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Classification of Pistachio Species using Deep Learning Techniques
Nicharee Sribuchandee®, Ruangsak Trakunphutthirak2
Abstract

Nowadays, the consistent and growing trend in the consumption of pistachios necessitates the
development of new methods and technolosgies for image classification of different pistachio varieties. The
value of each pistachio variety varies, depending on the quality, physical characteristics, and market
popularity. [1]. Pistachios, particularly certain varieties, are considered high-quality and expensive due to
their high demand in the market. The development of methods and technologies for species classification
is crucial in maintaining product quality standards and value. The objective of this research is to develop a
deep learning model for classifying pistachio cultivars based on physical characteristics such as shell color,
size, and shape, using image data of the 1,232 images of the Kirmizi and 916 images of the Siirt from public
sources [2], along with additional image data of the 1,056 images Kerman which were collected by the
researcher. Five types of models were employed: a basic Convolutional Neural Network (CNN) model trained
from scratch, and four pre-trained models - VGG16, VGG19, ResNet50, and EfficientNetBO, each transferring
weights from ImageNet. Fine-tuning and hyperparameter adjustments were made to achieve optimal
efficiency. The results indicated that the ResNet50 model had the highest efficiency, with an accuracy of
0.9812, followed by the VGG16, VGG19, EfficientNetB0, and CNN from Scratch models, in that order, with
accuracies of 0.9781, 0.9750, 0.9625, and 0.9219, respectively. For future research, there are suggestions to
increase the number of image data and to fine-tune the models (Hyperparameter Tuning) using various

techniques such as Grid Search or Bayesian Optimization to find the most suitable parameters for the model.
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T3 anTaiiagldsyuuuszananadnluliidionisiioudidedn (Deep Learning) natdunuudiaesi
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UYwe WY
le¥un1siBeuiteyauneu (Pre-Trained Model) Tngl#38nsanaloun1sieus (Transfer Leaming) tiloduunuaz
Annevimeiuguesiafianidle 3 anewus 1dun Kimizi, Sirt wag Kerman Tngsiuunaaudnunizniasnm iy dves
Waen vunm uazgUsis Iegesimsuagiiusydnsnm msthmaluladnisiSeusvesnias (Machine Learning) 11

Tdlunsduunangiugiiianaledaduuliunaglasuaruouiingy Wewinaiunsaissuiandeyadnuiuun

a

wazanansaszygUuULdudeuls deasdieiiulssansamuazandeiianaialunissuunanewusiafiantlels
miafeddnvuasihausiedesfiefitiglunssuunaetugifianile sudnuaenenionn Fenns

$1uunAIW (Image Classification) Tnsnslélassinsuszamitsnuuunsulagdu (CNN) tieadanuustasssie

Tassadiasing wdhuudSouiisuuszaniam saudanisuiuamisfinesana (Hyperparameters) iitelirle
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1. "u3deBes Classification and Analysis of Pistachio Species with Pre-Trained Deep Learning
Models [2]
AT NN ssaa mvesudafiamle 2 aewugie Kimizi way Sirt lagldiuudianans
BoudidadnilasunisiSeuideyaunnou (Pre-trained Deep Learing Models) l4lassingUszamiisnuuuneulag

s

Fu (CNN) svun 3 Useuan baun AlexNet, VGG16 war VGG19 diyadayansvun 2,148 5U FouvsooniBuanonus

q

Kirmizi $113u 2,132 5U uaganeug Sirt 9113 916 3U

MI59 1 WAAIAT Performance Metrics 909uUUT18090149 [2]

Performance Metrics AlexNet VGG16 VGG19
mmmgﬂéfm (Accuracy) 0.9442 0.9884 0.9814
ANALWLIUEN (Precision) 0.9150 0.9828 0.9742
#1 F-1 Score 0.9496 0.9884 0.9820
Al (Sensitivity) 0.9869 0.9956 0.9913
AANT LN (Specificity) 0.8955 0.9801 0.9701
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1NA5NN 1 N13UTEUUTEAVENINVIILUUTIADINEG 2eNUIUUT a0 LdlATsas iUy AlexNet 14
watlumsiindeyatiosiian Wewnduiuudaesiifiarududouiosiign wavwuudaesililasadauuu VGG16
laAArugneies (Accuracy) afianagi 0.9884 nugisuuuItaafildlaseaiiauuy VGG19 wazuuuitaesild

