Ve
! VAT

PAD®AIDJID MYH(RAPHAEL MUN)

| mSm——

{

CT&TI)I/I 1HO MAIINMHHOMY O6yq€HHIO B

(ppennmBopra Tensorllow.] Js

——

YYEBHDBIE PYROBOJICTBA i

Ilepesoa: C. Rysuenos, 2023 r.



https://www.codeproject.com/script/Membership/View.aspx?mid=14796281
https://www.codeproject.com/script/Membership/View.aspx?mid=14796281

Articles on machine
training in the browser
with use of a framework

TensorFlow.js

Raphael Mun

2020 - 2021

https://www.codeproject.com/Articles/instafluff#Article



https://www.codeproject.com/script/Membership/View.aspx?mid=14796281
https://www.codeproject.com/script/Membership/View.aspx?mid=14796281
https://www.codeproject.com/Articles/instafluff#Article
https://www.codeproject.com/Articles/instafluff#Article

CraThbHu Mo MalITHHHOMY
o0yueHH10 B Opay3epe c
HCIIOJIB30BAHHEM

¢perimBopka TensorFlow.js

Padasns Myn
2020 - 2021

https://www.codeproject.com/Articles/instafluff#Article

IlepeBox: C. Ky3suenosn, 03.11.2023

Ir‘-
k’ 'y
ey }..

‘
F5%
N

N\


https://www.codeproject.com/Articles/instafluff#Article
https://www.codeproject.com/Articles/instafluff#Article

Crarbsa 3 «/leTrerkTop nmymmersix ;RUBOTHBIX:
pacrio3naBaHne HecTaHIAPTHBIX 00BEeRTOB B Opaysepe,
nyrem nepejgadu odydennocern B lensorllow.js»

Cratps 3 «JeTexkTop MNYyWMCTHX XMBOTHEIX: PacCIOBHaABaHMe HeCTaHIapTHEIX

obmexTOB B Opay3epe, nyreM nepenaum obyuenHocTum B TensorFlow.js» («Fluffy
Animal Detector: Recognizing Custom Objects in the Browser by Transfer
Learning in TensorFlow. js») ;

https://www.codeproject.com/Articles/5272772/Flufty-Animal-Detector-Recognizing

-Custom-Objects) SABJAETCA CTATbEW U3 CEPUM CTATEH OBHapyxeHMe KacaHus JIuua

c nomour Tensorflow. js (Face Touch Detection with Tensorflow. js).

10 moss 2020

B ston crarpe Mbl IIOCTPOUM [leTeKTOp NYWMCTEIX *MBOTHHX (Fluffy Animal
Detector), IJE S IIOKAXy BaM CIOCOD YCHJIMTH INPEIBAPUTEIIBHO OOYyUECHHYIO
MOJCJIb cBepTOouHOM HenpoHHOM ceru(Convolutional Neural Network; CNN),

OJJOOHYIO MOJIEJIU MobileNet.

S,ILCCB Mbl PACCMOTPUM nepegpauy ob6ydenHocTu (transfer Ilearning) HAaA
APXUTEKTYPE MobileNet v1, wmommpmxammio wmogmenu (modifying the model), U

obydueHMe (TpeHUMPOBKY) HoOBOM Mogmesnm (training the new model).

TensorFlow + JavaScript. Campii momysispHbIM, YJIBTPACOBPEMEHHBIN AI-

dperMBOPK(MHPPACTPYKTYpA) Temepb MNOMIJICPXKUBACT HAUOOJIEE MIUPOKO
MCIHOJIb3YEMbIN 3blK OPOrPAMMHUPOBAHHUS Ha IUIAHETE, MO3TOMY JIABAUTE
3aCTaBUM BOJIIIEOCTBO HpOHSOﬁTH IIOCPEACTBOM rany6okoro wusydenus: (deep
learning) NOPAMO B HaIIEM Be6-6pay3epe, YCKOPCHHOM rpa¢mnueckmuM nporecCOpPHEM
ycTpoitcTeom (TIIY; GPU) uepe3 rpapuueckyro OUOJIMOTEKY WebGL, HCIIOJIb3Ys

dperMBOpPK MAITMHHOIO OOyUEHUS TensorFlow. js!

OTO - TPETh CTAThA B HAIICH CEPUU U3 IIECTU CTATECH:
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l. Hauano paboTs ¢ Tay6oKMM MBydYeHMeM B Opays3epe C MCHOJIL3OBaHMEM
dpermmBopka TensorFlow. js (Getting Started With Deep Learning in Your
Browser Using TensorFlow. js)

2. CoBaky ¥ muuua: MauMHHOE BpeHMe B 6pays3epe C MCIOJbL3OBaHMEM
TensorFlow. js (Dogs and Pizza: Computer Vision in the Browser With
TensorFlow. js)

3. JeTekTop NyWMCTHX XMBOTHEIX: PAaCIOSHAaBaHME HECTAHIAPTHEX OOGBEKTOB B
6paysepe, nyreM nepegmaum obyueHHocTMm B TensorFlow. js (Fluffy Animal
Detector: RecognizingCustom Objects in the Browser by Transfer

Learning in TensorFlow. js).

