHOE OOHOBJICHUE
uHTepdeiica.

ViewModel pemmaetr HeCKOIBKO KITFOUEBBIX 33134

— KOOPJMHHUPYET 3arpy3Ky ¥ CHHXPOHH3AIHIO JAHHBIX MEX Y JTIOKAIbHOM b /[
(SQLitePhotosDatabase) u cuctemusim xpanmmmeMm (MediaStore);,

— oOpabarpiBaeT JEHCTBUA TONB30BATENS (HANMpPUMEpP, HAXATHE KHOIKH
"Crapt") ¥ 3amycKaeT BHITIOTHEHUE OTICPaInii;

—wucnons3yer LiveData nmns  aBromarmueckoro oOHoBienus Ul mpwm
W3MCHEHUH JTaHHBIX.

Ocnosnsie metosl: «findProcessedlmages», «findNewlmages», «classify»,
«stopExecutor», «onCleared».

Meron «findProcessedlmages» 3arpyxkaer ¢ momompio Model cnmcok
M300paKeHUH, YK€ MPOIICAMMX KIacCH(HUKAIMIO, W OTHpaBasieT B View HX
KojmdecTBO. Kosi TaHHOTO METO/AA MOKAa3aH B JIMCTUHTE 22.

Jluctunr 22 — Metop «findProcessedImages»

public void findProcessedImages () {
if (cursorWithProcImg != null) {
cursorWithProcImg.close() ;
}
cursorWithProcImg =
databaseHelper.findProcessedImages () ;
procImgSize.postValue (cursorWithProcImg.getCount()) ;

}
Meron «findNewlmages», obpamasics k Model, naeaTudgumpyer HOBbIC

W300paKCHUA W TaKXke OTnpamisier B View wux kojgwdectBo. Jluctwar 23
JEMOHCTPUPYET KOJ JAHHOTO METO/A.

Jluctunr 23 — Merton «findNewlmages»
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public void findNewImages () {
if (cursorWithNewImg != null) {
cursorWithNewImg.close () ;

}

cursorWithNewImg =
databaseHelper.findNewImages (cursorWithProcImg) ;
newImgSize.postValue (cursorWithNewImg.getCount ()) ;

}
Merton «classify» 3amyckaet nporece Kiaccu(pHKaui HOBBIX H300paKeHUH

B (DOHOBBIX MOTOKaX. JIJIsI Kakaoro u300pakeHHsS CO3AaéTCs OTACIBHBIM MOTOK
(KOTMYECTBO TTOTOKOB PaBHO MOJIOBUHE KOoM4ecTBa saep tenedona). Taxxe meTon
otnpaBisaeT B View TeKylui nmporpecc oopadorku. Ko mokazan B nmuctunre 24.

Jluctunr 24 — Meton «classify»

public Boolean classify () {
if (cursorWithNewImg == null ||
cursorWithNewImg.getCount () == 0) {

return false;
}
isRunning.postValue (true) ;
processedCount.set (0) ;
if (executor.isShutdown ()) {

executor =
Executors.newFixedThreadPool (Runtime.getRuntime () .availableProce
ssors () / 2);

}
List<Long> imagelds = new ArrayList<>{();
cursorWithNewImg.moveToFirst () ;
do {
long id =
cursorWithNewImg.getLong (cursorWithNewImg.getColumnIndexOrThrow (
MediaStore.Images.Media. ID));
imagelIds.add(id) ;

} while (cursorWithNewImg.moveToNext ()):;
for (Long id : imagelds) {
executor.execute (() -> {
try {

imageClassifier.classify(ContentUris.withAppendedId (MediaStore.I
mages.Media.EXTERNAL_CONTENT_URI, id));
} catch (Exception ex) {
Log.e ("Thread", ex.getMessage());
} finally {
int currentValue =
processedCount.incrementAndGet () ;
processValue.postValue (currentValue) ;

if (currentValue == imagelds.size()) {
new
Handler (Looper.getMainLooper () ) .post (() —-> {

findProcessedImages () ;
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findNewImages () ;
isRunning.postValue(false);

V)

V)
}

return true;

Meron «stopExecutor» mpepsiBaeT BBITIOJIHCHHWE KiIacCU(PHUKAIUN |
0CBOOOKIAET pecypchl. JIMCTUHT 25 NEMOHCTPUPYET KOJ AAHHOTO METO/A.

Jluctunr 25 — Meton «stopExecutor»

public void stopExecutor () {
findProcessedImages () ;
findNewImages () ;
isRunning.postValue(false);
executor.shutdownNow () ;

}
[Tocnenuanii meton «onCleared» ocBoOOXmaeT pecypchl TIPH YHHUUTOXKCHUH

ViewModel. Ero ko mokaszaud B jiuctuare 26.

Jluctuar 26 — Meron «onCleared»

@Override
protected void onCleared() {
executor.shutdownNow () ;
imageClassifier.close();
databaseHelper.close () ;
if (cursorWithProcImg != null) {
cursorWithProcImg.close();
}
if (cursorWithNewImg != null) {
cursorWithNewImg.close () ;
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4 be30onmacHOCTh JKU3HEAeATeILHOCTH

4.1 IlpaBuaa 0e30MACHOCTH NPH UCNOJIb30BAHAN CMAPTHOHA

UrtoOsl HE TOBPeANTH TeaedOH, akcecCyaphl M TIOIKITIOUEHHBIE YCTPOUCTBA,

a TaK)Ke CHU3WUTh PUCK BO3TOPAHUS WM TTOPAKCHUS HICKTPUICCKAM TOKOM,
co0JIr0AalTe MPUBEICHHBIE HUKE MEPbI MTPEAOCTOPOKHOCTH:

— He pa3dupaiite TenedoH, 3apsAaIHOS YCTPOHMCTBO WK akceccyaphl. IlombITku
BCKPBITHS MOTYT TIPUBECTH K TIOJIOMKE;

— n30eraiTe MEXaHMUECKHWX BO3JACHCTBUM. He crudaiite, He OpocaiiTe, He
MPOTHIKAUTE KOPIYC U HE MPUKIIAIBIBANTE N30BITOUHOE JIABJICHUE

— HE 3aMBIKANTEe KOHTAKTHI M JEPIKATE YCTPOUCTBO BAAJIH OT OTKPHITOTO OTHSI,
BOJBI, XHJIKOCTEH W HMCTOYHWKOB TEIUIa (HAmpUMEp, JYXOBOK, MHKPOBOJTHOBBIX
neyein).