1AS985194UU AlexNet auanay

2. 9AdeSes Transfer Learning using VGG-16 with Deep Convolutional Neural Network for
Classifying Images [3]
aAteilinsBeudidednilldunmsidouitoyaunreu (Pre-trained Deep Learing Models) Tnglduuy
41894 VGG16 wag Transfer Learning 31n%¥naya ImageNet dieasauuusiaesiisuunanldios Taenisvi
Feature Extraction 91U UU1a84 Pre-trained Deep Learning LLasdeaumsL'%‘&Jui'mﬁl,l,wfiwaaﬂ‘mi VoAV
1544 Transfer Leamning ag¥isUsendaniatlunisindeyauuvitaeuazusendaninensdnaie lasdnw
wuusaesiisimstindutoyauazy funmiivesintu (Training and Validation) wagtih Feature Extractor #lély

Usgendldivnudugidnuagadieaiaiu ieduundeyauszinnlug (New Classifier) ldognafiussansam

M5 2 MsiSeuiiieuenigndes (Accuracy) vesuuudnaesnldinatauansiaiu [3]

Model Training Accuracy Validation Accuracy
Basic CNN 98.20% 72.40%
Fine Tuning CNN with Image Augmentation 81.30% 79.20%

Fine Tuning CNN with Pre-trained VGG16 Model and
86.50% 95.40%
Image Augmentation

910815197 2 WU wUUSIaeefidunuy Basic NN wazwuusIaas Fine Tuning CNN with Image
Augmentation Fuiten Training Accuracy g4n11@1 Validation Accuracy Fudumsiziin Overfitting ¥ia 19
wuudnassitunglagnsiedanas dunuudnasy Fine tuning CNN with Pre-trained VGG16 Model and Image
Augmentation Huléein validation Accuracy qqa‘ﬂasui‘ﬁ' 95.40% 1ii09din1991 Pre-trained VGG16 wazn1sifial
foganm (Image Augmentation) ¥lvuuudiassiuldlindudeyanniivarsnainuinnirdslduuusiaoia

UsEanSnmuINnINngg

3. idedes Deep Residual Learning for Image Recognition [4]

AseIEuenssunnwlaennsly Residual Neural Network (ResNet) Saifiulasadneuszanmidien
an (Deep Neural Network) Tagl4lluudnass ResNet ﬁﬁimaa%wLmﬂsmﬁwawgmmu 1lawn ResNet3d,
ResNet50, ResNet101 tagResNet152 imﬁ,ﬁﬂ‘i’fl,wﬂﬁﬂ Residual Learning %3© A Building Block Fudunsideuse

T (Skip Connection) #tagdreliuuinassauisnisouiiiaesiiseAun (Low-Level Features) uaziliaasi

o

5¢6ugq (High-Level Features) liiognefiuse@ngnn uaziduuuy Element-Wise Addition on13uan Feature

map nTufoURtTITeiuioA el Inen1sleusad utu (Skip Connection) aztglyuuiians

anusasuteyantuneunthillilaensdaglidosiutunatwmiaun Helibuuiiaeinsieuslanvy uaslides

Wudwumsfiwesveswuuiiassnniuly Bnedsneanigm Vanishing Gradient 8naae
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4. Adedes Detecting and Counting Pistachios based on Deep Learning [5]

v
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sATuillAdaunslEfnTaTuTng RetinaNet ddldlasengUssamiiondn (Deep Neural Network)
WUy ResNet fa3uil 1 uagldgndoyalunisnsrafuifianmalelumsiflefiduinlodmn 6 s1oms fevoziam
99 167 3unit wazdfianBleRfitnofindu 3,927 win aunsoandunaziuifiamilefitiudeniUauaziudentn
18 Tumsfinaeunuudiaesdmiuinmaduing RetinaNet tu azuisdoyasendu 5 ¥a warlduvudaosimun 3
UszLnn Teun ResNet50, ResNet152 uazVGG16 Inafiuuusians ResNet50 LanadnsaAiaasnnuulugn (mAP)
gsanegil 91.87%

Video
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i
Data preprocessin; > RetinaNet > N Counting »
e preprosene e Algorithm

