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with CNN

3500 el (Medical MNIST) Gudall 5 puall it g byl eda o Sl
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https://cainvas.ai-tech.systems/notebooks/details/?path=rakash4730/MedicalMNIST.ipynb
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.ngb Lafﬂ 75.98‘£Jugg\aﬁj&q=arq=>

wbluwll dcgono al il
!wget -N "https://cainvas-static.s3.amazonaws.com/media/user data/cainvas-
admin/MedNIST.zip"
'unzip -go "MedNIST.zip"
'rm "MedNIST.zip"

yJaidlg JuaAa i aJal, fa¥ Data¥)

test_dir = "Medical/Medical test"
train dir = "Medical/Medical train"

G4 oJl al jiwl

import os

import numpy as np

import pandas as pd

import random, datetime, os, shutil, math

bl JuAN

e e Lge JS70 Sy dileden (Ollme) Ul iy Lty 535 o5 codn DL e sazes
I Vsl o (CNN 3505 Gobll odn L35 ol pn «lI3 mas el 0 SYYI
e 5Ly oyl i gazes Blgao D]

52 LS b Lo i) lilonadl o o "test dir’ by 00 s sLEL Jadll Lo L
sl Ol o o 0% "train dir" 5 "train dir" 3J)

def prep test data(med, train dir, test dir):
pop = os.listdir(train dir+'/'+med)
test data=random.sample (pop, 2000)
#print (test data)
for £ in test data:
shutil.copy(train dir+'/'+med+'/'+f, test dir+'/'+med+'/')

for medi in os.listdir(train dir):
prep_test data(medi, train dir, test dir)

5 "train dir" 1 «ptlamadl SO L Gimedl Loy LoVl de gazes sL23) Ay
ot e i lagd "test dir'

#for train

target classes = os.listdir(train dir)

num classes = len(target classes)

print ('Number of target classes:', num classes)
print (list (enumerate (target classes)))

Number of target classes: 6
[(0, 'AbdomenCT'), (1, 'ChestCT'), (2, 'Hand'), (3, 'HeadCT'), (4, 'CXR'),
(5, 'BreastMRI')]

#for test
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target classes = os.listdir (test_dir)

num classes = len(target classes)

print ('Number of target classes:', num classes)
print (list (enumerate (target classes)))

Number of target classes: 6
[(0, 'AbdomenCT'), (1, 'ChestCT'), (2, 'Hand'), (3, 'HeadCT'), (4, 'CXR'),
(5, 'BreastMRI')]

Juiallg cjal wley joi g

training set distribution = [len(os.listdir(os.path.join(train dir, dir)))
for dir in os.listdir(train dir)]
testing set distribution = [len(os.listdir (os.path.join(test dir, dir)))

for dir in os.listdir(test dir)]

6iucA 890 yA o
def show mri (med) :
num = len (med)
if num ==
return None
rows = int (math.sqgrt (num))

cols = (num+l)//rows
f, axs = plt.subplots(rows, cols)
fig =0

for b in med:
img = image.load img (b)
row = fig // cols
col = fig % cols
axs[row, col].imshow (img)
fig += 1

plt.show ()

import matplotlib.pyplot as plt

from matplotlib.image import imread

from tensorflow.keras.preprocessing.image import ImageDataGenerator
from tensorflow.keras.preprocessing import image

dir name = os.path.join(train dir, "AbdomenCT")

all images = [os.path.join(dir name, fname) for fname in
os.listdir (dir name) ]

show mri(all images[:9])
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oo Bl pall ez SIS 0lls o 5500 23 IS5 500 10000 o i bs
b ladl 5 b gl T dmdaiall dxd VI 5T dsend) dns Y e )l el
O S S el 0 03 as ol sall e g5V 0 el (lanas
8530 e 8315 o el 85 8305 e Byl ST S i
o ol o ) bl sde dblay 3o 156 Godas sa ¢ batch size() o
(G 5 sl Slalae G 3 LIS
sdow 4Y 1)k "categorical S class mode cudsand La cclass mode() o
055w Jcategorical” Al Gla dgslr)] o A Clanddl Slsiae ¢
SIS 3l daly ool ke Slud
image size = (32, 32, 3)
datagen=ImageDataGenerator (rescale = 1./255,
shear range=0.2,
zoom range=0.2,

horizontal flip=True,

)

training set=datagen.flow from directory(train dir,
target size=image size[:2],
batch size=32,
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class mode='categorical',
shuffle=False
#color mode='rgb'

)

validation set=datagen.flow from directory(test dir,
target size=image size[:2],
batch size=32,
class mode='categorical',
shuffle=False
)

Callbacks rolaAiuwlg al il
J>e dolel | as aSes (58 dbley 52 Callbacks «Callbacks sde L Ladsei
By dxbs g 1 15 (s (528) B Bl 5T Bl Bedlall Jos o) il oy il
@
O sl Ll (B gy e oyl BWY pdsei (Early Stopping e
oyl
S| b g s VJxJ\ Jdre i) plSy :Reduce LR On Plateau e
el 8 eeliall
o2 s 3 5alll alysl of Keras T L) o :Model Checkpoin e
3 7))

from tensorflow.keras.callbacks import ModelCheckpoint, EarlyStopping
from tensorflow.keras.callbacks import ReduceLROnPlateau

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Conv2D, MaxPooling2D, Flatten, Dense
from tensorflow.keras.utils import plot model

es = EarlyStopping (monitor='val acc', mode='max',6 verbose=l,
patience=7)
filepath = "modelMedicalMNIST.h5"

ckpt = ModelCheckpoint (filepath, monitor='acc', verbose=1,
save best only=True, mode='max')
rlp = ReduceLROnPlateau (monitor='acc', patience=3, verbose=1)

f?jQJ}ichLiJ
tor ONIN L3 L) 32 3 g iy oty LB s gual] it 3 502 By
Los A Y 6,5V (wwas ihs sum5) ReLU Lig obib o .olilb

."Softmax"

def cnn(image size, num classes):
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classifier = Sequential ()
classifier.add(Conv2D (64, (5, 5), input shape=image size,
activation='relu', padding='same'))

classifier.add (MaxPooling2D(pool size = (2, 2)))
classifier.add(Conv2D (128, (3, 3), activation='relu', padding='same'))
classifier.add(MaxPooling2D (pool size = (2, 2)))
classifier.add(Flatten())

classifier.add(Dense (num classes, activation = 'softmax'))

classifier.compile (optimizer='adam', loss='categorical crossentropy',
metrics=['acc'])
return classifier

neuralnetwork cnn = cnn(image size, num classes)

neuralnetwork cnn.summary ()
#plot model (neuralnetwork cnn, show shapes=True)

Model: "sequential™

Layer (type) Output Shape Param #
com2d (Com20)  (Nome, 32, 32, 64)  ases
max_pooling2d {MaxPooling2D) (None, 16, 16, &4) e

conv2d_1 (Conv2D) (Mone, 16, 16, 128) 73856
max_pooling2d 1 (MaxPooling2 (Mone, 8, 8, 128) e

flatten (Flatten) {Mone, 8192) a8

dense (Dense) {None, 6) 49158

Total params: 127,878
Trainable params: 127,878
Non-trainable params: @

o3ed gAY b dlals AluS softmax Al plisel o2 Usoftmax” La Ledsel
Sl L) 015 Ul edn GLoS ol 5 gl sikae Jlanl a0 L5 ) Bl 3201
5 S bl J g &Y D ke softmax dal (23 e 550 ) sl oyo B3ans
S AT Y oS sl oy sl padsal) GoY ad o (S sl s3le Jlon!

categorical cross- & gl Ly s Y1 Uas s plasealy 3 goidl e o5 U3 e 5500e
.entropy
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a2l o 23 5ol WAl Jns Jars o 5,08 73 ¢ fomeaS "Adam” plised o

history = neuralnetwork cnn.fit generator (

generator=training set, validation data=validation set,

callbacks=[es, ckpt, rlp], epochs = 5,

)

Epoch 1/5

1841/1843 [ >.] - ETA: 8s - loss: ©.2316 - acc: 8.9245

Epoch 88@@81: acc improved from -inf to @.92455, saving model to modelMedicalMNIST.h3

184371843 [ ] - 49s 27ms/step - loss: 8.2314 - acc: ©.9246 - val_loss:
Epoch 2/5

1841/1843 [ >.] - ETA: 8s - loss: ©.033@ - acc: 2.9917

Epoch @8@82: acc improved from 8.92455 to ©.99167, saving model to modelMedicalMNIST.h5

184371843 [ ] - 49s 26ms/step - loss: 8.8329 - acc: ©.9917 - val_loss:
Epoch 3/5

1841/1843 [ >.] - ETA: 8s - loss: @.0412 - acc: 2.9886

Epoch @8@83: acc did not improve from @.99167

184371843 [ 1 - 49s 26ms/step - loss: 0.8412 - acc: 8.9886 - val_loss:
Epoch 4/5

184171843 [ »>.] - ETA: @s - loss: 9.0159 - acc: ©.9963

Epoch ©8@84: acc improved from 8.99167 to ©.99632, saving model to modelMedicalMNIST.h5

184371843 [ 1 - 49s 26ms/step - loss: ©.8159 - acc: 8.9963 - val_loss:
Epoch 5/5

184171843 [ >.] - ETA: @s - loss: 9.0308 - acc: 2.9947

Epoch @8@85: acc did not improve from @.99632

184371843 [ 1 - 49s 26ms/step - loss: ©.8307 - acc: 8.9947 - val_loss:

g3gol guing

@.09340 - val_acc: 0.993@
@8.9234 - val_acc: ©.9949
8.9179 - val_acc: ©.9958
8.0881 - val_acc: ©.9977

8.0082 - val_acc: ©.9978

A5kl B g3 5l G

il rouw

Aol a Ghod B35 vl e Gl Tty Bls Wasdl g S o)

fig, ax = plt.subplots(figsize=(20, 6))

ool Uas "loss” Jres e

eyl 8BS "acc” Joan
doeall e il Ues "val loss® oy
el e Gasedl 85 "val acc” Joes

pd.DataFrame (history.history) .iloc[:, :-1].plot (ax=ax)

— loss

— al_loss
— sl acc
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batch size=32

pred=neuralnetwork cnn.predict generator (validation set, steps=306/batch si

ze)
predicted class indices=np.argmax (pred,axis=1)

labels = (validation set.class_indices)
labels = dict((v,k) for k,v in labels.items())
predictions = [labels([k] for k in predicted class indices]

ZMM‘S}M‘}E}M\M&}

filenames=validation set.filenames[0]
results=pd.DataFrame ({"Filename":filenames,
"Predictions":predictions})

display (results.head(15))

Filename Predictions

0 AbdomenCT/000001,jpeg AbdomenCT
1 AbdomenCT/000001jpeg AbdomenCT
2 AbdomenCT/000001,jpeg AbdomenCT
3 AbdomenCT/000007jpeg AbdomenCT
4 AbdomenCT/000001,jpeg AbdomenCT
5 AbdomenCT/000007,jpeg AbdomenCT
6 AbdomenCT/000001.jpeg ChestCT
7 AbdomenCT/000007,jpeg AbdomenCT
8 AbdomenCT/000001,jpeg AbdomenCT
9 AbdomenCT/000007,jpeg AbdomenCT
10 AbdomenCT/000001.jpeg AbdomenCT
11 AbdomenCT/000007.jpeg AbdomenCT
12 AbdomenCT/000001.jpeg ChestCT
13 AbdomenCT/000007.jpeg AbdomenCT
14 AbdomenCT/000001.jpeg AbdomenCT

15 AbdomenCT/000007.jpeg AbdomenCT

La s S Ll


https://cainvas.ai-tech.systems/use-cases/disease-classification-app/
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Detecting Covid-19 with Chest X-ray using CNN

3l Ghowall Gle I pls arls Al Sbasdl ST usl COVID-19 doslr a
o585 sl 5 s b Gy O Sans Lty oy S (20 55 - Sl
0l (B kel Sl 235 (650 eVl SNl Gl by il & grs Jon o
st pelhasdl b ally ol s i) 2Nl SULy eSO g Al
Mg el B3 503 o yis COVID

:6waAioll gilolg bl dcgono

oo o Kaggle momaes 350 551 o ) pinall s Ghaddenall SULL de pazes
3 e o UL e pares (g0 . eoMauy a5 e il 1S e DL s pazes
el e gl

B30 219) olm) COVID-19 @

(3,52 1341) %;w_g}:.&.uéﬁjj\ ol e
g 1345) sl Lo &n3T @

softmax dib puscininy dikseadl S DL oda oy Caianll Lo sy (U
ainenld

Cal ULl e gozes pal3e ol 0 5ke ol 53 S35 (1024 < 1024) oo L) ) sall o
198.5 <l 85 1 52d 5 ResNet -34 -3 500 oy

Jre> Keras APl sdelows Xception 3 ye pdsns Spw il odn b @
195 &ty 5 el B35 /79 iy TmageNet top-1 B3 e 73501 1
Aoy Sl sl ol ] zbow YT 0
import numpy as np

import matplotlib.pyplot as plt

import tensorflow as tf

from tensorflow.keras import Sequential

from keras.preprocessing.image import ImageDataGenerator

from tensorflow.keras.applications import InceptionResNetV2

from tensorflow.keras.preprocessing.image import ImageDataGenerator
from tensorflow.keras.applications.xception import Xception

from tensorflow.keras.layers import Dense,Flatten, Input, Dropout
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Nl pladl o UL i sare Jo5e) Kaggle APT plsens Gopu Y1 o

S il Gl s ) L i) (U LAl ¢ API plis (e

S5 dngs ¢ by 2ol APT ol s (550 JSON Cils Ji5 o35 Kaggle
Adoeall jupyter &y b asd go ddoss S colab J) Mia ooy o3 bah

# code

Kaggle API setup

Credits: https://www.kaggle.com/general/74235
# Install Kaggle module

'pip install kaggle

# Upload API details json file to colab

from google.colab import files

files.upload()

# create a Kaggle directory and move json files to there
! mkdir ~/.kaggle

! cp kaggle.json ~/.kaggle/

# change permissions of kaggle json file

! chmod 600 ~/.kaggle/kaggle.json

# Now we download our dataset with following command format :
! kaggle datasets download -d user/dataset

or

! kaggle competitions download -c 'name-of-competition'

! kaggle datasets download -d tawsifurrahman/covidl9-radiography-database

sl Moeadl $ SULI de pazs Laiss Sy p sy Y1
! unzip covidl9-radiography-database.zip -d /content/data
1024) (o 5 gall o iy a3 Gime SULIY o gozen Bnlaey Lad Y1 @
Tis dauly kel o) a3V W] (299:299) JI (1024
16 (o b 2o ) Loy L3 5 « [Xception

# Load Xception model
base = Xception (weights="imagenet", input shape =(299,299,3),include_top=
False)
# set base model trainable to false
for layers in base.layers:
layers.trainable=False

base.summary ()

Downloading data from
https://storage.googleapis.com/tensorflow/keras-applications/xception/
xception_weights_tf_dim_ordering_tf_kernels_notop.h5

83689472/83683744 [==============================] - 1s Qus/step

Model: "xception"



https://www.kaggle.com/general/74235
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Layer (type) Output Shape

to

Param # Connected

input_1 (InputLayer) [(None, 299, 299, 3) ©

blockl convl (Conv2D) (None,
input_1[0][@]

149,

149,

32) 864

blockl _convl_bn (BatchNormaliza (None, 149, 149, 32) 128
blockl_convi[0][0]

blockl_convl_act (Activation) (None, 149, 149, 32) ©
blockl_convl_bn[0@][0]

blockl_conv2 (Conv2D) (None, 147, 147, 64) 18432
blockl convl_act[0][0]

blockl_conv2_bn (BatchNormaliza (None, 147, 147, 64) 256
blockl_conv2[0][0]

blockl_conv2_act (Activation) (None, 147, 147, 64) ©
blockl_conv2_bn[@][0]

block2_sepconvl (SeparableConv2 (None, 147, 147, 128 8768
blockl_conv2_act[0][Q]

block2_sepconvl_bn (BatchNormal (None, 147, 147, 128 512
block2_sepconvli[@][0]

block2_sepconv2_act (Activation (None, 147, 147, 128 ©

block2_sepconvl_bn[@][0]
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block2_sepconv2 (SeparableConv2
block2_sepconv2_act[0][0]

(None,

147, 147, 128 17536

block2_sepconv2_bn (BatchNormal
block2_sepconv2[0][0]

(None,

147, 147, 128 512

conv2d (Conv2D) (None, 74, 74, 128) 8192
blockl_conv2_act[0][0]

block2_pool (MaxPooling2D) (None, 74, 74, 128) ©
block2_sepconv2_bn[@][0]

batch_normalization (BatchNorma (None, 74, 74, 128) 512
conv2d[@][0]

add (Add) (None, 74, 74, 128) ©
block2_pool[@][0]

batch_normalization[0][9]

block3_sepconvl_act (Activation (None, 74, 74, 128) © add[e][@]
block3_sepconvl (SeparableConv2 (None, 74, 74, 256) 33920
block3_sepconvl_act[@][0]

block3_sepconvl_bn (BatchNormal (None, 74, 74, 256) 1024
block3_sepconvl[@][0]

block3_sepconv2_act (Activation (None, 74, 74, 256) ©
block3_sepconvl_bn[@][0]

block3_sepconv2 (SeparableConv2 (None, 74, 74, 256) 67840

block3_sepconv2_act[@][0]
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block3_sepconv2_bn (BatchNormal (None, 74, 74, 256) 1024
block3_sepconv2[@][0]

conv2d_1 (Conv2D) (None, 37, 37, 256) 32768 add[@][@0]

block3_pool (MaxPooling2D) (None, 37, 37, 256) ©
block3_sepconv2_bn[@][0]

batch_normalization_1 (BatchNor (None, 37, 37, 256) 1024
conv2d_1[0][90]

Total params: 20,861,480
Trainable params: ©
Non-trainable params: 20,861,480

23 ool e gz s LT de gazes e UL 8303 Lam s (oY
CJUEﬁ)‘75 tﬁdjdj5§ CﬁFE?C)UEA‘XPJAQLBV*uE*ﬂ.azfjJﬂ‘Jjﬁd‘Lﬁig thg
ol e il [ LoD 725 5 oyl

# Define augmentation

train datagen = ImageDataGenerator (
rescale=1./255,
shear range=0.2,
zoom_range=0.2,
validation split=0.25,
horizontal flip =True

)

# apply augmentations on dataset

train =train datagen.flow from directory(
"data/",
target size=(299, 299),
batch size=batch size,
class mode='categorical',
subset="training")

val =train datagen.flow from directory (
"data/",
target size=(299, 299),
batch size=batch size,
class _mode='categorical',



dunnll dle Pl 8 ailolariwlg Grocl ple

subset="'validation"')
class names=['covid-19', 'normal', 'pneumonia']

# code to plot images
def plotImages (images arr, labels):
fig, axes = plt.subplots (12, 4, figsize=(20,80))
axes = axes.flatten ()
label=0
for img, ax in zip( images arr, axes):
ax.imshow (img)
ax.set title(class names[np.argmax (labels[label])])
label=label+l
plt.show ()

# append a batch of images from each category (COVID-19, Normal,
Viral Pneumonia)

images = [train[34]1[0][0] for i in range(16)]

images = images + [train[5][0][0] for i in range(16)]

images = images + [train[0][0][0] for i in range(l6)]

# append the batch of labels

labels=[]

labels = [train[34]1[1]1[0] for i in range(16)]

labels= 1labels + [train[5][1]1[0] for i in range(16)]
labels= 1labels + [train[0][1][0] for i in range(16)]

# plot images with labels
plotImages (images, labels)

(Normal Lungs X-ray) dalall -5 0 dc Ll BN
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(Viral Pneumonia Lungs X-ray) wajxé.‘\ S ol ols &1 Ll FIRA
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Xception L..ST L‘_;-HL-.Nty\ Le-sjm .}‘)::..»L) 6).3.\...» L{YJT ‘t"?-‘sﬁ'“" Sd> ¢ QX“ °

gty p s ¢ Janduniall L3 50l & (ol s imagenet Ol pSs)
fully oL dlawe dib) dense layer 4aiS dab .kasy Ll daLl
5ol pad L2l 3y e softmax —iies i s (connected layer
olib Lan Cal civa overfitting (5131 Ludll) %150 Jauall e

. dropout
# Define our complete models
model = Sequential ()
model.add (Input (shape =(299,299,3)))
model.add (base)
model .add (Dropout (0.2))
model.add (Flatten())
model.add (Dropout (0.2))
model.add (Dense (16)
model.add (Dense (3,activation="'softmax"))
model . summary ()
Model: "sequential”
Layer (type) Output Shape Param #
xception (Functional) (None, 10, 10, 2048) 20861480
dropout (Dropout) (None, 10, 10, 2048) 0
flatten (Flatten) (None, 204800) 0
dropout_1 (Dropout) (None, 204800) 0
dense (Dense) (None, 16) 3276816
dense_1 (Dense) (None, 3) 51

Total params: 24,138,347

Trainable params: 3,276,867

Non-trainable params: 20,861,480
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(,le J4xes Adam Optimizer (:-bdwu oy d0 g ijm\ﬁ‘ o QT}“ r)i.,wo °

&...a;- 30 ] Cb).m.‘” g_,\..g).l.l.: r}i.w: .0.001

# import adam optimizer

from tensorflow.keras.optimizers import Adam

# compile model (define metrics and loss)

model.compile (
optimizer=Adam(learning rate=le-3),
loss="categorical crossentropy",
metrics=["accuracy"],

)

# train model for 30 epoch

model.fit generator (train,epochs=30,validation data=val)

