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LAMPIRAN

Lampiran 1 Source Code

A. Model Transfer Learning Arsitektur InceptionV3, Xception, dan VGG16

from
from

from

from
from
from
from
from
from

2

import

import

import
import

etl21,

import cv2

import os

keras
keras

keras.

keras
keras
keras

from google.colab import drive
drive.mount ('/content/drive')

numpy as np

matplotlib.pyplot as plt

from os import listdir

import keras

.preprocessing import image
import backend as K
layers import Input

.preprocessing.image import ImageDataGenerator
.preprocessing import image

.preprocessing.image import img to array

sklearn.preprocessing import MultilLabelBinarizer

sklearn.preprocessing import LabelBinarizer

sklearn.model selection import train test split

import cv2

import os

erator

tensorflow as tf
numpy as np

from tensorflow.keras.applications import InceptionV3, DenseN
ResNet50, Xception, VGGl6, MobileNet, InceptionResNetV

from tensorflow.keras import layers

from tensorflow.keras import Model

from tensorflow.keras.optimizers import Adam

from tensorflow.keras.preprocessing.image import ImageDataGen

dir root = "/content/drive/My Drive/Dataset/tomato/"
# Show the image

import matplotlib.pyplot as plt
import matplotlib.image as mpimg
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img = mpimg.imread('/content/drive/My Drive/Dataset/tomato/tr
ain/Tomato  healthy/84cbb98b-5c2f-4367-8d78-
52bed49le66bd  GH HL Leaf 336.JPG')

imgplot = plt.imshow (img)

plt.show ()

def convert image to array(image dir):
try:
image = cv2.imread(image dir)
if image is not None
image = cv2.resize(image, default image size)
return img to array(image)
else
return np.array([])
except Exception as e:
print (£"Error : {e}")
return None

default image size = tuple((299, 299))
image list, label list = [], []
try:
print (" [INFO] Loading images ...")
root dir = listdir(dir root)
for directory in root dir
# remove .DS Store from list
if directory == ".DS Store"
root dir.remove (directory)

for plant folder in root dir
plant disease folder list = listdir(f"{dir root}/{pla
nt folder}")

for disease folder in plant disease folder list
# remove .DS Store from list
if disease folder == ".DS Store"
plant disease folder list.remove (disease fold
er)

for plant disease folder in plant disease folder list

print (£" [INFO] Processing {plant disease folder}
.M
plant disease image list = listdir (f"{dir root}/{
plant folder}/{plant disease folder}/")
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for single plant disease image in plant disease i
mage list
if single plant disease image == ".DS Store"

plant disease image list.remove (single pl
ant disease image)

for image in plant disease image list[:100]:
image directory = f"{dir root}/{plant folder}
/{plant disease folder}/{image}"
if image directory.endswith(".jpg") == True o
r image directory.endswith (".JPG") == True:
image list.append(convert image to array(
image directory))
label list.append(plant disease folder)
# $time print ("[INFO] Image loading completed")
except Exception as e:
print (f"Error : {e}")

len(image list)

label binarizer = LabelBinarizer ()
image labels = label binarizer.fit transform(label list)
n classes = len(label binarizer.classes )

np image list = np.array(image list, dtype=np.floatlé6) / 255.
0

x _train, x test, y train, y test = train test split(
np image list,
image labels,
test size=0.2,
random state = 42)

len(x_train), len(x _test), len(y train), len(y test)
aug = ImageDataGenerator (

rotation range=40,
horizontal flip=True,

shear range = 0.2,
fill mode = 'nearest',
zoom range = 0.2)
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inceptionv3 model = InceptionV3(input tensor=Input (shape = (2
99,

