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ImageDataGenerator

{£FImageDataGenerator& B2 RAIEN%R

(1) rescale=1./255 :
FEISMERE—, EEEGEERE [0-255] 48! [0-1]

(2)width_shift range=0.2
B F EERIFEECA |, R Z BRI E R K REZAIREE

(3)height_shift range=0.2,

B R =EREEECG, EREZEIGREHEEERRIIEE
23 from keras.preprocessing.image import ImageDataGenerator
84
85 train_datagen = ImageDataGenerator{rescale=1./259,
86 shear_range=0.2,

87 zoom_range=0.2,
88 width_shift range=0.2,
89 height shift range=0.2

90 fi1ll mode="nearest’)




flow from directory

{#EFEflow from_directoryRIRFiEEI& |

(1) target _size=(224, 224)
FrENEIGISHREER224* 224 R~

3

(2) color mode="rgb'

El{5EERA 1 5% 3 [EEEEEE

103 training_set = train_datagen.flow from_director hedie
104 target size=(224, 224),
105 color_mode="rgh",

166 classes=[lone,

107 batch_size=batch size,
108 class _mode="categorical')
109

118 valid set = valid datagen.flow from_directory(valid dir,

111 target _size=(224, 224),

112 color_mode="rgh",

113 classes=None,

114 batch_size=batch _size,

115 class _mode="categorical')




Labeling & one-hot encoding

SR S EE R, 7,%";|_.| BIERIRARIE HiE Tlabeling, B |
152%0—37, 38%&, 1T 2D one-hot encoding |

(1) classes=None
(2) class mode='categorical’
(3) class_indices

In [27]: class_dict = training_set.class_indices
: print(class_dict)
{'Apple__ Apple scab': @, "Apple  Black rot': 1,
"Apple_ Cedar_apple_rust': 2, 'Apple_ healthy': 3, 'Blueberry  healthy':
4, 'Cherry_(including sour)_ Powdery mildew': 5,
183 training_set = train_datagen.flow_from_directory(train_dir, "Cherry_(including_sour)__ healthy': 6, 'Corn_(maize) _ Cercospora_leaf spot

104 target_size=(224, 224), Gray_leaf_spot': 7, 'Corn_(maize)__ Common_rust_': 8, ¥
185 color mode="rgb’ "Corn_(maize)__ MNorthern_Leaf Blight': 9, 'Corn_(maize)__ healthy': 18,
106 1 N 2 "Grape__ Black_rot': 11, 'Grape__ Esca_(Black Measles)': 12
& c asses? one, ) "Grape___ Leaf blight (Isariopsis_leaf Spot)': 13, 'Grape__ healthy': 14,
107 batch_size=batch_size, 'Orange__ Haunglongbing_(Citrus_greening)': 15, 'Peach__ Bacterial spot’:
108 class_mode="categorical') 16, 'Peach__ healthy': 17, 'Pepper, bell  Bacterial spot': 18,
169 '"Pepper, bell  healthy': 19, 'Potato__ Early blight': 2@,

'"Potato__ Late_blight': 21, 'Potato__ healthy': 22, 'Raspberry__ healthy"':

110 valid set = valid datagen.flow from directory(valid dir, 23, 'Soybean _healthy': 24, 'Squash__ Powdery mildew': 25

111 target_size=(224, 224), 'Strawberry__ Leaf scorch': 26, 'Strawberry__ healthy': 27,
112 color_mode="rgh", "Tomato__ Bacterial spot': 28, 'Tomato__ Farly blight': 29,
113 classes=MNone, "Tomato__ Late_blight': 30, 'Tomato__ lLeaf_Mold': 31,

114 batch size=batch_size, Tomato___ Septoria_leaf spot’': 32, 'Tomato__ Spider_mites Two-

spotted_spider_mite': 33, 'Tomato Tar‘get _Spot': 34,
'Tomato__ Tomato Yellow | Leaf Cur‘l _Virus': 35,
"Tomato__ Tomato mosaic_virus': 36, Tomato healthy': 37}

115 class_mode="categorical")







In [29]: for i, layer in enumerate(classifier.layers):
print(i, layer.name)
@ conv2d_36
1 max_pooling2d_22
2 batch_normalization_57
. —  —— - » » 3 conv2d_37
4 max_pooling2d_23
5 batch_normalization_58
6 conv2d_38
7 batch_normalization_59
8 conv2d_39
9 batch_normalization_68