JUN 1 wansnszuiunmsviailunisesinduuastduiinaniale [5)
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Jodninvesnuideiife satandloluingiiedeulmuasdnaznyuiuuaeniuaides wazanyuues
Y83nd09919 I IR TURANaaLA 1y faftanTleNdenUauazgnuyulvsuiiildeniUanduaiu vilvg
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5. WAdBiSes EfficientNet: Rethinking Model Scaling for Convolutional Neural Networks [6]
mui%’aﬁﬁﬂmmiﬂ%uimaﬁzhwizmmﬁsmLLUUﬂauIaq%’u (CNN) wuu EfficientNet Iaglenisatglounns
\S8u3 (Transfer Learning) a1nyateaya ImageNet uaznusuvunaluuInaeIwuunas (Compound Scaling) #len1s
USurunnn 3 1Rve9uUUsIand AoANNNENa (Width), mnuan (Depth) wazainuagiden (Resolution) laenns
USur Compound Coefficient n3aAdasanufiutiuou faus 0 8 7 Tne FaSenTouuusiasmue Compound

Coefficient vu EfficientNetBO 2ug4 EfficientNetB7

6. MuAseiFas Cultivar Identification of Pistachio Nuts in Bulk Mode through EfficientNet Deep
Learning Model [7]
sATeiinauenisUszgndldlaseneussaimdeuuuuaoulagu (CNN) kU EffidentNetB3 (A
Compound Coefficient winfu 3) Tneilassadrsuuustasssianmdszneu 23 esuundssnndfiantlenomn
4 anoviug Tnodinsifindeyanin (Data Augmentation) kaznsUsusniinesssvesuuuiiass (Fine Tuning)

1o

HadnsnuIdelarianugnaes (Accuracy) agil 98.00%, AlLafiuAILUIUEN (Average Precision) Befl 96.73%, A1

v
o

Recall 8¢/l 96.70% uazen F1-Score agjfl 96.67% uitedninnuidelaelilidniunisiueuiieudssansam

KUV UL UUTIa09lATIAS19DUY)

eI lanumuIssunssuieIteaglifendnwuuudiaemianun 5 Ussan toua wuudiass CNN

ﬁﬁmiﬁauﬁmﬂﬁuﬁu (CNN from Scratch), VGG16, VGG19, ResNet50 wag EfficientNetB0
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1. ASTUAUNITIINUVDILUUTIADY

Image Acquisition

Splitting Data

Validation Set Test Set

Training Set II

|

[ Feature Extraction (Pre-trained Model) }

;

[ Train CNN Model with Transfer Learning ]

I

Classification (Prediction) o

l

Model Evaluation

JUN 2 UanInTEUIUNTYINNUYRNINITY

mﬂgﬂﬁ 2 %umauiumﬁ%’aL'%fmmﬂmil,ﬁmwam%’a;ﬁa (Image Acquisition) mmﬂ?um'%&msﬁa;gamw
(Pre-Processing) wazuuadayanin (Splitting) Inewdstoyasaniu 3 daudu Training Set, Validation Set waz
Test Set ludnsndru 80:10:10 MntfurhnisFeuiuvusians Ingléinadanisareloudous (Transfer Learning)
mmfuwmaaumﬁmuﬂmzmmaaﬁﬁayjam%mmaau (Test Set) wazUszliuUsz@NTAIMLUUIIa0Y (Model

Evaluation)

2. mufiusrusiudaya (Image Acquisition)

Foyanmiualusuifeteglusulng JPG $1uru 3,204 3U Fasruunoonidu 3 Ussian léud
dafam@leaneiug Kirmizi, Siirt uaz Kerman Inefiteyanimanesiug Kirmizi $1uam 1,232 3U waganewug Siirt
$1uau 916 3U mandeyaasisue [2] wazldifuteyanmdianin 1uaewus Kerman $1uau 1,056 3U Fadu

@m%@;ﬂauuu Balanced Dataset
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=

JUN 3 wansfafianloanesiug Kirmizi, Sirt uag Kerman asanau

3. msm‘%&m%’ayja (Pre-Processing)
afiunisgevunavesguvisiunlifivuin 224x224 finga ntunsuusateyadinail Training Set,
Validation Set wag Test Set ludnsidiu 80:10:10 uazvinisasralnanesvestoyanmnmun 3 Wilanes fAe

Train, Test, Validation kazluwsazlnawmasvnanasilnainestasdniiuiu 3 awmes MU uIuUseLAnvasany

|
o 1Y

ugiiianTle Ae Kirmiz, Sirt Wag Kerman Taunaiianuvanvaisvenmiasiiuiuuliiuyadeyaildly
N5 (Training Set) Tngn1sduvenevizaganIn (Zoom Range), NM3tiounmkuIueu (Width Shift Range), N3
LABUNINUUIAG (Height Shift Range), N15Myun1 (Rotation Range), nstiudfiniea (Fill Mode) N1swanaI

wuIweU (Horizontal Flip), nMsnannimuwasis (Vertical Flip) warnnsu§udeutnsenuaing (Brightness Range)