[IpaBuna 3apsaaku:

— UCTIOJTB3YHTE CePTUDHUITNPOBAHHBIC HCTOUHUKH TTUTAHUS,

— HE 3apsDKaiTe YCTPOMCTBO HA MATKHAX TTOBEPXHOCTSX, BOJM3W BOABI WU TIPH
MOBBIIIEHHOHN BIQXHOCTH, TIOI MPSAMBIMH COJTHEYHBIMHA JTyUaMH,

— HE HaKphIBAliTe TOAKITIOUCHHBIE K CETH ycTpoicTBa (TenmedoH, amantep,
OeCTIPOBOHYIO 3apsAMKY) OJesIaMH, MOAYIIKAMH W APYTHMH TMPeAMETaMH — 5TO
MOXET MPUBECTH K IEPETPEBY U BO3TOPAHHUIO.

Paccrosiave mexay TenoM u TeiaedoHOM JTOJKHO OBITh HE MeHbIe 1 cMm [6].

Bo wm3bexxanre HeCYaCTHBIX CITydaeB (a TakXe MOTOMY, YTO 3TO SABIIACTCA
HapyIIEHUEM 3aKOHA B OOJIBIMMHCTBE CTPaH) HE MONB3yHTECh TeaedOHOM 3a pyJieMm,
BO BpeMs YIPaBJICHUS MPOU3BOACTBEHHBIM OOOPYJOBAaHWUEM, a TaKXKe TMPH
OCYIIECTBIICHUH JIPYyTHX MOTCHIIMAIBHO OMACHBIX BUAOB ACATEIHLHOCTH [6].

CobmonaiiTe paBuia aBUAJMHUN 110 WCTIOJB30BAHMUIO TEIS()OHOB BO BpeMs
nojieTa ¥ mnepea nocaakod. Mcmonb3oBaHWE MOOWJIBHBIX YCTPOHCTB B CaMOJIETE

MOXET ObITh 3AMPEIICHO 3aKOHOM, a TaKXKE MPENsATCTBOBATh paboTe OECIPOBOIHBIX
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ceTel U MPEACTABJIATh OMACHOCTH ISl BO3AYIIHBIX CyA0B. UTOOBI M30€kKaTh 3TOTO,

nepeBeanuTe TelieoH B peKuM mnojiera [6].

OT TPaBM M COXPAHUT Bally 0€300aCHOCTb.

CobntoieHne 3TUX mpaBuil 0OECICUUT JIOJATOBEUHOCTh YCTPOMCTBA, 3AIUTUT
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3akjarodyeHue

B xome peammzarum murmioMHOW padOThI MHOIO OB MPOBEAEH aHAIIN3
HECKOJIBKHUX CBEPTOUHBIX HEHPOHHBIX CETeH, OblIa BEIOpaHa MOJIETh C HAMTY UIITAMH
MOKA3aTeIIMA, KOTOpas BIOCIACACTBHU Obljla QJanTUPOBaHA C TOMOIIBIO
TexHojornu TpanchepHoro oOydenus. C ucmonb3oBanueM marrepaa MVVM,
00eCneunBIIEro YETKOE pa3AC/ICHUE JIOTUKHA HA CIIOM, MOJIENb Oblila UHTETPUPOBaHA
B npoekT. Cioii Model Bxkmouaer pabdoty ¢ 6a3oit ganabix SQLite s XpaHeHUs
METaJaHHBIX H300pakeHMid HW Kiaccudukarop Ha 0Oaze TensorFlow Lite.
ViewModel koopauHHpyeT MPOIECCH CHHXPOHHU3AIMH JaHHBIX, a View
MPEIOCTABJISAET HHTYUTHBHO TMMOHATHBIN HHTEPdEHiC.

B Bpewms BwimonHEGHHMsS maHHOW paboTel ObI0 paspaborano Android-
MIPWIOKECHUE IS JIOKAJIbHOW KiaccuduKaImm U300pakeHUN ¢ MCTIO30BAHUEM
CBEPTOUHOW  HEUPOHHOM  certh. [IpoekT  JOEMOHCTPUPYET  BO3MOKHOCTH
3 PEeKTHBHOTO BHEAPECHUS TEXHOJOTHH UCKYCCTBEHHOT'O HHTEIUIEKTa B MOOMITEHBIE
MIPWIOKEHHS. B puioxkeHnn peaqn3oBaH Cleay oM (PyHKITMOHAIT:

— TIOJTHOCTBIO aBTOHOMHAs 00padoTKa BceX M300paKEHUH MOJIb30BATENS, UTO
obecrieunBaeT KOH(PUICHIINATFHOCTh TaHHBIX

— xnaccudukanmsas  Ha  Kareropuu:  «ABTO», «JlokymenTs»y, «Emay,
«Kusotnbiey, «JItogn», «He onpenenenoy;

— IPOCMOTP UTOTOBOTO Pe3yJibTaTa.