X

X

X

X

299, 3)), include top = False, weights = 'imagenet')
inceptionv3 model.output
layers.GlobalAveragePooling2D () (x)

layers.Dense (512, activation= 'relu') (x)
layers.Dense (n_classes, activation= 'softmax') (x)

modelInceptionV3 = Model (inceptionv3 model.input, x)

xception model = Xception(input tensor=Input (shape = (299, 29
9, 3)), include top = False, weights = 'imagenet')

x = xception model.output

x = layers.GlobalAveragePooling2D () (x)

x = layers.Dense (512, activation= 'relu') (x)

x = layers.Dense(n_classes, activation= 'softmax') (x)

modelXception = Model (xception model.input, x)

vggl6 model = VGGl6 (input tensor=Input (shape = (299, 299, 3))
, include top = False, weights = 'imagenet')

x = vgglé model.output

x = layers.GlobalAveragePooling2D () (x)

x = layers.Dense (512, activation= 'relu') (x)

x = layers.Dense(n_classes, activation= 'softmax') (x)

modelVGGl6 = Model (vgglé model.input, x)

modelInceptionV3.summary ()

modelXception.summary ()

modelVGG1l6.summary ()

modelInceptionV3.compile (optimizer = Adam(learning rate=0.00
01y,

0

4

loss = tf.keras.losses.CategoricalCrossentropy

metrics = ['accuracy'])

modelXception.compile (optimizer = Adam(learning rate=0.0001)

4

0

4

loss = tf.keras.losses.CategoricalCrossentropy

metrics = ['accuracy'])

modelVGGl6.compile (optimizer = Adam(learning rate=0.0001),

()

14

loss = tf.keras.losses.CategoricalCrossentropy

metrics = ['accuracy'])

57




# InceptionV3 model training

procces = modelInceptionV3.fit (
aug.flow(x train, y train, batch size=32),
validation data=(x_test,y test),
steps per epoch=len(x train) // 32,
epochs=20,
verbose=1)

scores = modellInceptionV3.evaluate(x test, y test, batch size
=32)
print (f"Test Accuracy: {scores[1]*100}")

import matplotlib.pyplot as plt

accuracy = procces.history['accuracy']

val accuracy = procces.history['val accuracy']
loss = procces.history['loss']

val loss = procces.history['val loss']

plt.plot (accuracy)
plt.plot(val accuracy)
plt.title('Accuracy Function')
plt.xlabel ('epoch')

plt.ylabel ('accuracy')
plt.legend(['train', 'val'])
plt.show ()

plt.plot (loss)

plt.plot(val loss)
plt.title('Loss Function')
plt.xlabel ('epoch')
plt.ylabel ('loss"')
plt.legend(['train', 'val'])
plt.show ()

pred = modelInceptionV3.predict(x test, batch size=32, verbos
e=2)
model predicted = np.argmax(pred, axis = 1)

labels = os.listdir("/content/drive/My Drive/Dataset/tomato/t
rain")
labels
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# Xception

from sklearn.metrics import classification report

print (classification report(y test.argmax(axis=1), model pred
icted, target names=labels))

# Xception

from sklearn.metrics import confusion matrix
import seaborn as sn

import pandas as pd

model cm = confusion matrix(np.argmax(y test, axis=1), model

predicted)

#Visualisasi Confusion Matrix

model df cm = pd.DataFrame (model cm, labels, labels)

plt.figure(figsize = (10,7))

sn.set (font scale=1) #for label size

sn.heatmap (model df cm, annot=True, annot kws={"size": 15}) #
font size

plt.show ()

from sklearn.metrics import roc_curve, auc

plt.figure(l, figsize= (10, 10))
plt.plot ([0, 11, [O, 11, '"k--")
for i in range(len(label binarizer.classes )):
fpr, tpr, thresholds = roc_curve(y test[:, 1], pred[:, i])
individual auc = auc(fpr, tpr)
plt.plot (fpr, tpr, label= (label binarizer.classes [i] + '
(area = {})'.format (individual auc)))

plt.xlabel ('False positive rate')
plt.ylabel ('True positive rate')
plt.title('ROC curve')
plt.legend(loc="'best')

plt.show ()

# Xception

procces = modelXception.fit(
aug.flow(x train, y train, batch size=32),
validation data=(x_test,y test),
steps per epoch=len(x train) // 32,
epochs=20,
verbose=1)
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scores = modelXception.evaluate(x test, y test, batch size=32