10 conv2d_48
1 2. 11 max_pooling2d_24
12 batch_normalization_61

13 flatten_8
fl 14 dense_29
1 3' atten 15 dropout_22
16 batch_normalization_62
17 dense_30
1 4. dense_1 18 dropout_23
19 batch_normalization_63
20 dense_31
15. dropout-1 21 dropout 24
22 batch_normalization_64
23 dense_32

LS e

16. batch_normalization-5
17. dense-2

18. dropout-2

19. batch_normalization-6
20. dense-3

21.dropout-3

22. batch_normalization-7

1. N o Gense




i
del :
Mode . '
1 categorical relu softmax SGD 10 )
L]
L]
20 # Initializing the CNN "
21 classifier = Sequential()
22 :
23 # Convolution Step 1 '
24 classifier.add(Convolution2D(96, 11, strides = (4, 4), padding = 'valid', input_shape=(224, 224, 3), activation = ‘relu')}) ;
25 # Max Pooling Step 1
26 classifier.add(MaxPooling2D(pool _size = (2, 2), strides = (2, 2), padding = 'valid')) '
27 classifier.add(BatchNormalization 4L o 4L LY g |
28 # Convolution écep 2 o EB o .‘_,_‘_|-},._I_‘_| LL ':;I the Model
20 classifier.add(Convolution2D(256, 11, strides = (1, 1), padding='valid’, activation = 'relu'}) e o
B = o Pootin Sten'3 21 from keras import optimizers
31 classifier.add(MaxPooling2D(pocl_size = (2, 2), strides = (2, 2), padding='valid')) -~ £ - L— _ ' v
32 classifier.add(BatchNormalization()) 82 ClaSSJ'-FlEP - CDmpllE { Dptlmlzer‘_ adam »
33 # Convolution Step 3 " 7 '
L 34 classifier.add(Convolution2D(384, 3, strides = (1, 1), padding='valid’, activation = 'relu’'}) 83 lDSS_ categorﬁlcal—c POSSentr‘pr ¥
35 classifier.add(BatchNormalization()) 84 met r*ics:[ ! accuracy ' ] )
36 # Convolution Step 4
37 classifier.add(Convolution2D(384, 3, strides = (1, 1), padding="valid’, activation = 'relu’'}) T
38 classifier.add(BatchNormalization()}) )
39 # Convolution Step 5
40 classifier.add(Convolution2D(256, 3, strides=(1,1), padding="valid', activation = ‘relu'}) '
41 # Pooling Step 3 "
42 classifier.add(MaxPooling2D(pool_size = (2, 2), strides = (2, 2), padding = "valid')) )
43 classifier.add(BatchNormalization(})
44
45 # Flattening Step T =y = 1} Made |
46 classifier.add(Flatten()) 80 # Compiling the Model
j; o o 21 from keras import optimizers
# Full Connection Step .. . . . ..
49 classifier.add(Dense(units = 4096, activation = 'relu’)) 32 classifier.compile(optimizer=optimizers.SGD(1r=0.001, momentum=0.9, decay=0.005)},
50 classifier.add(Dropout(@.4)) " . '
51 classifier.add(BatchNormalization()) 83 lDSS_ cat?goplcal_c_ Possentr‘opy *
52 classifier.add(Dense(units = 4896, activation = 'relu’)) 84 metr‘1cs=[ accuracy ])
53 classifier.add(Dropout(8.4)) -=
54 classifier.add(BatchNormalization())
55 classifier.add(Dense(units = 1800, activation = 'relu’))
L 56 classifier.add(Dropout(@.2))
57 classifier.add(BatchNormalization())
i 58 classifier.add(Dense(units = 38, activation = 'softmax'))
59
' 60 classifier.summary()
S e P T T S o >y m_w > I S S S R N S SR S = S - — - » -
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#IEAEEY(Model 1)45

