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# inport the necessary packages

fromtensorfl ow keras. |l ayers inport AveragePool i ng2D, Dropout, Flatten, Dense, |nput
fromtensorfl ow keras. nodel s i nport Model

fromtensorfl ow keras. optim zers inmport Adam

fromtensorfl ow keras.utils inport to_categorical

fromtensorfl ow keras inport optimzers, nodels, |ayers

fromtensorfl ow keras. applications.inception_v3 inport InceptionV3

fromtensorfl ow keras. applications.resnet50 inport ResNet50

fromtensorfl ow keras. preprocessing.i mage i nport | mageDat aGener at or
from skl earn. preprocessing i nport Label Encoder, OneHot Encoder

from skl earn. nodel _sel ection inport train_test _split
fromsklearn.metrics inport classification_report, confusion_matrix
frominutils inport paths

i mport matplotlib.pyplot as plt

i mport numpy as np

i mport cv2

i mport os

2.0000000000000

# set learning rate, epochs and batch size
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INNT_LR = 1le-5 &l t;span style="col or:#999999; "># This value is specific to what npo
del is chosen: Inception, VGG or ResNet etc.&t;/span>

EPOCHS = 50

BS = 8

print("Loading inmges...")

i magePath = "./Covid_ Mall/train" # change to your local path for the sanple inmages
i magePaths = list(paths.list_imges(inmgePath))

data = []

| abels =[]

# read all X-Rays in the specified path, and resize themall to 256x256
for imagePath in imgePat hs:

| abel = i magePat h. split(os.path.sep)[-2]

i mge = cv2.inread(i magePat h)

i mge cv2. cvt Col or (i mage, cv2. COLOR_BGR2RGB)

i mage = cv2.resize(inmge, (256, 256))

dat a. append(i nmage)

| abel s. append(| abel)

#normal i se pi xel values to real nunbers between 0.0 - 1.0
data = np.array(data) / 255.0
| abel s = np. array(l abel s)

# perform one-hot encoding for a multi-class |abeling
| abel _encoder = Label Encoder ()

i nt eger _encoded = | abel _encoder.fit_transforn{(l abels)
| abel s = to_categorical (i nteger_encoded)

print("... ... ", len(data), "inages loaded in nmultiple classes:")
print (1 abel _encoder. cl asses_)

Loadi ng i nmages. ..
. 200 i mages | oaded in 3x cl asses:
['covid' 'normal' 'pneunonia_bac']

.0000000000obbbobbouooad

# split the data between train and validation
(trainX, testX, trainY, testY) = train_test _split(data, |abels, test size=0.20, strat
i fy=l abel s, random st at e=42)

# add on a sinple Augnentation. Note: too many Augunentation doesn't actually help in
this case - | found during the test.
trai nAug = | mageDat aGenerator(rotation_range=15, fill_node="nearest")

#Use the InveptionV3 nodel with Transfer Learning of pre-
trained "l mageNet"'s wei ghts.
#note: |f you choose VGGL6 or ResNet you may need to reset the initial learning rate

at the top.

baseMbdel = InceptionV3(wei ghts="imagenet", include_top=Fal se, input_tensor=Ilnput(sha
pe=(256, 256, 3)))

#baseMbdel = VGGL6(wei ght s="i nagenet", include_top=Fal se, input_tensor=Input(shape=(2
56, 256, 3)))

#baseMbdel = ResNet 50(wei ght s="i magenet”, include_top=Fal se, input_tensor=Input(shape

=(256, 256, 3)))

#Add on a couple of custom CNN | ayers on top of the Inception V3 nodel
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headMbdel = baseModel . out put

headMbdel = AveragePool i ng2D( pool _si ze=(4, 4))(headMbdel)
headMbdel = Fl atten(name="fl atten") (headMbodel)

headMbdel = Dense(64, activation="relu")(headModel)
headMbdel = Dropout (0.5) (headModel )

headMbdel = Dense(3, activation="softnmax") (headVodel)

# Conpose the final node
nodel = Model (i nput s=baselbdel . i nput, out puts=headModel)

# Unfreeze pre-trained Inception "InmageNet" weights for re-
training since | got a Navidia T4 GPU to play w th anyway
#for |l ayer in baseMdel .l ayers:

# | ayer.trai nabl e = Fal se

print("Conpiling nodel...")
opt = Adanm(Ir=INIT_LR, decay=INIT_LR / EPCCHS)
nodel . conpi | e(1 oss="cat egori cal _crossentropy", optim zer=opt, metrics=["accuracy"])

# train the full nodel, since we unfroze the pre-trained wei ghts above
print("Training the full stack nodel...")
H = nodel .fit_generator( trainAug.flow(trainX, trainY, batch_size=BS), steps_per_epoc
h=l en(trainX) // BS,

val idation_data=(testX, testY), validation_steps=len(testX)
/1 BS, epochs=EPQOCHS)

Conpi | i ng nodel ..
Training the full stack nodel..