4.06Hapymeﬂme KacaHus Jmna B ppemMmeBopke TensorFlow.js, wacres 1:

HcnoneB0BaHMe H[aHHEX Beb6-kxaMeps B peajlbHOM BpPEeMEeHM C IJy6oxmMm
obyuenmnemMm (Face Touch Detection with TensorFlow.js Part 1: Using
Real-Time Webcam Data with Deep Learning)

5.06Hapyxeﬂme kacanuss mua B ppemmMBopkxe TensorFlow. js, wacTe 2:
UcnonwsoBaume BodyPix (Face Touch Detection With TensorFlow.js Part
2: Using BodyPix)

6.MHTepnpeTauMﬂ KECTOB PYK M sIBEHIKA XEeCTOB B Beb-kamepe c AI, mcCHoablys
TensorFlow. js (Interpreting Hand Gestures and Sign Language in the
Webcam With AI Using TensorFlow. js)
f(aKiHvaCT(ﬂﬂﬁ ooJiee KPYyTOI'O MaumuHOT'O BpeHusi (computer vision) IPAMO B
Be6-6pay3€pe? Ha sror pa3 Mbl IIOCTPOUM [eTekTOop NyWMCTHX XMBOTHHEX (Fluffy
Animal Detector), TJI€ A IIOKAaXy BaM CHOCO6 YCHUIUTDL NPEOBAPHUTCIIBHO
O6yquIQ&0 MOJICJIb ceepTouHOM HeMpoHHOM ceTu (Convolutional Neural Network;
CNN), HO,ILO6HY}O MOJIeJIN MobileNet. MoJesp MOCTynUT B BHIE MOJENH,
0OyueHHON Ha MUJUIMOHAX n300paxeHun Ha DBM ¢ orpomHOM BhlUMCIUTEIEHON
MOIIHOCTBXO; Mbl 3arpys3uM ce, 4TOOD1 6sCcTPO O6yuMTE (HaTpeHMpOBaThL; quickly
learn) IJIS pacnosHaBauusa (recognize) JIPYI'UX THUIIOB 0OBEKTOB IJIdd BalIero
CH€LHH¢PUHHOPO COCHApPHi, nyTeM nepenayum OBy4YEeHHOCTM C MCHOJNL3OBaHMEM

TensorFlow. js (by Transfer Learning using TensorFlow. js).
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So Cute & Fluffy!

Hagvaabmasg toura

Y0681 3aITyCTUTDH O6y11€HI/Ie pacnosHaBaHMIO HECTAaHINapPTHHX O6BeKTOB (custom
object recognition) Ha 6ase npemBapuTelnsHO oObydeHHOM Momenm MobileNet (based

on the pre-trained MobileNet model), Mbl JOJDKHB1 CIEJIATH CJICIYIOIICE:

* CoOparh JIeMOHCTPALIMOHHBIE N300PAXKEHUA, PAa30UThle HA KATETOPUU
"nymcTem" ("£luffy") U "me - nymmcTmm" ("not-fluffy"), BKJIIOUaia
HEKOTOpble N300PaXKEHMUS, KOTOPbIE HE SBJIAIOTCS UACThIO MobileNet-
[IPEJIBAPUTEIILHO O0YUCHHbBIX KATEIOPUM(M300paXeHU I, KOTOPbIE 5

MCITOJIB30BAJI B 9TOM IIPOEKTE, OT pexels.com)

e InMmopTupoBaTh GPEeIMBODPK MAIIMHHOI'O OOVUEeHUS TensorFlow. is
Yy J

¢ OHpC,ILCJII/ITI) METKHU KaTeI‘OpI/IfI OymmcTeie (Fluffy) U He-INymmcTiie (Not-
Fluffy)

* B npou3BoJIbHOM MOPSJIKE BBIOCPUTE U 3aTPy3UTE OJIHO U3 U300PAKECHUN
* [ lokaxwure pesyabraT IPOrHO3a B TEKCTE

* 3arpysuTe npesBaprUTeIbHO OOYUEHHYIO MOJICJIb MobileNet U

KJIACCUPULIUTPYUTE U300PAKCHUA

Iyt 3TOr0 MpOeKTa HAIIeW HAUAJILHOM TOUKOM OYJIET 9Ta CTPAHUILIA:

JavaScript

<html>
<head>
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<title>Fluffy Animal Detector: Recognizing Custom Objects in
the Browser by Transfer Learning in TensorFlow.js</title>
<script
src="https://cdn.jsdelivr.net/npm/QRtensorflow/tfjs@2.0.0/dist/tf.min.is"><
/script>
<style>
img {
object-fit: cover;

}
</style>
</head>
<body>
<img id="image" src="" width="224" height="224" />
<hl id="status">3arpyska/Loading...</hl>
<script>
const fluffy = [

"web/dalmation. jpg", //
https://www.pexels.com/photo/selective-focus-photography-of-woman-holding-
adult-dalmatian-dog-1852225/

"web/maltese.jpg", //
https://www.pexels.com/photo/white-long-cot-puppy-on-lap-167085/

"web/pug.jpg", //
https://www.pexels.com/photo/a-wrinkly-pug-sitting-in-a-wooden-table-34756
80/