B
Loss BUERE | 2EERE B3R Epoch
BB RE

categorical relu softmax SGD 10

Training and Validation Accuracy

07 =—— Training Accuracy

= —— \falidation Accuracy
Epoch 1/180 06
274/274 | ] - 284445 104s/step - loss: 3.2248 - accuracy: 0.1857 - val loss: 3.8209 - val_accuracy:
0.8766 Lo
Epoch 2/10 g 04
2747274 | ] - 14269s 52s/step - loss: 2.2944 - accuracy: 8.3562 - val_loss: 2.2215 - val_accuracy: 0.3776 §
Epoch 3/10 03
98/274 [ss=======%.....ccciirunnnnnn. ] - ETA: 32:53 - loss: 2.8293 - accuracy: 0.4162 02
274/274 | ] - 32205 12s/step - loss: 1.9387 - accuracy: 0.4385 - val_loss: 1.5970 - val_accuracy: 0.4766
Epoch 4/10 01
274/274 | ] - 3188s 12s/step - loss: 1.7286 - accuracy: ©.4903 - val_loss: 1.4950 - val_accuracy: ©.5530 2 1 & 8 0
Epoch 5/10 Epoch
274/274 | ] - 3188s 12s/step - loss: 1.5676 - accuracy: ©.5301 - val loss: 1.5124 - val_accuracy: 0.5326
Epoch 6/10
274/274 | ] - 3338s 12s/step - loss: 1.4431 - accuracy: ©.5676 - val loss: 1.1932 - val_accuracy: 0.6122 351!361 |'
Epoch 7/10
2747274 | 1 - 308565 11s/step - loss: 1.3499 - accuracy: ©.5925 - val loss: 0.8109 - val accuracy: 0.6939 TESt ACCUY‘ECY: ,1391%
Epoch 8/10 ol
2747274 | ] - 3066s 11s/step - loss: 1.2764 - accuracy: 0.6134 - val_loss: 1.2128 - val_accuracy: 0.6471 =
Epoch 9/10 155
2747274 - 30775 11s/step - loss: 1.213@ - accuracy: ©.6310 - val loss: 8.8747 - val_accuracy: ©.7125 . =
cor to/10 : fstep Y - e 156 filepath="model 1"
2747274 | 1 - 3095s 11s/step - loss: 1.1513 - accuracy: 0.6498 - val loss: 1.6453 - val accuracy: 0.5148

157 classifier.save(filepath)



Epoch 1/25
274/274 [

?é‘

accuracy: ©.6259
Epoch 2/25
2747274 |

- val _loss:

2.9623

val accuracy: 0.4018

accuracy: @.6661
Epoch 3/25

- val _loss:

3.2971

val accuracy: 0.4199

2747274 |
accuracy: @.6777
Epoch 4/25

- val loss:

2.6515

val accuracy: ©.4007

274/274 [

accuracy: ©.6833
Epoch 5/25
274/274 |

- val loss:

3.1368

val accuracy: 0.4071

accuracy: 0.6914
Epoch 6/25

- val loss:

3.0172

val accuracy: ©.3757

274/274 |
accuracy: 0.6957
Epoch 7/25

274/274 |

- val loss:

2.5361

val accuracy: 0.4231

accuracy: 0.7002
Epoch 8/25
274/274 |

- val loss:

2.7280

val accuracy: 0.4301

accuracy: 0.7027

- val loss:

2.7332

val accuracy: 0.4877

AHREFAY model 1 44&7l|%R

62 classifier.load weights('C:/Users/qaz74/Desktop/project3/model 1) .

] - 18525 7s/step - loss:

] - 17495 6s/step - loss:

] - 17865 7s/step - loss:

] - 18265 7s/step - loss:

] - 1778s 6s/step - loss:

] - 1797s 7s/step - loss:

] - 1883s 7s/step - loss:

] - 1741s 6s/step - loss:

