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Abstract

Nowadays, one of the important factors that directly affects human health is food
consumption. The main purpose of this research is to develop an Android application called
“SaapFood Cam” which recognizes Northeastern Thai (Isan) food images in the daily life. Deep
Learning and Convolutional Neural Network (CNN) were used for building the food image
recognition models. A food database containing 44 kinds of famous Thai-lsan food called
“ISANTHFOOD-44” was used for training and testing processes. These images were collected
from two sources, Khon Kaen University's Manee project, and the search engine. Users can take
a photo of food from the application and then the food image will be processed and the name
of that food predicted will be shown on the screen. Three deep convolutional neural network
architectures were trained on ISANTHFOOD-44 dataset, including InceptionV3, ResNet50, and
MobileNetV2. ResNet50 outperformed the other two with the top-1 accuracy of 97.25 percent
and the top-5 accuracy of 99.04 percent on the test dataset. InceptionV3 achieved 97.23
percent top-1 accuracy and 98.93 percent top-5 accuracy, and MobileNetV2 achieved 96.88
percent top-1 accuracy and 98.86 percent top-5 accuracy. For future research, this work can be
extended in several ways, for example, showing the amount of calories or degrees of saltiness

or sweetness from food images, possibly by colors of the food or proportions of ingredients.

Keywords: Convolutional Neural Networks, Deep Learning, Food Recognition, Smartphone, Thai-

Isan food
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1. GoogleNet/InceptionV3
2. ResNet50

3. MobileNetV2
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WUU Top-1 accuracy Wag Top-5 accuracy wazinNSUSEULBUTLIATDILUUIIa8Y (Model size)
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learning sz laldenudegnala us deep tuminefauurAnues successive layers sauauvesdy
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MNsEUUUTEaNYYd InansenedeseamTaingl s deep learning th 119 model vosanase
Lﬁmmﬂé’qiﬂﬁwé’ﬂgmimLLﬁ%’mdwamQﬁ?uﬁmiL%'sluimﬁauﬁ’u modern deep-learning models
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Layer 1

g'z/mwf/ 3 mmuaeN layer Y94 digit-classification model [6]

2.2 Convolutional Neural Network (CNN)

Convolutional Neural Network (CNN) :ﬁgﬂLLUU“U@ﬂ Neural Network wuu Feed-Forward

artificial neural network (ANN) Tag CNN azUsgnaumiadu (layer) Ma1eqduuanmneiy awn input

i%
Y v [y

layer, convolutional layer, pooling layer wag fully-connected layer %’umaﬁﬁ%muﬂu%u%’Mﬂu

Fuagiiulasaasne (Architecture) ¥ CNN 1eiagyinau recognition #1499 Tnglunsasduasiimeiue

Y

MsYINUeE1sEU ARl

Input layer faguniusznaumedayanldlunis train 30 test Besogrsluiiilfagunineingg

Y

Qe

=

sUmanfiagiisuuuuniedl format wWuU RGB AuInvesiUnInduegiu model Nagldlu network

NFIBENNYIN JUNTNTUIA 256 x 256 inkga Toyaagyinn1sdnnugun1myiniu [256x256x3] laeia 3

)=

Tuntivunefsgunnidl 3 channels %150 RGB

Convolutional layer Tullpptuniianinugl

(%

d1sU CNN Taeazdl dot product 531N filter
kA particular volume w84 input data Tngazi3ud position (0,0) U84 input data wagwduly 1 Anwa
(stride 1) 91nd1glUrILazIINULAIEIYBITUN M HadwEuTe output Tildues product 3andn
activation map 8nfIBeady Mniitayauun [224x224x3] wae filter YA 2 Ankwa (stride 2) YuA

984 activation map 2ztdu [111x111x96]

v '
v

Pooling layer Aatufiaginain convolutional layer iiefiazannsagovuingun1n function 7

Tlutuilamsadu non-linear function 16 enfieg19idu max pooling, average pooling uay L2



pooling tudu Ing max pooling 1u pooling ﬁﬁmﬂﬁmaﬂ"ﬂﬂL“T;Jummg'muaﬂﬁ performance
fin91 NMeheues max pooling A max pooling tdendgegaluuInaifnsewie filter Mo
parameter 84 network Wanain %gﬂamméﬁuagﬁmmmaq filter way striding step snFIDLINLYU
windl input WWm [111x111x96] Wield filter vum 3x3 wae striding step U 2 YINIANVUIATDYA

LazHadnsTleAe [55x55x96]

o '
v A

Fully-connected layer Aaguiingni1eliNaninaass network N1 activation Nenualutunau

Y 9

[

1 a A ! s X ° v Y A
nifdaziinisiounanudull lae Fully-connected layer %‘1/1Wmsammmawagﬂﬂmwaa 1
dimension

CNN lasumsimuniieiszanintayalu deep level Tagnisiity hidden layer wW1lU CNN

anunsnandgunIne1eglaly 3 dimensions WuAe AUNT1E AINET WagAINEN F1 network AYIn

! ! A = (% U

nsudegunmdudiug uagrihnmsiieseiudazdiuiie Nz ainauaudin

q

=

390 feature Nd1AYVDI

(%

sUAW endognaty dvegunim, JUNSI uaziiuRa WWusu (5]

2.3 Classification

msduundeya (Classification) 1unszuIunsvessdanguuestoyaiiaundiofulied
feiu Tnon1siiadslunatuudieflagyhmssuundoya (Classifier) videvhnisvueyussnndaya
Tnglunszurumsainslinaduundeyavionis prediction doyatu azhlélasnis training vaadaya
Tngazi3undins training data Sansvuruns Classification tudunssurunmsfiagaaeliglidanisuas
fasuifou usnuosdoyanuluiseruauvaaunavasdoya §1 Classification model tuaranunsaiiay

T JumsesiiaifiaNaLuanmULANA195ENINg object Nuansnarule

Input Output
Atfribute set :> Claslﬁgidc;tion :D Class label
(x) 7]

gz/mwﬁ 4 : Classification model [13]



n133uwunteya (Classification)  azigItun1sIndeyaniaiundeuarauautmnediuld

Y

mufiulu class wazuendayaniianuuandisiueenlusn class e [12] [13]

2.4 Network Architecture

2.4.1 GoogleNet
GoogleNet U Inception architecture 71711398 Google 1Hlunisudedu ImageNet
Large Scale Visual Recognition Competiton 2014 (LSVRC) @udunisudedu image

classification wazaunsaievuy ZFNet Mludwuglud 2013 uaz AlexNet 7ludwuglud

[
(g

2012 WU 8nviadiadl error rate fivesnindlowSeufioutu VGGNet Tiusossusidasusu
1 Tud 2014 3née 393 top-5 error rate Winfu 6.67% GoogleNet ”ﬂﬁ%ﬂ%aﬁﬂuﬁi”ﬂ
Tufle Inception v1 uazdewndadl v2, v3 uay va 1Jusdiu GoogleNet 19 CNN wazléiinis
WaWN131n LeNet nelu architecture Usgnausie 22 layers deep CNN WAaAI1UIUYBS

parameter 311 60 a1u (AlexNet) lutdu 4 d1u [14]

type P'::ﬁ:t_ u::fl“' depth | #1x1 r‘i‘::‘; #3x3 f‘;:t: #5%5 ﬁ params | ops
convolution TXT/2 112x112x64 1 27K 34M
max pool A2 53¢ vl 64 0
convolution Bx3/1 5= 6 192 2 64 192 | 112K | 360M I
max pool 3x3/2 | 98x28%192 | 0 | |
inception (3a) 28x 28 x 256 2 64 bl 128 16 32 2 159K 128M
inception (3b) 282 28480 2 128 128 192 iz 96 4 IBOK | 304M
max pool Iwif2 14x 14480 0
inception (4a) 14x14x512 2 192 96 208 16 48 (=} 364K TiM
inception (4b) 14x14x512 2 160 12 224 24 6 | & 437K 88M |
inception (4c) 14x14x512 2 128 128 256 24 o4 o4 463K 100M
inception (4d) 14 14528 2 112 144 288 a2 64 64 SROK | 119M
inception (de) 14x 14 %832 2 256 160 30 32 128 128 B40K 170M
max pool B 2 TuTuRE2 0
inception (5a) TxTx832 2 256 160 320 32 128 | 128 | 1072K | 54M I
inccption (5b) TxTx 1024 2 384 192 384 48 128 | 128 | 1388K | TIM I
avg pool T=T7/1 1= 11024 0
dropout (40%) 1= 11024 0
linear 13 13 1000 1 100K M
softmax 12121000 0 | I
Table 1: GoogleNet i ion of the Incepti

gt/mwﬁ 5 : lima GoogleNet g‘L/LLUUM‘ljd?/m Inception architecture [14]



gUmwﬁ"é : GoogleNet network [14]

2.4.2 ResNet

ResNet 130 Residual Networks 1u neural network #ldlusudsziny computer
vision w1894 deren1suiulfmngauuasiiauutugige leaiifuluinaiivusde
Susu 1 Tun1suded ImageNet  challenge T 2015 (ILSVRC  2015) ResNet-152  fiviavun
152 layers 3aflaudnnia VGGNet wavdafinnududeuiitieanit 3ail top-5 error rate fe
3.57% 9INN1SVAABUIN ImageNet uwasdall version 7idnnintiufie ResNet-50 RestNet
anunsafiag train ldewazdadl error esaInnIs train 0y @NNN0TINAIURIUETLE

sala 1

nAMNANALNTULLaETNadNENANI1 networks unau [15]

