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TS doltl AEE AFsu, 43T 4% Fohsg 2y PE 4

AES FAATIE o8 F39 dHS 3k , A

= ZH2E e AE oAE Agste dlolH ¢85

F7] dlolE FR oA degt A& onAE AW Y AE oux 9} A AE ovARE EFHIEF AT}
g FE AFES] dHlolHdA AT EAS Sgdte AF FHE E49] (NN(Convolutional neural
networks) EE& MG3h= AEFH AAY 2R, g

F7] He] OW Bde] Ass vl A8t $H Aurt daide=s & 7AA-d Ao (W 228 A
gists A HUHRE Este Helds o83 AE Ay ¥X AxH,

A7 2

78 1ol QlolA,

ox

A7 A HrolA At shu o] N Edd gk A5 MAsy] f1ste FAA daglES o835}
o] stolHagn e E 243l stolHugn e 2HHEE o Xt HHES o83 &5 Ay X A

A3 3

AT 20 oA,

A7) stelrglelny 2AR-= stolH R HE 2437 9 842 55 (Learning Rate), F7H5 (Neuron
Number), ©l3ZE=(Epoch)®] HoNA Ae&tar, (N F-d2F &a18]Z (Genetic Algorithm, GA)Y F HFES 2
3t GA-CNN darg] &S o]&3le] A7) A8t sy o] (N B2l slolHugnHE 243 Helds ol
|3 A E Aw g9X A=H,

AT 4

A8k 3ol oA,

A71 4% BUHEE 7] ON 2R (12002 5E 99 2y 3 AE oux|e} G4 A& o|u|X& TP(True-
positive), FP(False-positive), TN(True-negative), FP(False-negative)2] 47} A|ZIHER EF3laL, o=
o] 835l 3 F&(Recall), A% (Accuracy), AU E(Precision)S thg9] 4=8H4] 1, =38H4] 2, 82 3¢ ¢
gl AAtEE "HEds ol &g AE AW ¥X Al&H.

[
Recall = TP/(TP + FN)

[

SFA 1]

b |

n

844 2]

n

Accuracy = (TP + TN))/(TP + TN + FN)
[s=<k4 3]

Precision = TP /(T

hc
+

FP)

o 7|14, TP(True-positive) = #HHE HAO=Z Zul=Z7 2HA ow|x]e] AMZe] F=o]ar, FP(False-positive)s
7" Bew A 27" MEY olil, TN(True-negative)® TEHA &Far, Sul2A E/7E AMEY ol
31, FP(False-negative)= A7t Zo=2 AL Bid AMEe 4.
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AT3 5
A7 3 mE ZTF 0] loiA,

) AR ZRRNA SAAAANAE AT St A O WA AT FT JUEE N8
o 7% WiEe 653 P

3TE 6

BT 40 QlolA,

A7) stelAen e 2AEE stelHIEHHE 248 sl o] e N R diste] Medt 5k 1, %)
A 2, 8k 38 o] &3] 348 (Recall), A= (Accuracy), L% (Precision)E 7l Jﬁ}t Heds o] &3t
A5 AW g2 Alx~H

AT 160 SlolA,

27 B B7HEE A7) OW EER(120) 2 57E 45 A9 79 AE oju A9 B AE A& TP(True-
positive), FP(False-positive), TIN(True-negative), FP(False-negative)?] 47}A] MIIHE=Z E{F3la, o=
o] g3lo] 3¢&(Recall), BE=(Accuracy), AUE(Precision)S tha-9] F82] 4, 82 5, =812 6ol 2
3 ArtEE JeldE ol &3 Aw AW §X Al~H.

[
Recall = TP/(TP + FN)

[

84 4]

i

sk 5]

n

Accuracy = (TP + TN))/(TP + TN + FN)
(44 6]

Precision = TP/(1TP + FP)

lo

3714, TP(True-positive)= #AE Aoz uf2 AHE olu|x]e] AMEo] Fo]a, FP(False-positive)i
7AAE Aoz AR BRE AMEY Folal, IN(True-negative)w FHEEHA i, SvlEA /¥ HES] o]

3, FP(False-negative)= 773t Aoz AE BFd AMEo 4.