accuracy: ©.7269

val_loss: 3.0704

- val_accuracy: 0.4124

%&_E Training and Validation Accuracy
-
Loss BUERE | 2HEEE | Bk | Epoch
070
BB
065
Model .
categorical relu softmax SGD 25 060
2 g —— Training Accuracy
g 005 —— ‘falidation Accuracy
accuracy: ©.7175 - val_loss: 3.1355 - val_accuracy: ©.4062 §
1.2402 - Epoch 18/25 0.50
2747274 [ ] - 1664s 65/step - loss: ©.8639 - 045
accuracy: 0.7218 - val_loss: 2.7810 - val accuracy: 0.4222 ’
1 0697 - Epoch 19/25 040 /\"\/’\/\/W
2747274 [ ] - 1649s 6s5/step - loss: ©.8677 -
accuracy: ©.7187 - val_loss: 2.7626 - val _accuracy: 0.4241
0 3 10 15 20 25
Epoch 28/25
1.8175 Epoch
2747274 [ ] - 16235 65/step - loss: ©.8618 -
accuracy: 0.7208 - val_loss: 3.08297 - val _accuracy: 0.4020
0.9956 Egzcg7il/25 1689s 6s/st 1 : 8533
/ [ 1- s 6s/step - loss: @. - 361 351 [============================:=] - 9155 35f5tgp
accuracy: ©.7248 - val_loss: 3.1380 - val_accuracy: ©.3937
Epoch 22/25 Test_Accuracy: 69.10%
0.9698 - 3747274 [ ] - 1647s 6s/step - loss: 0.8543 -
accuracy: ©0.7236 - val loss: 2.5496 - val accuracy: 0.4160
Epoch 23/25
0.9508 - 3747274 [ ] - 1641s 6s/step - loss: ©.8393 - 155
accuracy: ©.7271 - val_loss: 3.3058 - val _accuracy: 0.4105 _ . " "
s oy . POCh 24725 156 filepath="model 2
- 2747274 [ 1 - 1674s 6s/step - loss: 0.8476 - . - .
accuracy: @.7254 - val loss: 2.9179 - val_accuracy: 0.4216 15?ClﬂﬂﬂlflEP_SEUE{FllEpﬂth)
Epoch 25/25
0.9267 - 274/274 [ 1 - 1651s 6s/step - loss: ©.8400 -



AHEEREAY adam

62 classifier.load weights('C:/Users/qaz74/Desktop/project3/model 2") .

xE—E
Loss BUERE | &g | EB{E3 | Epoch
BUEREL

.

S, Model

. # .
& /N categorical relu softmax adam 25
ﬁ(/" (& 3 Training and Walidation Accuracy
o \""' P b 1s) —— Training Accuracy
Epoch 1/25 Epoch 15/25 S
274/274 [ ] - 2818s 7s/step - loss: @8.7@15 - accuracy: 8.7884 - 274/274 [ - 19515 7s/step - loss: @.4775 - accuracy: @.8412 - 084 Validation Accuracy
val_loss: @.9415 - val accuracy: 8.7784 val_loss: @.7685 - val accuracy: @.7885
Epoch 2/25 Epoch 16/25
274/274 [ ] - 2817s 7s/step - loss: @.6@58 - accuracy: ©.8842 - 274/274 [ - 19555 7s/step - loss: @.4653 - accuracy: @.8476 -
val_loss: @.7185 - val_accuracy: @.7695 val_loss: @.7344 - val accuracy: 8.797@ - 082
Epoch 3/25 Epoch 17/25 o
274/274 [ 1 - 2041s 7s/step - loss: 8.5739 - accuracy: B.8155 - 274/274 [ ] - 19855 7s/step - loss: @.4686 - accuracy: @.8437 - E
val_loss: @.7353 - val_accuracy: 8.7914 val_loss: ©.6843 - val accuracy: @.3@el §
Epoch 4/25 Epoch 18/25 080
274/274 [ ] - 2828s 7s/step - loss: 8.5519 - accuracy: ©.8139 - 274/274 [ - 19735 7s/step - loss: @.468@ - accuracy: 8.3458 -
val_loss: 8.6986 - val_accuracy: 8.7868 val _loss: ©.6433 - val_accuracy: 8.7885
Epoch 5/25 Epoch 19/25
274/274 [ ] - 2@19s 7s/step - loss: @.5374 - accuracy: @.8236 - 274/274 [ - 19675 7s/step - loss: ©.4674 - accuracy: @.8452 - 078
val_loss: B.6165 - val _accuracy: 8.7347 val_loss: 8.7827 - val_accuracy: @.7938
Epoch 6/25 Epoch 28/25
274/274 [ ] - 28195 7s/step - loss: B.5288 - accuracy: ©.8276 - 274/274 [ - 20365 7s/step - loss: ©.4565 - accuracy: @.8487 -
val_loss: @.7519 - val accuracy: @.776@ val_loss: @.8171 - val _accuracy: @.7949 0 5 10 15
Epoch 7/25 Epoch 21/25 Enoch
274/274 [ ] - 2824s 7s/step - loss: @.514@ - accuracy: @.8314 - 274/274 [ - 2837s 7s/step - loss: @.4631 - accuracy: 8.8467 - poc
val_loss: 8.8428 - val accuracy: 9.7844 val loss: @.6373 - val_accuracy: @.7377
Epoch 8/25 Epoch 22/25
274/274 [ ] - 2@6@s 8s/step - loss: @.5111 - accuracy: @.8320 - 274/274 [ ] - 1982s 7s/step - loss: @.4619 - accuracy: 8.8473 -
val_loss: ©.8329 - val_accuracy: @.7393 val loss: @.7672 - val_accuracy: @.7894
Epoch 9/25 Epoch 23/25
274/274 [ ] - 2843s 7s/step - loss: 8.4999 - accuracy: @.8345 - 274/274 [ 1 - 19665 7s/step - loss: @.4518 - accuracy: 8.8473 - 351;351 |- ] - 1?515 55;5
val_loss: @.7863 - val_accuracy: 8.7766 :El_;ozi;zg‘5?3s - val_accuracy: 8.8015
Epoch 18/25 poc
2?:;274 E ] - 2858s 7s/step - loss: 8.4957 - accuracy: 8.8361 - 274/274 [ ] - 19565 7s/step - loss: ©.4484 - accuracy: 8.8513 - TESt_ACCUFEC}I": E‘B.Sﬂ
val_loss: @.5486 - val_accuracy: @.8885 val loss: @.6483 - val accuracy: @.7918
Epoch 11/25 Epoch 25/25
274274 [ ] - 20465 7s/step - loss: 8.4948 - accuracy: @.8379 - 274/274 [ ] - 1968s 7s/step - loss: @.4486 - accuracy: 8.8501 -
val_loss: 8.6918 - val accuracy: ©.783@ val_loss: 8.5826 - val_accuracy: @.7949