# save model
model.save ('epoch 30.h5")

Epoch 1/30
e e = ————
loss: 5.7757 - accuracy: 0.8528 - val_loss
Epoch 2/30
e e = ————
loss: 3.3137 - accuracy: 0.9028 - val_loss
Epoch 3/30
137/137 [==============================] -
loss: 2.2811 - accuracy: 0.9161 - val_loss
Epoch 4/30
137/137 [======================c===oooc] -
loss: 1.6122 - accuracy: 0.9339 - val_loss
Epoch 5/30
137/137 [======================cc==ooo=] -
loss: 1.0704 - accuracy: 0.9440 - val_loss
Epoch 6/30
el e [
loss: ©.7675 - accuracy: 0.9509 - val_loss
Epoch 7/30
137/137 [=====================—========] -
loss: ©.5744 - accuracy: 0.9509 - val_loss
Epoch 8/30
IEE e [
loss: 0.4065 - accuracy: 0.9528 - val_loss:

121s 886ms/step -

: 3.4022 - val_accuracy:

119s 867ms/step -

: 2.0748 - val_accuracy:

119s 866ms/step -

: 2.2661 - val_accuracy:

119s 867ms/step -

: 3.8654 - val_accuracy:

120s 877ms/step -

: 1.6559 - val_accuracy:

120s 875ms/step -

: 1.3920 - val_accuracy:

120s 872ms/step -

: 1.2669 - val_accuracy:

119s 872ms/step -

1.1800 - val_accuracy:

.8966

.9228

.9186

.8648

.9214

.9255

.9021

.9145
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Epoch 9/30
e el e ——————
loss: ©.2160 - accuracy: 0.9638 - val loss
Epoch 10/30
U7/1l57 [==m==s==s====s=====s===========] -
loss: ©.2552 - accuracy: 0.9606 - val loss
Epoch 11/30
137/137 [==============================] -
loss: 0.2015 - accuracy: 0.9651 - val_loss
Epoch 12/30
137/137 [==============================] -
loss: 0.1473 - accuracy: 0.9725 - val_loss
Epoch 13/30
e e = ————
loss: ©0.1534 - accuracy: 0.9656 - val_loss
Epoch 14/30
e e = ————
loss: ©0.1315 - accuracy: 0.9734 - val_loss
Epoch 15/30
el e [
loss: ©.1127 - accuracy: 0.9661 - val_loss
Epoch 16/30
137/137 [======================c===oooc] -
loss: ©.1198 - accuracy: 0.9716 - val_loss
Epoch 17/30
137/137 [==============================] -
loss: ©0.1046 - accuracy: 0.9771 - val_loss
Epoch 18/30
137/137 [======================c===oooc] -
loss: ©.0872 - accuracy: 0.9761 - val_loss
Epoch 19/30
e e [

loss: 0.1116

Epoch 20/30

accuracy: 0.9752 - val_loss:

118s 864ms/step -

: 0.7624 - val_accuracy:

119s 865ms/step -

: 0.4897 - val_accuracy:

118s 864ms/step -

: 0.4510 - val_accuracy:

121s 880ms/step -

: 0.3458 - val_accuracy:

121s 880ms/step -

: 0.5945 - val_accuracy:

120s 876ms/step -

: 0.4655 - val_accuracy:

121s 882ms/step -

: 0.3728 - val_accuracy:

121s 882ms/step -

: 0.4312 - val_accuracy:

120s 875ms/step -

: 0.4035 - val_accuracy:

119s 870ms/step -

: 0.8248 - val_accuracy:

120s 874ms/step -

0.3309 - val_accuracy:

.9379

.9421

.9476

.9352

.9297

.9407

.9186

.9476

.9393

.9145

.9393
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I e ——
loss: ©0.1261 - accuracy: 0.9729 - val_loss:
Epoch 21/30

137/137 [==============================] -

loss: 0.0840 -
Epoch 22/30

137/137 [==============================] -
loss: 0.0942 -

Epoch 23/30

U7/1l57 [==m==s==s====s=====s===========] -
loss: ©.1207 - accuracy: 0.9656 - val_loss
Epoch 24/30

137/137 [==============================] -

loss: 0.0959 -
Epoch 25/30

137/137 [======================c=======] -
loss: 0.0945 -
Epoch 26/30

e e = ————
loss: 0.1039 -

Epoch 27/30

el e [
loss: 0.0905 - accuracy: 0.9739 - val_loss
Epoch 28/30

137/137 [======================c===oooc] -
loss: 0.0757 - accuracy: 0.9766 - val_loss
Epoch 29/30

137/137 [======================c===oooc] -
loss: ©0.1012 - accuracy: 0.9688 - val_loss
Epoch 30/30

137/137 [==============================] -

loss: 0.0713 -

accuracy: 0.9780 - val_loss:

120s 877ms/step -

0.5384 - val_accuracy:

119s 869ms/step -

: 0.5690 - val_accuracy:

119s 868ms/step -

: 0.3517 - val_accuracy:

120s 876ms/step -

: 0.2871 - val_accuracy:

118s 864ms/step -

: 0.4589 - val_accuracy:

119s 867ms/step -

: 0.3964 - val_accuracy:

119s 871ms/step -

: 0.3048 - val_accuracy:

119s 866ms/step -

: 0.3308 - val_accuracy:

120s 873ms/step -

: 0.1871 - val_accuracy:

119s 871ms/step -

: 0.7361 - val_accuracy:

120s 874ms/step -

0.3497 - val_accuracy:

.8924

.9366

.9448

.9434

.9366

.9490

SOB08

.9407

.9517

.9297

.9434
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e Melanocytic nevi, Melanoma,
e Benign keratosis-like lesions,
e Basal cell carcinoma,

e Actinic keratoses,
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e Vascular lesions, and

e Dermatofibroma
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In [1
%matplotlib inline

import matplotlib.pyplot as plt

import numpy as np

import pandas as pd

import os

from glob import glob

import seaborn as sns

from PIL import Image

np.random.seed(123)

from sklearn.preprocessing import label_binarize
from sklearn.metrics import confusion_matrix
import itertools

import keras

from keras.utils.np_utils import to_categorical # used for converting labels to one-hot-e
ncoding

from keras.models import Sequential

from keras.layers import Dense, Dropout, Flatten, Conv2D, MaxPool2D

from keras import backend as K

import itertools

from keras.layers.normalization import BatchMormalization

from keras.utils.np_utils import to_categorical # convert to one-hot-encoding

from keras.optimizers import Adam

from keras.preprocessing.image import ImageDataGenerator
from keras.callbacks import ReducelLROnPlateau

from sklearn.model_selection import train_test_split

Keras 5 Sklearn s Pandas s Numpy s Matplotlib <ol oda Jouis

#1. Function to plot model’'s validation loss and validation accuracy
def plot_model_history(model_history):

fig, axs = plt.subplots(1,2,figsize=(15,5))

# summarize history for accuracy

axs[@].plot(range(1,len(model_history.history['acc’])+1),model_history.history[ acc'
D

axs[@].plot(range(1,len(model_history.history['val_acc'])+1),medel_history.history[
‘val_acc'])

axs[@].set_title( 'Model Accuracy’)

axs[@].set_ylabel('Accuracy')

axs[8].set_xlabel( 'Epoch")

axs[8].set_xticks(np.arange(1, len(model_history.history['acc'])+1),len(model_history
.history[ 'acc'])/18)

axs[@].legend([ ' 'train', 'val'], loc='best')
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# summarize history for loss

axs[1].plot(range(1,len(model_history.history['less'])+1),model_history.history['los
s'])

axs[1].plot(range(1,len(model_history.history['val_loss’])+1),medel_history.history[
‘val_loss'])

axs[1].set_title( 'Model Loss')

axs[1].set_ylabel('Loss')

axs[1].set_xlabel( Epoch’)

axs[1].set_xticks(np.arange(1,len(model_history.history[ 'loss'])+1), len(model_histor
y.history['loss'])/18)

axs[1].legend([ 'train', 'val'], loc='best')

plt.show()

dn Uasdl g vl o el Uas) Ldoenall o Gl 85 | T o Ul G Sl
JSos 3sedl B eba = Aol B I e UL e Gl Ao gores a3
(gl
Wlowlg Jgnl yugold Joc :aulll 6gnAll

base_skin_dir = os.path.join('..', 'input’)

# Merging images from both folders HAM18866_images_part1.zip and HAM108608_images_part2.zip
into one dictionary

imageid_path_dict = {os.path.splitext(os.path.basename(x))[@]: x
for x in glob(os.path.join(base_skin_dir, "*', "*.jpg'))}

# This dictionary is useful for displaying more human-friendly labels later on

lesion_type_dict = {

‘nv': 'Melanocytic nevi'

‘mel’ : ‘Melanoma’,

‘bkl': 'Benign keratosis-like lesions ',
'bee’ : ‘Basal cell carcinoma’

‘akiec': ‘Actinic keratoses’®,

‘vasc': 'Vascular lesions',

'df': 'Dermatofibroma

¥
gJaL}ALs 9Li$l P;fj e CLJJL:J| 19‘}QJ?=A ankh?hﬁ [t r:f ag:JLSL:JJ Jd>lg ydae gst ngy&Z?tL
Addedeal) 15 Aol Slanaid] o Canlis

Laialeog ULl 62138 8Ll 6glnall

skin_df = pd.read_csv(os.path.join(base_skin_dir, 'HAM18888_metadata.csv'))
# Creating New Columns for better readability
skin_df[ 'path’] = skin_df[ ' image_id'].map(imageid_path_dict.get)

skin_df[ 'cell_type'] = skin_df['dx'].map(lesion_type_dict.get)
skin_df[ 'cell_type_idx'] = pd.Categorical(skin_df[ cell_type']).codes
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skin_df.head()

lesion_id image_id dx  dx_type age sex localization  path
0  HAM_D000118 SIC_0027419 bkl  histo B0.0 male scalp Jinputham10000_images_part_1/ISIC_0027419.jpg
1 HAM_0000118 SIC_0025030 bkl histo 80.0 male scalp Jinputham10000_images_part_1/ISIC_0025030.Jpg
2 HAM_ 0002730 SIC 0026769 bkl histo B0.0 male scalp Jinputham10000 images part 1/ISIC_0026769.jpa
3  HAM_0002730 SIC_0025661 bkl histo B0.0 male scalp finputham10000_images_parl_1/SIC_0025661.jpg
4 HAM_0001466 SIC_0031633 Dbkl histo 75.0 male ear Jinputham10000_images_part_2/SIC_0031633.Jpg

bl @A G :4 6ginA

skin_df.isnull().sum()

lesion_id
image_id
dx
dx_type

sex
localization
path

cell type
cell type_idx
dtype: int64

s o Jim JS0 83500l UL 15T ST il e Bomy UL G sames (o Gl 0y
(bl odis Gopenll 2l DI ok g
dueliAiw Ul bl Judai :5 6gaall

e goreod Baliseadl S oadl &5 — Lt Jual L2 Lpoghs UL uny 2 355l o
Al 2B,V an s clgns 5 4S5 (UL
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fig, ax1 = plt.subplots(1, 1, figsize= (18, 5))
skin_df[ ‘'cell_type’].value_counts().plot(kind='bar', ax=ax1)

<matplotlib.a ._subplots.A Subplot at @
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.Confocal, follow up, and consensus

skin_df["'dx_type'].value_counts().plot(kind="'bar")
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skin_df['lecalization’].value_counts().plot(kind="bar’

<matplotlib.axes._subplots.AxesSubplot at @x7fa7adf89668>
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skin_df['age'].hist(bins=48)

<matplotlib.axes._subplots.AxesSubplot at @x7fa7adea9588>
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skin_df['image'] = skin_df['path'].map(lambda x: np.asarray(Image.open(x).resize( (188,75

M)

skin_df.head()

lesion_id image_id dx  dx_type age @ sex localization  path

0 HAM 0000118 ISIC_ 0027419 bkl histo 800 male scalp finputham10000_images_part_1/ISIC_0027419 jpg
1 HAM_0000118 ISIC_0025030 bkl histo 80.0 male scalp ./inputham10000_images_part_1/ISIC_0025030.jpg
2 HAM_0002730 ISIC_0026769 bkl histo 80.0 male scalp ./inputham10000_images_part_1/ISIC_0026769.jpy

Al Ol § 55 mm Godzdl SN o gos 3ol 250 Ll Sy (oY)

n_samples = 5
fig, m_axs = plt.subplots(7, n_samples, figsize = (4*n_samples, 3%7))
for n_axs, (type_name, type_rows) in zip(m_axs
skin_df.sort_values(['cell_type']).groupby('cel
1_type')):
n_axs[@].set_title(type_name)
for c_ax, (_, c_row) in zip(n_axs, type_rows.sample(n_samples, random_state=1234).it
errows()):
c_ax.imshow(c_row[ 'image'])
c_ax.axis('off')
fig.savefig('category_samples.png’', dpi=300)

Actinic keratoses

Basal cell carcinoma

|

Juwiallg wyjail alegono rouutdi ;7 6glas i

Benign keratosis-like lesions

L 4

x_train_o, x_test_ o, y train_o, y test o = train_test_split(features, target, test size=
0.28, random_state=1234)
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Normalization éuguuiJl :8 dghhAll

x_train = np.asarray(x_train_o[ "image'].tolist())
x_test = np.asarray(x_test_o[ 'image'].tolist())

x_train_mean = np.mean(x_train)
x_train_std = np.std(x_train)

x_test_mean = np.mean(x_test)
X_test_std = np.std(x_test)

¥_train = (x_train - x_train_mean)/x_train_std
X_test = (x_test - x_test_mean)/x_test_std

(Solerodl bl il e dondll o dlaw ol o3l e -l X test X train & ped o
Label Encoding éuoauil jio i :9 6ginall
e, m Mol Ol s 615Y dtksed) ) SR o dlo ol wdn Gobonil] (g 500

# Perform one-hot encoding on the labels
y_train = to_categorical(y_train_o, num_classes = 7)
y_test = to_categorical(y_test_o, num_classes = 7)

ety Slgie (o banill 0l 35 15 .6 J) 0
52 0 G0 iUlg i yall foud) :10 Sglnall

x_train, x_validate, y_train, y_validate = train_test_split(x_train, y_train, test_size
= 8.1, random_state = 2)

# Reshape image in 3 dimensions (height 75px, width 168px , canal 3)
x_train = x_train.reshape(x_train.shape[@], *(75, 168, 3))

X_test = x_test.reshape(x_test.shape[@], *(75, 188, 3))

x_validate = x_validate.reshape(x_validate.shape[®@], =*(75, 188, 3))

oro Gl e parmad & BVl 0 10 = res e e ST S o) o o
255l apad izl 190 Il plased (25 (ke 5 50l o o A1) Do
FCNN A Y S lasdly o ST

Convolution -> pooling -> flatten -> full connection
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# Set the CNN model

# my CNN architechture is In -z [[Conv2D->relu]#*2 -> MaxPool2D -> Dropout]#2 -> Flatten ->

Dense -> Dropout -> Out
input_shape = (75, 188, 3)
num_classes = 7

model = Sequential()

model.add(Conv2D(32, kernel_size=(3, 3),activation='relu’,padding = ‘Same’, input_shape=i

nput_shape))

model.add(Conv2D(32,kernel_size=(3, 3), activation='relu’,padding = ‘Same’,))
model.add(MaxPool2D(pool_size = (2, 2)))

model.add (Dropout(8.25))

model.add(Conv2D(64, (3, 3), activation='relu',padding = 'Same'))
model.add(Conv2D(64, (3, 3), activation='relu',padding = 'Same'))
model.add (MaxPool2D(pool_size=(2, 2)))

model.add(Dropout(6.48))

model.add(Flatten())

model.add(Dense(128, activation='relu'))
model.add(Dropout(©.5))
model.add(Dense(num_classes, activation='softmax’))
model. summary()

el

JB5 8 gus Tl
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# Define the optimizer

optimizer = Adam(1lr=0.881, beta_1=8.9, beta_2=8.999, epsilon=None, decay=8.8, amsgrad=Fa

1se)

# Compile the model

model.compile(optimizer = optimizer , loss = "categorical_crossentropy”, metrics=["accur

acy”l)

# Set a learning rate annealer

learning_rate_reduction = ReducelLROnPlateau(monitor='val_acc',
patience=3,
verbose=1,
factor=8.5,
min_lr=0.80801)
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# Wit

datagen = ImageDataGenerator|(

idth)

ight)
ight)

..&i}oj|j ;:){)‘9.U|j A:JLQJ?i};J\)

h data augmentation to prevent overfitting

featurewise_center=False, # set input mean to
samplewise_center=False, # set each

featurewise_std_normalization=False, std of the dataset

samplewise_std_normalization=False, # e each input by its std
zca_whitening=False, # apply ZCA white

rotation_range=16, # 1y i in the range (degrees, @ to 18@)
zoom_range = 8.1, # R
width_shift_range=8.1, # random

height_shift_range=8.1, # randomly shift images vertically (fraction of total he

horizontal_flip=False, # randomly flip images
vertical_flip=False) # randomly flip images

datagen.fit(x_train)

23goJl Ly jai:13 6ghnall

ool o — A= 505 10 oo drds e Lol o2 .}y_train X_train g g3 gl PR
G LS 28T JSCa 23 petdl a5 5 LodS sl Al e OIS LS 0l Lol (s O
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epochs = 5@

batch_size = 18

history = model.fit_generator(datagen.flow(x_train,y_train, batch_size=batch_size),
epochs = epochs, validation_data = (x_validate,y_validate

Do

verbose = 1, steps_per_epoch=x_train.shape[8] // batch_siz

callbacks=[learning_rate_reduction])

Epoch @662
Epoch 58
721 [

Epoch
171/721 [

23godJlouudi: 14 6gnall
(bl St daall oVl o AU,V 8 shms doall o Gamedls Sl Y1 353)

loss, accuracy = model.evaluate(x_test, y_test, verbose=1)

loss_v, accuracy_v = model.evaluate(x_validate, y_validate, verbose=1)
print(“"Validation: accuracy = %f ; loss_v = %f" % (accuracy_v, loss_v))
print("Test: accuracy = %f ; loss = %f" % (accuracy, loss))

model.save( 'model.h5")

2003/2803 [==

Test: accuracy

Cad vz S,V B pinae oy 2y cbad gl Bes (o Gl Sl B e o
.E;?S LJE:J tsL’Li— F;.ig PN J‘}uﬂj‘ D.LC'.X3~L>=3
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plot_model_history(history)

Model Accuracy Model Loss
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Epach Epoch
# plot the confusion matrix
plot_confusion_matrix(confusion_mtx, classes range(7))

Confusion matrix
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Pneumonia §roc)l el pladiwl o5l wlalll @l (4

Detection using Deep Learning
> % 25 Preumonia g5 0 ol Jre &b 8 Jo 23k Dlaal eds 5
O g S S Sl S by e wsle v LegdlST o 0 ) (s oo 28
e gores B3 03 Lol 2 Xoray Lopdl £adV s o By la B 50 2SS
8 5lane ddlises Ll MT),@J;&;}:;J Jls Kaggle (0 sl a2l 2N bl

Geod okl 73 505 #LiiL p skt " Normal ole” 5 " Pneumonia g 8, <ledl” (ot
SV e Sl Y g8 0 OV (5 Blas Gaset) 5IS15) L w311 U e
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bl cilgalll
s O e plasea¥l dgw (CNIN) £330 Lnas 8054561 VGG16
Sloul Gpdind Gasds 480 DLy 050 dage by ImageNet Godiciuns
A5l s L3 e Gl el
1 e 35 Goend) WAl G sl s Transfer learning (TL) ool J& o
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GeeksforGeeks

l

Pre Prosessing the Images
Spitting imagesinto Traning set and Testing Set

Compiling model using Adam optimizer, Categorical
cross-entropy loss function and softmax activation

Store the Model.

Load the Model

Y InPut__ Classification Output Normal

pA IR
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:duglinoll cilangll
i e skl sl Gexs Gaedd) ol 0l suss LGl iKeras e
S b g pls gl Good) ol 2305 Jkes Jazd 03L23] o5 . TensorFlow
tle xs (TensorFlow i Je Jexs Keras of didsd 1k . o glaslly el
IDE | JaJel ol sV eS| aeslall ods cuted N0 TensorFlow o

.Terminal

pip install tensorflow
pip install keras

Bl s gl ookt sdl B ey lees 0 b 35 » SciPy: SciPy o
By ot Lde oty il odn () el D o s LY ks L dedall
IDE / Terminal 3 JuJ! Y eSSl s i) . SciPy
pip install scipy
Zplaodl Hlonedl sl [ Slikedl 313 Y glob sd>5 s < ook diglob e
LyaL$J‘gffJJ;H oLl iPJqu=A qu:A‘}BJJFr)nJ‘CDEQU‘J.LF a%fan.JJazﬁ Lol
Al oda g?SJJ»jJ‘eJA fJéleJ Lo
pip install glob2
21611l clgha
u}ﬁ <LLI iﬁjmspﬂtéjkaﬁ Jdda url Q[%P % <UL aﬁ;ypgﬁ ijxg rj :1 i}kid‘
gfi)JLSgfg)Jﬂtj)paéfﬂ‘;DUkﬁ Cuba}aegArJéibw;w w}i:ﬁﬂtggfi)dﬂtg)kié-y‘gb‘JLgs
Gl bl i gazue rLk&d;ﬂb t;rsjaJ P R r:.t;rsjai

Jooo keras  ipsadl Epgpall Sl ser olaul (B0 i20 dskadl
o Los Gle s S ¢ s a2l Flattens Denses Models ImageDataGenerator
VGG16 2 Gy bod B 3801 Jonms o5 &Sl ol o s Lle opmy &

.resnetb0s VGG19,

from keras.models import Model

from keras.layers import Flatten,Dense
from keras.applications.vgglé import VGG16
import matplotlib.pyplot as plot

from glob import glob

Dolaned ol o lag (224 x 224 (g1 (13,50 e ol (U5 Sy 13 55kl
oIl BBl s b gr 5 el s RGB g3 o Jos T e J VGG16. 3

S )
IMAGESHAPE = [224, 224, 3]

training data = 'chest xray/train'
testing data = 'chest xray/test'
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0131 s 3l U1y oG VGG6 3 505 31l p s Y1 148 glasll
s 5 1000 Ciieas Jop ¥ W JI 25 imageNet & include top = False
ol g (oo 5 85 N LW o potd J g 50 Ll 06 ‘image_Net J85 52 50
L]y Lolall 5l ey o p g 55V J5Y1 el oy it s o

.VGG16 |

vgg _model = VGG16 (input shape=IMAGESHAPE, weights='imagenet',
include top=False)

LS plnly gadl il s o] Ll ponty (VGG 16 23 00 3l dny 155 gl
o w0l o Y &> ctrainable = False ooy oolilell oo e for Lf?;lxi\
ol

for each layer in vgg model.layers:
each layer.trainable = False

V.@.ﬁ)‘wi«&bd‘ g_,\f)v\ﬂ‘ bl Z\.GM L}BJ?}J\ okl sue :\9‘).&0 Jsbewws 63)]557.“
Lo 055 O o A1 AW Slons e

classes = glob('chest_xray/train/*') ) ) .