Use tf.cast instead.

Epoch 1/50

40/ 40 [ ==============================] - 1s 33ns/sanple - loss: 1.1898 - acc: 0.3000
20/ 20 [ ==============================] - 16s 800ns/step - loss: 1.1971 - acc: 0.3812
- val loss: 1.1898 - val _acc: 0.3000

Epoch 2/50

40/ 40 [ ==============================] - 0s 6ns/sanple - loss: 1.1483 - acc: 0.3750
20/ 20 [ ==============-=oozooooooo-oo===] - 3s 143ns/step - loss: 1.0693 - acc: 0.4688 -
val loss: 1.1483 - val _acc: 0.3750

Epoch 3/50

Epoch 49/50

40/ 40 [ ==============================] - 0s 5ns/sanple - loss: 0.1020 - acc: 0.9500
20/ 20 [ ==============================] - 3s 148ns/step - loss: 0.0680 - acc: 0.9875 -
val loss: 0.1020 - val _acc: 0.9500

Epoch 50/ 50

40/ 40 [ ==============================] - (0s 6ns/sanple - loss: 0.0892 - acc: 0.9750
20/ 20 [ ===============—==-ooz———=——===] - 3s 148ns/step - loss: 0.0751 - acc: 0.9812 -

val _loss: 0.0892 - val acc: 0.9750

4.0000000004000

print ("Evaluating the trained nodel ...")
predl dxs = nodel . predi ct (testX, batch_size=BS)

predl dxs = np. argmax(predl dxs, axis=1)
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print(classification_report(testY.argmax(axis=1), predldxs, target_nanes=l abel _encode
r.classes_))

&l t;span style="col or: #999999; "># cal cul ate a basic confusion matri x& t;/span>

cm = confusion_matrix(testY.argmax(axi s=1), predldxs)

total = sum(sun(cm)

acc = (cnf0, 0] +cnf1, 1] + cnf2, 2]) / total

sensitivity = cnf0, 0] / (cnmfO, 0] + cnf0O, 1] + cnf0, 2])

specificity = (ecm1, 1] + cnfl1, 2] + cnf2, 1] + cnf2, 2]) / (cnl, O] + cnfl, 1] + cm
[1, 2] + cn[2, O] + cnf2, 1] + cn{2, 2])

&l t;span style="col or: #999999; "># show the confusion matrix, accuracy, sensitivity, a
nd specificity&t;/span>

print(cm

print("acc: {:.4f}".format(acc))

print("sensitivity: {:.4f}".format(sensitivity))

print("specificity: {:.4f}".format(specificity))

&l t;span style="col or: #999999; "># plot the training | oss and accuracy& t;/span>
N = EPOCHS
plt.style.use("ggplot"
plt.figure()
plt.plot(np.arange(0, N), H history["loss"], label="train_|oss")
plt.plot(np.arange(0, N), H history["val |oss"], |abel="val _|oss")

N)

N)

~—

pl t. plot(np.arange(0, , H history["acc"], label="train_acc")
pl t. plot(np.arange(0, , H. history["val _acc"], |abel="val _acc")
plt.title("Training Loss and Accuracy on COVID- 19 Dataset")

pl t.xl abel ("Epoch #")

plt.yl abel ("Loss/ Accuracy")

plt.legend(loc="Iower left")
plt.savefig("./Covidl9/s-class-plot.png")
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Evaluating the trained model ...

precision recall fl-score support
covid 1.60 1.080 1.0 12
normal 1.00 0.93 B.96 14
pneumonia_bac 8.93 1.0 0.97 14
accuracy 8.97 48
macro avg ©.93 B.98 ©.98 48
welghted ave .98 0.97 B.97 40
[[12 @ o]
[ 8 13 1]
[ @ @ 14]]
acc: ©@.9758

sensitivity: 1.6€000
specificity: 1.6000
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i mgePat hTest = "./Covid_Mall/test"

gbooobooobooooboo

predTest = nodel . predict(dataTest, batch_size=BS)
print(predTest)

predC asses = predTest. argmax(axi s=-1)

print (predC asses)

ggooboo sbouggooood

test X = dat aTest
testyY | abel sTest
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