"web/pomeranians.jpg", //
https://www.pexels.com/photo/photo-of-pomeranian-puppies-4065609/
"web/kitty.jpg", //
https://www.pexels.com/photo/eyes-cat-coach-sofa-96938/
"web/upsidedowncat.jpg", //
https://www.pexels.com/photo/silver-tabby-cat-1276553/
"web/babychick. jpg", //
https://www.pexels.com/photo/animal-easter-chick-chicken-5145/
"web/chickcute.jpg", //
https://www.pexels.com/photo/animal-bird-chick-cute-583677/
"web/beakchick. jpg", //
https://www.pexels.com/photo/animal-beak-blur-chick-583675/
"web/easterchick.jpg", //
https://www.pexels.com/photo/cute-animals-easter-chicken-5143/
"web/closeupchick. jpg", //
https://www.pexels.com/photo/close-up-photo-of-chick-2695703/
"web/yellowcute. jpg", //
https://www.pexels.com/photo/nature-bird-yellow-cute-55834/
"web/chickbaby. jpg", //
https://www.pexels.com/photo/baby-chick-58906/

1;

const notfluffy = [
"web/pizzaslice.jpg", //
https://www.pexels.com/photo/pizza-on-brown-wooden-board-825661/
"web/pizzaboard. jpg", //
https://www.pexels.com/photo/pizza-on-brown-wooden-board-825661/
"web/squarepizza.ijpg", //
https://www.pexels.com/photo/pizza-with-bacon-toppings-1435900/
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"web/pizza.jpg", //
https://www.pexels.com/photo/pizza-on-plate-with-slicer-and-fork-2260200/

"web/salad.jpg", //
https://www.pexels.com/photo/vegetable-salad-on-plate-1059905/

"web/salad2.jpg", //
https://www.pexels.com/photo/vegetable-salad-with-wheat-bread-on-the-side-

1213710/
1;

// CoBpaliTe OKOHYATEJNBLHEM, OOCBEAUHEHHEII CIMCOK M306paxeHun
// Create the ultimate, combined list of images
const images = fluffy.concat( notfluffy );

// HepmaBHO ompegeneHHble MeTku
// Newly defined Labels
const labels = |

"So Cute & Fluffy!",

"Not Fluffy"

1;

function pickImage () {
document.getElementById( "image" ) .src =
images[ Math.floor( Math.random() * images.length ) ];

}

function setText( text ) {
document.getElementById( "status" ).innerText = text;

}

async function predictImage () ({
let result = tf.tidy( () => {
const img = tf.browser.fromPixels (
document.getElementById( "image" ) ) .toFloat();
const normalized = img.div( 127 ).sub( 1 );
// Hopmammsyem m3 mmanasoHa [0,255] B gmanason [-1,1]
// Normalize from [0,255] to [-1,1]
const input = normalized.reshape( [ 1, 224, 224, 3 ] );
return model.predict( input ) ;
});
let prediction = await result.data();

result.dispose() ;
// Get the index of the highest value in the prediction

let id = prediction.indexOf( Math.max( ...prediction ) );
setText( labels[ id ] );

}

// Momene Mobilenet vl 0.25 pgnst usobpaxeHuss pasMepoM 224x224

// Mobilenet vl 0.25 224x224 model

const mobilenet =
"https://storage.googleapis.com/tfjs-models/tfjs/mobilenet vl 0.25 224/mod

el.json";

let model = null;
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(async () => {
// 3arpysure MOzennb
// Load the model
model = await tf.loadLayersModel ( mobilenet ) ;
setInterval ( pickImage, 5000 );
document.getElementById( "image" ) .onload = predictImage;
PO

</script>
</body>
</html>
Bp1 MoxeTe M3MEHUTH MACCHUB U300PAXKEHUM, UTOObl UMEHA COOTBETCTBOBAJIU
nMeHaM (alJIoOB BaIIMX TECTOBBIX wu300paxeHun. Kak Tonbko oTkpoere B
Opaysepe, TO 9Ta CTPAHULA OYJIET MOKA3bIBATH BAM PA3JIMUHOE, B ITPOU3BOJILHOM

OPsIKE BbIOPAHHOE U300PAXKECHHUE KAXKIb1E TIATH CEKYH,I.

[Ipexme uemM Mbl mOMJEM majiee, s XOUy OTMETHUTH, UTOOBl 3TOT IIPOEKT
BBIMIOJIHSJICS TIPABHUJIBHO, BEO-CTPAHMUIIA M HM300PAXEHUA JOJDKHBL OBITH

pa3MeleHbl Ha BeO-cepBepe (M3-3a canvas-OrPAHUYCHUN S3b1Ka HTML5).

[TonHoE 0OBsICHEHHE CMOTPUTE B IPEJIBIIYIICH CTATHE.

Ilepenaua obyuennocrn na apxunrerrype MobileNet

vl

ITpex e uem Mb1 CMOXEM ITPUMEHUTH IIepeiauy Jitobor 00yUeHHOCTH, BaXHO

MIOHATH APXUTEKTYPY HEMPOHHOU CETHU MOJIEJIN MobileNet.