Ll b o gt L1 gl 3,15 W1 Gy L3 LY 005527 8 el

5 softmax Jadis dls e 5 ) didall Cinds 155 flattened layer dsdae 22b
Ly Lol E AN b B0 s sedl Ll ss J] len(classes)

flatten layer = Flatten() (vgg_model.output)
prediction = Dense (len(classes), activation='softmax') (flatten layer)

Gl badie Brdsad s Guo s IS 5220l VGG b prant oI p s 18 8 shasll
.ha&m@sﬁsﬁ\wmw,mjuiﬁ‘Csfa\dbmy

final model = Model (inputs=vgg model.input, outputs=prediction)
final model.summary ()

- T ¢ s . . . : - Y - .
U’:""‘":‘j‘ U"'L:“’"J (,_;\ Cpoer r‘b&mb \;.?J)A.a Complle G‘.«;& r}a.w: QY\ 29 a)]apgn
.8
final model.compile (
loss="categorical crossentropy',
optimizer='adam',

metrics=['accuracy']

)

Keras J] by ol SULI de sazes ol ol Lile oty (23 5000l e iy 110 8 ghasl
Jor e pses (LdLS| 5 L3y . Keras ¢ImageDataGenerator el
Jldslicw oda (zoom range S3| shear range o)l crescale L&l &sle|

from keras.preprocessing.image import ImageDataGenerator
train datagen = ImageDataGenerator (rescale = 1./255,
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shear range = 0.2,

zoom range = 0.2,

horizontal flip = True)
testing datagen = ImageDataGenerator (rescale =1. / 255)

5T flow from directory() d1s plisenl ) pall JU-3 p g oY1 1113 ozl
e &1 I 4 A0l o oy Gl Ul LS5 sual) e o 53505 Lt Lo oy &
sl Pneumonia & I I3 L éT L gd Class mode .coykdd 8ux135,0 550 4 (A

.Not Pneumonia &}l <3 &

training set = train datagen.flow from directory('chest xray/train',
target size = (224, 224),
batch size = 4,
class_mode =
'categorical')

CJL:L:.; E.PW oldnd U)LJ}\“C)L;L:: Z\PW c«gﬁ\dwt}*ﬂ..mct}lajbj 123)]457)‘
gyl

test set = testing datagen.flow from directory('chest xray/test',
target size = (224, 224),
batch size = 4,
class mode = 'categorical')

& 23y fit generator() dls plnl &350l oS g e 113 5 hasl
& s Dla 55 Lol LVl oyl ULy Ao gazeay Glaty Lacd 20301 fuslicl
deael) C3 ) e s

fitted model = final model.fit generator (
training set,
validation data=test set,
epochs=5,
steps_per epoch=len(training set),
validation steps=len (test set)

)
Jgécbw‘ ;ﬁ).ﬁ&lctouyg;}c}}u\ \M UZ’J’>'£'-9 CJ}M&..O.LAﬁuu!]_“'S}L;.vJ‘
O)}\?-.LAL&'&f'JjJ SJ.A

final model.save('our model.h5"')

P18 el Bodl Lrdlnadl s 8 gnal) 31 59 0BLsl (U1 25 50l oy 03158 o
. model.predict )dls r\J}J«ALg L3 5ol Lgdans L";J\ Ol Beadl e GRS

from keras preprocessing import image

from keras.models import load model

from keras.applications.vgglé import preprocess_input

import numpy as np

model=load model ('our model.h5') #Loading our model
img=image.load img('D:/Semester -

6/PneumoniaGFG/chest xray/val/PNEUMONIA/personl954 bacteria 4886.Jjpeg', tar
get _size=(224,224))

imagee=image.img to array(img) #Converting the X-Ray into pixels
imagee=np.expand dims (imagee, axis=0)

img data=preprocess_input (imagee)
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prediction=model.predict (img data)

if prediction[0] [0]>prediction[0][1]: #Printing the prediction of model.
print ('Person is safe.')

else:
print ('Person is affected with Pneumonia.')

print (f'Predictions: {prediction}')

JoJl aeiill
Pneumonia.py:

from keras.models import Model

from keras.layers import Flatten,Dense

from keras.applications.vgglé import VGGl6 #Import all the necessary
modules

import matplotlib.pyplot as plot

from glob import glob

IMAGESHAPE = [224, 224, 3] #Provide image size as 224 x 224 this is a
fixed-size for VGGl6 architecture

vgg_model = VGG16 (input shape=IMAGESHAPE, weights='imagenet',

include top=False)

#3 signifies that we are working with RGB type of images.

training data = 'chest xray/train'

testing data = 'chest xray/test' #Give our training and testing path

for each layer in vgg model.layers:
each layer.trainable = False #Set the trainable as False, So that all
the layers would not be trained.
classes = glob('chest xray/train/*') #Finding how many classes present in
our train dataset.
flatten layer = Flatten() (vgg_model.output)
prediction = Dense (len(classes), activation='softmax') (flatten layer)
final model = Model (inputs=vgg model.input, outputs=prediction) #Combine
the VGG output and prediction , this all together will create a model.
final model.summary () #Displaying the summary
final model.compile( #Compiling our model using adam optimizer and
optimization metric as accuracy.
loss="categorical crossentropy',
optimizer='adam',
metrics=['accuracy']
)
from keras.preprocessing.image import ImageDataGenerator
train datagen = ImageDataGenerator (rescale = 1./255, #importing our
dataset to keras using ImageDataGenerator in keras.
shear range = 0.2,
zoom range = 0.2,
horizontal flip = True)
testing datagen = ImageDataGenerator (rescale =1. / 255)
training set = train datagen.flow from directory('chest xray/train',
#inserting the images.
target size = (224, 224),
batch size = 4,
class_mode =
'categorical')
test set = testing datagen.flow from directory('chest xray/test',
target size = (224, 224),
batch size = 4,
class mode = 'categorical')
fitted model = final model.fit generator( #Fitting the model.
training_ set,
validation data=test set,
epochs=5,
steps per epoch=len(training set),
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validation steps=len(test set)
)
plot.plot (fitted model.history['loss'], label='training loss') #Plotting
the accuracies
plot.plot (fitted model.history['val loss'], label='validation loss')
plot.legend()
plot.show ()
plot.savefig('LossVal loss')
plot.plot (fitted model.history['acc'], label='training accuracy')
plot.plot (fitted model.history['val acc'], label='validation accuracy')
plot.legend()
plot.show ()
plot.savefig('AccVal acc')
final model.save ('our model.h5') #Saving the model file.

Test.py:

from keras preprocessing import image

from keras.models import load model

from keras.applications.vgglé import preprocess_input

import numpy as np

model=load model ('our model.h5') #Loading our model

img=image.load img('D:/Semester -

6/PneumoniaGFG/chest xray/val/PNEUMONIA/personl954 bacteria 4886.jpeg', tar

get size=(224,224))

imagee=image.img to array(img) #Converting the X-Ray into pixels

imagee=np.expand dims (imagee, axis=0)

img data=preprocess_input (imagee)

prediction=model.predict (img data)

if prediction[0] [0]>prediction[0][1]: #Printing the prediction of model.
print ('Person is safe.')

else:
print ('Person is affected with Pneumonia.')

print (f'Predictions: {prediction}')

1l Bl
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https://media. geeksforgeeks. org/wp-content/uploads/20220222002658/Output.mp4? =1



https://media.geeksforgeeks.org/wp-content/uploads/20220222002658/Output.mp4?_=1

ool pleill plariwl dugoall ducgllg Ll Al ol il

Groc)l pole il pplaaiwl éygoall ducglig wildll yAlpol §uiil (5
Cardiovascular Diseases Prediction using Deep Learning

;SXH L Cardiovascular Diseases (CVD) 4gedl de ¥y LI 51 0l
JS s 0sels 17.9 oy sy Lo ilow 925 S (ol S s o L350 G4
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import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from sklearn import preprocessing
from sklearn.preprocessing import StandardScaler
from sklearn.model selection import train test split
import seaborn as sns
from tensorflow.keras.layers import Dense, BatchNormalization, Dropout,
LSTM
from tensorflow.keras.models import Sequential
from tensorflow.keras.utils import to categorical
from tensorflow.keras import callbacks
from sklearn.metrics import precision score, recall score,
confusion matrix, classification report, accuracy score, fl score

bl JroAi

#loading data

data = pd.read csv("https://cainvas-—
static.s3.amazonaws.com/media/user data/cainvas-—
admin/heart failure clinical records dataset lsgYy2P.csv")
data.head()

age anaemia creatinine_phosphokinase diabetes ejection_fraction high_blood_pressure  platelets serum_creatinine serum_sodium sex smoking

0 750 0 582 0 20

265000.00 19 130 1 0

55.0 7861 38 263358.03 1.1 136

20 162000.00 13 129

500 m

]

65.0 0 146
1 20
1

- o o o
o o o o
o o = o

1
1
210000.00 19 1371
0

AW oM =

65.0 160 20 327000.00 2.7 116

data.info()
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#first of all let us evaluate the target and find out if our data is
imbalanced or not

cols= ["#6daalf","#774571"]

sns.countplot (x= data["DEATH EVENT"], palette= cols)

o 1
DEATH_EVENT

#Examaning a corelation matrix of all the features

cmap = sns.diverging palette (275,150, s=40, 1=65, n=9)
corrmat = data.corr()

plt.subplots (figsize=(18,18))

sns.heatmap (corrmat, cmap= cmap,annot=True, square=True);
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#Evauating age distribution

plt.figure(figsize=(20,12))

#colours =["#774571","#b398af", "#f1f1f1" ,"#afcdc7", "#6daadf"]
Days of week=sns.countplot (x=data['age'],data=data, hue
="DEATH EVENT",palette = cols)

Days_of week.set title("Distribution Of Age", color="#774571")

Distribution Of Age
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# Boxen and swarm plot of some non binary features.
feature =
["age", "creatinine phosphokinase","ejection fraction","platelets","serum c
reatinine", "serum sodium", "time"]
for i in feature:
plt.figure(figsize=(8,8))
sns.swarmplot (x=data["DEATH_EVENT"], y=data[i], color="black",
alpha=0.5)
sns.boxenplot (x=data["DEATH EVENT"], y=data[i], palette=cols)
sns.stripplot (x=data["DEATH EVENT"], y=data[i], palette=cols)
plt.show ()
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sns.kdeplot (x=data["time"], y=data["age"], hue =data["DEATH EVENT"],
palette=cols)

DEATH_EVENT
100 +
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data.describe () .T

count mean std min 25% 50% 75% max
age 299.0 60.833893 11.894809 40.0 51.0 60.0 70.0 95.0
anaemia 299.0 0.431438 0.496107 0.0 0.0 0.0 1.0 1.0

creatinine_phosphokinase 299.0 581.839465 970.287881 230 116.5 2500 5820 7861.0

diabetes 299.0 0.418060 0.494067 0.0 00 00 10 10
ejection_fraction 299.0 38.083612 11.834841 14.0 300 38.0 45.0 80.0
high_blood _pressure 2990 0.351171 0.478136 0.0 0.0 0.0 1.0 1.0

platelets 299.0 263358.029264 97804.236869 25100.0 212500.0 262000.0 303500.0 850000.0

serum_creatinine 2990 1.393880 1.034510 05 09 11 1.4 94
serum_sodium  299.0 136.625418 4.412477 1130 134.0 137.0 1400 148.0
sex 2990 0.648829 0.478136 0.0 0.0 10 10 10

smoking 299.0 0.321070 0.467670 0.0 0.0 0.0 1.0 1.0

time 2990 130.260870 77.614208 4.0 73.0 1150 203.0 285.0

DEATH_EVENT  299.0 0.321070 0.467670 0.0 0.0 0.0 1.0 1.0
bl dalleo
F L Bianad] Eodlnedl Finzall oo glasal

UL o e £l 8 ) ) Ll e
.ySdJ.@JUXSVJWJV.:SM .
L i

el copli Slegazes s o

#assigning values to features as X and target as y
X=data.drop (["DEATH_EVENT"], axis=1)
y=data["DEATH EVENT"]

#Set up a standard scaler for the features
col names = list (X.columns)

s_scaler = preprocessing.StandardScaler ()

X df= s scaler.fit transform(X)

X df = pd.DataFrame (X df, columns=col names)
X _df.describe() .T

count mean std min 25% 50% 75% max

age 2990 5703353e-16 1.001676 -1.754448 -0.828124 -0.070223 0.771889 2.877170

anaemia 2990 1.00996%-16 1.001676 -0.871105 -0.871105 -0.871105 1.147968 1.147968
creatinine_phosphokinase 299.0 0.000000e+00 1.001676 -0.576318 -0480393 -0.342574 0.000166 7.514640
diabetes 299.0 9.060074e-17 1.001676 -0.847579 -0.847579 -0.847579 1.179830 1.179830
ejection_fraction 299.0 -3.267546e-17 1.001676 -2.038387 -0.684180 -0.007077 0.585389 3.547716
high_blood_pressure  299.0 0.000000e+00 1.001676 -0.735688 -0.735688 -0.735688 1.359272 1359272
platelets 299.0 7.723291e-17 1001676 -2.440155 -0.520870 -0.013908 0.411120 6.008180
serum_creatinine 299.0 1.425838e-16 1.001676 -0.865509 -0.478205 -0.284552 0.005926 7.752020
serum_sodium 2990 -8.67384%-16 1001676 -5363206 -0.595996 0.085034 0.766064 2582144

sex 2990 -8.911489%-18 1.001676 -1.359272 -1359272 0.735688 0.735688 0.735688

smoking 2990 -1.18819%-17 1.001676 -0.687682 -0.687682 -0.687682 1.454161 1.454161

time 2990 -1.901118e-16 1.001676 -1.629502 -0.739000 -0.196954 0.93875S 1.997038
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#looking at the scaled features

colours =["#774571","#b398af", "#£f1£f1f1" ,"#afcdc7", "#6daa9f"]
plt.figure (figsize=(20,10))

sns.boxenplot (data = X df,palette = colours)

plt.xticks (rotation=90)

plt.show ()
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#spliting test and training sets
X train, X test, y train,y test =
train test split(X df,y,test size=0.25,random state=7)

@jgxxUILLQ
ANN dsblaol Las B0 o5 gl s
:Z;;}“ﬂ“tfg;%gtﬂ‘g’[gaid‘dxﬁ“gﬂ r%

.f&DJPJLLéJS m@ °
olab Blol cu,xll e

.f\PQTqycyaeﬁ °
ANN “T‘:’)J:’ [ ]

early stopping = callbacks.EarlyStopping (
min delta=0.001, # minimium amount of change to count as an
improvement
patience=20, # how many epochs to wait before stopping
restore best weights=True)

# Initialising the NN
model = Sequential ()
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# layers

model.add (Dense (units = 16, kernel initializer = 'uniform', activation =
'relu', input dim = 12))

model.add (Dense (units = 8, kernel initializer = 'uniform', activation =
'relu'))

model .add (Dropout (0.5))

model.add (Dense (units = 4, kernel initializer = 'uniform', activation
'relu'))

model.add (Dropout (0.5))

model.add (Dense (units = 1, kernel initializer = 'uniform', activation =
'sigmoid'))

from tensorflow.keras.optimizers import SGD

# Compiling the ANN

model.compile (optimizer = 'adam', loss = 'binary crossentropy', metrics =
['accuracy'])

# Train the ANN
history = model.fit (X train, y train, batch size = 32, epochs = 500,
validation split=0.2)

6/6 [ ] - @s 5ms/step - loss: @.2721 - accuracy: 0.8547 - val loss: 1.0377 - val accuracy: ©.8000@
Epoch 496/500
6/6 [ ] - 0s 4ms/step - loss: ©.2154 - accuracy: 0.8827 - val_loss: 1.0369 - val_accuracy: 0.3000
Epoch 497/500
6/6 [ 1 - @5 4ms/step - loss: ©.2815 - accuracy: 0.8268 - val_loss: 1.0419 - val_accuracy: 0.8000
Epoch 498/500
6/6 [ ] - @s 4ms/step - loss: ©.2632 - accuracy: 0.8436 - val loss: 1.0445 - val accuracy: 0.80090
Epoch 499/500
6/6 [ ] - @s 4nms/step - loss: 8.2937 - accuracy: 0.8386 - val_loss: 1.0470 - val_accuracy: ©.8000
Epoch 500/500
6/6 [ ] - @s 4ms/step - loss: @.2742 - accuracy: 0.8683 - val_loss: 1.8506 - val_accuracy: 0.8000

val_ accuracy
print ("\n%s:

np.mean (history.history['val accuracy'])
.2f%%" % ('val_accuracy', val accuracy*100))

oo |l

val_accuracy: 79.81%

history df = pd.DataFrame (history.history)

plt.plot (history df.loc[:, ['loss']], "#6daa9f", label='Training loss')
plt.plot (history df.loc[:, ['val loss']],"#774571", label='Validation
loss')

plt.title('Training and Validation loss')

plt.xlabel ('Epochs')

plt.ylabel ('Loss"')

plt.legend(loc="best")

plt.show ()
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history df

plt

Training and Validation loss

0.70 1
Training loss

— Validation loss
065 4

00

w1
L

(.55 1

Lo

050

045 1

040

20

alyioll jo Jc danll o Gonillg uyjaidl ada ouu

pd.DataFrame (history.history)

.plot (history df.loc[:, ['accuracy']], "#6daa9f", label='Training

accuracy')

plt

.plot (history df.loc[:, ['val accuracy']], "#774571", label='Validation

accuracy')

plt
plt
plt
plt
plt

.title('Training and Validation accuracy')
.xlabel ('Epochs"')

.ylabel ('Accuracy')

.legend ()

.show ()
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# Predicting the test set results

y pred = model.predict (X test)

y pred = (y_pred > 0.5)

np.set_printoptions ()

# confusion matrix

cmapl = sns.diverging palette (275,150,

plt.subplots (figsize=(12,8))
cf matrix = confusion matrix(y test, y pred)

sns.heatmap (cf matrix/np.sum(cf_matrix), cmap = cmapl, annot

annot_kws = {'size':15})

s=40,

elaliiw I
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1=65, n=6)

0

print(classification_report(y_test, y_pred))

accuracy
macro avg
weighted avg

model.save ('heart.h5")

precision

8.83
8.53

0.68
8.76

recall
@.88

0.44

0.66
0.77

fl-score

0.85
0.48

8.77
8.67
8.77

support

57
18

75
75
75
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02

01
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import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import shutil

import os

print (os.listdir("../input/cell images/cell images/"))base dir='../input/c
ell images/cell images/'

work dir= "work/"

os.mkdir (work dir)base dir A
='../input/cell images/cell images/Parasitized/'

base dir B ='../input/cell images/cell images/Uninfected/'
work dir A = "work/A/"

os.mkdir (work dir A)

work dir B = "work/B/"

os.mkdir (work dir B) )

e Mies IS o HLesVy Gamelly o) (218N LBLy ity a3 (23

(infected Cladl) obo¥l lgle Gl (Lol £ 3N1 Sl e b pdlaes ¢ o0

oda J| staadl (Lo SIS e ) sl s p s (uninfected olas 8) LI
Aome Sl e 555 2 bk el AN 553 am Jo bl ey Y

train dir = os.path.join(work dir, 'train')
os.mkdir (train dir)

validation dir = os.path.join(work dir, 'validation')
os.mkdir (validation dir)

test dir = os.path.join(work dir, 'test')


https://www.kaggle.com/iarunava/cell-images-for-detecting-malaria
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os.mkdir (test dir)

print ("New directories for train, validation, and test
created")train pos dir = os.path.join(train dir, 'pos')
os.mkdir (train pos dir)

train neg dir = os.path.join(train_dir, 'neg')

os.mkdir (train neg dir)

validation pos dir = os.path.join(validation dir, 'pos')
os.mkdir (validation pos dir)
validation neg dir = os.path.join(validation dir, 'neg')
os.mkdir (validation neg dir)

test pos dir = os.path.join(test dir, 'pos')
os.mkdir (test_pos_dir)
test neg dir = os.path.join(test dir, 'neg')
os.mkdir (test neg dir)

print ("Train, Validation, and Test folders made for both A and B
datasets")

B pe 3315 Uypo poar oo Aot Les (Y ey L) [peYl Lot
(B) Lo 5T (A) L go w3l 5l g dbdginsd]
i=0

for filename in os.listdir(base dir A):
dst ="pos" + str(i) + ".jpg"

src =base dir A + filename

dst =work dir A + dst

# rename () function will
# rename all the files
shutil.copy(src, dst)
i+=1

j=0

for filename in os.listdir(base dir B):
dst ="neg" + str(j) + ".jpg"

src =base dir B + filename

dst =work dir B + dst

# rename () function will
# rename all the files
shutil.copy (src, dst)
jo+=1

print ("Images for both categories have been copied to working directories,
renamed to A & B + num")