s a



EXIELEE Abinary | BIEREUS sigmoid

62 classifier.load weights('C:/Users/qaz74/Desktop/project3/model 2") :
k8 7
Loss BUERE | 2EEE | E{LE | Epoch
BB
M(zldel binary relu sigmoid adam 25

Epoch 1/25 Training and Validation Accuracy

2424 [= ] - 8935 3s/step - loss: 0.2028 - accuracy: 8.9332 - val loss: 8.109 - val accuracy: 1.00
9.9711
Epoch 2/25 a8
24/ [= ] - 8315 3s/step - loss: 0.0497 - accuracy: ©.9832 - val loss: 0.0892 - val accuracy: 098
8.9759 14778 [===== 17-508s 2s/step - Toss: 8.8@54 - accuracy: 9.9981 - val loss: 0.0468 - val accuracy:
Epoch 3/25 0.9893 g 097
4/774 [= ] - 6545 2 Epoch 20/25 3 -
09767 274/ 274 [====== ] - 5975 2s/step - loss: @.8854 - accuracy: 8.9982 - val loss: 0.8863 - val accuracy: ' i
Fpoch 4/25 8.9976 095
274/174 = ] - 6085 2 EPoch 21/25 -,
9.9850 274(274 [====== ] - 5985 2s/step - loss: 0.8048 - accuracy: 9.9983 - val loss: 8.8294 - val accuracy: 0.94 = Training Accuracy
.9916 —— Validation Accuracy
EpOCh 5/’25 Enoch 22/25 093
74/274 [= ] - 605 2o eel= , , , ' 0 5 10 1 2 >
0.9757 ;732;;4 [z===== ] - 8265 3s/step - loss: 0.8047 - accuracy: 0.9983 - val loss: 8.0103 - val accuracy: Epoch
Epo;h B/fs } Epoch 23/25 T VTR
2741274 {= - 0835 2974/274 [===== - 603s 2s/step - loss: 0.0048 - accuracy: ©.9984 - val loss: 8.@146 - val_accuracy:
0,923 @.9361 [ 1 /step J - - J 361!361 I::::::::::::::::::::::::::::::] - 12115 EM,I’HSXS'I:
Epoch 24/25
274/274 [====== ] - 5915 2s/step - loss: 0.8046 - accuracy: 0.9984 - val loss: 8.0113 - val accuracy: TESt_ACCUFaC}’: 99'@3%
8.9955
Epoch 25/25
274/ 274 [====== ] - 5975 2s/step - loss: ©.8043 - accuracy: 8.9985 - val loss: 8.8432 - val accuracy:
0.9885