Monenn MobileNets 6p1mm paspaboraHpl € TPHUIEJIOM Ha NPUMEHEHHE

mepegaur OOyUeHHOCTH; OHKM PabOoTaloT uYepe3 TMpsMble, MOCIeTOBATEIbHbBIC
ceeprouHsle cinou(convolutional layers) TIPEXJIE, UEM HNX BBIBOJ IIEPEIATH
drHAIBHOMY HabOPY CJIOEB KJIACCUPUKALTU, KOTOPHIE OMPEIEIIAIOT BbIBOJ UEpPe3

1000 KaTETOPHM.

IIpoBeppTe 9TO HameuaTaHHBIN BUJ, APXUTEKTYPhl, KOTLJIA Bbl BBIITOJHUTE

cl)yHKIlI/I}O MOJI€JIU model . summary () :

Cnoit/Layer (rTun/type) Bmxon/Output dopma (shape) Ilapamerp/Param #

input 1 (InputlLayer) [null,6224,224,3] 0O



https://arxiv.org/abs/1704.04861
https://arxiv.org/abs/1704.04861

convl (Conv2D) [null,112,112,8] 216

convl bn (BatchNormalization [null,112,112,8] 32

convl relu (Activation) [null,b112,112,8] O

conv_pw 13 bn (BatchNormaliz [null,7,7,256] 1024

conv_pw 13 relu (Activation) [null,7,7,256] 0O

global average pooling2d 1 ( [null,256] O

reshape 1 (Reshape) [null,1,1,256] O

dropout (Dropout) [null,1,1,256] O

conv_preds (Conv2D) [null,1,1,1000] 257000

act _softmax (Activation) [null,1,1,1000] O

reshape 2 (Reshape) [null,1000] O

Bcero napamerpoB (Total params) : 475544
O6yuaemsle napameTpsl (Trainable params): 470072

He-O6yuaeMsie mapameTpsl (Non-trainable params) : 5472
Bce BECPXHHUC CJIOH, KOTOPbIC HAUMHAIOTCA C IIPUCTABKHN conv, ABJIAIOTCA
cereBmMM crnosimum (network layers), mnomcka B NOPOCTPaHCTBEHHOM uHbopMaumm
nuxcenei (looking at spatial information of the pixels), KOTOPbIE B KOHEUHOM
CueTe KOMIIWJIHNPYIOT B sanyck knaccupmrauum(start of the classification) C
global average pooling2d 1, U 34aTCM B ¢unane npoxoxar(finally pass) UECPE3
conv_preds CJIOM, KOTOPbIM BBIBOJUT 1000 MCXOIHBIX KATETOPUH, Ha KOTOpPbIE

MobileNet 6bU106yqu npexnckasmBarTek (trained to predict).

Mp1 cobupaemcs orpesars 3Ty MOJIEIb IPAMO IIEPEJ CJIOEM conv_preds(T.c€., B
CJ10¢€ "dropout"("HenoyuKa")% K "top" ("Bepx") NPUCOCITUHUTHL HOBBIC CJIOU IJISA
KJIACCUPUKALIMM M TOJIBKO OSTH CJIOM OOYUHUTBH HPEJNCKA3blBATH BCETO JIBE
KAaTETOPUM - KATErOpuUsA Nymmcrsit (Fluffy) II0 CPABHEHMIO C KATETOPUEU He-

ODywmceTan (Not-Fluffy) - IIPHU coxpaHeHUMM NpeABaAPUTENIBHO OOYYEHHHX

NpOCTPaHCTBEHHEX cJyoeB B unenoctu(keeping the pre-trained spatial 1layers

intact).

JlaBanre cnesraem sro!



zmenenne moaesm

[Tocie 3arpysku mpenBapUTENIBHO OOYUEHHOU MobileNet-MOJEJIM Mbl MOXEM
HAUTU HaIl CJIOU "bottleneck" ("ysxoe wmecTo") U CO3JATh HOBBIN CHOﬁ,

yceueHHasi 6asoBasi mMomenk (truncated base model):

Python

const bottleneck = model.getLayer( "dropout" ); // 3To - ¢uHANBHEM CJOM,
nepen ciyoeM conv_pred npenBapUTENIEHO OOYYEHHHNI CJION KJlaccudpmxauym
// This is the final layer before the conv _pred pre-trained classification
layer
const baseModel = tf.model ({

inputs: model.inputs,

outputs: bottleneck.output
})

?)aTCM, ,ILaBafITe «3aMOpPO3UM» BCEC CJIOU TIEPECJ, CJIIOEM "bottleneck" ("yskoe
MecTo"), UTOOBl COXPAHUTH OOYUCHHOCTH MOJEJH, TaK, UTOObl Mbl MOIJIH
YCUJIUTH BCIO BBIUMCJIUTEJILHYIO MOIIHOCTB MOJICJIM, KOTOPas yXe OblIa nomemena

B 9TOT OJIOK MOJIEJIN.

python

// BaMoposkpTe CBepTOuUHYKH 6asy

// Freeze the convolutional base

for( const layer of baseModel.layers ) {
layer.trainable = false;

}
3areM Mbl MOXEM K BBIBOJY 0a30BOM MOJENUW HOPUCOCIUHUTH T'OJIOBY/

BEPXYIIKY HGCTaH)lapTHOIZ KJIaCCI/I(l)I/IKaLH/II/I, COCTOIY1O U3 MHOXECTBA IIJIOTHBIX
dense-CJIOEB, JJII HOBOM MOJEJU TensorFlow, KOTOpas TIOTOBa K

00yueHNIO(TPEHUPOBKE).