JlanbHeliee pa3BUTHE  BKIOYACT J00OABJICHHUE HOBBIX  KaTeropuit
Kiaccu(ukamuu, a TaKkke BO3MOXKHOCTH  JOOOYUEHHS MOJACIA  CaMUM
MOJIE30BATENIEM, YTO TO3BOJUT TPWJIOKEHUIO C KaXABIM pPa3oM  JIydIile
oOpabareiBaTh u300pakeHus. Hampumep, ecam B nanke «ABTO» OKaXeTCs
doTtorpadus denmoBeka, TMOJNB30BATENIb CMOXKET BPYUYHYIO TIEPEHECTH €€ B
COOTBETCTBYIOIIYIO0 KaTteropuio («Jltomm»). Tlpm sTrom mpuwioxenne Oyner
3aMIOMHWHATH 3TOT BHIOOP W HWCIONB30BATh €ro Ui TOCIEAYIONEro OO0yUCHUS

MOACIH, TOCTCIICHHO yIydllad TOYHOCTb KJ'IaCCI/I(bI/IKaI_[I/II/I.
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IIpunoxenue A

(Obs13aTenbHOE)

Android-npusnosxxenne s KiaccupuKamm n300paxxeHui

UML-guarpamMmmel
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Ipunoxenue b

(Obs13aTenbHOE)

Android-npusnosxxenne s KiaccupuKamm n300paxxeHui

JluctrHT IporpamMmel

H3m.

Jlucm

Ne dokym.

flodnuck

[lama

[1ry1.090301.33.001 13

Jluecm

57




®aiin «mobilenetTransferLearning.py»

import numpy as np

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.keras.preprocessing import
image dataset from directory

from PIL import Image

import os

#3arpyska OaHHBX
BATCH_SIZE = 32

IMG SIZE = (224, 224)
directory = "C:\\Users\\iljak\\Desktop\\test dataset"
train dataset = image dataset from directory(directory,

shuffle=True,
batch size=BATCH SIZE,
image size=IMG SIZE,

validation split=0.2,
subset="training’,
seed=42)
validation dataset = image dataset from directory(directory,
shuffle=True,

batch size=BATCH SIZE,
image size=IMG SIZE,
validation split=0.2,

subset='validation’,
seed=42)

val batches =
tf.data.experimental.cardinality(validation dataset)

test dataset = validation dataset.take(val batches // 5)
validation dataset = validation dataset.skip(val batches // 5)

#lepBEEe IeBATL M300paXeHMM U MeTOK M3 ofyuanmero Habopa
class names = train dataset.class names
plt.figure(figsize=(10, 10))
for images, labels in train dataset.take(1l):
for i in range(9):
ax = plt.subplot (3, 3, 1 + 1)
plt.imshow(images[1i].numpy () .astype ("uint8"))
plt.title(class names[labels[i]])
plt.axis("off™)
plt.show ()
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#0ydbepn30BaHHaAS NPelBapUTesibHasa BHOOPKAa OJS Barpy3KKM U300paxeHMN
AUTOTUNE = tf.data.experimental.AUTOTUNE

train dataset = train dataset.prefetch(buffer size=AUTOTUNE)
validation dataset =

validation dataset.prefetch (buffer size=AUTOTUNE)

test dataset = test dataset.prefetch(buffer size=AUTOTUNE)

#yBeMUueHMe OaHHHX OJIA yMeHbIeHUS TepeoBydeHUd MOIesn

data augmentation = tf.keras.Sequential ([
tf.keras.layers.RandomFlip('horizontal'),
tf.keras.layers.RandomRotation(0.2),

1)

for image, _ 1in train dataset.take(1l):
# plt.figure(figsize=(10, 10))
first image = imagel[0]

for i in range(9):
ax = plt.subplot (3, 3, 1 + 1)
augmented image =
data augmentation(tf.expand dims (first image, 0))
plt.imshow (augmented image[0] / 255)
plt.axis('off")
plt.show ()

#MeTONo NpenBapUTeJILHON 00paloTKM HUCKeJIelM, T.K. MOOeJIb OXMIaeT
3HaveHMa IMKceJslew B [-1, 117,

#HO Ha ITaHHLI MOMEHT SHaueHMda HOUKceJlel Haxonarcsa B [0, 255]
preprocess input =

tf.keras.applications.mobilenet v2Z.preprocess input

# Cosmanme ©as30BOM MOOEJNM Ha OCHOBe oOyueHHOW Momesu moblinenet
IMG SHAPE = IMG SIZE + (3,)

base model =
tf.keras.applications.MobileNetV2 (input shape=IMG SHAPE,

include top=False, #ynaJnTb BePXHMI CJION

welghts="'imagenet'")
base model.summary ()

image batch, label batch = next(iter (train dataset))
feature batch = base model (image batch)
print (feature batch.shape)

global average layer = tf.keras.layers.GlobalAveragePooling2D ()
feature batch average = global average layer (feature batch)
print (feature batch average.shape)
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prediction layer = tf.keras.layers.Dense(5, activation =
'softmax"')

prediction batch = prediction layer (feature batch average)
print (prediction batch.shape)

#zamMoposka CJI0&B 0as’0oBOY MOIENU

base model.trainable = False

#BXOOHOWM CJIOM

inputs = tf.keras.Input (shape=(224, 224, 3))
= data augmentation (inputs)

= preprocess input (x)

base model (x, training=False)
global average layer (x)

= tf.keras.layers.Dropout (0.2) (x)
outputs = prediction layer (x)

model = tf.keras.Model (inputs, outputs)

XXX X X
I

#CKOPOCTEL OOYUEHUS
base learning rate = 0.0001
FKOMNMIISIMA MOIEJIN

model.compile (optimizer=tf.keras.optimizers.Adam(learning rate=b

ase learning rate),

loss=tf.keras.losses.SparseCategoricalCrossentropy (from logits=F

alse),
metrics=["accuracy'])
model.summary ()

#3anycKk OBYUYeHMH
initial epochs = 10
loss0, accuracy0 = model.evaluate(validation dataset)
print ("initial loss: {:.2f}".format(lossO))
print ("initial accuracy: {:.2f}".format (accuracy0))
history = model.fit (train dataset,

epochs=initial epochs,

validation data=validation dataset)

acc = history.history['accuracy']
val acc = history.historyl['val accuracy']

loss = history.history['loss']
val loss = history.history['val loss']

plt.figure(figsize=(8, 8))

plt.subplot(2, 1, 1)

plt.plot(acc, label='Training Accuracy')
plt.plot(val acc, label='Validation Accuracy')
plt.legend(loc="lower right')

plt.ylabel ('Accuracy')
plt.ylim([min(plt.ylim()),1])
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plt.title('Training and Validation Accuracy')

plt.subplot (2, 1, 2)

plt.plot(loss, label='Training Loss')
plt.plot(val loss, label='Validation Loss')
plt.legend(loc="upper right'")

plt.ylabel ('Cross Entropy')
plt.ylim([0,1.0])

plt.title('Training and Validation Loss')
plt.xlabel ('epoch')

plt.show ()

base model.trainable = True

# Let's take a look to see how many layers are in the base model
print ("Number of layers in the base model: ",
len (base model.layers))