Gy

A
=

£ 40 S 400
o o
30 : 30
plain-18 ResMet-18
—plain-34 —ResNet-34 3d-layer
0 10 20 30 40 50 o 10 20 30 40 50
iter. (1ed) iter. (led)

gt/mwﬁ 7 : 175 train YY ImageNet [15]
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2.4.3 MobileNet
MobileNet Julunaiignesnuuuundmiviiefiolns Google undauiu Weight
vadlunamedoyaangiudeya ImageNet Faflauraanumuzanlunisiwnldiugunsel

nAWNEnSwensnine uauszansaimeraldfivindu model 910 ImageNet f2duq WANLH

n:l' o =
accuracy 1aluszAuils

Model Size Top-1 Accuracy Top-5 Accuracy Parameters Depth
Xception 88 MB 0.790 0.945 22910480 126
VGG16 528 MB 0.713 0.901 138,357,544 23
VGG19 549 MB 0.713 0.900 143,667,240 26

|ResNet50 98 MB 0.749 0.921 25,636,712 -]
ResNet101 171 MB 0.764 0.928 44,707,176 -
ResNet152 232 MB 0.766 0.931 60,419,944 -
ResNet50V2 98 MB 0.760 0.930 25,613,800 -
ResNet101V2 171 MB 0.772 0.938 44,675,560 -
ResNet152V2 232 MB 0.780 0.942 60,380,648 -
|inceptionv3 92 MB 0.779 0.937 23,851,784 159]
InceptionResNetV2 215 MB 0.803 0.953 55,873,736 572
MobileNet 16 MB 0.704 0.895 4,253,864 88
[MobileNetV2 14 MB 0.713 0.901 3,538,984 88|
DenseNet121 33 MB 0.750 0.923 8,062,504 121
DenseNet169 57 MB 0.762 0.932 14,307,880 169
DenseNet201 80 MB 0.773 0.936 20,242,984 201
NASNetMobile 23 MB 0.744 0919 5,326,716 -
NASNetLarge 343 MB 0.825 0.960 88,949.818 -

UMM 8 : /T NSEUTIEU accuracy Yed model dlu Keras

(‘ﬁm : https://keras.io/applications/)

2.5 Data Augmentation

desnawlugudoyadldifunununludesuisiuudites driufifeddnaia Data
Augmentation LﬁaLﬁmﬁ’lmugUmWéj’wagﬁi’N"‘] 10l ImageDataGenerator 917 Keras library

Data Augmentation Ap3snslumsifinguainlagnsldisene Wy mswanguaiw (Flip) n1s
Ye1eUnMMEEANAA19Y (Zoom) wazn1sviuzun1w (Rotation) Lusu [16] TagAsililunisifisdeya

a o

lugnuteya ISANTHFOOD-44 il



1. horizontal flip wag vertical flip
2.zoom range
3. width_shift_range llag height shift range

4. rotation_range

UMM 9 - Free193UHUNTZUINNT Data Augmentation Tug1udeya ISANTHFOOD-44

11
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a o nl' nl' £7%4
2.6 UINLNYAVDY
ANSNUNIUITTUNTTUVDINUITETL LArINN15AN®I9IUATeNN81T097UNISUTEUIBNANINAE

919113 lnewiuluises Food Image Recognition fisneasidunnsnaluil

2.6.1 C. Termritthikun, P. Muneesawang, and S. Kanprachar [5] ¥nn15@nwiimage
Recognition mmﬂwamﬂgﬂmwuu smartphone 1awld Deep Learning, Convolutional Neural
Networks (CNN)  uazldfinnsiaue network #9731 NU-InNet (Naresuan University Inception
Network) Tng network ﬂjléfﬁﬂ inception concept Tu GoogleNet 115Ul Tuns train wag test
model 9514 database #it931 THFOOD-50 Usznaudegunmormslnesoniieuvianan 50 Uszn 1
AMMU13N search engine @ Google, Bing waw Flickr Tuamsusazvlinvzizuninysyuna 200-700
5U wazdinsuivsuanmliiduunn 256x256 pixels ilensldlu CNN model waginsudstoyaiiu 2
naa 1ne 90% 198950 train uaw 10% @195 test Tunseuauns train azld model v 5 Fadisil
(Network Architectures) 1) AlexNet 2) GoogleNet 3) SqueezeNet 4) NU-InNet 1.0 uag 5) NU-InNet
1.1 Inedl benchmark fie processing time fiu model size AvIURINIIAIN GoogleNet Wl accuracy
szdadliiosninan GoogleNet @ewuinAn accuracy @83 NU-nNet 1.0 uag 1.1 vufninves
GoogleNet dntes wazidefinnsanain top-1 Way top-5 accuracies 9z1iuledn NU-InNet 1.0 way

1.1 9591 the winning models 2NN15Wsdu ILSVRC 34 top-1 AAfianAe NU-InNet 1.0 1¢ 69.8%

wag top-5 Ao NU-InNet 1.0 uaz 1.1 16 92.3%

2.6.2 D. Sahoo wagaeg [9] ¥n1siaun FoodAl (FoodAl Project) lnald deep learing: food
image recognition system @1%5U smart food logging FoodAl 11sann13elunis logging tuu manual
fu online food journal laglévinns train Lileszy 756 Ussiamemmsaseuaguemsiiuzlaaialuly
3aAlU$ @ partner Tngjfio Health Promotion Board (HPB) fiussmadealus uazlévinnig intecrate

FoodAl 1ilulu Healthy 356 Application WUy 10S way Android

Application WUal user @130 track waaesnuslnaluluuraziulea Wie user fosnsonan diet
journal fat04 user A¥iNTIENeFUNBRINTHLY Wallunsszyemsiulag FoodAl system 183910

1 system Tavin1sAIuIaILa? FoodAl Aagyinng return list 989 top visual food categories 7¥i1ns
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sort lng classification score iflafinsuans list Tulviun user user Avzvinsideningulnuiiesuy

Y o P

viouansdnunizamsves user ¥ifian ddmeudignliiuansiuuy top predicted result user @y
ansaidenemnsiigndewnenulosls feedback  #199910 user  azgnanLAuLfiafiaztuaun
performance G]I'N"'] 98949 model Dataset g‘dmwﬁﬁlﬁﬁjﬁ]zﬁ’mwm Google, Bing, IG, Flickr Wag Facebook
Wudu Tudlaqdudl 756 visual foods Useanas 400,000 images & minimum 174 AW Wag maximum
2,312 a7 #i8 visual food 1nTUANS split dataset 1904 train, validation wag test data @wsu

A15 train kay Useulln model 91133879z dataset 31 FoodAl-756 (756 classes / visual food

(% '
1 =

categories) Tusisetazuluil model #luaiu 917 ResNet [14], ResNeXt [38] wag SENet [17] @
WUIIAT accuracy qmﬂﬁlﬁ top-1 Ao SENet + ResNeXt101 + Focal loss 1@ 83.2% uag top-5 Ao

SENet + ResNeXt101 + Focal loss 9 95.7%

2.6.3 X. Chen, Y. Zhu, H. Zhou, L. Diao, wagD. Wang [10] ¥in151iaiun ChineseFoodNet Live
N MeIMITIUlFeg 1 dRlulR WesanemsduinsaninlaeniiiaiUseufisuivemsgdunied

"aNagiidnuiu dataset MwoznIUATANYULEIMITUNBENTIAA8AY F9laass dataset aunlg

=

[ (%

YurnswadalauandidnisidenyseinneImis ¥ateya n13 clean data way N135¢Y label lneianiz
n1514 machine learning 11aAN1538Y label kUU manual Falu dataset ﬁ]zﬁﬂ’mﬁ]’m%ﬂuﬁumaiﬁm
waznmiidnea1nesass Inefiswauianun 250 Yssan wagdlnnndt 180,000 3U Tu dataset 214
CNNs uaz TastyNet lun1siudayauassiunavadnIsyiniunesng o me voting method Faimu
gNAesgadle 81.43% 37 validation set waw 81.55% 211 test set Iagld model ¥as CNNs 4 vlinfe
SqueezeNet, VGG, ResNet wag DenseNest LLaziw‘ﬁ}a%aﬁwmi voting method Taeld CNNs Model
fupnsneiu Aeld ResNet152, DenseNet121, Denese169, DenseNet201 uag VGG19-batch waglé
wadndidu TastyNet Fsflanugndesgaunniie 81.43% 9105 validation WAz 81.55% 911 test set
wazl@un dataset W training, validation, LWay test sets 1815 random selection lagagly deep
learning network architecture fiuansnsfuuazsIuIL label fuananeiu n1s Validation 7iviTlei
§uffu1fe DenseNet201 fmnugnded 79.05% s Test set Tlddfiane VGG19 dsfiaugnies

79.22% Wag Resnet152 ¥nl679.00% uaznadndfiafiaaldain Model ResNet152, DenseNetl21,

DenseNet169, DenseNet201 way VGG19-BN %ﬂlﬁmﬂmiLaﬁawaé’wﬁ‘mamﬂimLmaé’w Voting
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method 521\‘1 ResNet ‘1/] layers mmnmmu% Huszansnna ﬁﬁﬁu 79.46% amfﬂm'] single ResNet gy
1ANTTIUVDY Resnetl152 wag Densenetl21, Densenetl69, Densenet201, way VGG19-BN A31d
QNAv3IAe 81.43% Invalidation , test set 81.55% %ﬂgﬂﬂ’j’l single network Tu validation uay test
set §1 top-1 #iléiAe 81.43% IneResNet152 + DenseNet121, 169, 201+ VGG19-BN uag top-5 filie

96.79% latResNet18, 34, 50, 152+DenseNet121, 169, 201+VGG19-BN

2.6.4 Z. Heng, S. Roy, K. Yap, A. Kot uag L. Duan [11] laviinsWauueUnaiadu e-health
= & a U o w & A A = ) v 1 2/ yaa o o LY a
Faduueundinduniseanmdineuuunaniesuiiens Fewuilumyrglgldiidduneitunisuilan
91sNRYY weundintutaglvanudAgiertumsduninteyanisassinglagweundindunune
MyFitness-Pal way Loselt Ingld HOG wag color patches AU Fisher Vector wagyinnsnad@euuu food
dataset 100 Usznv uazldnaauifiveinmiiiiuninsiaaeuazn1swus 14 random forest Lite

¥
[N}

° . = ° aa ' A
Fuun super pixel-grouped lugunimems Fsn1sandiemnsnidegdiulvngazdiitugiuuiain CNN

;3/ ylATrain generic heavyweight network (GHN) U dataset Ing compact knowledge-distilled
network (CKDN) gnusulldlsfugldvansnulaglulnsdmsifiefeaznnsld CKON model daazifiy
UsgImAeafunssuuszmuems@adonin Food Diary denmazgnénlnanludadivesvesld lae
CKDN aggnisunaganunantu personalized knowledge-distilled network (PKD-Net) lngagiinis
ﬁus’mﬁ’aadamﬂ Google, Yahoo and Baidu %1 Food Diary \Ju food databases agneiu Food-101
Vireo Food-172 %38 UEC Food-256 wagn1eidelaiuzingadayalailagdnedainennsduie
158171 NTUIndianFood50 1ng57usiunInan Google Way Yahoo image search #ina Ay
azBenmng 256x256 axlauaulnednlusi® dvu Food Diary szidenemsiildsunnudeusimun 24
097N NTUIndianFood50 Tng Food Diary figamitenun 2,073 amuasdowfieuii
NTUIndianFood50uaFood Diary azinnnimuesniwdiannin uagld VG616 Tumsuenusziamonms