PuHaNBPHBIN IUJIOTHBIN dense-CJIOHU COJEPXHUT TOJBKO JBAa MOJIYJA,
COOTBETCTBYS KATETOPUHU MNymmcrsui (Fluffy) IO CPABHEHUIO C KaTErOpHUEM He-
Nyumscrsnt (Not-Fluffy) , U UCIIOJIB3YET softmax-aKTUBAIHAIO, KOTOPAs HOPMAJIU3YeT
CyMMY BBIBOJIOB, YyTOObl OHa CTaja pPaBHA 1.0, O3HAUASA, UTO Mbl MOXEM

HNCIIOJIB30BATh KaXJIVIO mnpepxpckasBsaHHyl kaTeropuwo (predicted category) B
p p p
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KAaUE€CTBEC BHaueHuUss YBEepPEeHHOCTM nporHozsa wmogmenu (model’s prediction

confidence value).

Python

// IDobaBpTe TOJIOBY KJjaccubmxaumm
// Add a classification head
const newHead = tf.sequential();
newHead.add( tf.layers.flatten( ({
inputShape: baseModel.outputs|[ 0 ].shape.slice( 1 )
}) o)
newHead.add( tf.layers.dense( { units: 100, activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 100, activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 10, activation: 'relu' } ) );
newHead.add( tf.layers.dense( ({
units: 2,
kernellInitializer: 'varianceScaling',
useBias: false,
activation: 'softmax'
}) o)
// CospaiiTe HOBYI MOIEJb
// Build the new model
const newOutput = newHead.apply( baseModel.outputs[ 0 ] );
const newModel = tf.model( { inputs: baseModel.inputs, outputs: newOutput

} )

Yr1006B1 coslepXkarh KOJ B UUCTOTE, Mbl MOXEM IOMECTHUTH €ro B QYyHKIHIO U

BBIITOJIHUTD €T'0 IIPSAMO ITOCJIC TOT'O, KaK Mbl 3arpysnuM MO CJIb MobileNet:

Python

function createTransferModel ( model ) {
// CosgpainiTe yceueHHyw 6aB30ByKw Momenk (ymanuTe '"BepxHue' ciomu,
KJlaccupmkaumss + ciom yBKOT'O MecTa)
// Create the truncated base model (remove the "top" layers,
classification + bottleneck layers)
const bottleneck = model.getLayer( "dropout" ); // 3To - duHANBHEM
YPOBEHB, mnepen cioeM conv_pred, HNpenBapMTENbHO OOYUYEHHEHM CJIoeM
KJaccubdmkaumm
// This is the final layer before the conv _pred pre-trained classification
layer
const baseModel = tf.model ({
inputs: model.inputs,
outputs: bottleneck.output
})
// BaMopoBbTe CBEpPTOYHYI OCHOBY
// Freeze the convolutional base
for( const layer of baseModel.layers ) {
layer.trainable = false;

11



}

// IDobaBpTe TONOBY Kijlaccubmxaumm
// Add a classification head
const newHead = tf.sequential () ;
newHead.add( tf.layers.flatten( {
inputShape: baseModel.outputs[ 0 ].shape.slice( 1 )
}) o)
newHead.add( tf.layers.dense( { units: 100, activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 100, activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 10, activation: 'relu' } ) );
newHead.add( tf.layers.dense( {
units: 2,
kernellInitializer: 'varianceScaling',
useBias: false,
activation: 'softmax'
}) o)
// CospailiTe HOBYI MOIeJb
// Build the new model
const newOutput = newHead.apply( baseModel.outputs[ 0 ] );
const newModel = tf.model( { inputs: baseModel.inputs, outputs:
newOutput } );
return newModel;

}

(async () => {
// Barpysure Mogmensb
// Load the model
model = await tf.loadLayersModel ( mobilenet ) ;
model = createTransferModel ( model ) ;
setInterval ( pickImage, 2000 );
document.getElementById( "image" ) .onload = predictImage;

B QO

OOyuenne HOBOI MOjIe/ TN

Mpg1 cpenany nmoutn Bce. Eme octanock MpouTH TOJIBKO OJIMH AT, KOTOPHIN
JOJIXEeH OOyUHUTh HAWMY HOBYIO TensorFlow-MOJEJNh HAa HAMMUX

HECTAHIAPTHBIX(ITOJIb30BATEIbCKUX) JTAHHBIX 00YUeHUsI(TPEHUPOBKU).