# Fine-tune from this layer onwards
fine tune at = 100

# Freeze all the layers before the "fine tune at’ layer
for layer in base model.layers[:fine tune at]:
layer.trainable = False

model.compile (loss=tf.keras.losses.SparseCategoricalCrossentropy
(from logits=False),

B optimizer =
tf.keras.optimizers.RMSprop(learning rate=base learning rate/10)
4

metrics=["accuracy'])
len (model.trainable variables)

fine tune epochs = 10
total epochs = 1initial epochs + fine tune epochs

history fine = model.fit(train dataset,
epochs=total epochs,
initial epoch=history.epoch[-1],
validation data=validation dataset)

#IIpoBepKa Ha TEeCTOBHX [aHHHX
loss, accuracy = model.evaluate (test dataset)
print ('Test accuracy :', accuracy)

# Retrieve a batch of images from the test set
image batch, label batch =

test dataset.as numpy iterator () .next ()
predictions = model.predict on batch(image batch)
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predicted classes = tf.argmax(predictions, axis=1).numpy ()
# Apply a sigmoid since our model returns logits

print ('Predictions:\n', predicted classes)
print ('Labels:\n', label batch)

model.summary ()

#ymajngeM CJIOM ayTMeHTaluM OJIS KOHBepTaluu B dopmaT TFLite
inference inputs = tf.keras.Input (shape=(224, 224, 3)) # HoBml
BXOIOHOM CJIOM

X = preprocess input (inference inputs)

x = base model (x, training=False)

x = global average layer (x)

X = model.layers[-2] (x)

inference outputs = model.layers[-1] (x)

inference model = tf.keras.Model (inference inputs,

inference outputs)

inference model.compile (

optimizer=tf.keras.optimizers.Adam(learning rate=base learning r
ate),

loss=tf.keras.losses.SparseCategoricalCrossentropy (from logits=F
alse),
metrics=["accuracy']

)

# IlpoBepdaeM apXUTEKTYPY
inference model.summary ()

#coxpaHeHre MOOeJu

inference model.export ("C:\\Users\\iljak\\Downloads\\model")
inference model.save ("C:\\Users\\iljak\\Downloads\\model\\model.
keras™)

#rxouBepTanua B TFLite

converter =
tf.lite.TFLiteConverter.from keras model (inference model)
tflite model = converter.convert ()

with

open ('C:\\Users\\iljak\\Downloads\\model\\mobilenet.tflite"',
'wb') as I:
f.write(tflite model)

#IpoBepKa Ha CBOMX HaHHEHX

directory = "C:\\Users\\iljak\\Downloads\\random"
files = os.listdir(directory)

print (files)
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def preprocess image (image) :

for

image = image.resize ((224, 224))
image = np.array(image) .astype(np.float32)
image = np.expand dims (image, axis=0)

return image

file in files

img path = os.path.join(directory, file)
image = Image.open (img path)

preprocessed = preprocess imagde (image)
outputs = inference model (preprocessed)
print (outputs)

predictions = tf.where(outputs < 0.5, 0, 1)
print (predictions)

print ("Model output:",

class names[predictions.numpy () .argmax()])

fig = plt.figure(figsize=(10, 10))

ax = fig.add subplot ()

plt.title(class names[predictions.numpy () .argmax()])
ax.lmshow (image)

plt.show ()

®aiin «ImageClassifier javay

package com.example.mobilenetv2imageclassification.model;

import android.content.ContentValues;

import android.content.Context;

import android.content.res.AssetFileDescriptor;

import android.database.sqglite.SQLiteDatabase;

import android.graphics.Bitmap;

import android.net.Uri;

import android.provider.MediaStore;

import android.util.Log;

import org.tensorflow.lite.DataType;

import org.tensorflow.lite.Interpreter;

import org.tensorflow.lite.support.image.ImageProcessor;
import org.tensorflow.lite.support.image.ops.ResizeOp;
import org.tensorflow.lite.support.image.TensorImage;
import java.ilo.BufferedReader;

import java.io.FileInputStream;
import java.io.IOException;

import java.io.InputStreamReader;
import java.nio.FloatBuffer;

import java.nio.MappedByteBuffer;
import java.nio.channels.FileChannel;
import java.util.ArrayList;

import java.util.List;

public class ImageClassifier {
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private static final String MODEL PATH =
"mobilenetV2.tflite";

private static final String LABEL PATH = "labels.txt";

private static final int INPUT SIZE = 224;

private final Interpreter interpreter;

private final List<String> labels;

private final ImageProcessor imageProcessor;

SQLitePhotoDatabase databaseHelper;

Context context;

public ImageClassifier (Context context, SQLitePhotoDatabase
databaseHelper) throws IOException {
this.context = context;
interpreter = new Interpreter (loadModel (context));
labels = loadLabels (context) ;
imageProcessor = new ImageProcessor.Builder ()
.add (new ResizeOp(INPUT_SIZE, INPUT SIZE,
ResizeOp.ResizeMethod.BILINEAR) )
Jouild() ;
this.databaseHelper = databaseHelper;
}

private MappedByteBuffer loadModel (Context context) throws
IOException {
AssetFileDescriptor fileDescriptor =
context.getAssets () .openkFd (MODEL PATH) ;
FileInputStream inputStream = new
FileInputStream(fileDescriptor.getFileDescriptor()):;
FileChannel fileChannel = inputStream.getChannel ();
long startOffset = fileDescriptor.getStartOffset();
long declaredLength =
fileDescriptor.getDeclaredLength () ;
return fileChannel.map (FileChannel.MapMode.READ ONLY,
startOffset, declaredLength);
}

private List<String> loadLabels (Context context) throws
IOException {
List<String> labellist = new ArrayList<>{();
BufferedReader reader = new BufferedReader (new
InputStreamReader (context.getAssets () .open (LABEL PATH)));
String line;
while ((line = reader.readLine()) != null) {
labellist.add(line) ;
}
reader.close () ;
return labellist;