By é..\..'aj )l?&‘ /93).)3 é}.if (..:..MES 9‘J?-£.3 (““”‘b (o]l & )\J&lr.? S8 g Q\“
3000 o i S g g (W dulgs JSo 2ol wlillaadl J] by Zoldl ozl
GSN\&M%)M‘JMVJ}&S.)L:&}-‘SJVSOOJMS)F 10005 o455 50
amel) 35S0l Slalnall Jana) Gl g pbinnd Loty (ISl Slalae plidinal
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fnames = ['pos{}.jpg'.format (i) for i in range (3000)
for fname in fnames:
src = os.path.join(work dir A, fname)
dst = os.path.join(train pos dir, fname)
shutil.copyfile(src, dst)

fnames = ['pos{}.jpg'.format (i) for i in range (3000, 4000)]
for fname in fnames:
src = os.path.join(work dir A, fname)
dst = os.path.join(validation pos dir, fname)
shutil.copyfile (src, dst)

fnames = ['pos{}.jpg'.format (i) for i in range (4000, 4500)]
for fname in fnames:
src = os.path.join(work dir A, fname)
dst = os.path.join(test pos dir, fname)
shutil.copyfile(src, dst)

fnames = ['neg{}.jpg'.format (i) for i in range (3000)]
for fname in fnames:
src = os.path.join(work dir B, fname)
dst = os.path.join(train neg dir, fname)
shutil.copyfile(src, dst)

fnames = ['neg{}.jpg'.format (i) for i in range (3000, 4000)]
for fname in fnames:
src = os.path.join(work dir B, fname)
dst = os.path.join(validation neg dir, fname)
shutil.copyfile(src, dst)

fnames = ['neg{}.jpg’'.format (i) for i in range (4000, 4500)]
for fname in fnames:
src = os.path.join(work dir B, fname)
dst = os.path.join(test neg dir, fname)
shutil.copyfile (src, dst)

print ("Train, validation, and test datasets split and ready for
use")print ('total training pos images:', len(os.listdir(train pos dir)))
print ('total training neg images:', len(os.listdir(train neg dir)))

print ('total validation pos images:', len(os.listdir(validation pos dir)))
print ('total validation neg images:', len(os.listdir(validation neg dir)))
print ('total test pos images:', len(os.listdir(test pos dir)))

print ('total test meg images:', len(os.listdir(test neg dir))

b plisenl LSley AN Ly Aobdl SULL Ot Lguds el oo (S Ay
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SIJPEG 52w oy <150 o b J) oS50 Ly ImageDataGenerator
ety al3 LT S 150 x 150 J] lpom a5 685 500 JSI aSle ol 5 50 L3 >
ol G5 gy 7 binary” Ll e class mode sdow (3 Y1 olilas (o o2 JI Lol
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from keras.preprocessing.image import ImageDataGenerator
train datagen = ImageDataGenerator (rescale=1./255)
test datagen = ImageDataGenerator (rescale=1./255)train generator =
train datagen.flow from directory(
train dir,
target size=(150, 150),
batch size=20,
class mode='binary')
validation generator = test datagen.flow from directory (
validation dir, target size=(150, 150),
batch size=20,
class mode='binary')

print ("Image preprocessing complete")

Ly doldl CNN & 05855 LSt oy 0V LSy obl) pazr le] o oLVl in
JL o wliby wledl fies) convolutional layers L4355 wlab sie ¢y
(Sl izl sigmoid Civass ds 5o fully-connected layers

(5 o) B 5 5 L By5mad Sl s JSUEINI 2o 5y Sl
Soalll gzl Sk 555 Jons 8y peall Gl Glagall fuSCI Blail dodoss IS5 0
fand) a3Vl dodl o 3 b e sleodl seadl A5 e max pooling layers
e s B sy dane b ol gl bt 3y 5 GLESU 215
oS5 RMSprop ;s pid (g ol a3l D s £ Y sigmoid ki
SGD = Keras &S 51 EFE = RO JUCH PN [ WP S PR 23 - e
.ADAM;
from keras import layers
from keras import modelsmodel = models.Sequential ()

model.add(layers.Conv2D (32, (3, 3), activation='relu',
input shape=(150, 150, 3)))

model.add (layers.Flatten())

model.add (layers.Dropout (0.5))
model.add(layers.Dense (512, activation='relu'))
model.add (layers.Dense (1, activation='sigmoid'))
model . summary ()

model.add (layers.MaxPooling2D ((2, 2)))
model.add (layers.Conv2D (64, (3, 3), activation='relu'))
model.add (layers.MaxPooling2D( (2, 2)))
model.add (layers.Conv2D (128, (3, 3), activation='relu'))
model.add (layers.MaxPooling2D ((2, 2)))
model.add(layers.Conv2D (128, (3, 3), activation='relu'))
model.add (layers.MaxPooling2D( (2, 2)))

(

(

(

from keras import optimizers
model.compile (loss='binary crossentropy',
optimizer=optimizers.RMSprop (lr=1e-5),
metrics=['acc'])

print ("Model created")
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history = model.fit generator (
train generator,
steps _per epoch=100,
epochs=30,
validation data=validation generator,
validation steps=200)
model.save ('basic malaria pos neg v1.h5')import matplotlib.pyplot as
pltacc = history.history['acc']
val acc = history.history['val acc']
loss = history.history['loss']
val loss = history.history['val loss']
epochs = range(l, len(acc) + 1)
plt.plot (epochs, acc, 'bo', label='Training acc')
plt.plot (epochs, val acc, 'b', label='Validation acc')
plt.title('Training and validation accuracy')
plt.legend/()
plt.figure()
plt.plot (epochs, loss, 'bo', label='Training loss')
plt.plot (epochs, val loss, 'b', label='Validation loss')
plt.title('Training and validation loss')
plt.legend/()
plt.show ()
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eval datagen = ImageDataGenerator (rescale=1./255)
eval generator = eval datagen.flow from directory(
test dir,target size=(150, 150),
batch size=20,
class mode='binary')
eval generator.reset()
pred = model.predict generator (eval generator,1000,verbose=1)
print ("Predictions finished")

import matplotlib.image as mpimgfor index, probability in enumerate (pred) :
image path = test dir + "/" teval generator.filenames[index]
img = mpimg.imread (image path)

plt.imshow (img)
print (eval generator.filenames[index])
if probability > 0.5:
plt.title("%$.2f" % (probability[0]*100) + "% B")

else:
plt.title("%$.2f" % ((l-probability[0])*100) + "% A")
plt.show ()
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https://data-flair.training/blogs/convolutional-neural-networks-tutorial/
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pip install numpy opencv-python pillow tensorflow keras imutils scikit-
learn matplotlib
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mkdir datasets
mkdir datasets\original

(DB e paren oy o 1385k

ot ¢l i 5 85310 oY1 I Bl de samen Jais Gliy o3 148 lasell
‘tree SﬁuﬁlJ\J.aT
cd breast-cancer-classification\breast-cancer-

classification\datasets\original
tree


https://www.kaggle.com/paultimothymooney/breast-histopathology-images/
https://www.kaggle.com/paultimothymooney/breast-histopathology-images/
https://www.kaggle.com/paultimothymooney/breast-histopathology-images/
https://drive.google.com/open?id=1nEkiRNIdYUSi0Eyci19KceLJjObGB25m
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B Anaconda Prompt (Anaconda3)
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config.py:
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import os

INPUT DATASET = "datasets/original"

BASE PATH = "datasets/idc"

TRAIN PATH = os.path.sep.join([BASE PATH, "training"])

VAL PATH = os.path.sep.join([BASE PATH, "validation"])
TEST_PATH = os.path.sep.join ([BASE PATH, "testing"])

TRAIN SPLIT = 0.8
VAL SPLIT = 0.1
L% config.py - C:\Users\Sumeet Rathore\Desktop\breast-cancer-classification\breast-cancer-cla..  — m} X

File Edit Format Run Options Window Help

os

INPUT_DATASET "datasets/original’

Ln:12 Col: 0
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build dataset.py:
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from cancernet import config
from imutils import paths
import random, shutil, os

originalPaths=1list (paths.list images (config.INPUT DATASET) )
random.seed (7)
random.shuffle (originalPaths)

index=int (len (originalPaths) *config.TRAIN SPLIT)
trainPaths=originalPaths][:index]
testPaths=originalPaths[index:]

index=int (len (trainPaths) *config.VAL SPLIT)
valPaths=trainPaths[:index]
trainPaths=trainPaths[index:]

datasets=[("training", trainPaths, config.TRAIN PATH),
("validation", valPaths, config.VAL PATH),
("testing", testPaths, config.TEST PATH)

]

for (setType, originalPaths, basePath) in datasets:
print (f'Building {setType} set')

if not os.path.exists (basePath) :
print (f'Building directory {base path}'")
os.makedirs (basePath)

for path in originalPaths:
file=path.split (os.path.sep) [-1]
label=file[-5:-4]

labelPath=os.path.sep.join ([basePath, label])

if not os.path.exists(labelPath) :
print (£'Building directory {labelPath}'")
os.makedirs (labelPath)

newPath=os.path.sep.join([labelPath, filel)
shutil.copy?2 (inputPath, newPath)
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Lik build_dataset.py - C:\Users\Sumeet Rathore\Desktop\breast-cancer-classification\breast-can... =~ — O X
File Edit Format Run Options Window Help

cancernet impoxrt config

imutils import paths

cort random, shutil, os

originalPaths=list (paths.list_images (config.INPUT_ DATASET))
random.seed (7)
random.shuffle (originalPaths)

index=int (len(originalPaths) *config.TRAIN SPLIT)
trainPaths=originalPaths{:index]
testPaths=originalPaths([index:]

index=int (len(trainPaths) *config.VAL SPLIT)
valPaths=trainPaths[:index]
trainPaths=trainPaths[index:]

datasets=[ ("
("
(m

", trainPaths, config.TRAIN PATH),
1", valPaths, config.VAL PATH),
g", testPaths, config.TEST_PATH)

for (setType, originalPaths, basePath) in datasets:
print (£'Build }

set')

if not os.path.exists (basePath):
print (f'Building directory {basePath}')

os.makedirs (basePath)

for path in originalPaths:
file=path.split (os.path.sep) [-1]
label=file[-5:-4]

labelPath=os.path.sep.join([basePath,label])
if not os.path.exists(labelPath):
print (f'Building directory {labelPath}')

os.makedirs(labélpach)

newPath=os.path.sep.join([labelPath, file])
shutil.copy2 (path, newPath)

Ln:40 Col: 0
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‘build dataset. py o Sl Jorizy 03158 gl

py build dataset.py

| &8 command Prompt - b X

Desktop\breast-cancer-classification\breast-cancer-cla ication>py build_dataset.py

cancernet.py:
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from keras.models import Sequential

from keras.layers.normalization import BatchNormalization
from keras.layers.convolutional import SeparableConv2D
from keras.layers.convolutional import MaxPooling2D

from keras.layers.core import Activation

from keras.layers.core import Flatten

from keras.layers.core import Dropout

from keras.layers.core import Dense

from keras import backend as K

class CancerNet:
@staticmethod
def build(width,height,depth,classes):
model=Sequential ()
shape= (height, width, depth)
channelDim=-1

if K.image data format ()=="channels first":
shape= (depth, height,width)
channelDim=1

model.add (SeparableConv2D (32, (3,3),
padding="same", input shape=shape) )

model .add (Activation ("relu"))

model .add (BatchNormalization (axis=channelDim) )

model.add (MaxPooling2D (pool size=(2,2)))

model.add (Dropout (0.25))
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model.add (SeparableConv2D (64, (3,3), padding="same"))
model.add (Activation ("relu"))

model .add (BatchNormalization (axis=channelDim) )
model.add (SeparableConv2D (64, (3,3), padding="same"))
model.add (Activation ("relu"))

model .add (BatchNormalization (axis=channelDim) )
model.add (MaxPooling2D (pool size=(2,2)))

model.add (Dropout (0.25))

model.add (SeparableConv2D (128, (3,3), padding="same"))
model.add (Activation ("relu"))

model.add (BatchNormalization (axis=channelDim) )
model.add (SeparableConv2D (128, (3,3), padding="same"))
model.add (Activation ("relu"))

model.add (BatchNormalization (axis=channelDim) )
model.add (SeparableConv2D (128, (3,3), padding="same"))
model.add (Activation ("relu"))

model .add (BatchNormalization (axis=channelDim) )
model.add (MaxPooling2D (pool size=(2,2)))

model.add (Dropout (0.25))

model.add (Flatten())

model .add (Dense (256) )

model.add (Activation ("relu"))
model .add (RBatchNormalization ())
model.add (Dropout (0.5))

model .add (Dense (classes) )
model.add (Activation ("softmax"))
return model

La cancernet.py - C:\Users\Sumeet Rathore\Desktop\breast-cancer-classification\breast-cancer-classification\cancernet\canc... — [m]

File Edit Format Run Options Window Help

m keras.models import Sequential

.layers.normalization 1ir t BatchNormalization
.layers.convolutional SeparableConv2D
.layers.convolutional ir t MaxPooling2D
.layers.core 1 Activation
.layers. Flatten
.layers. Dropout

Dense

.layers.

s CancerNet:
@staticmethod
def build(width, height,depth,classes):
model=Sequential ()
shape=(height,width,depth)
channelDim=-1

if K.image_data_format()==
shape=(depth, height,width)
channelDim=1

model.add (SeparableConv2D(32, (3,3), padding="sams",input_shape=shape))
model.add (Activation (" ))

model.add (BatchNormalization (axis=channelDim) )

model.add (MaxPooling2D(pool_size=(2,2)))

model.add (Dropout (0.25) )

model.add (SeparableConv2D (64, (3,3), padding="same"))
model.add (Activation (" u”))

model.add (BatchNormalization (axis=channelDim) )
model.add (SeparableConv2D (64, (3,3), padding="same"))
model.add (Activation("xelu"))

model.add (BatchNormalization (axis=channelDim))
model.add (MaxPooling2D (pool_size=(2,2)))

model.add (Dropout (0.25) )

model.add (SeparableConv2D (128, (3,3), padding=
model.add (Activation("xrelu"))
model.add (BatchNormalization (axis=channelDim) )
model.add (SeparableConv2D (128, (3,3), padding=
model.add (Activation("relu"))
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model.add (BatchNormalization (axis=channelDim))
model.add (SeparableCo D(128, (3,3), padding="same"
model.add (Activation
model.add (BatchNormali
model.add (MaxPooling2D(pool_size=(2,2)))
model.add (Dropout (0.25))

n (axis=channelDim))

model.add(Flatten())
model.add (Dense (256))
model.add (Activation("relu"
model.add (BatchNormaliza
model.add (Dropout (0.5))

model.add (Dense (classes))
model.add (Activation ("

model

v
Ln:40 Col: 36
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train_model.py:

s config s cancernet s sklearn s keras ;o 5) goniw (Lia L3 503 oS3 3 |
.08 3 numpy s matplotlib 5 imutils

import matplotlib
matplotlib.use ("Agg")

from keras.preprocessing.image import ImageDataGenerator
from keras.callbacks import LearningRateScheduler
from keras.optimizers import Adagrad

from keras.utils import np utils

from sklearn.metrics import classification report
from sklearn.metrics import confusion matrix

from cancernet.cancernet import CancerNet

from cancernet import config

from imutils import paths

import matplotlib.pyplot as plt

import numpy as np

import os

NUM EPOCHS=40; INIT LR=le-2; BS=32

trainPaths=1list (paths.list images (config.TRAIN PATH))
lenTrain=len (trainPaths)

lenvVal=len (list (paths.list images (config.VAL PATH)))
lenTest=len (list (paths.list images (config.TEST PATH)))
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trainLabels=[int (p.split (os.path.sep) [-2]) for p in trainPaths]
trainLabels=np utils.to_categorical (trainLabels)
classTotals=trainLabels.sum(axis=0)
classWeight=classTotals.max () /classTotals

trainAug = ImageDataGenerator (
rescale=1/255.0,
rotation range=20,
zoom_range=0.05,
width shift range=0.1,
height shift range=0.1,
shear range=0.05,
horizontal flip=True,
vertical flip=True,
fill mode="nearest")

valAug=ImageDataGenerator (rescale=1 / 255.0)

trainGen = trainAug.flow from directory (
config.TRAIN PATH,
class mode="categorical",
target size=(48,48),
color mode="rgb",
shuffle=True,
batch size=BS)
valGen = valAug.flow from directory (
config.VAL PATH,
class mode="categorical",
target size=(48,48),
color mode="rgb",
shuffle=False,
batch size=BS)
testGen = valAug.flow from directory (
config.TEST PATH,
class mode="categorical",
target size=(48,48),
color mode="rgb",
shuffle=False,
batch size=BS)

model=CancerNet.build (width=48,height=48,depth=3, classes=2)
opt=Adagrad (1r=INIT LR,decay=INIT LR/NUM EPOCHS)
model.compile (loss="binary crossentropy",optimizer=opt,metrics=["accuracy"

1

M=model.fit generator (
trainGen,
steps_per epoch=lenTrain//BS,
validation data=valGen,
validation steps=lenval//BS,
class_weight=classWeight,
epochs=NUM EPOCHS)

print ("Now evaluating the model")
testGen.reset ()
pred indices=model.predict generator (testGen, steps=(lenTest//BS)+1)

pred indices=np.argmax (pred indices,axis=1)

print (classification report (testGen.classes, pred indices,
target names=testGen.class indices.keys()))
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cm=confusion matrix(testGen.classes,pred indices)
total=sum(sum(cm) )
accuracy=(cm[0,0]+cm[1,1])/total

specificity=cm[1l,1]/(cm[1,0]+cm[1,1])
sensitivity=cm([0,0]/ (cm[0,0]+cm[0,1])

print (cm)

print (f'Accuracy:
print (f'Specificity:
print (f'Sensitivity:

N = NUM_EPOCHS
plt.style.use ("ggplot")
plt.figure()

plt.plot (np.arange (0,N),
plt.plot (np.arange (0,N),
plt.plot (np.arange (0,N),
plt.plot (np.arange (0,N),
plt.title("Training Loss

{accuracy}"')
{specificity}")
{sensitivity}"')

M.history(["loss"], label="train loss")
M.history["val loss"], label="val loss")
M.history["acc"], label="train acc")
M.history(["val acc"], label="val acc")
and Accuracy on the IDC Dataset")

plt.xlabel ("Epoch No.")
plt.ylabel ("Loss/Accuracy")
plt.legend(loc="lower left")
plt.savefig('plot.png')

[ 8 train_model.py - C:\Users\Sumeet Rathore\Desktop\breast-cancer-classification\breast-cancer-classification\train_model.py (3.7.3) - o X

File Edit Format Run Options Window Help

‘mport matplotlib S
matplotlib.use (" )

m keras.preprocessing.image import ImageDataGenerator
keras.callbacks i LearningRateScheduler

n keras.optimizers port Adagrad

keras.utils import np_utils

sklearn.metrics i classification_report
sklearn.metrics i confusion matrix
cancernet.cancernet import CancerNet

n cancernet i t config
imutils i paths
t matplotlib.pyplot as plt

numpy as
t os

np

NUM_EPCCHS5=40; INIT_LR=le-2; B5=32

trainPaths=list (paths.list_images (config.TRAIN PATH))
lenTrain=len (trainPaths)

lenVal: ist (paths.list_images (config.VAL_PATH)))
lenTest= list (paths.list_images (config.TEST_PATH)))

trainLabels=[int (p.split (os.path.sep) [-2]) for p in trainPaths]
trainlabels=np utils.to_categorical (trainlabels)
classTotals=trainLabels.sum(axis=0)

classWeight=classTotals.max()/classTotals

trainAug = ImageDataGenerator(
rescale=1/255.0,
rotation_range=20,
zoom_range=0.05,
width_shift_range=0.1,
height_shift_range=0.1,
shear_range=0.05,
horizontal flip=T
vertical flip=
£ill mode="

valAug=ImageDataGenerator (rescale=l / 255.0)
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trainGen = trainfug.flow_from directory( ~
config.TRAIN PATH

color_mode=
shuffle=
batch_size=BS)

valGen = vallug.flow_from directory(

config.VAL_PATH,

class_mode:

testGen = valAug.flow_from directory(
config.TEST_PATH,
class_mode -
target_size=(48,48),

model=CancerNet.build (width=48,height=48,depth=3,classes=2)
opt=Adagrad (1r=INIT LR, decaFINIT_LR/NUM_EPOCHS)
model.compile (loss="bir ,optimizer=opt,metrics=["acc

M=model.fit_generator(
trainGen,

steps_per_epoch=lenTrain//BS,
validation_data=valGen,
validation_ steps=lenVal//BS,
class_weight=classWeight,
epochs=NUM_EPCCHS)

print(
testGen.reset ()
pred_indices=model.predict_generator (testGen,steps=(lenTest//BS)+1)

pred_indices=np.argmax(pred_indices,axis=1)

A
M=model.fit_generator (
trainGen,
steps_per_epoch=lenTrain//BS,
validation_data=valGen,
validation_steps=lenVal//BS,
class_weight=classWeight,
epochs=NUM_EPOCHS)
print ("
testGen.reset ()
pred_indices=model.predict_generator (testGen, steps=(lenTest//BS)+1)
pred_indicesmp.azgmax(pzed_indices,axis=1)|
print(classification_report (testGen.classes, pred_indices, target_names=testGen.class_indices.keys()))
cm=confusion matrix(testGen.classes,pred_indices)
total=sum(sum(cm))
accuracy=(cm[0,0]+cm[1,1])/total
specificity=cm[1,1]/(cm[1,0]+cm[1,1])
sensitivity=cm([0,0]/ (cm[0,0]+cm[0,1])
print (cm)
print (£'2
print(
print (£
N = NUM_EPOCHS
plt.style.use ("ggp
plc.figure ()
plt.plot (np.arange (0,N), M.history["l
plt.plot(np.arange (0,N), M.history["
plt.plot(np.arange(0,N),
plt.plot (np.arange (0,N),
plt.title("
plt.xlabel (
plt.ylabel ("L bl
plt.legend (loc: )
plt.savefig('pl v )
v
Ln: 81 Col:43
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@8 Command Prompt - o X