911 NTUIndianFood500agwuin VGG16 Tianuusiugias Jslaiaus personalized knowledge

Y

&

distillation based network (PKD-Net) Lftan1sansienmsuulnséwidodomszdinistufinnimainnis
euulnsdmrinaziuogitu MobileNet PKD-Net fiusyAnEninlumausnuszianuu neural network

wazwurYaUaya NTUIndianFood50 dleisuiieumnuwiugluniswenyszsnnszning CKON waz
PKD-Net ¢ Top-1 CKDN 74.3% uag Top-5 PKD-Net 95.6% 31nn13naaadlunisasng dataset yn iyl

wansliliiua1 PKD-Net fiussavznniia
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2.6.5 1. Shota Horiguchi , Member, IEEE, Sosuke Amano, Makoto Ogawa, ey Kiyoharu

v a Aa IS

Aizawa , Fellow [3] Tusuidell An15uiaue personalization framework Afiusg@nsnnw dAnasld

dataset Tnwie) vesgUnImeImITIe Tl waz dataset wiantigniiusiusanliluseundiadu food-logging

[

v ¢ Y & 1 _ad A o o v sda 1 _aa a a &~ °
Naa‘WﬁGU'ENﬂ']TV]@aENLLaﬂ\ﬂﬁquqnﬁﬂqiwu’]Lau@iﬂi‘ﬁmﬁﬁWﬁ‘W@lﬂ')'nﬁﬂ'ﬁl,@ll &L‘UQTL!'J YU UNITUEUD

personalization framework 7138131 sequential personalized classifier (SPC) %ﬂLﬂufﬁ%ﬂﬁﬁugmm

[

ad . . a L~ 1% <
971n35 weighted nearest neighbor Tusu3deil din15a319 dataset VoIFUNIMNBINIT thaztnugunIw

' ¥
a ! v A !

a1vsfignateseiuililuteundiadu N%e71 Foodlog  @afinsiiusausaugunmilivseuia 2 ¥

Y

£

FBnsiidnaueaiunsa classify classes  TAnTuvesq wetluiUIeuiisuauutugiiu CNN
classifier 3%‘ﬂﬂiﬁ7‘igﬂﬁmauﬂmm3%§ Ao personalization  framework 7138191 sequential
personalized classifier (SPC) Tudumouusn 015 train convolutional neural network (CNN) 1Ju
fixed-class classifier Ingvnnsw dataset Aiflvunafinainvans fn13@a features 910 CNN wazFILI0
Aadevasuday class Ingld@ognmwes training Tunisvaaesiinuin NCM classifiers Sn1st4 mean
vectors @msulsiag class Mlaniauinduis CNN  softmax classifier fn15Lansfian1svin deep
features l¢ifunnlu datasets duq andnwazyhliige Wuusslovisonisizoud class Tuiq lunns
nnaawdinisly 4 Model LA pool5, GoogleNet [54], ImageNet [1] tay Batch normalization [51] &
top-1 = 38.8 (Pool5 [51]) uaw top-5 = 53.3 (Pools [51)) lumiseiiiinisuuzihddsnsuidaym
personalization  problem T food image recognition  Warl@UeISNITANMTU classifier
personalization Tua1uve438 Personalization food recognition ﬁmiﬁﬂuilﬂmau laun fixed-class
NCM classifier waz CNN dunadnsluemidsel uandiiiuiisns spC ivnausluinedu Tnadnsd
ANIMENITLAL

2.6.6 E. Aguilar, M. Bolanos, kag P. Radeva [4] $in151435n15 Food Recognition ﬁﬁ'ﬁugmm
911 CNNs msnaaesuvaiiy 2 datasets 4891 Food-101 wag Food-11 : Food-11 11 dataset UERE)
16,643 3U danguidu 11 Ussiamonms (wadh wilo vesvu ud) wagdnisunimanainly social
network 13U Flickr 1ag Instragram Iaeuuadu 60% §13U training , 20% validation wag 20%
115U testing  way Food-101 \Ju dataset g‘dm‘msaﬁq I1ana1n foodspotting.com wuady 75%
&3V training way 25% @13V testing lnadin1sly Model 7 Model 1@un GoogleNet, ResNet50

a1

[13], ILSVRC, Keras, InceptionV3 [18], WISeR [7] kaz WRN [19] 1A top-1= 90.27 (WISeR [7]) kaz
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top-5 = 88 (InceptionV3 + ResNet200 + WRN  [19]) Nan15vaassuu Food-11 : dn15tAgUNaues
CNN U CNN Fusion $insuuadu 2 @ e center crop (1-Crop) wag10 different crops fnafna
Jeld 10-Crops 1ne Accuracy 983 CNN Fusion #in1 CNN 4 0.75% wagkan1snaaesuy Food-101

- 4l overall accuracy = 90.27% lay WISeR[7] 35115 deep learning #18 CNN 3 model i accuracy

(% ]
Y [y

1NN91 88% (InceptionV3 + ResNet200 + WRN  [19]) fatiunadnéiiafian Ao InceptionV3 wag

ResNet50 models 3101 CNNs Fusion

At oy » b oy Architecture
YoIUINY grudoyanld
Topl-accuracy Top5-accuracy
NU-InNet- Thai Food Image Recognition Using THFOOD-50 NU-InNet 1.0 & 1.1
Convolutional Neural Networks on Smartphone [8] NU-InNet 1.0 (69.8%) ©23%)
ChineseFoodNet: A Large-scale Image Dataset for ChineseFoodNet ResNet152+DenseMNet121,1 ResNet18,34,50,152+De
Chinese Food Recognition [9] 69,2014VGG19-BN nseNet121,169,201+VG
(81.43%) G19-BN (96.79%)
Personalized Classifier for Food Image Recognition NUS-WIDE waz FLD
[10] Pool5 [51] (38.8%) Pool5 [51] (53.3%)
FoodAl: Food [ma.ge Recognition via Deep Learning for FoodAl-756 SENet + ResNeXt101 + SENet + ResNeXt101 +
Smart Food Logging [11] Focal loss (83.2%) Focal loss (95.7%)
Food Recognition using Fusion of Classifiers based on  Food-101 uaz Food-11 InceptionV3 +
CNNs [12] WISeR [T] (90.27%) ResNet200 + WRN [19]
(88%)
Personalized Knowledge Distillation-based Mobile NTUIndianFood50
Food Recognition [13] CKDN (74.3%) PKD-Net (95.6 %)
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3.1.2.1 MYuAInQUIaIALA U ULIAYDITEUY

3.1.3 Mswseudayazunm

3.1.3.1 thyunmemmsdaunlaanainlasenisudl waggunmeimsdanuiiugy

371 search engine #1199 WWNNSANYILATUTEUIANAN N
3.1.3.2 ¥ Data Augmentation uazU3uruingunm fugnudoyagunmiiil
3.1.3.3 asyeaouanundenvesgiudeya lnegudeyaiiaiadisassidon
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1.1 Usgyuiieideniidelasanis

1.2 mypyafnuiuiAnuag
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1.3 Anwmeluladnanduunly

2. N19DNLLUUISUU

2.1 MyuainguszasAlazvauLn

YNIETUY

3. n’mm’%&u%’aa&agﬂmw

3.1 thsunmemnsdanudilen
NLATINTUA UazgUnImeImis
Sanufiuiinan search engine
#1199 1iMsAnwLarUTEUIaNG

AN

3.2 ¥11 Data Augmentation Lag
YFuruagunn fugudeya

sua g

3.3 HFIVEOUAIIUNT DUV

v

gudoya lnegudoyanidnse

<9 Y

9¥ii¥971 ISANTHFOOD-44
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4. msnalueadmiun1sian

AMNBINSDEU

4.1 yNNSTURaE AU lILAE

4.2 vinmvadaukazUTulialiieg

5. NISNAUILDUNALATY

5.1 9NLUULIUNAATUNBIEAY
LunaAfgnaIntunauN TR

luma

5.2 ynmsnegeukasUIuUs

6 ATULATIHEUNTIUIIY

6.1 vinmsuTuUgasEuUnngg

o

§I5N9 1 : BAIUAITANTUIIUIATINNTT

3.3 gunsaluaziAsasiianly

{ va

Tuwaniideaulavagliauslutiulseneudie 3 luwa @l 1. InceptionV3 2. ResNet50 uag 3.

a o

MobileNetV2 §398agl475n15 Transfer Learning #3on 15U lanalna1Liaein snauuIuaunyinnIs

Y

train fugIudaya ISANTHFOOD-44 wagyinisusumlumalivansauiudoyauasnussasAvesnuifol

[

MHIINTYIINTG train - waz test  Tayanfeufuilieuiisunay Taussdvsnmauldlunaiduinelauds

2N

Feanhlumaudauvasieglusluvuinieauldnuiuvaunsalnnm wie nsdnmniledio neuasne

e

Application n18léidedn SaapFood Cam ﬁﬁEULLUUW%’aﬂﬁﬁmuﬁ’UéfﬂuLmaﬁlmuizuums Android wagyin
nsSentdlumamelueundindiusinan Tnelifhedweneiodloftasldlumisesweluil

- Tensorflow : Deep Learning library 984 Google

- Tensorflow Lite : ¥ilanansaving convert lusaiie 4 lussuuufanas Android 16

- Keras : Python library @150 Deep Learning #174¢)

- Scikit-leam : Python library sanesasdiaislelumsinuss@nsainluing
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- Google Colab %58 Colaboratory Ing Google
- Android studio : IDE dwsunsiamteunaiaduuussuuuisnis Android wagn1wlusunsy