}

public void classify (Uri imageUri) {
Bitmap bitmap = null;
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try {
bitmap =
MediaStore.Images.Media.getBitmap (context.getContentResolver (),
imageUri) ;
} catch (IOException e) {
throw new RuntimeException(e);
}
Bitmap image = bitmap.copy (Bitmap.Config.ARGB 8888,
true) ;
TensorImage tensor = new TensorlImage (DataType.FLOAT32) ;
tensor.load (image) ;
TensorImage processedTensor =
imageProcessor.process (tensor) ;
float[] output = classifyWithTFLite (processedTensor)
int maxIndex = 0;
float maxConfidence = 0;
for (int i = 0; 1 < output.length; i++) {
if (output[i] > maxConfidence) {
maxConfidence = output[i]:
maxIndex = 1i;
}
}
SQLiteDatabase db =
databaseHelper.getWritableDatabase () ;
ContentValues contentValues =
if (maxConfidence < 0.95) {
contentValues.put ("result", "He onpeneneHo");

new ContentValues () ;

}

else {
contentValues.put ("result", labels.get (maxIndex));

}

contentValues.put ("confidence”, " (" + (maxConfidence *
100) + "g)™);
db.update ("photo", contentValues, "uri = \"" + imageUri
+ "\";", null);
Log.d("Classification", "Label: " + labels.get (maxIndex)
+ ", Confidence: " + maxConfidence);
}
private float[] classifyWithTFLite (TensorImage tensorImage)

{
int[] outputShape =
interpreter.getOutputTensor (0) .shape () ;
FloatBuffer outputBuffer =
FloatBuffer.allocate (outputShapell]) ;
outputBuffer.rewind () ;

interpreter.run(tensorImage.getTensorBuffer () .getBuffer (),
outputBuffer) ;

outputBuffer.rewind () ;

float[] output = new float[outputBuffer.capacity()];
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}

outputBuffer.get (output) ;

return

output;

public void close () {
interpreter.close();

}

daiin

«SQLitePhotoDatabase.java»

package com.example.mobilenetv2imageclassification.model;

import
import
import
import
import
import
import
import
import
import
import
import
import

android.
android.
android.
android.
android.
android.
android.
android.
android.

content.ContentUris;
content.ContentValues;
content.Context;

database
database
database
database
net.Uri;
provider

.Cursor;

.MatrixCursor;
.sglite.SQLiteDatabase;
.sglite.SQLiteOpenHelper;

.MediaStore;

androidx.annotation.Nullable;
Java.ilo.IOException;
java.util.HashSet;
Java.util.Set;

public class SQLitePhotoDatabase extends SQLiteOpenHelper {

private
private
private
private
private
private
private
private
private

final Context context;

static final String DATABASE NAME "photo.db";
static final int DATABASE VERSION 1;

static final String TABLE NAME = "photo";
static final String ID = " id";

static final String NAME = "name";

static final String URI = "uri";

static final String RESULT = "result";

static final String CONFIDENCE = "confidence";

public SQLitePhotoDatabase (@Nullable Context context) {

super (context, DATABASE_NAME, null, DATABASE_VERSION);
this.context = context;

}

@QOverride

public void onCreate (SQLiteDatabase db) {

String query = "CREATE TABLE " + TABLE_NAME + """
+ ID + " INTEGER PRIMARY KEY, "
+ NAME + " TEXT, " + URI + " TEXT, " + RESULT +
" TEXT, " + CONFIDENCE + " TEXT);";
db.execSQL (query) ;
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@Override
public void onUpgrade (SQLiteDatabase db, int oldVersion, int
newVersion) {
db.execSQL ("DROP TABLE IF EXISTS " + TABLE_NAME);
onCreate (db) ;
}

/**
* MeToHn cCpaBHMBaeT IOBa Kypcopa: OIMH, IOJIyUYeHHEM U3 O.1.
SQLite, BTOpOM - u3 MediaStore.
* CpaBHEHMEe IIPOMCXOOUT IIYyTEM CpaBHMBaHMA 1D m3o0paXeHUS U3
SQLite ¢ ID us MediaStore.
* ECIM COBIaIeHMM HeT, TO 3alMch O HOBOM M300paXeHUU
nonamaeT B PesyJbTHUPRYIRIMM KypCcop.
* (@param cursorWithProcImg Kypcop ¢ IaHHEMU M3 SQLite
* (@return Cursor ¢ IOaHHHEMM IJIA [Iocjlelyimel obpadoTku
* @throws IOException
*/
public Cursor findNewImages (Cursor cursorWithProcImg) {
Set<Long> existinglIds = new HashSet<>();

if (cursorWithProcImg != null &&
cursorWithProcImg.moveToFirst ()) {
do {
long id =

cursorWithProcImg.getlLong (cursorWithProcImg.getColumnIndexOrThro
w(" 1d"));
existingIds.add(id);
} while (cursorWithProcImg.moveToNext ());
}
String[] projection = {
MediaStore.Images.Media. ID,
MediaStore.Images.Media.DISPLAY NAME,
b

Cursor mediaStoreCursor =
context.getContentResolver () .query
MediaStore.Images.Media.EXTERNAL CONTENT URI,
projection,
null,
null,
MediaStore.Images.Media.DATE TAKEN + " DESC"
) ;
MatrixCursor resultCursor = new MatrixCursor (new
Stringl[]{
MediaStore.Images.Media. ID,
MediaStore.Images.Media.DISPLAY NAME,
"uri" B
}) g

if (mediaStoreCursor !'= null) {
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try |
while (mediaStoreCursor.moveToNext ()) {
long id =
mediaStoreCursor.getLong (mediaStoreCursor.getColumnIndexOrThrow (
MediaStore.Images.Media. ID));
if (!existingIds.contains (id)) {