4. N5a319UUUI1a09 (Modeling)

@

Tuanu3dell

°

Wiun1suu Google Colab Inglduseian GPU fio V100 waglsvaansiuwuudiaoaianun 5

o

Uszuan Laun CNN from Scratch, VGG16, VGG19, ResNet50 way EfficientNetB0 ausaguuusiassasunnsneiy

v v
° 1 o o

Tudrurestuntuinin (Trainable Layers) wazfiguilifiumvin (Non-Trainable Layers) usinnuuuinaetaglddu
dusunsauun (Classification Layers) Aiuiloufuanun

dmsunuuiaenliiunmsiteudveyauneu (Pre-Trained Model) %13 4 wuuinaes lald VGG16, VGG19,

ResNet50 uay EfficientNetB0 a¢1435n15618Toun15i38u3 (Transfer Leaming) 31n9aya ImageNet Jaiaaz
LUUDABILINISITLP 85I UNNTAS 19MUUTIRBY 151888 D8ARIANTIIN 3 KaTlIUIUNITIRLABSTIVUALARNININITS

1 4 logusduuuinassazuigassn 2 JULUU el

v
o

1. wuvdnaesnbidlavinn1susuwsaiutiy (Non-Fine Tune) Aa%u convolutional #1583

= o o

dense Milag Feuminilaannisinduvuyadoya ImageNet gnldlaense lnglusinig

Wasuwladlag

v Y
v aa

2. WUUIN@eIinIsUSuLss (Fine Tune) Inausunsiatuunsdiulmdutuniiyinmin (Trainable

Layers) Aouaztdntudmsun1sdun (Classification Layers)
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A1599 3 LAAINISITLMBINLTLUNITAS WU UTIR D

Optimizer

Learning Rate

Batch Size

ADAM

8

16

32

64

8

16

32

64

AN 4 LAAIIIUIUNTITLADTTNIUATDILUUTIBD 9699

Trainable Non-Trainable
Total Parameters
Parameters Parameters
399,008,739 399,008,739
CNN from Scratch 0 (0.00 Byte)
(1.49 GB) (1.49 GB)
Non-Fine 119,558,147 14,714,688
Tune (456.08 MB) (56.13 MB) 134,272,835
VGG16
126,637,571 7,635,264 (512.21 MB)
Fine Tune
(483.08 MB) (29.13 MB)
Non-Fine 119,558,147 20,024,384
Tune (456.08 MB) (76.39 MB) 139,582,531
VGG19
128,997,379 10,585,152 (532.47 MB)
Fine Tune
(492.09 MB) (40.38 MB)
Non-Fine 427,839,491 23,587,712
Tune (1.59 GB) (89.98 MB) 451,427,203
ResNet50
436,770,819 14,656,384 (1.68 GB)
Fine Tune
(1.63 GB) (55.91 MB)
Non-Fine 273,698,819 4,049,571
Tune (1.02 GB) (15.45 MB) 277,748,390
EfficientNetBO
Fine Tune 275,041,587 2,706,803 (1.03 GB)
(1.02 GB) (10.33 MB)
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5. MsUssiliunauuuingaes (Model Evaluation)
lunsusziiunanuudnaedlasiainene ieguseansninlunisduundeyanin sudaaileluns

YA o

Seus (Training Time) §idelamnundiindszdvsnmvenuuinaedlagly Performance Metrics ldiua Araanugn

U

94 (Accuracy), AMAINULILEN (Precision), A1A KL (Recall) wazAn F-1 Score

NAN15728aZaNUIINANTSIY

1. WLUUI1aad CNN from Scratch lORaN1SAMAUNITAIANGTIN 5

A15197 5 NstUSeuisuUsEansnmueakuuinasd CNN from Scratch

Learning Rate Batch Size Precision Recall F-1 Score Accuracy

8 0.9034 0.9000 0.9003 0.9000

“ 16 0.8966 0.8969 0.8966 0.8969

1 32 0.8903 0.8906 0.8895 0.8906

64 0.8965 0.8969 0.8965 0.8969

8 0.8796 0.8750 0.8754 0.8750

B 16 0.9092 0.9094 0.9092 0.9094

1 32 0.8719 0.8719 0.8721 0.8719

64 0.9218 0.9219 0.9218 0.9219

NA159 5 wuwuudaes CNN from Scratch HUsgansamnRngallednsNsiseus (Learning Rate)

q

Wi 107 uag vunavesngudeya (Batch Size) iy 64 lngldraiugnsies (Accuracy) gegai 0.9219