[y

Naglglunuideil Ae Python

3.4 yadiaya (Data Set) filday

[

NuITeliagldgudeyanivedn ISANTHFOOD-44  InNagIdelaasnedu FuAnann1s5IusI

JUN NN

v

3.4.1 1AsIMITeniivedn n15vingudeyaredeInis annauRlegeenaaling v 22 Uiu
a ° - v W ] a aay vo @
wealiu duneiles Janinveuniu lun1sussuiadiniauaaesnlasuainnisiudseniuemis

v o

(Asan1sue) VIR ETEANMIINGIALVBULNU
3.4.2 Search engine 19U Google

Tagunmlugiudeya ISANTHFOOD-24 i class Wismun 44 classes Fsazdidnuaugunim

(%

1PysAUAINAYIN Augmentation L&A

ISANTHFOOD-44

Train Validation Test
(69 %) (4 %) (27 %)
ai"lmugﬂmw 44,000 2,200 17,500
Ee! 63,700 3U

M7 2 : M5 uansiiuaugunmlugiudeya ISANTHFOOD-44

[

wazilsgdeansneusiegegulugudeya ISANTHFOOD-44 13 44 classes Al
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Iugunmlunsazaans

%aﬂmﬁ Train Validation Test
U1INADY 1000 50 400
ndn 1000 50 400
dlovion vamen 1000 50 400
Uagn 1000 50 400
Uangs 1000 50 400
ouULUN 1000 50 400
WU 1000 50 400
Y3497 1000 50 400
e 1000 50 400
WAALTiA 1000 50 400
LANUBYUN 1000 50 400
LASTMEN 1000 50 400
wneveld 1000 50 400
wnenialdneg 1000 50 400
W ARIULULALAS 1000 50 300
WAL 1000 50 400
WNIDDY 1000 50 400
nogluunumg 1000 50 400
noyna 1000 50 400
auLaen 1000 50 400
anuny 1000 50 400
NUNEIN 1000 50 400
nunvusld 1000 50 400
MUNUAY? 1000 50 400
WAL 1000 50 400
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g mlunsazaans

%aﬂma Train Validation Test
FnuA Ul 1000 50 400
w3asly 1000 50 400
Uandu 1000 50 400
UJu 1000 50 400
WAUNY 1000 50 400
141 1000 50 400
AU 1000 50 400
AU 1000 50 400
BRI 1000 50 400
aUnialy 1000 50 400
Uanila 1000 50 400
P1uilen 1000 50 400
g 1000 50 400
RN 1000 50 400
e 1000 50 400
ldnsondanu 1000 50 400
NN 1000 50 400
Aulan 1000 50 400
ALY 1000 50 400

MITNT 3 : MITNUAANTININFUN LA AR IFYeITIuYEYa ISANTHFOOD-44
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3.5 N192dNLLUUISUU

3.5.1 Workflow nswsiuntuwma

a

N\ . i T |
musiuudoyagunm - -
} * (1) \ |
lImage Acguisition) ———*| ISANTHFOOD- 44 [——— Tesok el 1—
] Database 4 Model | Resulto |
annotation aple JE B —.I the =
/’ |_evaluation
o
/ 5
L 4 Evaluation
L
Prediction

-Inceptionv3

-ResMet50

-MobileNet

UM 12 : Workflow msimmu)lanaa

Inglutussuilazisuanmawssugunmanasadugudeyalaglddadn ISANTHFOOD-44 uay
wasantuazideyaileuiitnisuundu Training dataset waz Testing dataset waz¥iin1s Train
Model uag Test Model aulalunanAfignoanuing 3 luina Ao InceptionV3  ResNet50 uag

MobileNetV2 wazildlgluwaundwndusall

3.5.2 Application Workflow

@T A_nd rgid
N S—

Tensor

ﬂ—-*r‘ TensorFlow! ite

Keras

gi/f)’li/vﬁ’ 13 : Application Workflow

luduusn dn1slY TensorFlow  wag Karas lun13ashe Model wdeanntuyl Model #laly
convert model lu TensorFlowLite tiievinly Model wsngdmsuihanldlugunsainnnn wag finsld

Android Studio @31akaUnapduiiatiudaunyu Model #ald
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3.6 Uaymuazauassn

a o

3.6.1 uvesgunmanlasinsual (veuwn) liiieane vilvgidedesinisiiudiuiy

5UNM9N search engine wazltinaila Data Augmentation Liianisl

LY

3.6.2 \ipsnnluwaninldduliearnalng ibildnatlunisussuianauiu §3dededesan
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NaN1SALHULATIUY

[ 7
[ v

mymfiulassiluasalddavilaiauenanisaniulassnu lnsuanmadnsassialyil

4.1 {Adelavinswsulueans 3 luealaeldisnedn Transfer Learning Wneldlumainidu built in

model 911 Keras wagld weights 910 imageNet

4.2 Insusudsuunnues input W 256x256 pixels auvuingunmlugiudeya uwasiii layer 1

1U8n 3 layer Ao AveragePooling2D, Dropout layer wae Flatten layer

4.3 yimsisusaazlunalaeiiiug input size, epoch, learning rate, optimizer Way batch size

P Y}
NEANBDUNU

4.5 AMuuA optimizer LUU Stochastic gradient descent %39 SGD wagnuua momentum = 0.9

learning rate = 0.01 uag epoch = 30

ulalunani Topl-accuracy waz Top5-accuracy NATian luusiaglunaniseaziden

[

AasiolUll
- InceptionV3

VA

H3lALuea InceptionV3

NanN

Aol

aalagdladn InceptionV3 v10 Beid1UIU parameter

NaA 21,892,940 M513L003 vU1AlUAa 167MB uaglanadns accuracy Aadl

model accuracy

1.00 4
0.95 A !

0.90 1

accuracy

0.85 A1

0.80 1

0.75

train
—— valid

loss

1.0

0.8 1

0.6

0.4 1

0.2 1

0.0 1

model loss

— train
— valid

T T
0 5 10 15
epoch

20

25 30

5 10 15 20 25 30
epoch

g‘zjmwﬁ 14 : n57 Training accuracy #a Training loss Y84 InceptionV3 v10
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nNI1NlugUAINT 12 wanafieTraining  accuracy  wagTraining  loss @9

a

InceptionV3 v10 dudiulédn Taima InceptionV3 v10 & Training accuracy agluszeiuias

Y

waztiloviniswmsulumaly epoch NunTuSeee Training accuracy Adsnslaidnas wulheaiu

flu Training loss 91MU31 InceptionV3 v10 A1 loss Aideradlu epoch 11nTU

Model Topl-accuracy Top5-accuracy

InceptionV3 v10 97.23% 98.93%

@757\777 4 : 9713718UanN Test Topl-accuracy dag TopS-accuracy ¥4 InceptionV3 v10
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MNAN5199 3 LaR9Ds Test Topl-accuracy wag Top5-accuracy 984 InceptionV3 v10

a

Fadiuléan Tama InceptionV3 v10 §i Test Topl-accuracy wae Top5-accuracy agﬂuixﬁwﬁjq
54.97.23% uay 98.93% Fedenndediu Training accuracy il accuracy Iuixé’uﬁqwﬁuﬁu
Ay mﬂgﬂm‘wﬁl 13 wameng Confusion  matrix Y84 InceptionV3 v10 Fafnuinnisimng
sUnMoINIBauYedlalna Inceptionv3 v10 tufimsvunglignieutusilefinnsanlunis

Murgluksazaaladnaie

- ResNet50

AIdulalana ResNet50 Mffigalneditodn resnet v2 9 1uIU parameter 1A

[

23,677,868 W1514L99D3 IUIMLUUIIGDY 181MB uaglanaans accuracy fal

model accuracy

model loss

—

loss

— train
valid

1.0

0.8

0.6

0.4+

0.2+

0.04

= train
valid

0 5 10 15
epoch

20

25 30

10 15 20 25 30
epoch

gzlmwﬁ 16 : 197 model accuracy kag model loss Y84 resnet v2
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nNI1NlugUNINA L4 wansile Training  accuracy  WawTraining  loss B9

= @ Vo1 = .. I o A = o
resnet_v2 daiuladn luaa resnet v2 i Training accuracy aglusiugauaziiorinnismsy
luwmalu epoch  AW1nTULS08q Training  accuracy  Néamslisings wuieatuiu Training

loss 1WU11 resnet v2 dA1 loss Nitipeadlu epoch 1T

Model Topl-accuracy Top5-accuracy

ResNet50 97.25% 99.04%

#1919 5 : 17 19UaRd Test Topl-accuracy Wag Topb-accuracy ¥a4 resnet vZ2
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91NAN597 4 wanede Test Topl-accuracy way Top5-accuracy U84 resnet v2 Faidiu

] =

1931 Taima resnet v2 i Test Topl-accuracy waw Top5-accuracy oglussauiigeds 97.25%
wag 99.04% TaaenAdeiu Training accuracy Ml accuracy luseauiigaduiu wag 31ngUam
71 15 wansfis Confusion matrix ¥4 resnet v2 iAnUI1N1siwIegUAIMeImMISaIUVRN

s resnet_v2 duiimsvhwngldagnasausiugnidefinsaniumsiungluudas aaradneag

accuracy
=2 o = o . =
ES [} ~ o © o
L . L .