String name =
mediaStoreCursor.getString (mediaStoreCursor.getColumnIndexOrThro
w(MediaStore.Images.Media.DISPLAY NAME) ) ;

Uri imageUri =
ContentUris.withAppendedId (MediaStore.Images.Media.EXTERNAL CONT
ENT URT, id); B

SQLiteDatabase dbWriter =
this.getWritableDatabase () ;

ContentValues values = new
ContentValues () ;

values.put (" id", id);

values.put ("name", name) ;

values.put ("uri", imageUri.toString()):

dbWriter.insertWithOnConflict ("photo",
null, values, SQLiteDatabase.CONFLICT REPLACE);
resultCursor.addRow (new Object[]{id,
name, imageUri.toString()}):
}
}
} finally {
mediaStoreCursor.close();
}
}
return resultCursor;

}
/**

*
* @return Cursor C maHHBEMM U3 ©.0., TAe €CTh pe3yjbTaT
KJlaccuourammr. HyXeH IJIS CpaBHEHMS.
*/
public Cursor findProcessedImages () {
SQLiteDatabase dbReader = this.getReadableDatabase():;
String selection = "result IS NOT NULL";
return dbReader.query (
"photo", null, selection,null,null,null,null
) ;
}

public Cursor getImgWithCategory(String category) {
SQLiteDatabase dbReader = this.getReadableDatabase();
String selection = null;
switch (category) {
case "ABTO": selection = "result IS 'vehicle'";
break;
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'document'";

break;

omnpeneyeHo'";

cas

br
cas
cas

cas
cas
b
}

return

) ;

e "IJokyMeHTH": selection = "result IS

eak;

e "Ema": selection = "result IS 'food'"; break;

e "XmBoTHBEe": selection = "result IS 'animals'";
e "Jioon": selection = "result IS 'human'"; break;
e "He omnpepnejyeno": selection = "result IS 'He
reak;

dbReader.query (

"photo", null, selection,null,null,null,null

datiin «ViewModel .java»

package com.example.mobilenetv2imageclassification.viewModel;

import
import
import
import
import
import
import
import
import
import
import
import

android.
android.
android.
android.
android.
android.
android.

androidx.
androidx.
androidx.
androidx.

com.exanmple.mob

.
r

import

com.example

base;

import
import
import
import
import
import

public

.mob

io.
uti
uti
uti
uti
uti

Jjava.
Jjava.
Jjava.
Jjava.
Jjava.
Jjava.

class Vi

app.Application;
content.ContentUris;
database.Cursor;
os.Handler;

0s.Looper;
provider.MediaStore;
util.Log;
annotation.NonNull;
lifecycle.AndroidViewModel;
lifecycle.LiveData;
lifecycle.MutableliveData;

ilenetvZ2imageclassification.model.ImageClassifier

ilenetv2imageclassification.model.SQLitePhotoData
IOException;
l.ArraylList;
1.List;

l.concurrent
l.concurrent
l.concurrent

.ExecutorService;
.Executors;
.atomic.AtomicInteger;

ewModel extends AndroidViewModel {
cutorService executor;

private Exe
private
private
private
private
private

final ImageClassifier imageClassifier;
final SQLitePhotoDatabase databaseHelper;
Cursor cursorWithProcImg;

Cursor cursorWithNewImg;

Cursor getCursorWithCategory;

AtomicInteger processedCount = new AtomicInteger (0);
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private final MutableliveData<Boolean> isRunning = new
MutableLiveData<> (false) ;

private final MutableliveData<Integer> procImgSize = new
MutableLiveData<> () ;

private final MutableliveData<Integer> newImgSize = new
MutableLiveData<> () ;

private final MutableliveData<Integer> processValue = new
MutableLiveData<> () ;

public ViewModel (@NonNull Application application) {
super (application);

executor =
Executors.newFixedThreadPool (Runtime.getRuntime () .availableProce
ssors () / 2);

databaseHelper = new
SQLitePhotoDatabase (ViewModel.this.getApplication () .getApplicati
onContext ());
try {
imageClassifier = new
ImageClassifier (ViewModel.this.getApplication () .getApplicationCo
ntext (), databaseHelper);
} catch (IOException e) {
throw new RuntimeException(e);
}
}

public void findProcessedImages () {
if (cursorWithProcImg != null) {
cursorWithProcImg.close();
}
cursorWithProcImg =
databaseHelper.findProcessedImages () ;

procImgSize.postValue (cursorWithProcImg.getCount()) ;
}
public void findNewImages () {

if (cursorWithNewImg != null) {

cursorWithNewImg.close () ;

}

cursorWithNewImg =
databaseHelper.findNewImages (cursorWithProcImg) ;
newImgSize.postValue (cursorWithNewImg.getCount ()) ;

}

public Cursor getCursorWithCategory(String category) {
if (getCursorWithCategory != null) {
getCursorWithCategory.close () ;
}
return databaseHelper.getImgWithCategory (category):;
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public Boolean classify () {
if (cursorWithNewImg == null ||
cursorWithNewImg.getCount () == 0) {
return false;
}
isRunning.postValue (true) ;
processedCount.set (0) ;
if (executor.isShutdown ()) {

executor =
Executors.newFixedThreadPool (Runtime.getRuntime () .availableProce
ssors () / 2);

}

List<Long> imagelds = new ArrayList<>{();
cursorWithNewImg.moveToFirst () ;
do {
long id =
cursorWithNewImg.getLong (cursorWithNewImg.getColumnIndexOrThrow (
MediaStore.Images.Media. ID));
imagelIds.add(id) ;