Yro6b1 reHepupoBaTh TEH30Pbl JAHHBIX OOYUCHUS(TPEHUPOBKHU) U3
HECTAHJAPTHBIX(ITOJIb30BATEIbCKUX) H300paXeHUM, JHaBAUTE CO3JAJUM
¢yHKIHIO, KOTOpas 3arpyXkaeT H300paXeHHE B IJIEMEHT H300paXeHUSI BeO-

CTPpAaHULb]l U ITIOJIYUACT HOpManMB30BaHHEN TeHSOp (normalized tensor):

12



JavaSecript

async function getTrainingImage( url ) ({
return new Promise( ( resolve, reject ) => {
document.getElementById( "image" ) .src = url;
document.getElementById( "image" ) .onload = () => {
const img = tf.browser.fromPixels (
document.getElementById( "image" ) ).toFloat();
const normalized = img.div( 127 ).sub( 1 );
resolve( normalized );
};
})

M Tenepb, Mbl MOXEM HCIOJB30BAThH 3Ty (PYHKILHIO, UTOOB! CO3JATh HAIIY
crek (CTOonKky) BBOJa M LeJNeBHx TeHBOpPOoB (stack of input and target tensors).
Br1 morum 651 IIOMHHUTb HX KaK xs- U ys-, KOTOpblfI Mbl HCIIOJIB30OBAJIN JIJIA
oOyueHHs B IIEPBOM cTaTbe cepuu crarer. Mbl OyjneM HCIOJIB30BATH TOJIBKO
MIOJIOBUHY M300paXEHUM U3 KaXJIOM KaTEropuy I OOYUEHHs, YTOOBI
IIPOBEPUTH, UTO HAIIAa HOBas MoAeNk jejaeT nporxHos:(new model makes

predictions) JJIsI HOBbIX(HEM3BECTHBIX) NU300PAXKECHUT.

Python

// YcTaHOBMTe naHHIE OBydYeHM (TPEHUPOBKM)

// Setup training data

const imageSamples = [];

const targetSamples = [];

for( let i = 0; i < fluffy.length / 2; i++ ) {
let result = await getTrainingImage( fluffy[ i ] ),
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ 1, O ] ) ),

}

for( let i = 0; i < notfluffy.length / 2; i++ ) {
let result = await getTrainingImage( notfluffy[ i ] )
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ O, 1 ] ) )

}

const xs = tf.stack( imageSamples ) ;

const ys = tf.stack( targetSamples ) ;

tf.dispose( [ imageSamples, targetSamples ] );

IlaKOEKH% Mbl KOMOMIMPYEeM M COOTBETCTByeM Momenu naHHeM (compile and fit

the model to the data). bylaromaps Bcemy npenBapuTeJIbHOMY OOYUECHHIO B
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MOJEJIN MobileNet, Ha 3TOT pa3 HaM HOTp€6y}OTC}I TOJIBKO HpI/I6JII/IBI/IT€JIbHO 30

3TI0X (BMECTO 100), UTOOB! HAJIEXKHO PA3JINYATh KATETOPUH,

Python

model .compile( { loss: "meanSquaredError", optimizer: "adam", metrics: [
"acc" ] } ) ;

// OByumuTe MOOeNsr Ha HOBHX BHOOPKaAx M306paxeHus:
// Train the model on new image samples
await model.fit( xs, ys, {
epochs: 30,
shuffle: true,
callbacks: {
onEpochEnd: ( epoch, logs ) => {
console.log( "Epoch #", epoch, logs );
}

})

IIpr npumeHeHMM MeTONlA KOINWUPOBAHUA IO MeTomuke canra KonMari

method to code, maBamire 3a)xXeMm HEKOTOPHIE PAJIOCTHBIE 3JIEMEHTBI, TTOMEIIA

BEChH BBIIICYIIOMSHYTBIN KOJ, B GYHKIIMIO IPEXJIE, UEM Bb13BATh €rO:

pyhton

async function trainModel () ({
setText( "Training..." );

// YcTaHOBUTe naHHEE O6ydueHus: (TPeHUPOBKM)

// Setup training data

const imageSamples = [];

const targetSamples = [];

for( let i = 0; 1 < fluffy.length / 2; i++ ) {
let result = await getTrainingImage( fluffy[ i ] );
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ 1, O ] ) )~

}

for( let i = 0; i < notfluffy.length / 2; i++ ) {
let result = await getTrainingImage( notfluffy[ i ] )
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ O, 1 ] ) )~

}

const xs = tf.stack( imageSamples ) ;

const ys = tf.stack( targetSamples ) ;

tf.dispose( [ imageSamples, targetSamples ] );
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model.compile( { loss: "meanSquaredError'", optimizer: "adam", metrics:
[ "ace™ 1 } )7

// OByumuTe MOOeNs Ha HOBHX BHOOPKaAx M306paxeHust
// Train the model on new image samples
await model.fit( xs, ys, {
epochs: 30,
shuffle: true,
callbacks: {
onEpochEnd: ( epoch, logs ) => {
console.log( "Epoch #", epoch, logs );
}