<=
W

- MobileNetV2

3elaluma MobileNetv2 Ndafianlaedyedn mobilenet v2 Haiiiauiu parameter

Nae 2,314,348 W1578lnes IUIALUUIIa8Y 18MB Lazlanadns accuracy el

model accuracy

.
o
|

— train
valid

model loss

—— train
valid

0 5 10 15

epoch

20

25 30

T
5 10 15 20 25 30

epoch

gzjmwﬁ 18 : n31 model accuracy 4ag model loss ¥4 mobilenet v2
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1nN31NTUFUNAINAL6 wansdie Training  accuracy  WavTraining  loss B9
mobilenet v2 Fuwiulain lana mobilenet v2 & Training accuracy agluszauiigauaziior
nswsulamaly epoch  9131nTUEe8 9 Training  accuracy  ndsasldmnas wulfenfuiy

Training loss AnU31 mobilenet v2 fiA1 loss Mitaeadlu epoch wnTu

Model Topl-accuracy Top5-accuracy

MobileNetV2 96.88% 98.86%

AT 6 : BITNUARN Test Topl-accuracy Uag Top5-accuracy Yo mobilenet v2
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NAITNN 5 Lhaneds Test Topl-accuracy Wag Top5-accuracy U094 mobilenet v2 3

a

wileidn Tuwma mobilenet v2 i Test Topl-accuracy wag Top5-accuracy agluszaufigeds
96.88%uaz 98.86% FedanAdesfiu Training accuracy 1% accuracy Iuiseﬁ’uﬁqqmuﬁu uay
mﬂg‘dm‘wﬁl 17 wanedy Confusion matrix ¥83 mobilenet v2 %Qﬁwuiﬁmiﬁmwgﬂmw
pnsBauveslimg mobilenet v2 dufinsvhunsldgndesusuguilefinnsanlunisiunely

winzAANEBNAEY
4.6 ayUNamIANLINEIYDYIe 3 LUUTIREY

- Training : Topl-accuracy , Validation accuracy ia¢ Model size

Model Top1-accuracy Validation Model size
InceptionV3 100% 98.68% 167TMB
MobileNetV2 100% 98.32% 18MB
ResNet50 100% 98.55% 181MB

gﬂmwﬁ 20 : Training : Topl-accuracy , Validation accuracy ag Model size

- Testing : Topl-accuracy Wag Top5-accuracy

Model Top1-accuracy | Top5-accuracy
InceptionV3 97.23% 98.93%
MobileNetV?2 96.88% 98.86%
ResNet50 97.25% 99.04%

3‘UJ77W77/ 21 : Testing : Topl-accuracy Wag TopS-accuracy
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4.7 fegramsvihunglaguaeveide

a

1INNANITIIUIEFUA81MI5BA1UAIENINDMITNFITELATIINITAIEAINEY WUTINY 3

U

wuudiaesaunsaviwegunnlagndesdudiulve uvisgunmanunsavinunelagnseslaswg Topl

dgunmivinune Topl leldgnsias Adipsnunadnsigndesuanteglu Tops dsnnaslull lagmisns

¥ 1 A o ! L o v = A
AuasFensuEAIANUgnABIvedluaaly 5 d1euusn (Top5-accuracy) kay label lunseudiunsfe

PoUDI0MTNYNABININNTINUILVRILUN

- UUKUUA1A84 InceptionV3 : 9mnstunn Ao 1.4u61 (Somtam) 2.31U33 UJimJaew) 3.a7uvy

(Larbmoo)

—— It looks like Larbmoo
It looks like Somtam I foaks Nick ity

top 5 predictions 1.jpg top 5 predictions 1580828692687.jpg top 5 predictions 1580828688117 jpg

i 9 ' ¢
w““ﬁw@‘“&

wﬂ“‘ow “,.m’w‘::vm»“‘“e:ﬁnd\‘“‘“‘

UM 22 : faee9msvuelng gUn1eves e UukUUTIaed InceptionV3
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- UUUUTIa09 ResNet50 : 81stunn Ao 1.3uua UJimJaew) 2.Uaanuasudd

(Grilledcatfish, Jaewbong) 3.Uann (Grilledcatfish)

It looks like Jimjaew

@
N

It Iook.s !iIfEGn"fdcafﬁS" It looks like Mokhuak
- 2

~

ﬁ;A

top 5 predictions 20200219_110909.jpg b top 5 predictions pS.jpg top 5 predictions p3.jpg

" o $
B 5

UMM 23 : free9nsrunelne U veds 39 UUUTIAeY ResNet50

- ULLUUA1889 MobileNetV2 : @1mstunin fis 1.Ua9n (Grilledcatfish) 2,819 (Somtam) 3.

w3adlugng (Offal)

It looks like Grilledcatfish It looks like Kaengsen It looks like Offal
o L -

top 5 predictions 20200223_151806.jpg 1 top 5 predictions 20200223_151854 jpg 1o top 5 predictions 20200219_110921.jpg
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UMM 24 : feeinsiniglnegUngvessise vuuuuIIaes MobileNetV2
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a3Una aAUTIENE Lazdalauauuz

5.1 aguwan1sAneAuadn

IINNTANWIAUATY wazN1SHAIUY SaapFood Cam: waUnaAtuNITITIeImsingdau lng
AME8NRUNTEINANT (SaapFood Cam: A Thai-lsan Food Recognition Mobile Application) #7338
lefinsadregudoya ISANTHFOOD-44 fifinssrusiugunmidunimargormsdaiuainlasansudl
uag search  engine  wldlunisilndunazyszifiuuvudiass ddlugrudeyadelinisléinada Data
Augmentation snldlunaifindwiugunimlugiudoyadnde uagldvhnsiinduianun 3 wuushaes
Us2nauIY InceptionV3 ResNet50 tay MobileNetV2 Feldweiafiiondn Transfer learning 3114w
msfinay nduliiuuuiaesiiifigavesis 3 wuudass iuvasfunuudiaedduzuiuy tite tio
Braldluseundindy SaapFood Cam vliueundnduiiannsarhuisameneemssaurusuey
walnduuazlviseanden Uszneuluse dee1m1s Wesidunsvinneuanina 5 dduusniigedian
(Top5-accuracy) uay waassvesemsiunmenetiuld

Tngunfudaauidennadunisdse1ms (Food recognition) lnsdausniiu azfinisisnams

[%
[

sunmemsiiluenmstedmseanmsuysssunilaeinly muiddeiidaldiinnsddiemslugduuulng

[

Ao MN8N Fauwuudaesndavindutiuannsarhnsidiensdauliidusgnad widesniiulunis
MUEgUAINOMIININUIINMUIILTY Fie wuudiaesszannsariuige I sifidnvaeiausaiuld
4o withdndiuvesermsluauivesiuly Wusimsiidnvuzsudnvaliadeduwydu niodiunay

Aeqegnielaiiung Aanunsaiibivuudtaesiuneianainlaguiu
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5.2 aaUsiena

[ a

NNTANTULATIULAZYINNISHNEULUUINED919 3 LUUINEDT WUIWUUIIaD9 ResNet50 T

A1AULIUENANAR (Topl-accuracy) 8gfl 97.25% wagliAiainuudugivasnsviiuneiiusingeglu

q

A a 1

Y
N3YIUNY 5 Sudiuusn (Top5-accuracy) NANaABgN 99.04% wuuinaad InceptionV3 TiAiAIUaiuen

(Topl-accuracy) 8gf#1 97.23% uazlirauwiugrvesnisviunegfusngeglunsviing 5 dusuusn

Y

(Top5-accuracy) a&ﬁ 98.93% WazwuuIIaBdgaving MobileNetv2 Tid1Auwsiugn (Topl-accuracy)

'
[

9g#1 96.88% uazliriainuudugivesnsvinenusingeglunisviiune 5 dusulsn (Top5-accuracy)

&

'
1

oeffi 98.86% v1 3 lumaileuvadliiedlu suuuy tite annsnthanldludueundiedulalaglldioa
Tunisuszananaiiunuiuly fafuwuusiaesiignidontunlfluleundiadu SaapFood Cam  #e
wuusians MobileNetv2 fosarnifunvuitassdiflvuncingn egi 18MB wazdslvmnuusiugily
nsviunedialdtosnin InceptionVd  waz ResNet50 demdsannyinmsinseuuusnans wWildluwey

WALRTUNUILUNARTUTUAies 15.8 MB Lazinisuszananansiniiidndie

Average Accuracy Model size
Model Parameters
Top1 (%) Top5 (%) (MB)
InceptionV3 97.23% 98.93% 21,892,940 167
ResNet50 97.25% 99.04% 23,677,868 181
MobileNetV2 96.88% 98.86% 2,314,348 18

MITNT 7 : MITNTFUNAANSIUUGDZUUUTIADN

5.3 YoLAUDLUY

(% (%
Y Y

wuudaeeie 3 wuudaestagyhwgldgndeadioe mstiuluemsdaiuwintu Snviaguning

Tglunsviunenindaninwindeuunned1eiy Wy anargluuiiuuniuanios nnaenidwesnneg

o ) « =

anaeivsunavesemsnigluguiniesiiuly Wueimsiidnvauzsudnvaliindrafuiuydu v3e

Y

drunausieegneliuing azanunsavilinsinuevesdiilunananAdounsaRANAIALA SININTT

e wemsdanuriiuweundintudiny dedrialunisvienu (Limitation) Ao 5.4
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5.4 993107 N151191U (Limitation)

Y o w

waUNAAYY SaapFood Cam Hffaflvedninlun1sinau As nsviunesunmeimsdaulagly
wuudaesukeundadudihuenateoimsialigndeiiniianig visguamaiunsainunglaedis
gnAes wivnsuamdadnsviuneiie Weeudiunisiueguamemnsdaiuiiuwuuinasdlagnse

U Google Colab MiinsviweignAsdLazaiugINdIan

It looks like Brownrice

top 5 predictions this jpg

i DIHISDAWUNWUAD
09 The name of food in this image is
0.8 4 | = =]
=] BooHS WosiBu unans
06 FprlEh! (16 80 / NWW
05 1 viavunan q 100 / U
g‘; ] unadinvutlal (i 100 / 168
02 | wnoviasuy (9 44 [ 1008
014 ERIPET (7 133 / 100nSU
0.0 ' . :
poft ot ™ ace ance
am ot c_p".ﬂ Bm‘ﬂ
™

UMM 25 : UmMTIenanInluea UMM 26 : JUMTINIENAINUBUNAIATY



41

It looks like Koikaimoddang

top 5 predictions this2 jpg

10

ot 2IH1sdautunwiifio
08 The name of food in this image is
07 o = M |
vl GooH1S wWoasidu unaos
05 1 wauunain (48.98%) 100 / 19U
g‘; 1 unoiavutlal (e 100 / e
i iu (7 35 / 1608
01 fov3a (6.51%) 133 / 100nSU
00 . . fiwmsn (3.08%) 35 / 1608
ang n e ol 1
L - ‘6“3‘"““{' W mwm“"aa“
YA 27 : JUmviungnaInliea YA 28 : JUNITIIIBHATINUBUNAIATY

spwiuldinisyhwegdninenmstaenulinalnenss lugunind 18 uaz 20 aslinadwsd

gnsiesnIMsinerulinangedluiiueundiedu Tuguami 19 uag 21

5.5 N15608AlATIIUIIY

o

tanunsaihlusesenluowirals 1y nstdges mnsilaluuanssgaziBundiaq iuny
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U3

Tdlamsrudoya 019 drunauveseImsiu wisszauaUALLasAuTIUlaeTalUve T Wusy

v '
L) a

WANAITATITUAILNUIVD991N5 N8 TUATUNT DN TIATUUTUI UV DI TNNTVINUINATU W3 Bl

U I3 a dl' P 2RY) %
MInsIvTuANuALlaegndemnsnelunmiewandlifiugldlansiu
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AMANUIN N