2. WUUINAR9 VGG16 laran1satiun1seanised 6

A15197 6 NSLUSEUIBUUSEANS A MURaLUUINGDY VGG16

Model Learning Rate Batch Size Precision Recall F-1 Score Accuracy

8 0.9205 0.9156 0.9161 0.9156

4 16 0.9471 0.9469 0.9467 0.9469

1 32 0.9658 0.9625 0.9623 0.9625

64 0.9596 0.9594 0.9594 0.9594

Non-Fine Tune

8 0.9627 0.9625 0.9625 0.9625

p 16 0.9562 0.9563 0.9562 0.9563

1 32 0.9564 0.9563 0.9561 0.9563

64 0.9711 0.9688 0.9685 0.9688
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Model Learning Rate Batch Size Precision Recall F-1 Score Accuracy
10 8 0.9724 0.9719 0.9718 0.9719
16 0.9689 0.9688 0.9688 0.9688
32 0.9656 0.9656 0.9656 0.9656
64 0.9377 0.9313 0.9299 0.9313
Fine Tune
10 8 0.9781 0.9781 0.9781 0.9781
16 0.9688 0.9688 0.9688 0.9688
32 0.9719 0.9719 0.9719 0.9719
64 0.9470 0.9469 0.9469 0.9469

31NA599 6 NUTHUUTIA097IN1TUTULAR (Fine Tune) HulszAninniinngailednsinisieus

(Learning Rate) Wiy 10° wag wunvengudoya (Batch Size) Wiy 8 lnaldr1nnugneas (Accuracy) adan

0.9781

3. WUUINARY VGG19 laranisatiun1seanisen 7

A15197 7 NstUSeuisuUsEansnnueakuuIngsd VGG19

|
A

[

Y

a

Model Learning Rate Batch Size Precision Recall F-1 Score Accuracy

8 0.9596 0.9594 0.9595 0.9594

Y 16 0.9659 0.9656 0.9657 0.9656

o 32 0.9657 0.9656 0.9655 0.9656

64 0.9533 0.9531 0.9532 0.9531

Non-Fine Tune

8 0.9689 0.9688 0.9688 0.9688

p 16 0.9689 0.9688 0.9688 0.9688

o 32 0.9571 0.9563 0.9561 0.9563

64 0.9692 0.9688 0.9687 0.9688

8 0.9264 0.9250 0.9252 0.9250

4 16 0.9765 0.9750 0.9748 0.9750

v 32 0.9753 0.9750 0.9749 0.9750

64 0.9563 0.9563 0.9563 0.9563

Fine Tune

8 0.9695 0.9688 0.9686 0.9688

5 16 0.9594 0.9563 0.9557 0.9563

v 32 0.9783 0.9781 0.9781 0.9781

64 0.9657 0.9656 0.9656 0.9656
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91NA15799 7 NUFHUUTIa09viIn1sUSULAS (Fine Tune) Hlsv@nBn niinngaiiednsinisiseus

(Learning Rate) wiiiu 10 uaz vuevengudeya (Batch Size) winiu 16 lnalariaugnsias (Accuracy) geand

0.9750

4. wuUINaa9 ResNet50 lonan1saiun1snanisian 8
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A15197 8 NSLUSEUIBUUSEANSNNUBaLUUINaDY ResNet50

(%

Y

P

Model Learning Rate Batch Size Precision Recall F-1 Score Accuracy

8 0.9758 0.9750 0.9749 0.9750

» 16 0.9347 0.9281 0.9285 0.9281

1 32 0.9660 0.9656 0.9657 0.9656

64 0.9595 0.9594 0.9594 0.9594

Non-Fine Tune

8 0.9631 0.9625 0.9626 0.9625

. 16 0.9641 0.9625 0.9629 0.9625

1 32 0.9657 0.9656 0.9655 0.9656

64 0.9659 0.9656 0.9657 0.9656

8 0.9750 0.9750 0.9750 0.9750

p 16 0.9814 0.9812 0.9813 0.9812

0 32 0.9674 0.9656 0.9653 0.9656

64 0.9753 0.9750 0.9749 0.9750

Fine Tune

8 0.9599 0.9594 0.9595 0.9594

. 16 0.9505 0.95 0.9498 0.9500

1 32 0.9688 0.9688 0.9688 0.9688

64 0.9324 0.9313 0.9317 0.9312

31NA1599 8 NUTHUUTIA09711IN15UTULAR (Fine Tune) HuszAninninngailadnsinisieus

(Learning Rate) wiiiu 10 uar vuiavedngudeya (Batch Size) Wiy 16 lngldrnnugneies (Accuracy) gean