- val_loss:

- val_loss:

poch 4/40
5244 - - : 8.3396 - acc: ©.8562 - val_loss:

- val_loss:

ms/step - o - acc: ©.8573 - val_loss:

386ms/step - sS: - acc: 0.8578 - val_loss: ©.3879 -

- val_loss:
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¥ Command Prompt - o X

val_acc
val_a
val_acc:

val_a
516
evaluating the model
precision o fl-score

0.89

t-cancer-classification>

Training Loss and Accuracy on the IDC Dataset

P e et
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—— ftrain_loss
0.4 - — val_loss
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frain_acc
—— val_acc
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Prediction using Deep Learning
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https://archive.ics.uci.edu/ml/datasets/Heart+Disease
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.DataFrame
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from google.colab import files
uploaded = files.upload()

Soew 20 Jsl aeldsg pandas DataFrame J] UL & gazes 5|2l o3

import io
Data = pd.read csv(io.BytesIO(uploaded|'heart.csv']))
print (Data.head (20))

age sex cp trestbps chol fbs ... exang oldpeak slope ca thal target
0 63 1 3 145 233 1 ... 0 2.3 0 0 1
1 37 1 2 130 250 0 0 3.5 0 0 2 1
2 41 0 1 130 204 0 0 1.4 2 0 2 1
3 56 1 1 120 236 0 0 0.8 2 0 2 1
4 57 0 0 120 354 0 1 0.6 2 0 2 1
5 57 1 0 140 192 0 0 0.4 1 0 1 1
6 56 0 1 140 294 0 0 1.3 1 0 2 1
7 44 1 1 120 263 0 0 0.0 2 0 3 1
8 52 1 2 172 199 1 0 0.5 2 0 3 1
9 57 1 2 150 168 0 0 1.6 2 0 2 1
10 54 1 0 140 239 0 0 1.2 2 ] 2 1
11 48 ] 2 130 275 0 0 0.2 2 0 2 1
12 49 1 1 130 266 0 0 0.6 2 0 2 1
13 64 1 3 110 211 0 1 1.8 1 0 2 1
14 58 0 3 150 283 1 0 1.0 2 0 2 1
15 50 0 2 120 219 0 0 1.6 1 0 2 1
16 58 0 2 120 340 0 0 0.0 2 0 2 1
17 66 0 3 150 226 0 0 2.6 0 0 2 1
18 43 1 0 150 247 0 0 1.5 2 0 2 1
19 69 0 3 140 239 0 0 1.8 2 2 2 1

[20 rows x 14 columns]

Zal g Ll SLall Ll s IR (20l oy 5 531 e Lo oy SBT3 )
REXWEION

f = sns.countplot (x='target', data=Data)

f.set title("Heart disease distribution")

f.set xticklabels(['No Heart disease', 'Heart Disease'])
plt.xlabel ("");
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Heart disease distribution
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f = sns.countplot (x="target', data=Data, hue='sex')

plt.legend(['Female', 'Male'])

f.set title("Heart disease by gender")

f.set xticklabels(['No Heart disease', 'Heart Disease'])
plt.xlabel ("");

Heart disease by gender

Il Female
s Male

100

80

60

count

40 -

20

No Heart disease Heart Disease



85 dunnll dle P 8 ailolariwlg Grocl ple

SVl SN e "B 5l pel 5 g5 pe” w5 O (6 O Loy oBMel Gl s ) 0
e BN ST s 0 (3Ll 23 5adl B3 3T o A adlodin FepaSThs L LG e
Ll Bzl e 355 ) Adkseoll ol sall oy S g 0] Al ol edin 30,3
oy I o Bl o Wl o ol o (3. Jlowtll i e g8 MBI 51,y
DLV Bsias il pLall Ay b Hla dikse Lelss o &0 Sl
e RSN W CWRW N | e -heat map s,/ > day > 4f correlation matrix
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heat map = sns.heatmap (Data.corr (method='pearson'), annot=True,
fmt=".2f"', linewidths=2)

heat map.set xticklabels(heat map.get xticklabels(), rotation=45);
plt.rcParams["figure.figsize"] = (50,50)
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UUIKeras @ino Ly
ety Ll L 515l 5l Keeras Citae sl 3l 0l (SBLI1 GLastl Ay

cCJUL:J| vra*iﬂ .)k;AJY! iﬁvqu=A) ngJJLN QSi}QenA 2¢x;$:%mq=a L;l CJU&ZJ‘ lﬁJyuaw
s e bl dss pST o Koy oscikit-Learn i Lodsed

.sklearn.model selection.train test split()

from sklearn.model selection import train test split

Input train, Input test, Target train, Target test =

train test split (InputScaled, Target, test size = 0.30, random state = 5)
print (Input train.shape)

print (Input test.shape)

print (Target train.shape)

print (Target test.shape)

i I o oSlel e oz IS o o Lok

212, 13)
91, 13)
212, 1)
91, 1)

Keras Sequential 73 5o pddsnin

from keras.models import Sequential
from keras.layers import Dense

model = Sequential ()
model.add (Dense (30, input dim=13, activation='tanh'))

model .add (Dense (20, activation='tanh'))
model.add (Dense (1, activation='sigmoid'))

| Sl all iz o3 sequential Jdoiis & e 3 gorll oty L3 (S5 ol
.ii;ﬁ;ké ﬂJﬁﬁ;xQ oda gjifﬁ r% REP) Gyézﬁ} Qt%jﬁtﬁ‘htj¢b %}AEU@ &L;ﬁﬁJ\&;;$3

5 goe Ao 13 a0 Gils Lo 525 13y o J5Y1 (5 sl

Lis sy dwas 45 20 e Spos Lt dabll i) dis us) tanh pSd
bslallsigmoid Liis Alsy (p50) 34y L Ll e 1 5¥1 &2k g 5o tanh
Sl Gl S

:Csf«ﬁ\(ﬁt) <4 5(compile) oo Lses
model.compile (optimizer="adam', loss='binary crossentropy',metrics=["'accura

cy'l)
model.fit (Input train, Target train, epochs=100, verbose=1)

olawy W e compile s g g
(W domyll a0 o S pcl) Kool g5 adamps s 0
Aol Ll 5 02 A5 amy 8500 U5l :binary crossentropy UasJl Jls e
binary crossentropy ! Je Keras G
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LVl oyl el &y ol 3 pedl elsl o) raccuracy B uLio @
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model . summary ()

score = model.evaluate (Input test, Target test, verbose=0)

print ('Model Accuracy = ',scorell])
e o (1 ] 5 s
Layer (type) Output Shape Param #
dense_ 4 (Dense) (None, 30) 420
dense 5 (Dense) (None, 20) 620
dense_ 6 (Dense) (None, 1) 21

Total params: 1,061 Trainable params: 1,061 Non-trainable params: 0

Model Accuracy = 0.9010988965139284
LG 9010 Gt Gl 0580 LV Sbly o annd die 3 50

wailoll

I e UL e gora e 2l AN 51l iian) Keras 3505 oy bad 2
Gerlsd (pp Saztn ol Sy e gazen e Bzl oda Wi T e o2 J1 e pdnaall
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https://github.com/mnarkar/keras
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Janl éwiudl dcll jgn o COVID-19 e «@iiidll (9
Detecting COVID-19 From Chest X- plcil J&j olaailwl

Ray Images using Transfer Learning

252 o COVID-19 a5z SLEST (5,30 05U o5 Django e @56 oy Gk
el 05 s Bl 2l e g5 o5 JYI el 850 303w Chest X-Ray
ResNet505 Xception 25§50 Ma st VI ol dakaee 5L B
i6 pame o sgarl b ULy d pars o Granll (el 23505 p8 03 . VGGG
B (5 Gk ga papiell e e 530l .SARS-COV-2-Ct-Scan <l
ATl e el S e o G(CNIND i) Lnaal]

doaAiuell alidillg wigall
10051 85 4SThe dstdwnad! dalgl il Sl Lan

IRYCH RS PP R
Django i)l Jos bl @
‘Tensorflow :Geenll ohadls &Y s ] @
.CSS (BootStrap) (HTML :iwleYl igrl )l j ke o
.matplotlib s seaborn s venv ;s sklearn s keras SO IO JCH IR [P
La LSl e ilate 26 s gl oSy
6ghh4yoghha ageill
Groddlpdedl cja
Dataframe cbuJl jun| (JI Dataset cubbudl dcgoao Jugai:1 6ghall
L e SBLI ij&f:;rj .
RN FRWAY ¢ pandas dataframe J| SULJI L5 @
¢ File [Image File|
¢ DiseaselD [Serial Number]
e DiseaseType [COVID, non-COVID|

train dir = 'path/to/dataset'’
train data = []

for defects id, sp in enumerate (disease_ types):
for file in os.listdir(os.path.join(train dir, sp)):
train data.append (['{}/{}"'.format (sp, file), defects id, spl)


https://github.com/dwaipayan05/CovCNN-WebApp/blob/main/requirements.txt
https://www.kaggle.com/plameneduardo/sarscov2-ctscan-dataset
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train = pd.DataFrame (train data, columns=['File', 'DiseaseID', 'Disease
Type'])

Ul JUnY & el éalleollg 6.clyéll :2 5ginAll
ospallesl 3 e
(64 x 64) ol qreod) JI 550l Jyo @
Y Trains X Train ;| A I Lsde b gane sLil] @
255 o Len L RGB o8 505 @

IMAGE SIZE = 64

def read image (filepath):
return cv2.imread(os.path.join(data dir, filepath))

def resize image(image, image size):
return cv2.resize(image.copy (), image size,
interpolation=cv2.INTER AREA)

X train = np.zeros((train.shape[0], IMAGE SIZE, IMAGE SIZE, 3))

for i, file in tgdm(enumerate (train['File'].values)):
image = read image (file)
if image is not None:
X train[i] = resize image(image, (IMAGE SIZE, IMAGE SIZE))

X Train = X train / 255.

train['DiseaseID'].values
to categorical (Y train, num classes=2)

danll o Gonul/ wyjyai Jl bl dcgono rouuwdi :3 6ghall
.gff)JL”j sl ol CDLQJA;aJ “QLV1*“£3 °
WU Gy B3 pall Wl & dl Bl o ks @

Y train
Y train

X train, X val, Y train, Y val = train test split(
X Train, Y train, test size=0.2, random state = 42)

eagoill iy jloco 2207 4 gl

103l 8 oS dilises Slslome SN Ll p i @
VGG16 e
ResNet50 e
Xception e

:CSJA;J\ inlens S @
(3:3)Jsyl KConv2D o
ResNet50 / Xception /| VGG16 &)lens @
GlobalAveragePooling2D ()&Ls| e
Dropoutdzb iLsl
reluk.i5 me &5lg)l DenseNet dzb L] o
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Softmax dab Ll el 12D 4wl o
Y Gy 23 lokaoll lad Koy adam” (foss el
def build model () :

# Use Any One of the Following Lines

resnet50 = ResNet50 (weights='imagenet', include top=False)
xception = Xception (weights='imagenet', include top=False)
vggle = VGG16 (weights='imagenet', include top=False)

input = Input (shape=(SIZE, SIZE, N _ch))
x = Conv2D(3, (3, 3), padding='same') (input)

Use Any One of the Following Lines
= resnet50 (x)

= xception (x)

= vgglé6 (x)

XX X S

= GlobalAveragePooling2D () (x)

= BatchNormalization () (x)

Dropout (0.5) (x)

= Dense (256, activation='relu') (x)
= BatchNormalization () (x)

= Dropout (0.5) (x)

XX X X X X
I

# multi output
output = Dense (2, activation='softmax', name='root') (x)

# model
model = Model (input, output)

optimizer = Adam(lr=0.003, beta 1=0.9, beta 2=0.999,
epsilon=0.1, decay=0.0)

model.compile (loss='categorical crossentropy',
optimizer=optimizer, metrics=["'accuracy'])

model . summary ()

return model

2390l Ly jai:5oghhall

build model() dls slesc
e (51 Al (=2 ¢ 13l LS C31 s callback JLasl 55 cannealer pused
ol Jims &S (2 ol (e " patience” sda
(gaddl 3l 5, )l ©bly 8sb) deas) ImageDataGenerator el
.y train x train e GSJA;J\ <oy
# Use Any one of the Lines Below
hdf5 save = 'ResNet50 Model.hdf5'

hdf5 save = 'Xception Model.hdf5'
hdf5 save = 'VGG16 Model.hdf5'
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model = build model ()

annealer = ReduceLROnPlateau (
monitor='val accuracy', factor=0.70, patience=5,
verbose=1, min lr=le-4)

checkpoint = ModelCheckpoint (h5f5 save, verbose=1, save best only=True)

datagen = ImageDataGenerator (rotation range=360,
width shift range=0.2,
height_shift range=0.2,
zoom range=0.2,
horizontal flip=True,
vertical flip=True)

datagen.fit (X train)

# Use Any one of the lines Below
model graph = 'ResNet50.json'
model graph = 'Xception.json'
model graph = 'VGG1l6.json'

model json = model.to json()

with open(model graph, "w") as json file:
json file.write (model json)

woll uhni el
T35l sl ptes U5 Al Lgo Gl o Django g phe oLl o3 o
) AV Lo o5 1 sl pay 5000 &b ool
Gl oyl e JlasY 3905 phisealy Ll 26 Bt oLl 5 0
RIIES|

HTML

<form method="post" id="imageForm" enctype="multipart/form-data">
{% csrf token %}
<label for="ImgFile">Upload Image</label>
<input type="file" name="ImgFile" class="form-control"/>
<input type="submit" id="submitButton" class="btn" name="submit"
value="Solve"/>
</form>

Slike Joorey o3 Lehosss 03 Byl o JalSS views.py dme J51s 0
AaloYl dgl I 5,305,050 ol 5 5

[ WOt S PR [P

Model Prediction i 5edl 5l
Confidence Score &)l wl>)s @
Prediction Duration (&;\ L) selleds e

2 G5 CSS (Bootstrap) pliseuls £ale¥l gt gl ) Gos sl @



role il J&) plasiwl janl duisuul &edill jgon oo COVID-19 e @ididll

<l e x2S model predict() ety Bodxs miled Joars G it >N
lia v sd .Cloud e GGPU wlods- 5525 pohe Dl (3,25 &5 1o 28T 05
‘TensorFlow &sus pliswl 3lael Gad el o3l o JI Goal

DEMO

3l 2l 3 Joeodl el e o)Ly 05y 05 g0 il (po w25 B 1550 o

www. BANDICAM .com

UTF8 CRIF Python @Gotne B



S i 38 s i
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Diagnosis using Deep Learning

s Sl Lolel Led el LSS Ul g8 Alzheimer’s disease oolajl 5,
otV ST Gaala gl els e 5 Sl ol el (Ve 5 SIUN plass oS0 el
Lo W Bl ool e 058 05y 5,50l Al podl (3 oula 1 6l oliaol
liad
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-Normal Outward Behavior ol Bl ALl i1 a0l @
Very Mild Changes 0> iiib ol x5 30 @l o)l @

.Mild Decline caib lassl :3 d> )l @

.Moderate Decline Jdws jlusl 14 A= ,adl @

.Moderately Severe Decline Judime o0 sl lussl tduslsdl d o)l o
.Severe Decline il jlus=<N1:6 d> ol o
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import tensorflow as tf

from tensorflow import keras

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.image as img

$matplotlib inline

import tensorflow.keras.backend as K

from tensorflow.keras.preprocessing.image import ImageDataGenerator
from tensorflow.keras.preprocessing import image
from pylab import imread, subplot, imshow, show
import cv2

import os

:wblwlacgono
-Sarvesh Dubey g8 2l Kaggle Jo SULIN Ao jazes 555

G550 5121 Bl OIS Ly 55 UL L (e N GBI oS o2y ¢ olaYl
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https://www.kaggle.com/tourist55/alzheimers-dataset-4-class-of-images
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Mild Dementia,
Moderate Dementia

Non-Dementia

Bl ol S

Very Mild Dementia
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train = ImageDataGenerator (rescale=1./255)
test = ImageDataGenerator (rescale=1./255)
val = ImageDataGenerator (rescale=1./255)

train="Alzheimer_s Dataset/train/’

train data = tf.keras.preprocessing.image dataset from directory (
train,
validation split=0.2,
image size=(224,224),
batch size=32,
subset="'training',
seed=1000 )

val='Alzheimer s Dataset/train/'

val data = tf.keras.preprocessing.image dataset from directory(
val,
validation split=0.2,
image size=(224,224),
batch size=32,
subset="'validation',
seed=1000
)
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test='Alzheimer s Dataset/test/'

test data=tf.keras.preprocessing.image dataset from directory(
test,
image size=(224,224),
batch size=32,
seed=1000
)

class_names = ['MildDementia’, 'ModerateDementia', 'NonDementia‘,

'VeryMildDementia']

train data.class names = class_names
val data.class names = class names

print (val data)
plt.figure (figsize=(10, 10)
for images, labels in train data.take(1):
for i in range (6):
ax = plt.subplot(3, 3, i + 1)
plt.imshow (images[i] .numpy () .astype ("uint8"))
plt.title(train data.class names[labels[i]])
plt.axis ("off")

NonDementia MildDementia MildDementia

VeryMildDementia NonDementia VeryMildDementia

f?jQJ}ichLLJ

from tensorflow.keras.models import Sequential
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from tensorflow.keras.layers import Dense, Dropout, Flatten, Conv2D,
MaxPooling2D, Input
from tensorflow.keras.layers import Dense

model=Sequential ()

model.add (Conv2D (16, (3,3), activation='relu', input shape=(224,224,3)))
model.add (MaxPooling2D (pool size=(2, 2)))

model.add (Conv2D (32, (3,3), activation='relu'))

model.add (MaxPooling2D (pool size=(2, 2)))

model.add (Conv2D (32, (3,3), activation='relu'))

model.add (MaxPooling2D (pool size=(2, 2)))

model.add (Flatten())

model.add (Dense (10, activation="relu'))
model.add (Dense (5,activation="relu'))
model.add (Dense (12,activation="relu')
model.add (Dense (30, activation="relu')
model.add (Dense (10, activation="relu')
model.add (Dense (100, activation="relu'"))
model.add (Dense (133, activation="relu'))
model .add (Dense (4, activation="softmax'))

)
)
)
)
)

model . summary ()

Model: "sequential™”

Layer (type) Output Shape Param #
conv2d (Conv2D) “(None, 222, 222, 16) 448
max_pooling2d (MaxPooling2D) (None, 111, 111, 16) 0
conv2d_1 (Conv2D) (None, 109, 109, 32) 4640
max_pooling2d_1 (MaxPooling2 (None, 54, 54, 32) 0
conv2d_2 (Conv2D) (None, 52, 52, 32) 9248
max_pooling2d_2 (MaxPooling2 (None, 26, 26, 32) 0
flatten (Flatten) (None, 21632) (%]

dense (Dense) (None, 10) 216330
dense_1 (Dense) (None, 5) 55
dense_2 (Dense) (None, 12) 72
dense_3 (Dense) (None, 30) 390
dense_4 (Dense) (None, 10) 310
dense_5 (Dense) (None, 100) 1100
dense_6 (Dense) (None, 133) 13433

dense_7 (Dense) (None, 4) 536
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Total params: 246,562
Trainable params: 246,562
Non-trainable params: ©

2390l (g Jaig Lo

model.compile (optimizer = tf.keras.optimizers.Adam(le-4),
loss="sparse categorical crossentropy", metrics=["accuracy"])

history = model.fit (train data, validation data=val data, epochs=10)

Epoch 1/10

129/129 [ ===========] - 7s 51ms/step - loss: 1.0227 -
accuracy: 0.5116 - val_loss: 0.8785 - val_accuracy: 0.5742

Epoch 2/10

129/129 [ == - 6s 49ms/step - loss: 0.8658 -
accuracy: 0.5880 - val_loss: 1.0934 - val_accuracy: 0.5332

Epoch 3/10

129/129 [ ===========] - 6s 49ms/step - loss: 0.8157 -
accuracy: 0.6117 - val_loss: 0.7731 - val_accuracy: 0.6182

Epoch 4/10

129/129 [ ===========] - 6S 49ms/step - loss: 0.7660 -
accuracy: 0.6412 - val_loss: 0.7004 - val_accuracy: 0.6729

Epoch 5/10

129/129 [===============z===============] - 6S 48ms/step - loss: 0.6692 -
accuracy: 0.6966 - val_loss: 0.6423 - val_accuracy: 0.7129

Epoch 6/10

129/129 [ ===========] - 65 48ms/step - loss: ©0.5324 -
accuracy: 0.7718 - val_loss: 0.8265 - val_accuracy: 0.6572

Epoch 7/10

129/129 [ ===========] - 65 49ms/step - loss: 0.4833 -
accuracy: 0.8018 - val_loss: 0.4976 - val_accuracy: 0.7930

Epoch 8/10

129/129 [ ===========] - 65 48ms/step - loss: 0.3579 -
accuracy: 0.8619 - val_loss: 0.4487 - val_accuracy: 0.8203

Epoch 9/10

129/129 [ ===========] - 65 48ms/step - loss: 0.2537 -

accuracy: 0.9112 - val_loss: 0.3463 - val_accuracy: 0.8662

Epoch 10/10

129/129 [ ===========] - 65 49ms/step - loss: 0.2310 -
accuracy: 0.9151 - val_loss: ©.3526 - val_accuracy: 0.8584

:@3goll hon

model.save ("alz_modell.h5")

model.evaluate (val data)

£
:aullJl roww

plt.plot (history.history['accuracy'])

plt.title('Train model accuracy')

plt.ylabel ('accuracy')

plt.xlabel ('epoch')

plt.show ()
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Train model accuracy
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plt.plot (history.history['loss'])
plt.title('Train Model loss')
plt.ylabel ('accuracy')

plt.xlabel ('epoch')

plt.show ()

Train Model loss

accuracy
= = = = = = =
A (¥, ] [=1] =] o (X =]
L L L L L L L

=
L
L

=
Pad
L

4 B 8
epoch

=
(o)

plt.plot (history.history['val accuracy'])
plt.title (' Val model Accuracy')
plt.ylabel ('accuracy')

plt.xlabel ('epoch')

plt.show ()



m Groc)l Uil plariwl posla Pl A 1o JALALil]

Val model Accuracy
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plt.plot (history.history['val loss'])
plt.title(' Val Model Loss')
plt.ylabel ('accuracy')

plt.xlabel ('epoch')

plt.show ()

Val Model Loss

11 A

aCcuracy
=] =] =] =) =] =
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L

=
(]
=9
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loss_train = history.history['loss']

loss val = history.history['val loss']
plt.plot(loss_train, 'g', label='Training loss')
plt.plot (loss val, 'b', label='validation loss')
plt.title('Training and Validation loss')
plt.xlabel ('Epochs')

plt.ylabel ('Loss"')

plt.legend/()
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plt.show ()
Training and Validation loss
—— Training loss
140 —— validation loss
0a
w
wi
3 0.6
04
02 . ; : i i
o 2 4 5] B
Epochs

il
class_names={0:"MildDementia"”, 1:"ModerateDementia", 2:"NonDementia",

3:"VeryMildDementia"}

for images, labels in val data.take(1l):
for i in range(6):
print ("True class:",val data.class names[labels[i]])
x = image.img to array(images[i])
x = np.expand dims(x, axis=0)
p=np.argmax (model.predict (x))

if p==0:

print ("Predicted Image: Mild Dementia')
elif p==1:

print ("Predicted Image: Moderate Dementia")
elif p==2:

print ("Predicted Image: Non Dementia')
else:

print ("Predicted Image: Very Mild Dementia")

print ("Predicted class:",p)
print ("All the predicted images are correct!!!!!")