A5AAANIIUSHASY

nslteulusunsy Google Colab waz Android Studio

nslgaulusunsy Google Colab

1. 11015 Login - wdszuu Gmal  wiesdnlde1u Google  Colab anntu winluiiules
https://colab.research.google.com/notebooks/intro.ipynb#recent=true wagyinn1sasianunlunis

A519LUUINEDY M3 NA New Notebook

Title First opened Last opened

€0 Welcome To Colaboratory Nov 30, 2019 0 minutes ago
& MobilenetV2 ipynt Jan 17,2020 0 minutes ago
& Testing.ipynb Jan 31,2020 4 hours ago

& ImageProcessing.ipynb Dec 27, 2019 8 hours ago

L InceptionV3.ipynb Dec 27,2019 8 hours ago

NEW NOTEBOOK CANCEL

§Ui n-1 msidlga Google Colab
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2. N335 19MUUT188199 (coding) kaginn1ssulAnogNadng

& InceptionV3.ipynb
P P! B Comment 2% shae ft (%
File Edit View Insert Runtime Tools Help Lastsaved at12:41PM

+ Code + Text Connect ~ # Editing ~
Vo R /R
SaapFoodCam project | InceptionV3 by Keras : GoogleNet

start date : 26/01/2020

» Setup

4 4 cells hidden

» Callback schedule

£ 1 cell hidden

» Creating training and validation set Tau ImageDataGenerator

Image Preprocessing

£ 5 cells hidden

» Model v7 : InceptionV3

4 7 cells hidden

» Model v8

Waiting for colab.researchaoogle com...

n-2 Mael9eu Google Colab

1
[

3. WonunlAnsuaLasasausey watdasnistuiinlud Tilufnd1ds File -> Save

cO & UntitledO.ipynb

File Edit View Insert Runtime Tools Help All changes saved

+ Locate in Drive

Open in playground mode

<>
New notebook

Open notebook... Ctrl+0
Upload notebook...
Rename...

Move to trash

Save a copy in Drive...
Save a copy as a GitHub Gist...

Save a copy in GitHub...

Save Ctrl+S
Save and pin revision Ctri+M S

Revision history

35U n-3 mdhlgan Google Colab
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A5 Igauldswnsy Android Studio

1. a1idlyan 1Usunsy Android Studio annuiules https://developer.android.com/studio

[

Ingpdniivy Fawthaveaiuled Jusail

am developers Platform Android Studio Google Play Jetpack Kotlin Docs News Q, Fumn anlug -

Android Studio

DOWNLOAD WHAT'S NEW USER GUIDE PREVIEW

The Developer Preview for Android 11 is now available; test it out and share your feedback

android studio

Android Studio provides the fastest tools for building apps on every type of Android device

DOWNLOAD ANDROID STUDIO

3.6.1 for Windows 64-bit (749 MB)

DOWNLOAD OPTIONS RELEASE NOTES

§Ui n-4 msldaIu Android Studio

2. dlevnsandluanlusunsuasaseuses anduadanidalusunsy Android  Studio azUsing

lAs9aseugIuedlUTinTy 819 iu wuudiaes Layout Faazusingiustminnveseundiaduly

a v [

nsdnidlete neuiluldeuass Inediegns Layout asilianuuzsiadl


https://developer.android.com/studio

® S5C [DASFC) - J\apphsrcymainreshlayouniactivity_mainaami [apg] - Android Studic =] x
Eile Edit Yiew MNavigate L{ode Analyze Befactor Build Run Jools WCS Window Help
SSFC Brapp Besc B main B res D ayout A | mapp v || [ NensS(Edited) AR ~ | B o m Q
E # Andioid + o M - B
-’a Y Ry g —|®= S [Pnelr =7 © AppTheme™ | &) Default (en-us) ¥ San @ 0 aibute Qo —
|~ mniest I'e
> b java —pi
y| > T | S
2| by asen Butteny e T
I vmm = Recycleriew
s Wirasts <Iragment=
5 * BN drawable Y’ =
i > Ewfont IR PR, Welcome to
B L “& Switch
& v o tayout Fontens SaapFood Cam
s ACHiVity,_ BN Googh
e ACvity_resultxmi Lgasy
e BCtivity_spilashscreenmi
.; Cemponent Tree o -
x B res (ene
2 LinearLayout
; = A Guadie Seripts ot
11 hello_text
L} AtV
v £ lneartayoun
z ™ imageView nnfiergindoo g
3 v = LinearLayout Click the camera button
R b ingicu2: “Bit to take & picture
o Al seViewd
Al pextyiem-
-; 3 cam_ban
* =
Oesign | Test
§ | Bules | BulldOutput | Sy & = Ewntlog R
5 4, ¥ i Bulld: comaleted successhully a1 With 1 waimsng 2 ir & o
3 w Starting Gradhe Daeman 5 2000 KOK Resolition Outcome: Project settings: Gradie mocel version= 0 IDE and Plugin Updates
¥ o Run build 14309
- Androsd Studio i ready 1o update,
- ﬁ * + Load build . 2101 Gradie build finished in 22 5 37 ms.
ko Confioure build f 2
£ gilogst  E7000 M Terminal | ACRuRd 0 Event Log
¥ Forartle Paiile finsthart bn 33 ¢ 37 me 148 mirsitas anal e
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§Ui -5 ms1dIu Android Studio

3. MsgulAnanusalaularalaniew 19 1wy AW XML wag Java

sfc - (€ MainActivity A, | = app v | [LPixel2API27 v | P

e activity_mainxml € MainActivity,ava

1 package com.example.sfc;

> ]

3 import

8

9 s  public class MainActivity extends AppCompatActivity {
1@
11 @verride
12 of protected void onCreate(Bundle savedInstanceState) {
13 super.onCreate(savedInstanceState);
14 setContentView(R.layout.activity_main);
15
16 ImageView imageView;
17 imageView = findViewById(R.id.eam_btn);
18 of imageView.setOnClicklListener((view) - {
21 Intent intent = mew Intent( packageContext: MainActivity.this, ResultActivity.eclass);
22 startActivity(intent);
23 finish();
24 1);
2 3
27 3
28

3‘1/77 n-6 N7519971 Android Studio

P =]
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4. feusulanlivinnisideniuvedluuaewmIelnsEnYifeIn sz Anaar naasaUndlAty

View Mavigate Code Analyze Refactor Build Fun Tools WCS Window Help

kapp MEse Bumsin B0 java Dmcom DN example D sl @ Splashscreen A | = oapp v || [ NeasS (Edited) AM23 ~ | & o & 0G0 B a0
drowd = @ = & — | eeeciviy manaml - | ® Spiashs
wp |ﬂmw~dv.mm|m:rwrugﬂ - o w0

v tu Your Virtual Devices

]

MName Play Store Resoiubon AP Target CPU/ABI Size on Disk Actions.
Mexus 4 AP1TS 768 « 1280 xhapi 11 Ancraid 40.3 (Google APIs)

52GB L3
Mexus 5X AP 1S 1080 = 1920: 420dpi LL] Andraid 4.0.3 (Googie API5) 53GB L

Nexus S AP1S vard 1060 = 1920 wehelpl 15 Android 40.3 49GB L3

AEAE L
LN AN

3
5888

Newxus § (Edited) AP 23 1080 = 1920 xchdpi 3 Android &0 (Google APls) B1GE >

+ Create Virtual Device— o 7 | -]

>+ Load build
Frnf, Sntiguee bugd
» Caleuilate task nrash

2148 Install successtully finished in 35 373 ms.

gi/ﬁ n-7 M 519971 Android Studio
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[

5. WoWsuldnvisnunsauiosudd awnsanageuteundduidy b azusnguadnsilunad

tefactor Build Run Tools VCS Window Help

com example sfc - € Splashscreen ~ < app v L Nexus 5 (Edited) API23 v | (& - 3 @
@ — | g activity_ mainxml € Splashscreenjava
x

package com.example.sfc;

O
import androidx.appcompat.app.AppCompatAetivit] " @ 9:49
import android.content.Intent; "D
import android.os.Bundle; “f 1
import android.os.Handler; elcome fO o

&  pubiic class Spleshacresn extends Appcompatacy SaapFood Cam S
@override

sl protected void onCreate (Bundle savedInsta
super.onCreate (savedInstanceState) ;

setContentView (R.layout.activity splag

new Handler () .postDelayed (new Runnable]

Override

ol public void runi(} {
Intent i = new Intent( packageCd

startActivity (i);
finish();
1
}, delayMillis: 3000) ;

panAJusundaviwarasy
Click the camera button

to take a picture

0/4/2563 21:48 with 1 warning 21s

‘erminal  *\ Build (7 Profiler

U7 n-8 m1518971 Android Studio
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AARNUIN U

YUNDUNIS LTI ULBUNELAYY SaapFood Cam

=
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AANUIN A

Code tunaulunnsilnduluwna ( Model Training )

1. @1uv99n15 import library wag directory As1du

SaapFoodCam project | MobilenetV2 by Keras

~ Setup

[ 1 # Connect to Drive
from google.colab import drive
drive.mount('/centent/drive")

zip_pathl = 'drive/Shared drives/SaapFoodCamSeniorProject/ISANTHFOOD44/train.zip"

zip path2 = 'drive/shared drives/SaapFoodCamSeniorProject/ISANTHFOOD44/valid.zip"

%ktime

lep '{zip_path1}" .
lunzip -q train.zip
I'rm train.zip

lep '{zip_path2}" .
lunzip -q valid.zip
Irm valid.zip

# Import

import matplotlib.pyplot as plt
import matplotlib

import cv2

import pandas as pd

from keras.

preprocessing.image import ImageDataGenerator,img to_array, load_img

import tensorflow.keras

import os

import numpy as np

import tensorflow as tf

from tensorflow.keras.models import save model, load model
import keras

from keras.
from keras.
from keras
from keras.
from keras.
from keras
from keras
from keras
import math
from keras.
from keras.

tf.test.gpu

tf.test.gpu

models import Sequential, load model
layers import Convolution2D, MaxPooling2D, Conv2D, BatchNormalization ,GlobalAveragePooling2D, Input, concatenate, AveragePooling2D