0.9812
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5. WUUINAa9 EfficientNetBO laxan15aLdun1sAanIs1en 9

A15197 9 NstUSEUiBUUSEANS A MURaLUUINGDd EfficientNetBO

Model Learning Rate Batch Size Precision Recall F-1 Score Accuracy

8 0.8715 0.7875 0.7779 0.7875

p 16 0.9573 0.9531 0.9525 0.9531

" 32 0.9266 0.9125 0.9125 0.9125

64 0.9389 0.9344 0.9351 0.9344

Non-Fine Tune

8 0.8884 0.8469 0.8327 0.8469

. 16 0.9348 0.9281 0.9288 0.9281

1 32 0.9371 0.9313 0.9316 0.9313

64 0.9594 0.9563 0.9565 0.9563

8 0.9327 0.9313 0.9317 0.9313

» 16 0.9372 0.9250 0.9232 0.9250

1 32 0.9246 0.9094 0.9093 0.9094

64 0.9260 0.9125 0.9095 0.9125

Fine Tune

8 0.9192 0.9062 0.9067 0.9062

. 16 0.9308 0.9156 0.9130 0.9156

0 32 0.9592 0.9594 0.9592 0.9594

64 0.9628 0.9625 0.9625 0.9625

[

31NA1597 9 NUTHUUTIA097IN1TUTULAS (Fine Tune) HuszAninninngailadnsnnisieus

U

=]

(Learning Rate) wifiu 10° uay vuiavedngudeya (Batch Size) Wiy 64 lngldr1Ainugneies (Accuracy) gean

0.9625

d3UNan15Y

o

INNSANEIALIUSIULBUUSEANS A NYe U UTIaesnldlucddod auus 5 Ussian tewa CNN from

Scratch, VGG16, VGG19, ResNet50 way EfficientNetB0 tilofnwiiinsizviuazmeanlaiosnisfimes iy ay

'3

YouAaTLUUTIRDY Wieansadmaansfla luSuldlimungauiunisiuunyateyanimniifianale 3 aenug

]

(Kirmizi, Siirt kaz Kerman) laegnefiuszansanuaziiinugniesgean Inensiieudisulssdnsamvausay

[

WUUTIEeY fm15797 10 waraunsaesuieasunan st iunsidelans

1. wuudaenlasunisieuiteyauinou (Pre-Trained Model) Tneldign1sareleunisiious (Transfer

Y Y

a =

Leamning) {Use@nSAmMANI1 wuuTaesniinsiieuiAsusiiuau (CNN from Scratch)
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2. dmfuuuudtaesnlasunisiseuideyauneu (Pre-Trained Model) wuituuudiaesiivihnisusuusa

(Fine Tune) fUsganSananinwuudtasstileviinisusunaaiaiy (Non-Fine Tune)

3. WUU91809 ResNet50 tunuudtaeefifiuszdnsningean lneda1ainugniesagi 0.9812 ausae

WUUI1AB9 VGG16 fiAnmnugneed (Accuracy) a8l 0.9781, wuudnaes VGG19 diA1Augnaed (Accuracy)
8g#1 0.9750, Luudnaad EfficientNetBO df1A1ugNABY (Accuracy) g7l 0.9625 UarLUUTADINANS

o
Y

Seudnaudisuay fiAianugnded (Accuracy) gt 0.9219 auaIRy

A15197 10 NMSLUSEUMBUUSEENTNINVRILUUINEDING 5 Uselan

[

B398

Model Learning Rate Batch Size Accuracy
ResNet50 with Fine Tune 10 16 0.9812
VGG16 with Fine Tune 10 8 0.9781
VGG19 with Fine Tune 10 16 0.9750
EfficientNetBO with Fine Tune 107 64 0.9625
CNN from Scratch 107 64 0.9219
Anfnssuusenia

n133nvinddelasunisatvayuaintufininetds uninendeasua3unsitsal Tun1sulauenanuise

39 vevaUANN o V1l
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