})
}

(async () => {
// Barpysure Mogmens
// Load the model
model = await tf.loadLayersModel ( mobilenet ) ;
model = createTransferModel ( model ) ;
await trainModel () ;
setInterval ( pickImage, 2000 ) ;
document.getElementById( "image" ) .onload = predictImage;

b O

Beinostnenne pacnoznasanus o0beKTOB

CO BCEMU O6’B€,ILI/IH€HHI)1MI/I acriaAMmu KOoJd, HaM HY)KHO BBIIIOJIHWUTHL HaAIIl
«JerexTop nyumcTex XMBOTHEIX («Fluffy Animal Detector») W YBHJIETH, UTO OH

YYMTCs paclIoBHaBaTe nymmcTocThb (learn to recognize the fluffiness)k

So Cute & Fluffy!
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Not Fluffy

PDuunumuas yepra

YT100b1 06EpHYTH HAII HPOCKT, BOT, 3AKJIIOUUTEIILHBIN KOJI;:

JavaSeript

<html>
<head>

<title>Fluffy Animal Detector: Recognizing Custom Objects in the
Browser by Transfer Learning in TensorFlow.js</title>

<script
src="https://cdn.jsdelivr.net/npm/@tensorflow/tfis@2.0.0/dist/tf.min.js"><
/script>

<style>

img {
object-fit: cover;

}
</style>
</head>
<body>
<img id="image" src="" width="224" height="224" />
<hl id="status">Barpyska/Loading...</hl>
<script>
const fluffy = [

"web/dalmation.jpg", //
https://www.pexels.com/photo/selective-focus-photography-of-woman-holding-
adult-dalmatian-dog-1852225/

"web/maltese.jpg", //
https://www.pexels.com/photo/white-long-cot-puppy-on-lap-167085/

"web/pug.jpg", //
https://www.pexels.com/photo/a-wrinkly-pug-sitting-in-a-wooden-table-34756
80/
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"web/pomeranians.jpg", //

https://www.pexels.com/photo/photo-of-pomeranian-puppies-4065609/
"web/kitty.jpg", //
https://www.pexels.com/photo/eyes-cat-coach-sofa-96938/
"web/upsidedowncat.jpg", //
https://www.pexels.com/photo/silver-tabby-cat-1276553/
"web/babychick. jpg", //
https://www.pexels.com/photo/animal-easter-chick-chicken-5145/
"web/chickcute. jpg", //
https://www.pexels.com/photo/animal-bird-chick-cute-583677/
"web/beakchick. jpg", //
https://www.pexels.com/photo/animal-beak-blur-chick-583675/
"web/easterchick.jpg", //
https://www.pexels.com/photo/cute-animals-easter-chicken-5143/
"web/closeupchick.jpg", //
https://www.pexels.com/photo/close-up-photo-of-chick-2695703/
"web/yellowcute. jpg", //
https://www.pexels.com/photo/nature-bird-yvellow-cute-55834/
"web/chickbaby. jpg", //
https://www.pexels.com/photo/baby-chick-58906/
1;
const notfluffy = [
"web/pizzaslice.jpg", //
https://www.pexels.com/photo/pizza-on-brown-wooden-board-825661/
"web/pizzaboard. jpg", //
https://www.pexels.com/photo/pizza-on-brown-wooden-board-825661/
"web/squarepizza.ijpg", //
https://www.pexels.com/photo/pizza-with-bacon-toppings-1435900/
"web/pizza.jpg", //
https://www.pexels.com/photo/pizza-on-plate-with-slicer-and-fork-2260200/
"web/salad.jpg", //
https://www.pexels.com/photo/vegetable-salad-on-plate-1059905/
"web/salad2.jpg", //
https://www.pexels.com/photo/vegetable-salad-with-wheat-bread-on-the-side-
1213710/

1;

// CoBpaiiTe OKOHYATENBHEM, OOGBEAMHEHHEI CIMCOK M306paxeHui
// Create the ultimate, combined list of images
const images = fluffy.concat( notfluffy );

// HoBHe onpenesyieHHEE MEeTKU
// Newly defined Labels
const labels = |

1;

"HacTonbko Mumeni & IIymmcTemi! /So Cute & Fluffy!",
"He nyumcTsni/ NotFluffy"

function pickImage () {

document.getElementById( "image" ) .src =
images[ Math.floor( Math.random() * images.length ) ];
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function setText( text ) {
document.getElementById( "status" ) .innerText = text;

}

async function predictImage () ({
let result = tf.tidy( () => {
const img = tf.browser.fromPixels (
document.getElementById( "image" ) ).toFloat();
const normalized = img.div( 127 ).sub( 1 );
// Hopmanusyem us pamanasoHa [0,255] B amanason [-1,1]
// Normalize from [0,255] to [-1,1]
const input = normalized.reshape( [ 1, 224, 224, 3 ] );
return model.predict( input )
});
let prediction = await result.data();
result.dispose() ;
// TonyuuTe MHOEKC CaMOI'0
// BHCOKOI'O BHaAUEHMUsSI B IIPOTHOBE
// Get the index of the highest value
// in the prediction
let id = prediction.indexOf( Math.max( ...prediction ) );
setText( labels[ id ] );