.layers import Activation, Dropeut, Flatten, Dense

optimizers import SGD, Adam
callbacks import EarlyStopping, ModelCheckpoint, History, LearningRateScheduler
import backend as K

.models import Model
.metrics import top_k_categorical accuracy

applications.inception_v3 import preprocess_input
applications import Mobilemetv2

_device_name()

_device_name()

# Directory

trainDir = 'train’

valpir = ‘valid'

saveModel = '/content/drive/shared drives/SaapFoodCamSeniorProject/output/isanfood_44/mobilenet/model’
saveModelW = '/content/drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood_44/mobilenet/modelWeight’
savePic = '/content/drive/shared drives/SaapFoodCamSeniorProject/output/isanfood_44/mobilenet/pic’

g‘lJﬁ' A-1 Code Funaulunsilnaulums ( Model Training )
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2. @1VBINIT save weight NANAALLUYIIBINT train model

~ Callback schedule ****

[ 1 # callback and Save Model Weights when Fit model

class decaylr_loss(keras.callbacks.Callback):
def _ init_ (self):
super(decaylr_loss, self)._ init ()
def on_epoch_end(self,epoch,logs={})
loss=logs.get('loss")
print("loss: ",loss)
old 1r = @.001 #needs some adjustments
new_lr= old_lr*np.exp(loss) #lr*exp(loss)
print("New learning rate: ", new_lr)
K.set_value(self.model.optimizer.lr, new_lr)
lrate = decaylr_loss()

#early stopping
#patience = 30
#earlystopper = EarlyStopping(monitor='val acc', patience=patience, verbose=1, mode='max")

#check point
wdir = saveModelwW

filepath = os.path.join(wdir ,'mobilenet v2_weights.best.hdf5")
checkpoint = ModelCheckpoint(filepath , monitor='val acc', verbose=1 , save best only=True, mode="max')

Uil A-2 Code Funerlunmsilneulinng ( Model Training )

3. §IUYe4NI3AIN training batch uaz validation batch iw3eudayaieldlunis train

~ Creating training and validation set 1ael ImageDataGenerator

Image Preprocessing

[1

[

[

# Tnitail #azuvowmsu epoch wiamfoay batch_size 71 15iu batch=32 uaagi1 3zwwmsumoa: 32 wnnaseas 32 71l
img_size = 256
batch_size = 32

# Training
imgDataGen = ImageDataGenerator()

train_data = imgDataGen.flow from directory( trainbir, target_size = (img_size, img_size), color_mode='rgbh', batch_size = batch_size, class_mode="categorical')
valid data = imgDataGen.flow_from_directory( valDir, target_size = (img_size, img_size), color _mode='rgb', batch_size = batch_size, class_mode ='categorical’, shuffle=False)

Found 44600 images belonging to 44 classes.
Found 220@ images belonging to 44 classes.

print(list(valid data.class_indices.keys()))

['Brownrice', 'Chillidip', 'Friedmeat’, 'Grilledcatfish', 'Grilledfish', 'Hormok', 'Jaewbong', 'Jimjaew', 'Jingreed', 'Kaenghed', 'Kaenghoykom', 'Kaengkhilek', 'Kaengnormai', 'Kaengnorm

»

# train is 480 per class / valid is 56 per class

print(train_data.batch_size , 'batches train = ' , train data.n , 'imgs")
print(valid data.batch_size, 'batches valid = ', valid data.n, 'imgs')

32 batches train = 44000 imgs

32 batches valid = 2200 imgs

3‘1/77 A-3 Code Sunaulunysiinauluma ( Model Training )



4. @u9IN1Sa@s1e model architecture

~ Model

[1

base_model = MobileNetv2(weights="imagenet',include_top=False)
x=base_model.output

x=GlobalAveragePooling2D() (x)
x=Dense(1024,activation="relu")(x)
x=Dense(1024,activation="relu")(x)
x=Dense(512,activation="relu")(x)
preds=Dense(44,activation="softmax")(x)

mobilenet=Model(inputs=base model.input,outputs=preds)
mobilenet. summary()

n_classes = 44

# base model is inception_v3 weights pre-trained on ImageNet
base_model = MobileNetv2(

weights="imagenet",

include_top=False,

input_shape=(256,256,3)

x = base_model.output

added layers to the base model

= AveragePooling2D(pool size=(6, 6))(x)
= Dropout(.4)(x)

= Flatten()(x)

XX X #®

# add softmax activation
predictions = Dense(n_classes, activation='softmax")(x)

mobilenet = Model(inputs=base model.input, outputs=predictions)

mobilenet. summary()

Uil A-4 Code Funerlunisindiulinna ( Model Training )
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5. @U989n13 compile , fit model tag plot 319 accuracy wag loss
~ Train

[ 1 %ktime
# optimizer
opt = 5GD{1r=.81, momentums=.9)

# add LearningRateScheduler to update it
1r scheduler = LearningRateScheduler(step decay)

# calculate top_5_accuracy to evalute the model
#def top 5 accuracy(y true, y pred):
# return top_k_categorical_accuracy(y_true, y_pred, k=5)

# putting them together and compile the model
mobilenet.compile(
optimizer-opt,
loss="categorical_crossentropy’,
metrics=["accuracy', 'top_k_categorical_accuracy’] #top_5_accuracy

[ 1 # Train
step_size_train = train_data.n//train_data.batch_size # steps_per_epoch
step size val = valid data.n//valid data.batch_size # validation steps
print('each epoch is °,step_size_train,step_size_val)

[ 1 #Fit

Kitime

epochs = 30

hist = History()

mobilenet.fit generator(train data,
validation data = valid data,
steps_per_epoch - step_size_train,
validation steps = step size val,
epochs = epochs,
verbose=1,
callbacks = [lrate, checkpoint, hist]) #tearlystopper

# Save weipght wiada

# Save model @an

[ 1 # plot acc and loss vs epochs
print(hist.history.keys())

# accuracy

plt.plot(hist.history[ acc’])

plt.plot(hist.history['val acc'])

plt.title( 'model accuracy')

plt.ylabel( accuracy')

plt.xlabel("epoch"')

plt.legend(["train', 'valid']) #loc='best'

plt.savefig(os.path.join(savePic, 'mobilenet v2 accuracy.jpeg'), dpi=10ee, bbox inches="tight') #change
plt.show()

# loss

plt.plot{hist.history['loss"'])

plt.plot(hist.history| "val_loss"])

plt.title( 'model loss®)

plt.ylabel("loss")

plt.xlabel( "epoch’)

plt.legend(["train’, ‘valid']) #loc-'best’
plt.savefig(os.path. join(saveric, 'mobilenet_v2_loss.jpeg'), dpi=1ees, bbox_inches='tight') #change
plt.show()

U7 -5 Code Tumanlunsinehlauma ( Model Training )



6. @1UVDINNS save model

~ Save Model *

[]

#save model

mobilenet.save_weights(os.path.join(saveModel, 'mobilenet v2.h5')) # save weights after training or during training
mobilenet.save(os.path.join(saveModel, ‘'mobilenet_v2.h5")) #save complied model

### saving the trained model

# serialize model to JSON

model_json = mobilenet.to_json()

with open("json/food44 mobilenet v2 model.json™, "w") as json_file:
json_file.write(model_json)

Kktime

scores_train = mobilenet.evaluate generator(train_data, verbose=1) #steps=step size train

scores_test_valid =

scores_train[1]

scores_test_valid[1]

mobilenet.evaluate generator(valid data , verbose=1) #steps=step size val

Uil A-6 Code Sunerlunisindulinna ( Model Training )
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AMANUIN N

Code Junaulunisnadaulutna ( Model Testing )

a o

1. @UV9N15 import library wag directory N5y
SaapFoodCam project | Testing

~ Setting

[ ] # Connect to Drive
from google.colab import drive
drive.mount('/content/drive")

[ 1 %%time
zip_path = 'drive/Shared drives/SaapFoodCamSeniorProject/ISANTHFOODA4/test.zip’
lep '{zip_path}"'
lunzip -q test.zip
Irm test.zip

[ 1 # Import
import matplotlib.pyplot as plt
import matplotlib
import cv2
import pandas as pd
from sklearn.metrics import confusion_matrix , accuracy_score
from keras.preprocessing.image import ImageDataGenerator,img_to_array, load_img
import itertools
from sklearn import preprocessing
from keras.preprocessing import image

import tensorflow.keras

import os

import numpy as np

import tensorflow as tf

from tensorflow.keras.models import save_model, load_model

import keras

from keras.models import Sequential, load_model

from keras.layers import Convolution2D, MaxPooling2D, Conv2D, BatchMormalization ,GlobalAveragePooling2D, Input, concatenate, AveragePooling2D
from keras.layers import Activation, Dropout, Flatten, Dense

from keras.optimizers import SGD, Adam

from keras.callbacks import EarlyStopping, ModelCheckpoint, History, LearningRateScheduler
from keras import backend as K

from keras.models import Model

from keras.metrics import top_k_categorical accuracy

import math

from keras.applications.inception_v3 import preprocess_input

from keras.applications import Inceptionv3, MobileNetv2, ResNetS5e

tf.test.gpu_device_name()

[ ] # Directory
testDir = 'test’ .
savePredict = '/content/drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood_44/mobilenet/predict/" #ulasudaivawmasiav

gz/ﬁ 4-1 Code Fupaulunsnaaeuluina ( Model Testing )
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2. @UueIN13a3e testing batch wSeudayataliluns test

~ Test Batches

[ 1 # Initail #3zuuomsu epoch wSamSaas batch size 71 12U batch=32 usaoi azvsuefoay 32 w@uwnafoay 32 51 #3251 ¢ia 1 epoch
img_size = 256
batch_size = 1
# Training
imgDataGen = ImageDataGenerator()

test_batches = imgDataGen.flow_from_directory(testDir, target_size = (img_size, img_size), color_mode='rgb', batch_size = batch_size, class_mode='categorical’,shuffle=False)

[» Found 17580 images belonging to 44 classes.