True_class: VeryMildDementia
Predicted Image: Very Mild Dementia
Predicted class: 3

True_class: VeryMildDementia
Predicted Image: Non Dementia
Predicted class: 2

True_class: NonDementia

Predicted Image: Non Dementia
Predicted class: 2

True_class: VeryMildDementia
Predicted Image: Very Mild Dementia
Predicted class: 3

True_class: NonDementia
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Predicted Image: Non Dementia
Predicted class: 2

True_class: VeryMildDementia
Predicted Image: Very Mild Dementia
Predicted class: 3
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Lung Cancer rodcil J&j pladaiwl épl gla i e @aidll (11
Detection Using Transfer Learning

183 ) el fnandl ISl ol das - Computer Vision i swlsd! 451 a
3l éau\b;ﬂy\ sda Ty 5,5l e Sl Gl Ll <38 1 plgod) 23T o
L3l L 5 4 g
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import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
from PIL import Image

from glob import glob

from sklearn.model selection import train test split
from sklearn import metrics

import cv2
import gc
import os

import tensorflow as tf
from tensorflow import keras
from keras import layers

import warnings
warnings.filterwarnings ('ignore')

@bl 6cgoa0 al il
Loy 83 g3Le Loa Lgadiinin 1 UL A6 sares

https://www.kaggle.com/datasets/andrewmvd/lung-and-colon-cancer-
histopathological-images

135 )1 (o1l e s SN ) 50 5000 s SULII e gazes pons

.Normal Class Lsle &5 o
.Lung Adenocarcinomas &} 3 &44! (:\);\!\ .
-Lung Squamous Cell Carcinomas & | 5 4,25 >l LY Ol @

Data C)L’L:.J\ SJlﬁj "‘J’"l g;ﬁj'l’ E e 250 o &b JQ )),..Q.S\ oda J:»jla:a v::
el sl ‘_;JST Jes wbldiasls pSs o o] lig .lele Augmentation

from zipfile import ZipFile
data path = 'lung-and-colon-cancer-histopal\
thological-images.zip'

with ZipFile(data path,'r') as zip:

zip.extractall ()
print ('The data set has been extracted.')

il el

The data set has been extracted.


https://www.kaggle.com/datasets/andrewmvd/lung-and-colon-cancer-histopathological-images
https://www.kaggle.com/datasets/andrewmvd/lung-and-colon-cancer-histopathological-images
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ablul ol Al
2 S Canl sl W L 235 03 A1y eal) s 5508 (g Sl ol 1 3

path = '/lung colon image set/lung image sets'
classes = os.listdir (path)
classes

ol el
['lung_n', 'lung_aca', 'lung_scc']
L Lyl ) S ) a ods
path = '/lung colon image set/lung image sets'

for cat in classes:
image dir = f'{path}/{cat}'
images = os.listdir (image dir)

fig, ax = plt.subplots(l, 3, figsize = (15, 5))
fig.suptitle (f'Images for {cat} category . . . .',
fontsize = 20)

for 1 in range(3):
k = np.random.randint (0, len(images))
img = np.array(Image.open (f'{path}/{cat}/{images[k]}"))
ax[i].imshow (img)
ax[i].axis('off'")
plt.show ()

Images for lung_n category . . . .
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Images for lung_scc category . . ..

, B e, A0S
o5 85 S OY Gy ol g5 2 Blda ey p st oS 13] 6dlel | Y1 ik 3
35S Jors Balely L 535 80 S Biliien (3 2,0 B oy

il abldl AN

JoSl Sl NumPy wlsias J] slaradl jsall ey poii coudll a3

558 e 5,8 5l s Bl B IS 6 Y Lo s oy gy o5
ol 3 15 LS S e B e
o2 A Eadsd O ol Numpy 455y OpenCV assts pdded G (2,301 1y
o 3RS 5 )l Sy J) et e llaall Goitll J) 5 peall ez oo A (Ll
L3 el ool s o S s cdonall
IMG SIZE = 256
SPLIT = 0.2

EPOCHS = 10
BATCH SIZE = 64

LeST g5l oo Lebaws Lsley 4 hyperparameters &8l Clolaall jan

X
Y

[l
[

for i1, cat in enumerate (classes):
images = glob (f'{path}/{cat}/*.jpeg")

for image in images:
img = cv2.imread(image)

X.append (cv2.resize (img, (IMG SIZE, IMG SIZE)))
Y.append (i)

X = np.asarray (X)
one_hot encoded Y = pd.get dummies (Y) .values

3ol aSay #3505 One hot encoding ilw—d>ls el Lasloc
G L] o3 1 2l Pzl e a2 JS g0 Le 8 o) 21 VLY
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AN

(12000, 256, 256, 3) (3000, 256, 256, 3)
(& train test split dl> oY Gl bl shuffling Ll> Gasew ¢ ghasl oda b
RENEIN | ot &;L;Slj.&.o <LLI

@390l pghni
Sl degare o L)l o I Inception Ll L/L\.wﬁ Coke Gl pASins

gl e 851000 Jlsed 5 all oMo o ol UL e gazes (6 525 . imagenet

e3goiJl dujloLo
;\},;Y\ S 5o s Keras J Functional APT plisewly #3500 e o s
L

Al sda 3 &1l 3 505 52 base model bl 3 501

Al 23l 2 Sl s o e Flatten layer dodaal| 3all foss

ikl 1 5L G sos fully connected layers Glos olluams gLl Lol 055w o
Soda ]l

S oyl :Se) BatchNormalization @il jas ez Ll A3
Bl sl Jles) ol coaed G3ldl 22lall |5 Dropout dibs s s

.overfitting
s ST
ol Nl - 55l output layer w5l &2l 2 3,5Y) 42k o
oMl
from tensorflow.keras.applications.inception v3 import InceptionV3
pre_ trained model = InceptionV3(
input shape = (IMG SIZE, IMG SIZE, 3),
weights = 'imagenet',
include top = False
)
(ol Sl
87916544/87910968 [ ] — 2s Ous/step
87924736/87910968 [ ] — 2s Ous/step
len (pre_trained model.layers)

311
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Sjeedl 1Sl G posdl Wi s o Ll Mag (35001 1a Gow (ko 52 L
liaal sby GUaslus 1 seall e sl

S gbos Vel sl sl e Jadll Dy 03 5 ) 23 p0d) Slalas
(A1 80 s

for layer in pre trained model.layers:
layer.trainable = False

inadl oUWl s a1 A1) 303 Golikll s "Mixed7' as

last layer = pre trained model.get layer ('mixed7')
print ('last layer output shape: ', last layer.output shape)
last output = last layer.output

(ol Sl

last layer output shape: (None, 14, 14, 768)
x = layers.Flatten() (last output)

x = layers.Dense (256,activation="relu') (x)
x = layers.BatchNormalization () (x)

x = layers.Dense (128,activation="relu') (x)
X layers.Dropout (0.3) (x)
x = layers.BatchNormalization () (x)

output = layers.Dense (3, activation='softmax') (x)

model = keras.Model (pre trained model.input, output)

Callback

151 pl i JS s pmity 3501 OIST13] Lo (3352l) Callbacks <obkes plddud o2
B L3Sl Com I Lyl okl s L IS Y S
s 215 ey o3 ST ISy xcdl Jans Jodz) ReduceLR OnPlateau
oan o Lal LSy EarlyStopping Seedl i gl davl gy oyl Sl wind
3 g ol el e J sl 03 13] Lty Locd o podl Sy duaaieall Callbacks lbes
(Sen

from keras.callbacks import EarlyStopping, ReduceLROnPlateau

class myCallback (tf.keras.callbacks.Callback) :
def on epoch end(self, epoch, logs = {}):
if logs.get('val accuracy') > 0.90:
print ('\n Validation accuracy has reached upto 90%\
so, stopping further training.')
self.model.stop_training = True

es = EarlyStopping(patience = 3,
monitor = 'val accuracy',
restore best weights = True)
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1r = ReducelLROnPlateau(monitor = 'val loss',
patience = 2,
factor = 0.5,
verbose = 1)

L3 gad oy ¢jl;w oy

history = model.fit (X train, Y train,
validation data = (X val, Y val),
batch size = BATCH_SIZE,
epochs = EPOCHS,
verbose = 1,
callbacks = [es, lr, myCallback()])

1l el

Epoch 1/16
188/188 [
Epoch 2/1
188/188 [
Epoch 3/1
188/188 [
Epoch 4/1
188/188 [
Epoch 5/1@

188/188 [=== =] - ETA: @s - loss: ©.1168 - accuracy: .9550

Validation accuracy has reached upto 99% so, stopping further training.

=] - 335 173ms/step - loss: ©.1166 - accuracy: ©.9550 - val_loss: 8.1633 - val_accuracy: ©.9320 - lr: 0.0010

- 525 139ms/step - loss: ©.3543 - accuracy: ©.8587 - val_loss: @.5361 - val_accuracy: 8.77ee - lr: @.ee1e

n

- 325 169ms/step - loss: ©.2196 - accuracy: 8.9149 - val_loss: @.7268 - val_accuracy: ©.7477 - lr: @.001e

- 335 174ms/step - loss: ©.1656 - accuracy: .9347 - val_loss: @.3951 - val_accuracy: ©.8377 - lr: o.0e1e

- 335 176ms/step - loss: ©.1410 - accuracy: ©.9443 - val_loss: @.3120 - val_accuracy: ©.8333 - lr: @.0010

history df = pd.DataFrame (history.history)

history df.loc[:, ['loss','val loss']].plot ()
history df.loc[:, ['accuracy', 'val accuracy']].plot ()
plt.show ()

ol Sl
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_pred = model.predict (X val)

Y val = np.argmax (Y val, axis=1)
Y pred = np.argmax (Y pred, axis=1)

classification report il 25 confusion metrics I3, Y1 & s o 5 Lo
o) Slhanly G5 gmall Slaan] plisial

metrics.confusion matrix (Y val, Y pred)
il Sl
array([[ 85%, 127, 11

[ 48, 923, &1,
[ e 22, 1014]])

print (metrics.classification report(Y val, Y pred,
target names=classes))

ol el

precision recall fl-score support

lung_scc 2.95 0.87 9.91 ag7
lung_aca 0.86 0.94 2.90 977
lung n ©.99 0.98 0.99 1836
accuracy 2.93 3eee
macro avg ©.93 2.93 8.93 3000
weighted avg ©.93 0.93 2.93 3eee

warloll

ol gas I Laall ps el 885 lacdl A5 B2 plisenly Lo pod el i (11
oo b g 15 01 oons Low 0.90 oy Ut el 23 JSU Fl-score Of o 0
23l e 790 Ly
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Detecting Epileptic EEG @l o ¢l aibgy e @il (12
Seizures from EEG Data

LA ol

gl flodll iy S Talases ol g JICET (1 Sl Bl (] a5l g5 o] 5a Lo
S¢ )l ¢ BEG ol 50 JS2T5 (BEG)

ol dcgono

JUCT Y1 phodl g3 g o pall b5 e Gl UL e yonms

LebsSCis ssle] | LedSin aolels Gins Lol s Bund 158 85k o LI de gares
rally 4] Bonn sl ¢ pall SUL i sazes oyo

s oo 5y 06 = SULs b 178) Ly deis 178 oo des 11500 @
(ol &y 168 Llases

522 Jroo by o by Ol se JKAT T Jrog 10l 5 e a2 11500 @
s blas b ¢ o Sl Dl pe IS

;6o il cilgall
oL
.Google Colab Notebook e

JUCEHIOR PRI ¢ garall lig Google Colab Notebook 855 5 csdsenl 42l
Google e &35l SULIN e yozs oS 2 1ui . Google Drive e <ULl ie sozms
.Colab Notebook @#Drive

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

S AUl 3 ) oy il ol ) el Al o Lkt s A gl it
¢! Colab Notebook zés Je Google Drive

.CDUQJ‘&P}AQ:ALLgunQ f}i;w uiUS.Ly

data = "/content/drive/My Drive/Colab Notebooks/EEG/data.csv"
import pandas as pd
df = pd.read csv(data, header=0, index col=0)

.CDUEA‘&Q}A?M RACIN U)ﬁ)

df .head ()


https://archive.ics.uci.edu/ml/datasets/Epileptic+Seizure+Recognition
https://archive.ics.uci.edu/ml/datasets/Epileptic+Seizure+Recognition
https://archive.ics.uci.edu/ml/datasets/Epileptic+Seizure+Recognition
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X1 X2 X7 -.. X170 X171 X172 X173 X174 X175 X176 X177 X178

X21.v1.791 135 190 55 9 - - w17 15 - -77 - - - 83 -51

X15.V1.924 386 382 307 .. 164 143 129

X8.v1.1 32 -39 47 - - - 57 85 94 . 57 - - - -35 -36

X16.V1.60 -105 -101 -96 -92 - E -102 - 87 -79 82 -81 - - B - - 69 65
X20.V1.54 9 65 98 -102 -78 48 -16 0 -21 59 4 2 12 32 41 65 A 89 73
SLLILY Y s pordl 33 g0 g5 (X178 JI X 1) bl 2 178 Sl

df.info ()

<class 'pandas.core.frame.DataFrame’>»
Index: 11500 entries, X21.Vv1.791 to X16.V1.210

Columns: 179 entries, X1 to y
dtypes: int64(179)

b b flie (Y s 5ol 31 55 ,0200) ¢ 0 &9 I Bigmall inedl gt (U5 dny
(5-2) g»

df ["seizure"] = 0
1

for i in range (11500) :
if df["y"][i] == 1:

df ["seizure"] [i] 1
else:
df ["seizure"][i] = O

EEG Sl podl JSST Sam o 6,020 als o byeo

import matplotlib.pyplot as plt# plotting an epileptic wave form
plt.plot (range(178), df.iloc[11496,0:178])

plt.show ()

400 4

200
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-200 -

-400 1
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g g JSS

plt.plot (range(178), df.iloc[0,0:178])
plt.show ()
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# create dfl which only contains the waveform data points
dfl = df.drop(["seizure", "y"], axis=1)# 1. parse the data
import numpy as np
wave = np.zeros( (11500, 178))
for index, row in dfl.iterrows() :
wave [index, :] = row# print the wave.shape to make sure we parsed the
data correctly
print (wave.shape) > returned (11500, 178)# 2. standardize the data such
that it has mean of 0 and standard deviation of lmean = wave.mean (axis=0)
wave —-= mean
std = wave.std(axis=0)
wave /= std# 3. create the target numpy array
target = df["seizure"].values

regularization k22l «o dense network a8 i3 L Keras codsenl A
.overfitting 4513} sl | k&) dropout o sl

from keras.models import Sequential

from keras import layers

from keras import regularizersmodel = Sequential ()

model.add (layers.Dense (64, activation="relu",

kernel regularizer=regularizers.11(0.001), input shape = (178,)))
model.add (layers.Dropout (0.5))

model.add (layers.Dense (64, activation="relu",

kernel regularizer=regularizers.11(0.001)))

model.add (layers.Dropout (0.5))

model.add(layers.Dense (1, activation="sigmoid"))model.summary ()

Sy Copds Ole gazee £ L) Q’sklearn R train_test_split s Lusels

from sklearn.model selection import train test splitx train, x test,
y train, y test = train test split(wave, target, test size=0.2,
random state=42)
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model.compile (optimizer="rmsprop", loss="binary crossentropy",
metrics=["acc"])history = model.fit(x train, y train, epochs=100,
batch size=128, validation split=0.2, verbose=2)

197296 Jlsm el (o SRl 5 i id> 100 d

AUC iy ROC s o5 iV ds gz 3 50l 0l Gl 5]

from sklearn.metrics import roc curve, aucy pred =
model.predict (x test) .ravel()

fpr keras, tpr keras, thresholds keras = roc_curve(y test, y pred)

AUC = auc (fpr keras, tpr keras)plt.plot(fpr keras, tpr keras, label='Keras
Model (area = {:.3f})'.format (AUC))

plt.xlabel ('False positive Rate')

plt.ylabel ('True positive Rate')

plt.title ('ROC curve')

plt.legend(loc='best"')

plt.show ()

ROC curve
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classification using Deep Learning
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Cainvas landing page

Dashboard w3 J| &l P plasll I J 5l ey 3 oy ol £ L23] iy
.Notebook r:b‘- c.d

"} Cainvas

€ Dashboard

/» Open Notebook Server

TA05 (ke Semors tmyML. ‘wison' (NN ‘medial | discase ‘odio ‘Sgnd (speech CortadWd faming ‘woice emvironment | Jessorflow

Use Cases.

Hey
Siri...

Wakeword Detection App Object Detection App Using Sign Language Sensor App
Yolo V3

dashboard of the platform




Sroc)l ple il plaaiwl pall LA @i 116

&0 j I iAol al puiuwl
psins Matplotliby Numpy Jas plisen¥l &6lall olesldl jam pddoaie
-notebook 3les 25 52l JI J se 30 Matplotlibs OpenCV2

CNN LadMl dwasll &2 £LiY Keras 5 Tensorflow Lsf'-iﬁ\ SLeSdl fais
Lede oyl 615y UL Lina) Godlaall ol 2] 5

#Importing necessary libraries

import tensorflow as tf

from tensorflow.keras import Sequential

from tensorflow.keras.layers import Flatten

from tensorflow.keras.layers import Dense

from tensorflow.keras.layers import Conv2D

from tensorflow.keras.layers import MaxPool2D
from tensorflow.keras.layers import ZeroPadding2D
from tensorflow.keras.layers import Dropout

from tensorflow.keras.preprocessing.image import ImageDataGenerator
import numpy as np

import matplotlib.pyplot as plt

import cv2

bl dcgono Jron
Oz sl Jgas Las daiall e UL Ol gazes Jraxs Cainvas duais W S
i35 &5 0 gelsauls notebook e dspns sda SULI Ole sams fromed S5 dny
el LgT 085 CS)A.‘Jl sLaoy

e g 511 Pailette pd ) 0] LS oty Lol UL s oz )
.Jaﬁﬁ;maJ‘GJUkﬁ > jiJer‘C%’La‘)<))*4MJ elalod
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b Lol URL

gkazar:&;nguugg\cf;>>gAamlrms

3 oy ey Lol 85 Gabossd Twget oYl e URL 0l g plisel LiSlay
lunzip -qo  plal culall C‘bﬁj\ bl Caldl bas b
filename.zip

!wget -N "https://cainvas-static.s3.amazonaws.com/media/user data/cainvas-
admin/Blood cell image dataset.zip"

lunzip -go Blood cell image dataset.zip

!rm Blood cell image dataset.zip

gy UL e sazree oot (515 Las Gioil) 35 500 ) g 1 LS

img =

cv2.imread ("Blood cell image dataset/images/TRAIN/EOSINOPHIL/ 0 1169.jpeg"
)

img = cv2.cvtColor (img, cv2.COLOR BGR2RGB )

plt.title ("Eosinophil")

plt.imshow (img)

Eosinophil
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datagen = ImageDataGenerator (rescale = 1/255.0, validation split = 0.2)
train data generator =
datagen.flow from directory(directory="Blood cell image dataset/images/TRA
InN/",

target size =
(img width, img height), color mode="rgb",

class mode="categorical", batch size = 16, shuffle=True ,subset =
"training")
validation data generator =
datagen.flow from directory(directory="Blood cell image dataset/images/TRA
IN/",

target size =
(img width, img height), color mode="rgb",

class mode="categorical", batch size = 16, shuffle=True, subset =
"validation™)

ol o) Sy Ao 25 I e L o5 A1 Slal o Gl Y1 LiSlay
A

train data generator.next () [1]
array([[e., 0., 1. .1
[e., .1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1,
[e., .11, dtype=float32)

categorical & gl dxdall (s one hot encoded :3lo d>ly 5o 5 Olgaee  AkD
53 el oLl o ol S0 AL ) ] 15 3 gl g pn oy L
23g.oJl el

sl po L Eeall DL 52 CNIN £S5 Lnas 350 i (b S5 LS
el Zl Y g IS A MaxPool2D @ik se Conv2D wlib 3 Ledsesl 43