}

function createTransferModel ( model ) {
// CospaiiTe yceueHHyHw 6a30ByH0 MOmOelb
// (ymanure "BepxHue" cinomu,
// xnaccubdmkaumss + ciaom yBKOT'O MecTa)
// Create the truncated base model
// (remove the "top" layers,
//classification + bottleneck layers)
const bottleneck = model.getlLayer( "dropout" ) ;
// 2TO - BaKIIOYNTEJLHEIA
// ypoBeHb, mnpexpme uem conv_pred
// TnpemBapuTenbHO O6yuUMJI yPOBEHB
/ /xnaccudpmkarmm
// This is the final layer before the
// conv_pred pre-trained
// classification layer
const baseModel = tf.model ({
inputs: model.inputs,
outputs: bottleneck.output
});
// BaMopoBbTe CBEpPTOYHYI OCHOBY
// Freeze the convolutional base
for( const layer of baseModel.layers ) {
layer.trainable = false;
}
// IDoBbaBbTe TI'OJIOBY KJjJaccudmxaumm
// Add a classification head
const newHead = tf.sequential();
newHead.add( tf.layers.flatten( {
inputShape: baseModel.outputs[ 0 ].shape.slice( 1 )

Y} ) )
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newHead.add( tf.layers.dense( { units: 100,
activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 100,
activation: 'relu' } ) );
newHead.add( tf.layers.dense( { units: 10,
activation: 'relu' } ) );
newHead.add( tf.layers.dense( {
units: 2,
kernelInitializer: 'varianceScaling',
useBias: false,
activation: 'softmax'
}) )
// CospairiTe HOBYI MOIEJbL
// Build the new model
const newOutput = newHead.apply( baseModel.outputs[ 0 ] );
const newModel = tf.model( { inputs: baseModel.inputs,
outputs: newOutput } );
return newModel;

}

async function getTrainingImage( url ) {
return new Promise( ( resolve, reject ) => {
document.getElementById( "image" ) .src = url;
document.getElementById( "image" ) .onload = () => {
const img = tf.browser.fromPixels (
document.getElementById( "image" ) ) .toFloat();
const normalized = img.div( 127 ).sub( 1 );
resolve( normalized ) ;
};
})
}

async function trainModel () {
setText( "Training..." );

// YcTaHOBUTe naHHEE O6ydYeHUs: (TPeHUPOBKM)

// Setup training data

const imageSamples = [];

const targetSamples = [];

for( let i = 0; i < fluffy.length / 2; i++ ) {
let result = await getTrainingImage( fluffy[ i ] ),
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ 1, O ] ) ),

}

for( let i = 0; i < notfluffy.length / 2; i++ ) {
let result = await getTrainingImage( notfluffy[ i ] ),
imageSamples.push( result );
targetSamples.push( tf.tensorld( [ O, 1 ] ) )~

}

const xs = tf.stack( imageSamples ) ;

const ys = tf.stack( targetSamples ) ;

tf.dispose( [ imageSamples, targetSamples ] );

model.compile( { loss: "meanSquaredError",
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optimizer: "adam", metrics: [ "acc" ] } )

// OByumTe MoOmesk Ha HOBBIX
// BIBGOpPKax Ms3OBpaXeHMUsT
// Train the model on new image samples
await model.fit( xs, ys, {
epochs: 30,
shuffle: true,
callbacks: {
onEpochEnd: ( epoch, logs ) => {
console.log( "Epoch #", epoch, logs );
}

})
}

// Momene Mobilenet vl 0.25 pgms msoBpaxeHurt pasMmepoM 224x224

// Mobilenet vl 0.25 224x224 model

const mobilenet =
"https://storage.googleapis.com/tfjs-models/tfjs/mobilenet vl 0.25 224/mod

el.json";

let model = null;

(async () => {
// Barpysure Mogmenmb
// Load the model
model = await tf.loadLayersModel ( mobilenet ) ;
model = createTransferModel ( model ) ;
await trainModel () ;
setInterval ( pickImage, 2000 );
document.getElementById( "image" ) .onload = predictImage;

P O
</script>
</body>
</html>

Yro nanee? Moxkem mbr oOHapy:RuTH Jnma;’

Br1 yxe mopaxeHsl TeM, YTO BO3MOXHO C IVIyDOKMM H3y4eHHUEM B BeO-
CTpPaHHIIC, WX HACKOJBKO OblcTpo M mpocto 310? Jlajmee Mbl mcrosbsyem
IIPOCTOM B HCIIOJIb30BAHUU API-MHTEPQEUC IJIA pas3spaboTKu i BeO-KaMmepbl
6pay3€pa]323bnﬁ3HTML5,QTO6bloﬁquTb M BHIIOJIHMTE I[IPOT'HOBH Ha MBOOpaxXeHMUsX

B peannHOM BpeMeHM (train and run predictions on real-time images).

IgcepHyICTaTeﬁ,CNKH@H&N?CHCHYHHHYH)CTaTbK) O6HapyXeHMe KaCaHMsI JIula B

bpenmMeopke TensorFlow.]js, wuwacTe 1: JMcnoirsr30OBaHME JOaHHHX Beb-kaMeps B
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peanrsHOM BpeMeHM C Tranybokumm ob6yueHumeM (Face Touch Detection with

TensorFlow.js Part 1: Using Real-Time Webcam Data with Deep Learning).

| Touch || No Touch || Train |

No Touch
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