)
print (f"Test Accuracy: {scores[1]*100}")

import matplotlib.pyplot as plt

accuracy = procces.history['accuracy']

val accuracy = procces.history['val accuracy']
loss = procces.history['loss']

val loss = procces.history['val loss']

plt.plot (accuracy)
plt.plot(val accuracy)
plt.title('Accuracy Function')
plt.xlabel ('epoch"')

plt.ylabel ('accuracy')
plt.legend(['train', 'val'])
plt.show ()

plt.plot (loss)

plt.plot(val loss)
plt.title('Loss Function')
plt.xlabel ('epoch')
plt.ylabel ('loss"')
plt.legend(['train', 'val'])
plt.show ()

pred = modelXception.predict (x test, batch size=32, verbose=2

)

model predicted = np.argmax(pred, axis = 1)

from sklearn.metrics import classification report
print(classification report(y test.argmax(axis=1), model pred
icted, target names=labels))

model cm = confusion matrix(np.argmax(y test, axis=1l), model

predicted)

#Visualisasi Confusion Matrix

model df cm = pd.DataFrame (model cm, labels, labels)

plt.figure(figsize = (10,7))

sn.set (font scale=1) #for label size

sn.heatmap (model df cm, annot=True, annot kws={"size": 15}) #
font size
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plt.show ()
from sklearn.metrics import roc_curve, auc

plt.figure(l, figsize= (10, 10))
plt.plot ([0, 11, [0, 11, 'k--")
for 1 in range(len(label binarizer.classes )):
fpr, tpr, thresholds = roc curve(y test[:, 1], predl[:,
individual auc = auc(fpr, tpr)
plt.plot (fpr, tpr, label= (label binarizer.classes [i]
(area = {})'.format (individual auc)))

plt.xlabel ('False positive rate')
plt.ylabel ('True positive rate')
plt.title('ROC curve')
plt.legend(loc="'best')

plt.show ()

# VGGl6

procces = model.fit(
aug.flow(x train, y train, batch size=32),
validation data=(x test,y test),
steps per epoch=len(x train) // 32,
epochs=20,
verbose=1)

i])

_I_

scores = modelVGGlé6.evaluate (x_test, y test, batch size=32)

print (f"Test Accuracy: {scores[1]*100}")
import matplotlib.pyplot as plt

accuracy = procces.history['accuracy']

val accuracy = procces.history['val accuracy']
loss = procces.history['loss']

val loss = procces.history['val loss']

plt.plot (accuracy)
plt.plot(val accuracy)
plt.title('Accuracy Function')
plt.xlabel ('epoch')

plt.ylabel ('accuracy"')
plt.legend(['train', 'val'])
plt.show ()

61




plt.plot (loss)

plt.plot(val loss)
plt.title('Loss Function')
plt.xlabel ('epoch'")
plt.ylabel ('loss')
plt.legend(['train', 'val'])
plt.show ()

pred = modelVGGlé6.predict (x test, batch size=32, verbose=2)
model predicted = np.argmax(pred, axis = 1)

from sklearn.metrics import classification report
print (classification report(y test.argmax(axis=1), model pred
icted, target names=labels))

model cm = confusion matrix(np.argmax(y test, axis=1), model

predicted)

#Visualisasi Confusion Matrix

model df cm = pd.DataFrame (model cm, labels, labels)

plt.figure(figsize = (10,7))

sn.set (font scale=1) #for label size

sn.heatmap (model df cm, annot=True, annot kws={"size": 15}) #
font size

plt.show ()

from sklearn.metrics import roc_curve, auc

plt.figure(l, figsize= (10, 10))
plt.plot ([0, 11, [0, 11, 'k-=-")
for 1 in range(len(label binarizer.classes )):
fpr, tpr, thresholds = roc_curve(y test[:, 1], pred[:, i])
individual auc = auc(fpr, tpr)
plt.plot (fpr, tpr, label= (label binarizer.classes [i] + '
(area = {})'.format (individual auc)))

plt.xlabel ('False positive rate')
plt.ylabel ('True positive rate')
plt.title ('ROC curve')
plt.legend(loc='best')

plt.show ()

# Save model
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modelInceptionV3.save ('/content/drive/My Drive/Model/inceptio
nv3.h5")

modelXception.save ('/content/drive/My Drive/Model/xception.hb5
")

modelVGGl6.save ('/content/drive/My Drive/Model/vggl6.h5")