—
()
L
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fmae L dn )l e ) 2V AL (g g0 ReLU (o2 dadscnedl ool Als ) guall o0
Softmax la23 U5 wa bl edl) s (o w0,V O o 33155 a2h

model = Sequential ()

model.add (Conv2D (32, (3,3), input shape=(64,64,3), activation="relu"))
model .add (MaxPool2D (2,2))

model.add (Conv2D (32, (3,3), activation="relu"))
model .add (MaxPool2D (2, 2))

model.add (Conv2D (16, (3,3), activation="relu"))
model .add (MaxPool2D (2, 2))

model.add (Flatten())
model.add (Dense (128, activation="relu"))
model.add (Dense (4, activation="softmax"))

i S 5 el o3L3)] o> Ul 3500 model summary -3 el jas<ls

Model: "sequential"

Layer (type) Output Shape Param #
conv2d (Conv2D) “(None, 62, 62, 32) 895
max_pooling2d (MaxPooling2D) (None, 31, 31, 32) 0

conv2d_1 (Conv2D) (None, 29, 29, 32) 9248
max_pooling2d_1 (MaxPooling2 (None, 14, 14, 32) 0

conv2d_2 (Conv2D) (None, 12, 12, 16) 4624
max_pooling2d_2 (MaxPooling2 (None, 6, 6, 16) 0

flatten (Flatten) (None, 576) 0

dense (Dense) (None, 128) 73856

dense_1 (Dense) (None, 4) 516

Total params: 89,140
Trainable params: 89,140
Non-trainable params: ©

2355 (D3] oyl e Lad sl A8y s Early Stopping Seell Gl pdsenin
BelaS 28T oyl e Jrzmans 1 .23 01 5 5 500 3101 dalnall

my callback = [tf.keras.callbacks.EarlyStopping(monitor = 'val loss',
patience = 5, restore best weights = True)]
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atle cyjallg gagoil Lol
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history=model.fit (train data generator,

steps per epoch=len(train data generator), epochs=100,
validation data=validation data generator, validation steps =
len(validation data generator), callbacks=my callback)

VPREL -{ RI JOFRN/ - T P

Epoch 21/100

622/622 [ ======] - 13s 21ms/step - loss: 0.1190 -
accuracy: 0.9555 - val_loss: 0.3611 - val_accuracy: 0.8697

Epoch 22/100

622/622 [ ======] - 13s 21ms/step - loss: 0.1205 -
accuracy: 0.9530 - val_loss: ©.3319 - val_accuracy: 0.8777

Epoch 23/100

622/622 [ ======] - 13s 21ms/step - loss: ©.1353 -
accuracy: 0.9481 - val loss: ©.4199 - val_accuracy: 0.8572

Un4llg 68aJi
R Eoa I8 25 IS 3 el 15T s p s

plt.plot (history.history['accuracy'])

plt.plot (history.history['val accuracy'])
plt.title('model accuracy')

plt.ylabel ('accuracy')

plt.xlabel ('epoch')

plt.legend(['train', 'test'], loc='upper left')
plt.show ()

model accuracy

10 A

—— frain
09 4 test "’HJF‘,—_,ff*Ffd—ﬂ*———_.__
08 - 7
7

07 A

grcuracy

06 1

05 1

04 4

03 A

epoch

plt.plot (history.history['loss'])
plt.plot (history.history['val loss'])
plt.title('model loss')

plt.ylabel ('loss')

plt.xlabel ('epoch')
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plt.legend(['train', 'test'], loc='upper left')
plt.show ()

model loss

141 — train

t=st
12

10

0a

loss

0e

04

0z

0 5 lb 15 20
epoch 2agoll JLiAl
o 5o A8 el b LNl e ] IV e 3 5adl Lesl 0V s
s 4 (§ie )40 5y 500 54

datagen test = ImageDataGenerator (rescale = 1/255.0)
test data generator =
datagen.flow from directory(directory="Blood cell image dataset/images/TES
T/",
target size =
(img width, img height), color mode="rgb",

class mode="categorical", batch size = 16, subset = "training")
model.evaluate (test_data_generator)

4/4 [ ==] - @s 18ms/step - loss: 0.1172 -
accuracy: 0.9661
[0.11723806709051132, ©.9661017060279846]

Gy 28Tl e sL2ils Vil p s LI by GV el 5 sl OV 3
e Il e 5 Oleae

# Getting the predicted classes from one hot encoded predicted outputs

X,y = test data_generator.next ()
pred array=[]
max index arr = []
for 1 in range(10):
img = x[i]
img = img.reshape(-1,64,64,3)
pred val = model.predict (img)
max idx = np.argmax(pred val)
pred array.append (max idx)
#Making the Output meaningful using named classes

cellidict = {0:"EOSINOPHIL", 1:"LYMPHOCYTE", 2:"MONOCYTE", 3:"NEUTROPHIL"}
predictions = {}
actual val = {}
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for arr in y[:10]:
actual _val[k] = cell dict[np.argmax(arr)]
k+=1

=0

for pred in pred array:
predictions[k] = cell dict[pred]
k+=1

print ("ACTUAL:", actual val)
print ("PREDICTIONS:", predictions)

ACTUAL: {0O: 'EOSINOPHIL', 1: 'NEUTROPHIL', 2: 'EOSINOPHIL', 3:
'LYMPHOCYTE', 4: 'EOSINOPHIL', 5: 'LYMPHOCYTE', 6: 'LYMPHOCYTE', 7:
'NEUTROPHIL', '"EOSINOPHIL', 9: 'NEUTROPHIL'}PREDICTIONS: {0:
'"EOSINOPHIL', 'MONOCYTE', 2: 'EOSINOPHIL', 3: 'LYMPHOCYTE', 4:
'EOSINOPHIL', 'LYMPHOCYTE', 6: 'LYMPHOCYTE', 7: 'NEUTROPHIL', 8:

'EOSINOPHIL', 'NEUTROPHIL'}

o U1 =

plt.figure(figsize = (20,20))
for i in range (10):

plt.subplot (5,5,1+1)

plt.imshow(x[1i])

plt.title('Original: {}, Predicted: {}'.format (actual vall[i],
predictions[i]))

plt.axis ('Off")

plt.subplots_adjust (left=1.5, right=2.5, top=1)

plt.show ()
Origie n!l EOSIN@ML 'red icted: EOSINOPHIL Ongmil MEUTROPW[ Predicted: MONOCYTE m»qmli EOS\NWL Predicted: EDSINOVN!L Oniginal: L!NNOCVTE Pveﬂ( ed \! nal EOS«NONIL H!dlded EOSINOPHIL
. W U?‘ 0 &N
gy Y M
OQ % ﬂ A \ lu L
(‘;4 ‘Da OQ bl e & - L A

Original. LYMPHOCYTE. Predicted: LYMPHOCYTE  Original meocvm Pmdx(nd LYMPHOCYTE  Origi ni1 neummn Pmk!wd NEUTROPHIL  Oriinal EOSINOPHL. Preccted: EOSINOPHIL  Onginal NEUTROPHIL. Predcted: NEUTROPHIL
B -
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Stroke @Groc)l plcll olaaiwl dréloa)l didull @iid (14
Detection using Deep Learning
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# Import all the necessary libraries

import tensorflow as tf

from tensorflow import keras

from tensorflow.keras import Model

from tensorflow.keras.layers import Dense, Dropout, BatchNormalization
from tensorflow.keras.optimizers import Adam

from tensorflow.keras import Sequential

from tensorflow.keras import regularizers

from tensorflow.keras.callbacks import EarlyStopping
import matplotlib.pyplot as plt

import seaborn as sns

import numpy as np

import os

import pandas as pd

from sklearn.preprocessing import LabelEncoder

from sklearn.model selection import train test split
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import confusion matrix

from sklearn.metrics import plot confusion matrix

AUl e héA els

lwget 'https://cainvas-static.s3.amazonaws.com/media/user data/cainvas-
admin/archivel PCwQmaT.zip'

lunzip -go archivel PCwQmaT.zip
!rm archivel PCwQmaT.zip

JSLa 35 xS o Pandas JU1 &S plabenls L) Jso s UL ooy T
SUL Ddl Dodlaally el plgo elsly laghaodl i) pltben¥l Al ULy
SV oSl saeLes


https://www.kaggle.com/fedesoriano/stroke-prediction-dataset
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#Loading the data file using pandas library

data = pd.read csv('healthcare-dataset-stroke-data.csv', sep = ",")
data.head (3)

id gender age hypertension heart disease ever_married work_type Residence_type avg_glucose level bmi smoking_status stroke
0 9045 Male 67.0 Q 1 Yes Private Urban 228.69 36.6 formerly smoked 1
1 51676 Female 61.0 0 [} Yes Self-employed Rural 202,21 NaN naver smoked 1
2 31112 Male 80.0 a 1 Yes Private Rural 10592 325 never smoked 1

ilo 1 &) o 6Y) SUL) ) andiins o Y G pmodl 3 50 DL p g (U3 dny
dleall O b SUL e jalbell sy (bl S & s s GEMLYI e
SNULL" 85 yiall o ll oo Gaowll J] -l

data=data.drop (["1id"], axis=1)
data.isna() .sum()

gender

age

hypertension
heart_disease
ever _marrisd
work_type
Residence_type
avg glucose level
bmi 281
smoking status 8
stroke 8
dtype: inted

oD DD ® D

e gl Gty BMI o] 2587 250 ANA o3 )

data['bmi'] = data['bmi'].fillna (np.mean (data['bmi']))

bl ouwy

seaborn &Sl pliseinly SULI oy B (gdd llabaseall o Lpdall ms Jalod
Bl g e ULy of B> Ll &5 o Gl countplot - =4Il .matplotlibs
ol b ks (5 e sdhe 2V e BA AT s B3l e S A )
RSSO [ ELN{ I PO WA POV B WP TERPRE S PRV [ RUPR S R
b bl Bl Leles &Sy Bl ST do cpld sl ) ogbar Ul
eded

A2l B Spd e jasil] Lol VI Al 30 wgh Jslow (U5 A

sns.countplot (data = data, x = 'stroke')
plt.title ("Stroke Occurance")
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sns.lineplot (data = data, x = 'smoking status', y = 'age', hue = 'stroke')
plt.title ("Effect of Smoking and Age on Stroke")

Effect of Smoking and Age on Stroke

m ] _—'_‘/_‘\///
m -
%150_ Hﬁ‘hhﬁhhﬁhhhhh“
_q,u N
stroke
— 0
30 1 1
T T T T
formerly sroked never smoked smokes Unknown

smoking_status

# Visualising the relationship between different columns of the data
sns.pairplot (data, height = 2)
plt.show ()
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Counting the occurance of stroke in the data
sns.countplot (data = data, x = 'ever married', hue = 'stroke')
plt.title ("Effect of Smoking and Age on Stroke")
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-Outliers of the data UL & kel 2011

.Minimum value of the data ULl L&) ooVl adl .2

First Quartile (Q1—25th (&gl &dl 25 = J5¥ & JD) J5YI o)
Percentile)

.Median value iz gl L2l .4

Third Quartile (Q3—75th (& el &l 75 — Il M) Il w1
Percentile)

.Maximum value of the data UL (s sedll da 2l .6

)

»

fig, ax = plt.subplots(figsize = (20,10))

sns.boxplot (data = data, x = 'smoking status', y = 'bmi', hue = 'stroke',
fliersize = 3)

plt.title ("Effect of Smoking and BMI on Stroke", fontdict = {'size' : 25})
plt.xlabel ("Smokers or Non-Smokers", fontdict = {'size' : 16})

plt.ylabel ("Body Mass Index", fontdict = {'size' : 16})

Effect of Smoking and BMI on Stroke

100 stroke
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formerty smoked never akes Unknown

moked
Smokers or Non-Smokers

# Plotting a heatmap/correlation plot to see how different values are
related to each other

plt.figure (figsize=(15,12))

sns.heatmap (data.corr () ,annot=True, linewidths=2, center = True)
plt.show ()
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Making sure that no NA values are left in the data
data.isna() .sum()

gender

age
hypertension
heart_disease
ever_marrisd
work_type
Residence_type
avg glucose level
bmi
smoking_status
stroke

dtype: inte4

[>T T~ T v v R v = R v TR = e T v

data.head()

gender age hypertension heart disease ever married work_type Residence type avg glucose level bmi smoking status stroke

0 Male 67.0 0 1 Yes Private Urban 22869 36600000 formerly smoked 1
1 Female 610 0 a Yes Self-employed Rural 20221 28893237 never smoked 1
2 Male 800 Q 1 Yes Private Rural 10592 32500000 never smoked 1
3 Female 490 a a Yes Private Urban 171.23 34400000 smokes 1

4 Female 79.0 1 [} Yes Self-employed Rural 17412 24.000000 never smoked 1



129 5000l roleil polaiuwl 8y Loal AiAul Giiis

Ty Il daleoll
da ] S5 Cs,,; oy LULY vl dodlaadl Bl ] Ct".' LI ) A
i Ldsad o ol e dead ol IS8 Bobglas e g 500 bl of B3
fJéde OIN] oda jtady 'ufj) G L;l C)Ukrﬂ oda gEJ’J ;;! G}lzd ‘C)Ugg\

Aol o3 ses Y oo JLabelEncoder

L5 ol e 0y GoS )l SULI Glddeseall LA o o) Label Encoder plasel
DNN 550 J <UL

le=LabelEncoder ()

data.gender=le.fit transform(data.gender)

data.ever married=le.fit transform(data.ever married)
data.work type=le.fit transform(data.work type)
data.Residence type=le.fit transform(data.Residence type)
data.smoking status=le.fit transform(data.smoking status)

data.head()

gender age hypertension heart_disease ever_married work_type Residence_type avg_glucose_level bmi smoking_status stroke
] 1 67.0 0 1 1 2 1 22869 36.600000 1 1
1 0 610 0 4} 1 3 0 20221 28893237 2 1
2 1 80.0 o 1 1 2 0 105.92 32.500000 2 1
3 0 49.0 0 0 1 2 1 171.23  34.400000 3 1
4 0 79.0 1 0 1 8 0 174.12  24.000000 2 1

print (data.shape)
X = data.iloc[:,:10].values
y = data.iloc[:,-1].values

(5110, 11)
Juidlg i Jl bl dcgono uyud)
1605 ;LN 740 gty Sy sk sl I SULI s a L 5l
R e el o 2l A Gk e et g Led (OULN oS Ay Lyt
el oLy dStandardScalar() dls plasels s4 4l

# Splitting our dataset into train-test split
X train, X test, Y train, Y test = train test split(X, y,test size =
0.4, random state = 0, stratify = y, shuffle = True)

#Feature Scaling

sc = StandardScaler ()
X train = sc.fit transform(X train)
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X test = sc.transform(X test)

# # convert the data to categorical labels

from tensorflow.keras.utils import to categorical
Y train = to_categorical (Y train, num classes=None)
Y test = to categorical (Y test, num classes=None)
print ("Y = ",Y train.shape)

print ("X = ",X train.shape)

Y = (3066, 2)
(3066, 10)

=<
|

es = EarlyStopping(monitor='val loss', patience=5)

# Defining the architecture of our deep learning model

model = Sequential ()

model.add (Dense (100, activation = "relu", input dim = 10))
model.add (Dropout (0.3))

model.add (Dense (100, activation = "relu"))

model.add (Dense (50, activation = "relu"))

model.add (Dropout (0.3))

model.add (Dense (40, activation = "relu"))

model.add (Dropout (0.3))
model.add (Dense (2, activation = "softmax"))

model . summary ()

Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (None, 18@) 1188
dropout (Dropout) (None, 10@) a
dense_1 (Dense) (None, 18@) 18188
dense_2 (Dense) (Mone, 58) 5858
dropout_1 (Dropout) (None, 58) a8
dense_3 (Dense) (Mone, 48) 2848
dropout_2 (Dropout) (None, 48) a
dense_4 (Dense) (None, 2) 82

Total params: 18,372
Trainable params: 18,372
Non-trainable params: @

@390l ey
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# Compiling the model
model.compile (optimizer = Adam(lr = 0.1), loss =
'categorical crossentropy', metrics = ['accuracy'l])

Al ey Ld (0.1 (das Joaey f"T s plsaly 3 5all compiling Eooxd A
Loy Tas «categorical cross entropy _Jle VS

# Run the model for a batch size of 35 for 100 epochs
history = model.fit (X train,
Y train,
validation data = (X test, Y test),
batch size = 35,
epochs = 100,
validation steps = 10,

callbacks = [es]
)
Epoch 1/188
83/88 [ 1 - @s 3ms/step - loss: 8.54082 - accuracy: ©.926@ - val loss: @.1947 - val accuracy: ©.9514
Epoch 2/108
83/88 [ 1 - @s 2ms/step - loss: 8.1959 - accuracy: @.9514 - val loss: @.1949 - val accuracy: ©.9514
Epoch 3/18@
83/88 [ ] - 8s 2ms/step - loss: 8.2387 - accuracy: ©.9514 - val_loss: @.1946 - val_accuracy: 8.9514
Epoch 4/188
83/88 [ 1 - @s 2ms/step - loss: 8.2962 - accuracy: @.%488 - val loss: @.1944 - val accuracy: ©.9514
Epoch 5/18@
83/88 [ ] - 8s 2ms/step - loss: 8.1951 - accuracy: ©.9514 - val_loss: @.1945 - val_accuracy: 8.9514
Epoch &/10@
88/88 [ ] - 85 2ms/step - loss: 8.2556 - accuracy: ©.9514 - val_loss: @.1943 - val_accuracy: ©.9514
Epoch 7/10@
88/88 [ ] - 8s 2ms/step - loss: ©.196@ - accuracy: @.9514 - val loss: @.1969 - val accuracy: ©.9514
Epoch 8/10@
88/88 [ ] - 8s 2ms/step - loss: 8.1967 - accuracy: @.9514 - val_loss: @.1965 - val_accuracy: ©.9514
Epoch 9/10@
88/88 [ ] - 8s 2ms/step - loss: ©.1959 - accuracy: @.9514 - val loss: @.1944 - val _accuracy: ©.9514
Epoch 1e/168
83/88 [ 1 - @s 2ms/step - loss: 8.1958 - accuracy: @.9514 - val loss: @.1944 - val accuracy: ©.9514
Epoch 11/168
83/88 [ 1 - @s 2ms/step - loss: 8.1978 - accuracy: @.9514 - val loss: @.199@ - val accuracy: ©.9514

il rouw
e sliel Lad coverfitting LIl Ledll g wes Ladsed ooy 2
100 sued 5 L3 gad o5 Bl o) doeall e G| Uas- 31,5 U1 EarlyStopping
oo il s e by 2ol jameddl 13 o ol 87 Il dn b g5 dd>
(b A3 el Lard gl e ol wliois o 3795 55t 8,8 (o 85 Ghoed howiall
A B s 323 JS e Uasll s 800
# Function to plot "accuracy vs epoch" graphs and "loss vs epoch" graphs
for training and validation data

def plot metrics(model name, metric = 'accuracy'):
if metric == 'loss':
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plt.title("Loss Values")

plt.plot (model name.history['loss'], label = 'train')
plt.plot (model name.history['val loss'], label = 'test')
plt.legend/()
plt.show ()

else:

plt.title("Accuracy Values")

plt.plot (model name.history['accuracy'], label='train')
plt.plot (model name.history['val accuracy'], label='test')
plt.legend()

plt.show ()

plot metrics (history, 'accuracy')
plot metrics (history, 'loss')

Accuracy Values
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# Saving our trained model

from tensorflow.keras.models import save model

if os.path.isfile('best model.h5') is False:
model.save ('best model.h5"')
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alijllasgonmo
il Lpomiis o3 A1 LW by Jym 13l Gl el s Sl Lo
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LYV INREEI?