379 8
dole] +g%7 4B GGA7IE ol f9e) AW TF doly A= AgHa, AP 4% s
A PP AR FHLE dehls 4B oV Adss A

s B7PRIE A7) Bae] AW Edle] Fes vl #Aske] FY Aot Adder w2 V1dAE sl
ONN Ees Aeshs @A

stelsisetrle] 2R} 47) 45 WA A8 skt ol (W =l B 45 A Astel
=43}

FAA FRLFES o] gote] shol o shehuE 2
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A7 8ell QlolA,

A7 4% B7HEE A7) ON EER (1200258 &899 2y 3 AE oux]e} G4 A& o|vuX & TP(True-
positive), FP(False-positive), TN(True-negative), FP(False-negative)?] 47} AMZHEZ &
o] g3t F4&(Recall), BE=(Accuracy), JUE (Precision)E the-9] 482 1, 382 2, 438k 30 9
gl A= dAE O s "Helds ol &g AE Ay ¥x .

gud
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o
1o

Recall = TP/(TP + FN)

[

84 2]

Accuracy = (TP + TN)) /(TP + TN + FN)

n

[s=<k4 3]

Precision = TP/(TP + FP)

I~

o] 714], TP(True-positive)+= H Aowg 2ulEA AHE oju|xjo] MZo] 4o|11, FP(False—positive):
Hdd Aer A 79 A& Fola, T™N(Truenegative)® TFHA Far, vl £/ A ol

, FP(False-negative)+ 173 Ao ZAHE BEFE MZo 49,

n\l
co Ul

R

] A

7l & & of

2 gl geds o83 AE AW g9x Al2=g 2 Wy #gk ZoRA, g AAEAE AE dHE 9
Z317] 98l H4e ON Ede] HeS vlal BA43le] #HZA9 (W Bds desia, dee N 2de] s
Mtz 8l A daElEs o] &3ty stolHuEtnEE 2A4ste] w2 AL AeE 948  de |
Y S o] &3 AE AW ¥ Al 2w #gk Flojt),

vl F 7] &

UN(United Nations)& AlA €177} 205036l 98¢ ol Tghatar, 2100\ ol 11290 =gd Ho 7 FA3Ir},
ol sl of|So] FEsirid, A=l Uik AlAl A FoE NEA] A SIS AoR o ETt,

2% ot = BEH oz Hul EAlo|x| vk, A Haks FgA7]E Aol Fasith

T FEL AUHor AAHoR A Jled FAl Fas At 9 3 BAE nEstEA SUbsteE A
FoE T oF g}

AE AHE Fdo AF AL VtRYE FolEela, AE duoR 3k &4 MM T AT 40%l
g95ta Qluh. ol AE AW ] Wy o] Az o s m A

FE HR A& AF A% 1ee dFsn ek,
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wodge geye olgstel 48 £42 PAY & Ut Ve EES Edow s AWe AEA] 9
3 solnels mue pua

1% % o2 Bowge AAdel e felde ol 4% 43 B Axge 742 vehd wuel,
£ 38 B owve] ANdd we 1071 A%d Eele A% Fusg 4w pE wole AR 2D
W A% ol E ek mroln, ® 4t £ wwe] Axde] e GA-ON $uFES ek et
®oage] Addd] mE Pede olgd AE AW BA A2W1000S dold FHR(10), ON waY
(120), 4% B7H(130), AFH(140), stolsistebule 2A%(150) 2 715 Bit oI 5P-(160)F EFah

dlolg F3H(110)= Age Fd3r] 3 AES FAA7I= o8 39 AdWS xFg dojg ANEL
PlantVillage ©l°lE] MEE AZstx Qrt. £ Iy Ay dAgE A AE dA¥S

3ol A,

¥ 18 EvtE AHe 10711 SHe2 753 Aolty. MwAl wHd (Bacterial spot) 1702, %7] wlE4H (Early
blight) 800, %#(Late blight) 1527, <=Fo]H (Leaf Mold) 761, AMET o} WA (Septoria Leaf Spot)
1417, FA9o]l=7](Spider mites Two spotted spider mite) 1341, X% (Target spot) 1123,
Tomato_Yellow_Leaf_Curl_Virus 4286, Tomato_mosaic_virus 299 % A3 EvlE 12738 & 4 T},

¥ 1

Class Disease Number of images

Cl Bacterial spot 1702

C2  Early blight 800

C3  Late blight 1527

Cc4 Leaf Mold 761

C5  Septoria leaf spot 1417

C6  Spider mites Two spotted spider 1341

mite

C7 Target spot 1123

C8 Tomato_Yellow_Leaf Curl_Virus 4286

C9 Tomato_mosaic_virus 299

Cl10 Healthy 1273

Total 14,526
delEl #RRI0E Hele AEE E dolest HAE dolge F pRoR hrm, & 33 g, o F
0] A% Eobe A% Fdss 43 49R EohE AF FAsE tehis 48 olvAE g,

% 32 (a)Early Blight, (b)Late Blight, (c)Leaf Mold, (d)Septoria Leaf Spot, (e)Bacterial Spot, (f)Two
Spotted Spider Mite, (g)Target Spot, (h)Tomato Yellow Leaf Curl Virus, (i)Tomato Mosaic Virus,
(j)Healthyo]T}.