} while (cursorWithNewImg.moveToNext ()):;
for (Long id : imagelds) {
executor.execute (() -> {
try {

imageClassifier.classify(ContentUris.withAppendedId (MediaStore.I
mages.Media.EXTERNAL_CONTENT_URI, id));
} catch (Exception ex) {
Log.e ("Thread", ex.getMessage());
} finally {
int currentValue =
processedCount.incrementAndGet () ;
processValue.postValue (currentValue) ;

if (currentValue == imagelds.size()) {
new
Handler (Looper.getMainLooper () ) .post (() —-> {

findProcessedImages () ;
findNewImages () ;
isRunning.postValue (false);

Py

V)
}

return true;

public LiveData<Integer> getProcImgSize () {
return procImgSize;

}

public LiveData<Integer> getNewImgSize () {
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return newlImgSize;

}

public LiveData<Integer> getProgressValue () {
return processValue;

}

public LiveData<Boolean> getBoolRun () {
return isRunning;

}

public void stopExecutor () {
findProcessedImages () ;
findNewImages () ;
isRunning.postValue (false);
executor.shutdownNow () ;

}

@Override
protected void onCleared() {
executor.shutdownNow () ;
imageClassifier.close();
databaseHelper.close () ;
if (cursorWithProcImg != null) {
cursorWithProcImg.close () ;
}
if (cursorWithNewImg != null) {
cursorWithNewImg.close () ;

®atiin «PermissionActivity.javay

package com.example.mobilenetv2imageclassification.view;

import android.Manifest;

import android.app.Activity;

import android.content.Intent;

import android.content.pm.PackageManager;
import android.os.Build;

import android.os.Bundle;

import android.widget.Toast;

import androidx.annotation.NonNull;

import androidx.core.app.ActivityCompat;
import androidx.core.content.ContextCompat;

public class PermissionActivity extends Activity {

private static final int PERMISSION_REQUEST_CODE = 101;
@QOverride
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public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
getPermission () ;
}
@Override
public void onRequestPermissionsResult (int requestCode,
@NonNull String[] permissions, @NonNull int[] grantResults) {
if (requestCode == PERMISSION REQUEST CODE) {
if (grantResults.length > 0 && grantResults[0] ==
PackageManager .PERMISSION GRANTED) {
startActivity (new Intent(this,
MainActivity.class));
finish();
} else {
Toast.makeText (PermissionActivity.this, "Bes
DAHHOTO pas3peleHMsa NPUJIOKEeHMe He CcMoXxeT ofpab®aTHBaTh BallM
nz3obpaxeHns, IoXallyMcTa, IalTe paszpemeHme.",
Toast.LENGTH SHORT) .show () ;
getPermission () ;
}
}
}
public void getPermission() {
String permission;
if (Build.VERSION.SDK_INT >=
Build.VERSION_CODES.TIRAMISU) {
permission =
android.Manifest.permission.READ MEDIA IMAGES;
} else {
permission =
Manifest.permission.READ EXTERNAL STORAGE;
}
if (ContextCompat.checkSelfPermission(this, permission)
!= PackageManager.PERMISSION GRANTED) {
ActivityCompat.requestPermissions (
this,
new Stringl[] {permission},
PERMISSION REQUEST CODE
) ;
}
else {
startActivity (new Intent(this, MainActivity.class));
finish();

datin «MainActivity javay

package com.example.mobilenetv2imageclassification.view;
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import android.annotation.SuppressLint;

import android.content.Intent;

import android.os.Bundle;

import android.view.View;

import android.widget.AdapterView;

import android.widget.Button;

import android.widget.GridView;

import android.widget.ProgressBar;

import android.widget.TextView;

import android.widget.Toast;

import androidx.appcompat.app.AppCompatActivity;

import androidx.lifecycle.ViewModelProvider;

import com.example.mobilenetv2imageclassification.R;

import
com.example.mobilenetv2imageclassification.adapters.FolderAdapte
r;

import
com.example.mobilenetv2imageclassification.viewModel.ViewModel;

public class MainActivity extends AppCompatActivity {

Boolean isRunning;

Gridview folders;

TextView countOld;

TextView countNew;

TextView progressBarCurrent;
TextView progressBarCount;
Button buttonStart;

Button buttonStop;
ProgressBar progressBar;
View progressBarOverlay;
ViewModel viewModel;
FolderAdapter folderAdapter;

@SuppressLint ("MissingInflatedId")
@Override
public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.layout.activity main);
folders = findViewById(R.id.folders):;
count0ld = findViewById(R.id.countImages) ;
countNew = findViewById(R.id.countNewImage) ;
progressBarCurrent =
findvViewById (R.id.progressBarCurrent) ;
progressBarCount = findViewById(R.id.progressBarCount) ;
buttonStart = findvViewById(R.id.buttonStart):;
buttonStop = findViewById(R.id.closeProgressBar) ;
progressBar = findViewById(R.id.progressBar);
progressBarOverlay = findViewById(R.id.progressOverlay);
viewModel = new
ViewModelProvider (this) .get (ViewModel.class) ;
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folderAdapter = new FolderAdapter (this);
folders.setAdapter (folderAdapter) ;

viewModel.findProcessedImages () ;
viewModel.findNewImages () ;

viewModel.getProcImgSize () .observe (this, result -> {
countOld.setText ("KojmmuecTBO 00pabOoTaHHEIX
n3obpaxeuunt = " + String.valueOf (result));

Vs

viewModel.getNewImngSize () .observe (this, result -> {

countNew.setText ("KoIMUueCTBO HOBHX M300paXeHUM = +

String.valueOf (result));
progressBar.setMax (result) ;
progressBarCount.setText (String.valueOf (result)) ;

Py

viewModel.getProgressValue () .observe (this, result -> {
progressBar.setProgress (result) ;
progressBarCurrent.setText (String.valueOf (result));

V)

viewModel.getBoolRun () .observe(this, result -> {
isRunning = result;
if (!isRunning) {
hideProgress () ;

V)

folders.setOnItemClickListener (new
AdapterView.OnItemClickListener () {
@Override
public void onItemClick (AdapterView<?> parent, View
view, int position, long id) {
String imgClass =
parent.getItemAtPosition (position) .toString();
Intent intent = new
Intent (getApplicationContext (), ImageActivity.class);
intent.putExtra("class", imgClass);
startActivity (intent);