B. Ensembled Stacking Model Transfer Learning

from keras.models import load model

from sklearn.metrics import accuracy score

modell = load model ('/content/drive/My Drive/Model/xception t
omato.h5")

model2 = load model('/content/drive/My Drive/Model/inceptionv
3 tomato.h5")

model3 = load model ('/content/drive/My Drive/Model/vggl6 toma
to.hb")

models = [modell, model2, model3]

modell. name = "inception"
model2. name = "xception"
model3. name = "vggle"

for layer in modell.layers:
layer.trainable = False
layer. name = layer. name + str (" inception")

for layer in model2.layers:
layer.trainable = False
layer. name = layer. name + str (" xception")

for layer in model3.layers:
layer.trainable = False
layer. name = layer. name + str (" vggle6")

model input = tf.keras.Input (shape=(299, 299, 3))

model outputs = [model (model input) for model in models]
combinedOutput = layers.concatenate (model outputs)

x = layers.Dense (512, activation="relu") (combinedOutput)

x = layers.Dense(n_classes, activation="softmax") (x)

ensemble model = tf.keras.Model (inputs=model input, outputs=x
)
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print (ensemble model.summary () )

ensemble model.compile (optimizer = Adam(learning rate=0.0001
)y
loss = tf.keras.losses.CategoricalCrossentropy

()

metrics = ['accuracy'])

procces = ensemble model.fit (
X train, y train,
validation data=(x_test,y test),
steps per epoch=len(x train) // 32,
epochs=20,
verbose=1)

scores = ensemble model.evaluate(x test, y test, batch size=3
2)
print (f"Test Accuracy: {scores[1]*100}")

acc = procces.history['accuracy']

val acc = procces.history['val accuracy']
loss = procces.history['loss']

val loss = procces.history['val loss']
epochs = range(l, len(acc) + 1)

#Train and validation accuracy

plt.plot (epochs, acc, 'coral', label='Training accurarcy')
plt.plot (epochs, val acc, 'gold', label='Validation accurarcy
")

plt.title('Training and Validation accurarcy')

plt.figure ()

#Train and validation loss

plt.plot (epochs, loss, 'coral', label='Training loss')
plt.plot (epochs, val loss, 'gold', label='Validation loss')
plt.title('Training and Validation loss')

plt.legend ()

plt.show ()

pred = ensemble model.predict (x test, batch size=32, verbose=
2)

model predicted = np.argmax(pred, axis = 1)

labels = label binarizer.classes_
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from sklearn.metrics import classification report
print (classification report(y test.argmax(axis=1), model pred
icted, target names=labels))

from sklearn.metrics import confusion matrix
import seaborn as sn
import pandas as pd

model cm = confusion matrix(np.argmax(y test, axis=1l), model

predicted)

#Visualisasi Confusion Matrix

model df cm = pd.DataFrame (model cm, labels, labels)

plt.figure(figsize = (10,7))

sn.set (font scale=1) #for label size

sn.heatmap (model df cm, annot=True, annot kws={"size": 15}) #
font size

plt.show ()

from sklearn.metrics import roc_curve, auc

plt.figure(l, figsize= (10, 10))
plt.plot ([0, 1], [0, 1], 'k-=-")
for 1 in range(len(label binarizer.classes )):
fpr, tpr, thresholds = roc_curve(y test[:, 1], pred[:, i])
individual auc = auc(fpr, tpr)
plt.plot (fpr, tpr, label= (label binarizer.classes [i] + '
(area = {})'.format (individual auc)))

plt.xlabel ('False positive rate')
plt.ylabel ('True positive rate')
plt.title ('ROC curve')
plt.legend(loc="'best')

plt.show ()

from keras.utils.vis utils import plot model
plot model (ensemble model, to file='model.png', show shapes=T

rue, show layer names=True)
# Save model .h5
ensemble model.save ('/content/drive/My Drive/Model/ensemble m

odel.hb")

# convert model to tflite
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from tensorflow import lite

converter = lite.TFLiteConverter.from keras model (ensemble mo
del)

tfmodel = converter.convert ()

open('model fix.tflite', 'wb').write (tfmodel)
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