AEFA A AL (Convolutional neural networks, ©]3} 'CNN' #3) RAR(120)= Ay dug)ES AME3§
of dlolgolA AT EAS stgsteE 715l .

ALZA AZ, 29 A5 2 94 924 A AHFM doloje onxldA] BEAS FE317] #8 nlE AA
A7 3 X 3,5 X5, 7 x 79 vy XNAH F9 EE YA 3}

(NN RER(120)E 2 DEE AFgste] A5 olm o] ABTZH JALs Agstd 243l PHo| ddc). o] d
A3 Me oS AlFol I dFPez ARgHr.

29 goloje 54 fXstd 29

CNNe] 8ol B/FE 8 AEFH AlSdA F54 7

o
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it
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CNN 2 =R-(120)= 107]e
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7} MR o2 FAs

CNN RER(120)E EnlE 22 AgS
=

CNN nuE = AlX

A= e HolH AEE R

<A
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5387 gk 7S] AW Edls olgste] As& Hlalgith. vl T,
Fd

LA L A

7702l CNN 249 EffcientNet BO, EffcientNet BO,

EffcientNet Bl, EffcientNet B2, EffcientNet B3, EffcientNet B4, ResNet 50 and VGG 16S o]&3}i, F3%

o HIAE @Al F 7k 7HE 44l

ON BRP-(1200 AEHE A5 AE

dlo]E] A Eof
& wAl =4

[0},

Mot
e

CNN
st

770 NN 2dl& = dl Abeto] Global Average PoolS F7}slal, 270¢] Dense Layer&

EEE(120)= WA W wES F3s

CNN mde] o Fo] Ajter).

CNN RE3(120)+= NN =g 4= 972 89 % 29 Za, FHE 98] ONNollA AedE ggnges o
&9 ® 33 2,
x 2

Model Input size

Efficient Net BO 224 %224

Efficient Net B1 240x 240

Efficient Net B2 260x 260

Efficient Net B3 300x 300

Efficient Net B4 300x 300

ResNet 50 224x 224

VGGIl6 16 224 x 224

F 3

Hyperparametre Value

Classe 10

Batch size 16

Optimizer Adam

L, 0.001

€ le=®

B,. b 0.9
CW RdE(120)= 48€E AE ouAE AEFA A%, 9 A5 € &4 Jd24 AF, AHFA dolos A
A dols B2 e 49 49 AT ojuAg Fg 4B onAF 2@
A% H7FE-(130)= N 2AR(1200255H £83® AW 729 A& ouXA A4 2E onxE TP(True-
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positive), FP(False-positive), TN(True—negative), FP(False-negative)?] 47X A1HER EFslo] A4
(140)0l A3t}

TP(True-positive)¥ T E Ao Zul=2A APHE ojm=| 9 MES
FP(False-positive)= #A¥ Aoz &3 E7d AZ9 +&5 vy,
IN(True-negative) ™= R A &L, &rl2A] E7¥ WM& & vebdrt.

FP(False-negative)© 71743k o2 2k F/FH AMES & Yehid.
P

s H7M-(130)= N RER(120) 258 =354 Aol~E d=F3=d 7719 (NN E o]
Aol AEREAE RIS S8 (Recal DS T8 314 12 olske] AL

54 1

>

Recall = TP/(TP + FN)

ds W7H(130)= 7708 ON Rdlle] HwbARl AsS W7hshe A (Accuracy) & T F38H4 28 o] &3t
o Akgiet.
#3142

Accuracy = (TP + TN))/(TP + TN + FN)

T FH7H-(130)= 7719 CNN Edejlx (N EEE(120) 255 &89 &9 olv|X9] AA%(Precision) & T
S314 38 o] gatol At

U{O oX,

Lo

%
X
&

3

Precision = TP/(TP + FP)

s 71300 = 7He ON EREd] diste] g, A8k, AEEE ARtete] v R 49k o] dERd
o
¥ 4
Pre-trained mode] Training accu-  Test accuracy % Precision % Recall %
racy %
Efficient Net BO 977 95.6 95.8 935
Efficient Net Bl 97 95 95.2 94.9
Efficient Net B2 96.8 95 95 95.3
Efficient Net B3 96.8 93 93 94.5
Efficient Net B4 96,7 93.5 94.8 944
ResNet 50 98,6 96.6 96 93.8
VGG16 16 94.5 89.8 90 91.5

3 49 o], 719 NN Ed FoA T AT =Z 1183 ResNet and Efficient Net BO®] 97.7%, 98.6%=
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[0077]

o= (N Rdut) 718 S35t A28 Y.