Training and Validation Accuracy

1.00
e [ 1 ' 1
"
02 classifier.load weights('C:/Users/gaz74/Desktop/projectd/model 17) e
Epoch 1/25 098
274/274 [= 1 - 6565 2s/step - loss: ©.1962 - accuracy: 0.9344 - val loss: ©.2735 - val accuracy: 8. :
9733
Epoch 2/25 a 097
274/274 [= ] - 844s 3s/step - loss: ©.0519 - accuracy: 0.9831 - val_loss: ©.1168 - val_accuracy: @. il
9708 =]
Epoch 3/25 §
274/274 [= ] - 615s 2s/step - loss: ©.8343 - accuracy: ©.9885 - val loss: ©.0455 - val accuracy: 0. 0.96
9858
Epoch 4/25
274/274 [= ] - 612s 2s/step - loss: ©.8243 - accuracy: ©.9914 - val loss: ©.1574 - val accuracy: 0. 095
9669 Epoch 15/25
Epoch 5/25 _ _ . _ . _ . _ . T
274/274 - ;:ggézm [ ] - 593s 2s/step - loss: ©.8071 - accuracy: ©.9975 - val_loss: ©.0529 - val_accuracy: @. 0.94 —— Training Accuracy
gﬁzgh o2 Epoch 16/25 — Validation Accuracy
254/274 [= ] 274/274 [ ] - 593s 2s/step - loss: ©.8067 - accuracy: 0.9977 - val loss: ©.8261 - val accuracy: @.
o721 2900 0 5 10 15 20 b
Epoch 7/25 Epoch 17/25
274/274 [= 2747274 - 583s 2s/step - loss: ©.8062 - accuracy: ©.9978 - val loss: ©.0505 - val accuracy: @.
/ [ ] / /st 1 11 1 Epoch
0878 9871 .
Epoch 8/25 Epoch 18/25
;;gé274 [- 1 274/27a [ ] - 593s 2s/step - loss: @.8061 - accuracy: 0.9979 - val loss: ©,0789 - val accuracy: @.
9837
Epoch 9/25
Epoch 19/25
274/274 [=
993é [ ! 274/274 [ ] - 594s 2s/step - loss: @.806@ - accuracy: 0.9979 - val_loss: ©.8215 - val_accuracy: 0.
Epoch 10/25 9939h y
274/274 [= ] Epoch 20/25
9906 274/274 [ ] - 593s 2s/step - loss: @.8@53 - accuracy: ©.9981 - val_loss: ©.0129 - val_accuracy: @. 351;351 I-
Epoch 11/25 9950
272/27 |- 1 Epoch 21/25 Test Accuracy: 97.48%
9816 274/274 | ] - 593s 2s/step - loss: ©.8053 - accuracy: ©.9982 - val_loss: 8.8271 - val_accuracy: @. - Ilf
Epoch 12/25 9917
274/274 [=
o717 Epoch 22/25
274/274 [ ] - 597s 2s/step - loss: @.8047 - accuracy: 0.9983 - val loss: ©.0936 - val accuracy: @. . 4

9791

Epoch 25/25

274/274 [ ] - 594s 2s/step - loss: @.8048 - accuracy: 0.9983 - val loss: ©.8329 - val accuracy: @.
9910

274/274 [ ] - 593s 2s/step - loss: ©.8053 - accuracy: 0.9982 - val_loss: ©.,1791 - val_accuracy: @.
9711

Epoch 23/25

274/274 [ ] - 593s 2s/step - loss: ©.8@51 - accuracy: 0.9982 - val loss: ©.0280 - val accuracy: @.
9936

Epoch 24/25
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AR IR

ik —IE Test
Loss BUEREL g%ﬁg B3R Epoch Accuracy
BUER
Moldel categorical relu softmax SGD 10 43.91 %
MozdEI categorical relu softmax SGD 25 69.10 %
Mc;del categorical relu softmax adam 25 80.05 %
MO4dE| binary relu sigmoid adam 25 99.03 %
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