V)

buttonStart.setOnClickListener (new

View.OnClickListener () {
@Override
public void onClick (View v) {
if (!isRunning) {
if (viewModel.classify()) {

showProgress () ;
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}
else {
Toast toast =
Toast.makeText (getApplicationContext (), "HeT HOBHX M300paxeHMUlN
nya obpaborkm", Toast.LENGTH LONG) ;
toast.show () ;

}

Vs

buttonStop.setOnClicklListener (new View.OnClickListener ()

@Override
public void onClick (View v) {
hideProgress () ;
}
b
}

void showProgress () {
progressBarOverlay.setVisibility (View.VISIBLE) ;
progressBar.setProgress (0) ;
progressBarCurrent.setText ("0") ;

}

void hideProgress () {
progressBarOverlay.setVisibility (View.GONE) ;
viewModel.stopExecutor () ;

datin «ImageActivity.javay

package com.example.mobilenetv2imageclassification.view;

import android.database.Cursor;

import android.os.Bundle;

import androidx.appcompat.app.AppCompatActivity;

import androidx.lifecycle.ViewModelProvider;

import androidx.recyclerview.widget.RecyclerView;

import androidx.recyclerview.widget.StaggeredGridLayoutManager;
import com.example.mobilenetv2imageclassification.R;

import
com.example.mobilenetv2imageclassification.adapters.ImageAdapter
import
com.example.mobilenetv2imageclassification.viewModel.ViewModel;

public class ImageActivity extends AppCompatActivity {
ViewModel viewModel;
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String category;
RecyclerView images;
ImageAdapter adapter;
Cursor cursor;
@Override
public void onCreate (Bundle savedInstanceState) {
super.onCreate (savedInstanceState) ;
setContentView (R.layout.image activity);
viewModel = new
ViewModelProvider (this) .get (ViewModel.class) ;
images = findViewById(R.id.images);
images.setlLayoutManager (new
StaggeredGridLayoutManager (2, StaggeredGridLayoutManager .VERTICAL
));
images.setHasFixedSize (true) ;
Bundle arguments = getlIntent () .getExtras();
category = arguments.get ("class").toString();
cursor = viewModel.getCursorWithCategory(category) ;
adapter = new ImageAdapter (cursor,
getApplicationContext ());
images.setAdapter (adapter) ;

}

@Override
protected void onDestroy () {
if (cursor '= null && !cursor.isClosed()) {

cursor.close();

}

super.onbDestroy () ;

®daiin « FolderAdapter. javay

package com.example.mobilenetv2imageclassification.adapters;

import android.content.Context;

import android.view.LayoutInflater;

import android.view.View;

import android.view.ViewGroup;

import android.widget.BaseAdapter;

import android.widget.TextView;

import com.example.mobilenetvZ2imageclassification.R;
import java.util.Arrays;

import java.util.List;

public class FolderAdapter extends BaseAdapter {
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private final List<String> categories =

Arrays.asList ("ABT0o", "Ema", "IokymMeHTH", "XKuBoTHEe", "Joomu",

"He omnpeneseHo") ;
LayoutInflater inflater;

public FolderAdapter (Context context) {
inflater = LayoutInflater.from(context);

}

@Override
public int getCount () {
return categories.size();

}

@Override
public Object getItem(int position) {
return categories.get (position);

}

@Override
public long getItemId(int position) {
return O;

}

@Override
public View getView(int position, View convertView,
ViewGroup parent) {
ViewHolder holder;
if (convertView == null) {
convertView =
inflater.inflate(R.layout.folders layout, parent, false);
holder = new ViewHolder () ;
holder.folderName =
convertView.findViewById(R.id.folderName) ;
convertView.setTag (holder) ;
} else {
holder = (ViewHolder) convertView.getTag():;
}
holder.folderName.setText (categories.get (position));
return convertView;

}

static class ViewHolder {
TextView folderName;

}

daiin «ImageAdapter javay

package com.example.mobilenetv2imageclassification.adapters;
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import android.content.Context;

import android.content.Intent;

import android.database.Cursor;

import android.net.Uri;

import android.view.LayoutInflater;

import android.view.View;

import android.view.ViewGroup;

import android.widget.ImageView;

import androidx.annotation.NonNull;

import androidx.recyclerview.widget.RecyclerView;
import com.bumptech.glide.Glide;

import com.example.mobilenetv2imageclassification.R;

public class ImageAdapter extends
RecyclerView.Adapter<ImageAdapter.ViewHolder> {

private Cursor cursor;
private Context context;

public class ViewHolder extends RecyclerView.ViewHolder{
ImageView image;

public ViewHolder (@NonNull View itemView) {
super (itemView) ;
image = itemView.findViewById(R.id.image) ;

}

public ImageAdapter (Cursor cursor, Context context) {

this.cursor = cursor;
this.context = context;
}
@NonNull
@QOverride

public ViewHolder onCreateViewHolder (@NonNull ViewGroup
parent, int viewType) {
View itemView =

LayoutInflater.from(parent.getContext()) .inflate(R.layout.image

layout, parent, false) ;
return new ViewHolder (itemView) ;

}

@Override
public void onBindViewHolder (@NonNull ViewHolder holder, int
position) {
cursor.moveToPosition (position);
Uri uri =
Uri.parse(cursor.getString(cursor.getColumnIndexOrThrow ("uri")))

r
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Glide.with (holder.itemView.getContext ())

.load(uri)
.override (500, 500)

.centerCrop ()
.into (holder.image) ;

holder.itemView.setOnClickListener (v -> {
Intent intent = new Intent (Intent.ACTION VIEW) ;

intent.setDataAndType (uri, "image/*");
intent.addFlags (Intent. FLAG ACTIVI TY_NEW_TASK) ;

context.startActivity (intent);

P
}

@Override
public int getItemCount () {

return cursor.getCount () ;

}

Jluecm
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