30)%= 7709 N wE

shold yfebn B 2R (150)& s H7HE(130)00 4 Aes

Az duEEs °] sto] slolH vt HE 7‘*3?‘}3}.
stolHutElu] e 24 F(150)= sltolHI e HE S
Rate), 7<= (Neuron Number), ol £ (Epoch)9] HH oA Aelst 4=

TN TE AL E

# 5

2437 NG arE Beol E 55 Lol g
it
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1 3}o] ResNet 9} Efficient Net B0l 2709 CNN

2719 O Bl i 45e A fiste] F

(Learning

Parameter Range
Learning rate [0.01 —1077]
Neuron number [ 100 — 1000]
Epoch [15—30]

shol A shebrl ] 24 4-(150) %
¢EEER

stol s st 24 - (150) =
HE AEste] Mz HAE AP

4ol L=A1E wkep o],

N Fae]ES W FH7 2
AR ksl AR EA T

%49} o], sfelHsetulE AR (150)F Part 1014 dHlolE AE
Frrgck. ololA, stolHghetrE AN (150)=

ket

i Fell, steldubetnlE 2AF(150) = A datgleE

EHE =43

stol# ohebrlE 2AF(150)E GA-CNN &

stol s gtebn|E 2AGHF(150) BT A7), Ads, wxp 2
WHEE AFdtt, (W AZEE Fitness $5= 4 oJgity.

GA-CNN aelse st A4S Fa 7 A

(crossover) B =AW o] (mutation) AMAE
S AP E(elite)S W3] 23S o]ojzit}.

e gele A Wit GAEE, fa4 L

flsaacias

HxE wds dg solsgees el ¥

g el JiAE TSR AdEE

shol s sheu e 2R (150)= GA-CNN ©

2 12] % (Genetic Algorithm, GA)el &

22 EE ol gake] EaH ol 7

62 #tt.

_10_

fitness® HXE ,
B3 =g A4 (Child)E AH T,

Fitness 2 Aste] A47F &2 499 JAE dEste] uxp 2 E<dwe] 7]

bueEg ol

ahe] ONNe] sho] s s el s

& AHgste] et N Bs

Part 294 ResNet$} Efficient Net& 27}#] CNN R dl&

Aeste] deig 20l OW wele] stols) sheju]

1— '51. CNN 1:11:410 }\g % 2= o}]\

Wolg, (NN ato]# el g9} e dao] s

B (Parents)E A}
2 T AR Aol
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# 6
Hyperparameters ResNet 50 Efficient Net BO
Neuron number 1000 200
Learning rate 0,001 0.0001
Epaochs 30 15

sho) s st o Zﬂ%ﬂ—(mo)L g wE solisteinlgel q@ B A Gasa, @Y gl 2n

2 23S 22 5 Atk

ool 3 73 o], el etvlE 2R (150)= StolHaetHE 24T skt o] (N ZHol diste
A&dt 8k 1, 82 2, 824 38 o]&3lY 34&(Recall), H&=(Accuracy), L= (Precision)E 7
Ak ol
Z7
Hyperparameters Training Accuracy % Test Accuracy Recall % Precision %
ResNet 30 % 9.2 % %.3
Efficient NetB0 97 959 05,7 95.5

B 77 o], ResNe 50014 dojx HAE AT 96.265 AAL}.

7V He dSH(160)= A4S 2HS HAE7] 98] ResNet 503 EfficientNet BOSE 745 it GAES o]
g3t 7tE Hits dSskal At

ResNet 507} EfficientNet BOE sheolsdbebn]E] ZGF(150) A stolHuttu| e E 243 2719 ON EZojt},

f

2

7V B B (Weighted Average Ensemble)S 7]ojXko] upg} 2zt mdo] o =3zke)] 753 (weight) S F
HF AS5HS U=s IGE 7IHoT.

712 HE dZR(160)s ZF 7|2 o|E W] 72 o d=& F3 14 sEXE agsiyg, a9 gl
7V W o Z3(160)= Grid Search® HE3te] 715 Fd oPgE wdo st 2 7|E v A Ve
g At HA TteA e dFE 24T

Ve At AS5E-(160)= 3 do] AU (W 2 @58 on|shes Hlojx Zzee R ¢ & 4y}
g 245 Qew JFHAY

o] ASlE= HAE Ho|E AEo thal] 98.1%¢] =Edith. olgd £x= Ald FHE 7
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Er4

GA-CNN Algorithm

Part 1
Begin
Input the image datasets for classification
Initialize a CNN
Manual CNN fine-tuning
Train and evaluate the CNN model
Return Accuracy and loss of CNN models
Part 2

Input the population size, generation number, mutation rate,
CNN hyperparameters

Define the fitness function
Create a crossover function
Create a mutation function

For i < generation number do:

Evaluate the fitness of each CNN architecture in the popula-
tion using the fitness function

Generate new CNN architectures from selected parents using
mutation and crossover

End for

Return CNN architecture with the best fitness function (accu-
racy) in the population

End

_14_
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