[ 1] foodaa = list(test_batches.class_indices.keys())
print(food44)

C> ['Brownrice’, 'chillidip', 'Friedmeat', 'Grilledcatfish', 'Grilledfish', 'Hormok', 'Jaewbong', 'Jimjaew', 'Jingreed', 'Kaenghed', 'Kaenghoykom', 'Kaengkhilek', 'Kaengnormai',

§U# 4-2 Code Tuneulunismageuluiaa ( Model Testing )

3. druesnsivanlunanas weight Naglalunis test

~ Load model & weight

[ 1 #pip uninstall keras
[ 1 #pip install keras

[ 1 # enter model weight file
model file = 'drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood 44/mobilenet/model/mobilenet v2.h5'
model weight = 'drive/shared drives/SaapFoodCamSeniorProject/output/isanfood 44/mobilenet/modelweight/mobilenet v2 weights.best.hdfs’

#model_file = 'drive/Shared drives/SaapFoodCamSeniorProject/output/isanfoed 44/inceptionv3/model/Inceptionv3_v1@.h5'
#model_weight = 'drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood_44/inceptionv3/modelWeight/Inceptionv3_vi1e weights.best.hdf5"

#model_file = ‘drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood_44/resnet5e/model/resnet_v2.h5'
#model_weight = 'drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood_44/resnet5e/modelWeight/resnet5e_v2 weights.best.hdfs’

[ 1 %%time
model = load model(model_file)

[> CPU times: user 14 s, sys: 376 ms, total: 14.4 s
Wall time: 16.2 s

[ ] model.load weights(model weight)
[ 1 model.summary()

[ 1 scores_test = model.evaluate_generator(test_batches , test_batches.n // test_batches.batch_size, verbose=1, workers=1) # + 1
print("Test Accuracy = %.2f%%" % (scores_test[1]*10@))

> 17500/17508 [ ] - 464s 27ms/step
Test Accuracy = 97.23%

§U# 4-3 Code Tuneulunismageuluiea ( Model Testing )



4. @UVINTVINUNEFUNMNTRZAINLALUARIHATNS Top5

~ Predict ¥iazan

[1

{3

[1]

[1]

C

def path_to tensor(img path):
# loads RGB image as PIL,Image.Image type
img = image.load_img(img_path, target_size=(256, 256))
# convert PIL.Image.Image type to 3D tensor with shape (256, 256, 1)
% = image.img_to_array(img)
# convert 30 tensor to 4D tensor with shape (1, 256, 256, 3) and return ap tensor
return np.expand_dims(x, axis=a)

savepath = °/content/s2/'

def img_analysis(img_path,namefood, plot=fFalse):
¢ process image
img = path_to_tensor(img_path)

# make prediction
predicted_vec = model.predict(img)
predicted_label = foodad[np.argmax(predicted vec)]

# show predicted imape

img = cv2.imread(img_path)

rgb = cv2.cvtColor(img, cv2.COLOR_BGRIRGE)
plt.figure(figsize=(4,3))

plt.imshow(rgh)

plt.axis( off*)

plt.title("Tt looks like {}".format{predicted_label))
#plt.savefip(os.path. join(savepath, "1'+namefood }))

plt.show()

# show top 5 predictions with probability

if plot:
¢ take top 5 probable pics
tops_probs = np.sort{predicted vec)[e][-5:]
topS_labels = np.argsort({predicted_vec)[o][-5:]

# plot bar graph

x_pos = np.arange(len(tops_labels)}

plt.figure(figsize=(5,3))

plt.bar(x_pos, tops_probs)

plt.title("top 5 predictions " + namefood)

plt.xticks(x_pos, [foodaa[int(idx)] for idx in tops_labels], rotation=20)
plt.yticks(np.arange(@, 1.1, ©.1}))

#plt.savefig(os.path.join{savepath, namefood))

plt.show()

#inceptionvi

foodimgDir = '/content/drive/shared drives/SaapFoodCamseniorProject/Inceptionv3pics/’
incepfoodlist = os.listdir(foodimgDir)

print(incepfoodlist)

for namefood in incepfoodlist:
img_analysis(os.path.join{foodimgbir, namefood),namefood, plot=True)

It looks hke Brownnce

top 5 predictions -14-56.jpg

§U# 4-4 Code Tuneulunismaaeuluiea ( Model Testing )
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5. @IUVBINTLANINASNS Top5-accuracy Yo4lunanvinng test

~ Top1 and Top5 : show Top5 and save in csv

[ ] IMG_PATH = 'test’
num_class = 17500 #number of all test imgs

[ 1 def top5_accuracy(CLASSES):
top5_df = pd.DataFrame(columns=['class’,'predicted_image', "top5_accuracy(%)'])

topsall = @
for ¢ in CLASSES:
ot =0

images = os.listdir(os.path.join(IMG_PATH,c))
for img in images:

# process image

imagepath = os.path.join(IMG_PATH,c)

# loads RGB image as PIL.Image.Image type

img = image.load_img(os.path.join(imagepath,img), target size=(256, 256))

# convert PIL.Image.Image type to 3D tensor with shape (256, 256, 3)

x = image.img_to_array(img)

# convert 3D tensor to 4D tensor with shape (1, 256, 256, 3) and return 4D tensor
img = np.expand_dims(x, axis=e)

# make prediction
predicted_vec = model.predict(img)
predicted label = food44[np.argmax(predicted_vec)]

# take top 5 probable pics
top5_probs = np.sort(predicted_vec)[@][-5:]
top5_labels = np.argsort(predicted vec)[@][-5:]

# check tops_label with class name
for idx in tops_labels:
if fooda4[int(idx)] == c:
cnt = cnt + 1

if ¢ == 'Kaengpakwankaimoddang':
topsene = cnt/(300)
else:

topSone = cnt/(400)

#print(c, 'in Top5 prediction = *, cnt , '/ top5 accuracy ‘,c, topSone*1ee, '%")
tops_df = tops_df.append({'class': ¢, 'predicted image': cnt, 'top5_accuracy(%)': topsone*1ee}, ignore_index=True)
top5all = topsall + cnt

top5_df.to_csv('/content/df/resnes_top5.csv')

print('summary top5 accuracy = ', (top5all/num_class)*10@, 'from top5-predicted image ',top5all, ' images')

[ 1 %ktime
top5_accuracy(food44)
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6. @IUVDINTHEANS confusion matrix

~ Predict : show confusion matrix

[ 1 def plot_confusion _matrix(cm, classes,
normalize=False,
title="Confusion matrix',
cmap=plt.cm.Oranges):

This function prints and plots the confusion matrix.
Normalization can be applied by setting “normalize=True’.

plt.figure(figsize=(20,20)) #20,20

plt.imshow(cm, interpolation='nearest’, cmap=cmap)
plt.title(title)

plt.colorbar()

tick_marks = np.arange(len(classes))
plt.xticks(tick marks, classes, rotation=9e)
plt.yticks(tick marks, classes)

if normalize:
cm = cm.astype('float') / cm.sum(axis=1)[:, np.newaxis]
print(“Normalized confusion matrix")

else:
print('confusion matrix, without normalization')

print(cm)

thresh = em.max() / 2.
for i, j in itertools.product(range(cm.shape[®]), range(cm.shape[1])):
plt.text(j, i, em[i, j],
horizontalalignment="center",
color="white" if cm[i, j] > thresh else "black™)

plt.tight_layout()
plt.ylabel('True label')

plt.xlabel('Predicted label")
plt.savefig('/content/drive/Shared drives/SaapFoodCamSeniorProject/output/isanfood 44/mobilenet/predict/Normalize confution_v2_e1.jpg’)

[ ] test_imgs, test_labels = next(test_batches)

[ ] test_labels = test_labels[:,0]
test_labels

[» array([1.], dtype=float32)
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test_batches.reset() # resetting generator

predictions = model.predict_generator(test_batches,test_batches.n // test_batches.batch_size, verbose=1) #+1

- s /ms/ste
17500/17500 120s 7ms/step

y_pred = np.argmax(predictions, axis=1)

y_true = test batches.classes

labels = (test batches.class_indices)

labels2 = dict((v,k) for k,v in labels.items())
preds = [ labels2[k] for k in y pred ]

print(y_pred) #ivinnuuiuuuiay
print(y_true) #usazmaisda index avls e-43
print(labels) #uaniwusay index Aaavls
print(preds) #vihneuuy string

print(y_true.shape)
print(y_pred.shape)

(17500,)
(17500,)

cm = confusion_matrix( y_true , y pred)

cm_plot_labels = food44
plot_confusion_matrix(cm, cm_plot labels, title='Confusion Matrix')

accuracy_score(y_true, y pred)

66

teooB RN

§U# 47 Code Tuneulunismageuluias ( Model Testing )



	บทคัดย่อ
	Abstract
	กิตติกรรมประกาศ
	สารบัญรูปภาพ
	สารบัญตาราง
	บทที่ 1
	1.1 ความสำคัญและที่มาของปัญหา
	1.2 วัตถุประสงค์ของงานวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ประโยชน์ที่คาดว่าจะได้รับ

	บทที่2
	2.1 การเรียนรู้ของเครื่อง Deep Learning
	2.2 Convolutional Neural Network (CNN)
	2.3 Classification
	2.4 Network Architecture
	2.4.1 GoogLeNet
	2.4.2 ResNet
	2.4.3 MobileNet
	2.5 Data Augmentation
	2.6 งานวิจัยที่เกี่ยวข้อง

	บทที่3
	3.1 วิธีการดำเนินงาน
	3.2 แผนการดำเนินงานตลอดโครงงาน
	3.3 อุปกรณ์และเครื่องมือที่ใช้
	3.4 ชุดข้อมูล (Data Set) ที่ใช้งาน
	3.5 การออกแบบระบบ
	3.5.1 Workflow การพัฒนาโมเดล


	จำนวนรูปภาพในแต่ละคลาส
	Test
	Validation
	Train
	ชื่อคลาส
	บทที่ 4
	ผลการดำเนินโครงงาน
	บทที่ 5
	สรุปผล อภิปรายผล และข้อเสนอแนะ
	5.1 สรุปผลการศึกษาค้นคว้า
	5.2 อภิปรายผล
	5.3 ข้อเสนอแนะ
	5.4 ข้อจำกัดในการทำงาน (Limitation)

	บรรนาณุกรม
	ภาคผนวก
	ภาคผนวก ก
	การใช้งานโปรแกรม  Google Colab และ Android Studio
	การใช้งานโปรแกรม  Google Colab
	การใช้งานโปรแกรม  Android Studio

	ภาคผนวก ข
	ภาคผนวก ค
	ภาคผนวก ง