#Plotting a confusion matrix for checking the performance of our model
Y pred = np.argmax (model.predict (X test), axis = 1)
cnf = confusion matrix(Y test.argmax(axis = 1), Y pred)

df cnf = pd.DataFrame (cnf, range(2), range(2))
sns.set (font_scale = 2)

sns.heatmap (df cnf, annot = True)

plt.title ("Confusion Matrix")

plt.xlabel ("True Values")

plt.ylabel ("Prediction Values")

plt.show ()

Confusion Matrix
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laaiwy ECG wbly (Je uddll ol pUADl pac &dgi (15
Arrhythmia prediction on ECG data using Deep Gioc)l odcil
Learning

My Lge ] 5 Al ol i ol oo ) Arrhythmia Gl ol 6 el pe 2
ke b gl S L dedey 15,8 ey ) Jad

gl Sl Bolaad dall Jlowall GRAU Dy sk LT Gmnl) el 3005 ]
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U Jg Al iAol al il

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.metrics import fl score, confusion matrix

from sklearn.utils import resample

import tensorflow.keras

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import ConvlD, MaxPoolinglD, Dense, Dropout,
Flatten, MaxPoollD, ConvolutionlD

from tensorflow.keras.layers import BatchNormalization

from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint
import random

wblldcgono
Physionet’s MIT-BIH Arrhythmia Dataset :cobLJI jdias

(BCG) il &y 48 Lalases JISCET o UL o pome (353 52 sall SLLEYI G355
ede elinmly Al Ol Ol 8 3kl Vbl el Dl Il Slas
A olas & g}e—bﬁfgﬁ{je«i1§> szmw Lgd oy ol LEY oda leJL&AVJS.gflﬁ|

A copkll oles e siow Lads] (CSV il e SULII de gazes (5500
Aoe 87554 e train.csv wike g gow e

strain.csv e e 2abl-3 k5 L Lad

train = pd.read csv('https://cainvas-
static.s3.amazonaws.com/media/user data/cainvas-
admin/mitbih train.csv',header=None)

test = pd.read csv('https://cainvas-—
static.s3.amazonaws.com/media/user data/cainvas-—
admin/mitbih test.csv',header=None)


Arrhythmia%20refers%20to%20an%20irregularity%20in%20the%20rate%20or%20rhythm%20of%20the%20heartbeat.%20This%20includes%20beating%20too%20fast%20or%20too%20slow%20or%20with%20an%20irregular%20rhythm.
https://physionet.org/content/mitdb/1.0.0/
https://physionet.org/content/mitdb/1.0.0/
https://physionet.org/content/mitdb/1.0.0/
https://physionet.org/content/mitdb/1.0.0/
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train

L] 1 2 3 4 5 6 7 8 9 .. 178 179 180 181 182 18

0 0977941 0926471 0681373 0.245098 0.154412 0191176 0.131961 0.085784 0.058824 0049020 .. 00 00 00 00 00 O/

1 0960114 0.863248 0461538 0.196581 0.094017 0.125356 0099715 0.088319 0.074074 0082621 .. 00 00 00 00 00 O/

2 1.000000 0.659459 0.186486 0.070270 0.070270 0.059459 0.056757 0.043243 0054054 004546 .. 00 00 00 00 00 O

3 0925414 0665746 0541436 0276243 0196133 0.077348 0071823 0.060773 0.066298 0038011 .. 00 00 00 00 00 O

4 0967136 1.000000 0830986 0586854 0356808 0.248826 0.145540 0.089202 0117371 0150235 .. 00 00 00 Q0 00 O
87549 0.807018 0.494737 0536842 0.529825 0491228 0.484211 0456740 0396491 0.284211 0136842 .. 00 00 00 00 00 O
87550 0.718333 0.605000 0486667 0361667 0231667 0.120000 0051667 0.001667 0000000 0.013333 .. 00 00 00 00 00 O/
87551 0.906122 0.624490 0595918 0.575510 0.530612 0481633 0444898 0387755 0322449 0191837 .. 00 00 00 00 00 O
87552 0.858228 0.645570 0.845570 0.248101 0.167089 0.131646 0.121519 0.121519 0.118987 0.103797 .. 00 00 00 00 00 O
87553 0.901506 0.845886 0.800695 0.748552 0.687138 0.599073 0.512167 0427578 0395133 0402086 .. 00 00 00 00 00 O

87554 rows x 188 columns

Jl).."":":' Jo-‘j 3_5.0.9_5 dl;-)f‘_ S}:A 18735 UL.:&-V\; g,.::)JCJ\ ale L}‘C")"’" Jf(éfa}r—ul
el Sl

S gl e S o J] UL 8 sars B S s
Non-ectopic beats (normal beat) (sl ¢i]) 8o ;2 bz — 0
Supraventricular ectopic beats &lall G b o I =)l ol s — 1
Ventricular ectopic beats o>l o> el Sb s - 2
Fusion beats LNl B> — 3

Unknown beats &5 ,2s & &b _ 4
il e ol HLacil (g 5 Lges

# The classes

label names = ['Non-ecotic beats (normal beat)', 'Supraventricular ectopic
beats', 'Ventricular ectopic beats', 'Fusion beats', 'Unknown beats']

labels = train[187].astype('int64") # last column has the labels

print ("Count in each label: ")
print (labels.value counts())

plt.barh(list (set (labels)), list(labels.value counts()))

Count in each label:
72471
6431
5788
2223
641

wWkRkrNRAO
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Name: 187, dtype: int64

T T T T T T T
0 10000 20000 30000 40000 50000 60000 70000

& (imbalanced) &)l g 8 SULI de gazms
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BV sl e I3 B laod JeV sl (63 &) (o Slall ks @

elsae wo foadll e dilad 5l sdm B 0 Sl dTasle] o

o5 Sl o 5o Lo IS as ) SULIV Sy Juaks Vsl oy (U pLAY
e 5 )

A gozes JS Gde 50000 o Jguazll DL de gazes JS S5 0le] 0y o3
5 Bl 0 DLy A pazes o I gamel] Geassll SLLN Sl sozes moazd U3 day 0y
Sz e 250000

# Separating the train dataframe into 5 individual ones based on class
labels, and sampling 50000 from each.

train 1bl0 = resample (train[train[187]==0], replace=True, n_samples=50000,
random state=113)
train 1bll = resample(train[train[187]==1], replace=True, n_samples=50000,
random state=113)
train 1bl2 = resample (train[train[187]==2], replace=True, n_samples=50000,
random state=113)
train 1bl3 = resample (train[train[187]==3], replace=True, n_samples=50000,
random state=113)
train 1bl4 = resample (train[train[187]==4], replace=True, n_samples=50000,

random state=113)

# Concatenate the 5 dataframes into 1

train = pd.concat ([train 1bl0, train 1bll, train 1bl2, train 1bl3,
train 1bl4])

labels = train[187].astype('int64") # last column has the labels
print ("Count in each label: ")

print (labels.value counts())
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Count in each label:
50000

50000

50000

50000

50000

Name: 187, dtype: int64

O RLrNWDH

bl o ol Jrilo!
LA B e Males 5 s &y ey dibU 310 L L

plt.plot(np.array(train 1bl0.sample (1)) [0, :187])
plt.title(label names[0])

Non-ecotic beats (normal beat)

VL)

06

04

0z

00

o 5 50 75 100 125 150 175

plt.plot(np.array(train 1bll.sample (1)) [0, :187])
plt.title(label names[1])

Supraventricular ectopic beats

1]

e

04

0z

oo

o 25 50 s 100 125 150 s

plt.plot(np.array(train 1bl2.sample (1)) [0, :187])
plt.title(label names[2])

Ventricular ectopic beats

plt.plot(np.array(train 1bl3.sample (1)) [0, :187])
plt.title(label names[3])
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Fusion beats

10

0.8

06

04

02

0.0

0 r=3 50 EE) 100 125 150 175
plt.plot (np.array(train 1bl4.sample (1)) [0, :187])
plt.title(label names[4])

Unknown beats

08

06

04

02

0o

i 1ol dalleoll
cLAgAll d8LAl
Ol ey Al )5l &30l Sbkell adied SULII | (noise) oL paall BLs| o
53 503 (AWGN) Blaall sliadl L sl 5L gl s . SlLT Jzrenss Ldas 3 15
2NN s B e G
# Adding some noise to increase efficiency of the trained model
def gaussian noise (signal):

noise = np.random.normal (0,0.05,187)
return signal + noise

S Jalaall ool (355 75 Y . JalaaSla 503 o3 1 8,LE0 ol 5 Ul e i
#1558l LY 5 (0.05 k) (5 lmodl G oo
DL Vls oyl Sy le gazen o IS 331 5,018 15 ae 187 sl I oy
SERIENEPESETE ON |
# Visualization with added noise
sample = train 1bl0.sample (1) .values[0]
sample with noise = gaussian noise (sample[:187])

plt.subplot (1, 1, 1)

plt.plot (sample[:187])
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plt.plot (sample with noise)
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keras.utils.to categorical

# One hot encoding the output of the model

ytrain = tensorflow.keras.utils.to categorical (train[187])
ytest = tensorflow.keras.utils.to categorical (test[187])

# Input to the model
xtrain = train.values[:, :187]
xtest = test.values[:, :187]

# Adding noise
for i in range (xtrain.shape[0]) :

xtrain[i, :187] = gaussian noise(xtrain[i,

# Viewing the shapes

xtrain = np.expand dims (xtrain, 2)
xtest = np.expand dims (xtest, 2)

print ("Shape of training data: ")
print ("Input: ", xtrain.shape)
print ("Output: ", ytrain.shape)

print ("\nShape of test data: ")
print ("Input: ", xtest.shape)
print ("Output: ", ytest.shape)

Shape of training data:
Input: (250000, 187, 1)
Output: (250000, 5)

:187])
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Shape of test data:
Input: (21892, 187, 1)
Output: (21892, 5)

23gol =Ly

ie 420 Convolution1D-MaxPool1D wlilb e C\jj B o w5l (g 5om
Jatis U5 ) Lo 08l S ik 33wy o3 1D ) o) J5 Flatten ey
o ool LAV B Sl e 33155 e 5 e 8,05V Al g 2o Loty ReLU
Softmax Lo dls

Ay 8 i oyl Blanadl Sl 3l 55 ke softmax Ll dls plisel o2

Sy 1 L has I b pe amie JIn b e G Ul sda J o o 5L
N Ui 23 JS LIz s

model = Sequential ()

model.add (ConvlD (64, 6, activation = 'relu', input shape =

xtrain[0] .shape))

model .add (MaxPoollD (3, 2))

model.add (ConvlD (64, 6, activation = 'relu'))
model.add (MaxPoollD (3, 2))

model.add (ConvlD (64, 6, activation = 'relu'))
model .add (MaxPoollD (3, 2))

model.add (Flatten())

model.add (Dense (64, activation = 'relu'))
model.add (Dense (32, activation = 'relu'))
model.add (Dense (5, activation = 'softmax'))

model.compile (optimizer = tensorflow.keras.optimizers.Adam(0.001), loss =
'categorical crossentropy', metrics = ['accuracy'l])
model . summary ()

Model: "sequential”

Layer (type) Output Shape Param #
convld (ConvilD) (None, 182, 64) 448
max_poolingld (MaxPoolinglD) (None, 9@, 64) 5]

convld_1 (ConvlD) (None, 85, 64) 24640
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max_poolingld 2 (MaxPoolingl (None, 18, 64) 0
flatten (Flatten) (None, 1152) 0
dense (Dense) (None, 64) 73792
dense_1 (Dense) (None, 32) 2080
dense_2 (Dense) (None, 5) 165

Total params: 125,765
Trainable params: 125,765
Non-trainable params: @

SN ULy A gazes (37,96 J] oS 85 oo e 1556 723 50l 0

VLY Ly e gazes OF v s 2531 50 Jais oyl bl o8 ST WSS
A BANLad ey o) 055G Loy B35 8 JIS

el Usend D Labie 1 Gmpal) dd Bl gall e SULI Ole sames Dl 3
35l

uléoJl oaw

def plot (history, variable, variable2):
plt.plot (range (len (history[variable])), history[variable])
plt.plot (range (len (history[variable2])), historylvariable2])
plt.legend([variable, variable2])
plt.title(variable)

plot (history.history, "accuracy", "val accuracy")

accuracy

0.99
= accuracy

val_accuracy

098

0497

096

0.95

094

0.93

0.92
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plot (history.history, "loss", "val loss")

loss

0.225 1

0.200 1

0.175 1

0.150 1

0.125 A1

0.100 1

0.075 A

0.050 1

23goll Adn
model.save ('ecg arryhtmia.h5'")

2390l o
Akt s e byadl el (50 L5 By o G

ypred = model.predict (xtest)

cm = confusion matrix(ytest.argmax(axis=1), ypred.argmax (axis=1))
cm = cm.astype('float') / cm.sum(axis=1)[:, np.newaxis]

for i in range(cm.shape[l]):
for j in range (cm.shape[0]):
plt.text(j, i, format(cm[i, 3J1, '.2f"),
horizontalalignment="center", color="black")

plt.imshow (cm, cmap=plt.cm.Blues)

G o S5y Jamy Lrd 503 0 oy

# Test data class labels spread

print ("The distribution of test set labels")
print (test[187].value counts())

print ('F1 _score = ', fl score(ytest.argmax (axis=1), ypred.argmax(axis=1),
average = 'macro'))
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The distribution of test set labels
0.0 18118
4.0 1608
2.0 1448
1.0 556
3.0 162

Name: 187, dtype: inté64
F1l_score = 0.8411960276398339

L3 50 O I W Fl-score is il g mé Lo ol HLesY de ganes OF JI il

e d;L E
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Lo sl pldsealy Sl gl s s3] IR s L3 Gam Slste JSy e Uges

i = random.randint (0, len (xtest)-1)

output = model (np.expand dims (xtest([i], 0))

pred = output.numpy () [0]

plt.plot (xtest[0])

print ("Actual label: ", label names[np.argmax(ytest[i])])

print ("Model prediction : ", label names[np.argmax(pred)], " with
probability ", pred[np.argmax (pred)])

Actual label: Non-ecotic beats (normal beat)
Model prediction : Non-ecotic beats (normal beat) with probability
0.9999658

10
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06
0.4
- P»///f\\*“*\w~/“\wJ

0.0 i I
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Brain Tumor @Grod)l el pladaiwl éloall pyg @ius (16
Detection using Deep Learning

28 g les byshis By ub\,&\ ST e Brain tumors gl ("Jﬁiﬁi’
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Brain Tumor Image Brain Non Tumor Image

Figure 2: CNN based classified results
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.auglihoJl UL dc gon0g iAol alpiuwl : 1 gl

import numpy as np # linear algebra
import pandas as pd # data processing, CSV file I/0 (e.g. pd.read_csv)

import math
import cv2

import matplotlib.pyplot as plt

import os

import seaborn as sns

import umap

from PIL import Image

from scipy import misc

from os import listdir

from os.path import isfile, join

import numpy as np

from scipy import misc
from random import shuffle

from collections import Counter

import matplotlib.pyplot as plt

from sklearn.decomposition import PCA
from sklearn.manifold import TSNE
import tensorflow as tf

from keras.models import Sequential

from keras.layers import Conv2D, MaxPooling2D

from keras.layers import Activation, Dropout, Flatten, Dense
from keras.utils.np_utils import to_categorical

o.cj

AUl dcgono Jroad :2 dghall

os.listdir('../input/brain_tumor_dataset’)
from google.colab import drive
drive.mount(’/content/drive’)

9"U" bl 6cgono (o Jgnll saal g yc :3 6giaall

im =Image.open(’../input/brain_tumor_dataset/no/1 no.jpeg’).resize((128,128))

im

im =Image.open(’../input/brain_tumor_dataset/yes/Yl.jpg").resize((128,128))

im
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laio §81ilg d8amiiell Ll cilcgono Livl :4 8ghAall

yes=os.listdir("../input/brain_tumor_dataset/yes')
no=os.listdir("../input/brain_tumor_dataset/no")

data=np.concatenate([yes,no])
len(data)==1len(yes)+len(no)

True

target_x=np.full({len(yes),1)
target_y=np.full(len(no),a)
data_target=np.concatenate([target_x,target_y])

len(data_target)==len(target_x)+len(target_y)

True

len(data_target)==1en(data)

True

Data Target

data_target

array([1, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
,1,1,1,1,1,1,1,1,1,1, 1,1, 1, 1,1, 1,1, 1, 1, 1, 1,
,1,1,1,1,1,1,1,131,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1, 1, 1,
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1, 1, 1,
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1, 1, 1,
,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1, 1, 1, 1,
1,9,0,0,0,0,0,0,90,6,,49,0,0,,8e,9,0,80,8,8a,a8,
e,9,0,08®8¢94®8,0,80,6,@49,0,0,,8@e,9,0,80,80,8,a09,
e,9,0,08®0,,0,0,96,@4®9,0,0,0,@e,80,0,80, 0,8,80,
9] 9) GJ @J BJ BJ 9) 6.‘ a! BJ e.’ eJ e.‘ BJ BJ e.’ @J B.‘ aJ 9) e! @J
e, @, @, a, 8, @, @, @, @, @, a])

Mo 9"l Gida) byl désutodl dalleoll 5 dginall

yes_values=os.listdir("../input/brain_tumor_dataset/yes')

no_values=os.listdir('../input/brain_tumor_dataset/no')

X_data =[]
for file in yes_values:
#face = misc.imread('../input/brain_tumor_dataset/yes/"+file)

img = cv2.imread('../input/brain_tumor_dataset/yes/'+file)

face = cv2.resize(img, (32, 32) )
(b, g, r)=cv2.split(face)
img=cv2.merge([r,g,b])
X_data.append(img)

#%_data =[]

for file in no_values:
#face = misc.imread('../input/brain_tumor_dataset/yes/'+file)
img = ev2.imread('../input/brain_tumor_dataset/no/'+file)

face = cv2.resize(img, (32, 32) )
(b, g, r)=cv2.split(face)
img=cv2.merge([r,g,b])
X_data.append(img)



147 dunnlldle Pl 8 ailolaAiulg Groc)l leill

len(X_data)==1len(data)=

len{data_target)

True

X = np.squeeze(X_data)

X.shape

(253, 32, 32, 3)

# normalize data
X = X.astype( ' float32')
X /= 255

Data target o0 §oail :6 6glasll
data_target

array([1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,
1,1, 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,
1,1, 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1, 1, 1, 1, 1,
1, 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,1,

1, @, 9, 0,0, @ 2,0, 0,0,9@@6@,0,86, a9 0,0, 8 a 9,
@, @ @, @, 0,8,08,0,6,0,0, 0, 0,0,aa20,0,0,8a8 .0,
e, e @, 0,0, @ 9,@8@,@,@@e,@2@,86,4a8@0,0,a a0,
e, o, 0 0,0,0,0,0,0,@e 909,090,800, 290,0,8,8e 8,80,
@, @, @, @, 8,8, 0,0 0 0, 8]

o

(x_train, y_train), (x_test, y_test) = (X[:120],data_target[:120]) , (X[1%8:] , data_target[19@:])
(x_valid , y_valid) = (x_test[:63], y_test[:63])
#(x_test, y test) = (x_test[63:], y test[63:])

Keras olaaiwl duunc 64D Uil :7 6glasll

model = tf.keras.Sequential()

# Must define the input shape in the first layer of the neural network
model.add(tf.keras. layers.Conv2D(filters=16,kernel_size=9, padding='same', activation='relu’, input_shape=(32,32,3))}
model.add(tf. keras. layers.MaxPooling2D(pool_size=2))

model.add(tf. keras. layers .Dropout(8.45))

model.add(tf.keras. layers.ConvaD(filters=16,kernel_size=3,padding='same’, activation='relu'})
model.add(tf.keras. layers.MaxPooling2D(pool_size=2))

model.add(tf. keras. layers.Dropout(8.25))

model.add(tf. keras. layers. ConvaD(filters=36, kernel_size=9, padding='same', activation='relu'))
model.add(tf. keras. layers. MaxPooling2D(pool_size=2))

model.add(tf. keras. layers .Dropout(8.25))

model.add(tf.keras. layers.Flatten())

model.add(tf. keras. layers.Dense(512, activation='relu’))

model . add(tf. keras. layers .Dropout(@.15))

model.add(tf.keras. layers.Dense(1, activation="sigmoid'})

# Take a look at the model summary
model . summary ()
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By placer
ja/ Lib/pythand .6/ site-p Low/py e

y
a b is depre

/core.pyil43: calling dropout (from tensarflow. python.ops.nn_ops) with kee

instead of “keep_prob’ . Rate should be set to rate = 1 - keep_prob.

Tayer (type) Tutput Shape Foram 7
camvzd (Comian) (Hone, 32, 32, 16) 2904
max_pooling2d (HaxPoalingZs) (Wone, 15, 18, 18] O
dropout (oropout) (Hone, 18, 15, 16) g
comv2d_1 (ConvaD) (Hone, 18, 15, 16) 2752
max_pooling2d_1 (PexPooling? (None, B, B, 16) g
dropout_1 (Bropout) (Hone, 8, 8, 16) O

a2 2 (ConvaD) THone, B, 8, 36) [
max_pooling2d 2 (PexPooling? (Hone, 4, 4, 36) O
dropout_2 (Bropout) one, 4, 4, 36) g
Tlatten (Flatten) Thone, 576) O
Gerse (Dense) Tone, 512) F)
Gropowt_3 (Bropout) Thone, 512) O
Gerse 1 (Dense) Thone, 1) EY

Tatal params: 367,285
Trainable param 2
Han-trainable p

2390l Ly jaig Aol :8 6ghhall

*binary_crossentropy’,
-t .keras.optimizers.Adam(),

‘ace'])

model. compi le (1os:

model. Fit(x_train,
y_train,
batch_size=128,
epochs-150,
validation_data=(x_valid, y_valid),)

Train on 190 samples, validate on 63 samples
VARNING: tensorflow: From /opt/conda/1ib/python3.6/site-packages/tensorflow/python/ops/math_ops.py:3666: to_int32 (from
Instructions for updating:

Use tf.cast instead.

tensorflow. python.ops.math_ops) is deprecated and will be rem

Epoch 1/150

loss

0.6452

0.4316

- val_loss:

1.8161

val acc:

a.

0000e400

198/19 [ 1s 7ms/sample - - acc
Epoch 2/150
198/19 [ 1s 3ms/sample - loss: 8.5339 - acc: @.8158 - val_loss: 8.9960 - val acc: 0.0000e+80
Epoch 3/150
198/198 [ 1s 3ms/sample - loss: 8.4784 - acc: @.8158 - val_loss: 8.8274 - val acc: 0.0000e+80
Epoch 4/150
198/198 [ 1s 4ms/sample - loss: 8.5064 - acc: @.8158 - val_loss: 8.9084 - val acc: 0.0000e+80
Epoch 5/150
130/190 [ 1s dms/sample - loss: ©.4589 - acc: 0.8158 - val_loss: 1.1866 - val acc: 0.0000e+60
Epoch 6/150

dsgaJl juislg @agol ouudi :9 6ginAll

# Evaluate the modsl on test set

score = model.evaluate(x test, y test, verbose=28)

# Print test accuracy
print({‘\n", 'Test accuracy:', score[l])

Test accuracy: @.79l%@48

.dalife juial Jgn plaailul g8gll 110 6giaall

y_hat = model.predict(x_test)

# Plot a random sample of 1@ test images, their predicted labels and ground truth
figure = plt.figure(figsize=(20, 8))
for i, index in enumerate(np.random.choice(x_test.shape[@], size=15, replace=False)):
ax = figure.add subplot(3, 5, i + 1, xticks=[], yticks=[])
# Display each image
ax. imshow{np.squeeze (x_test[index]))
predict_index = np.argmax(y_hat[index])
true_index = np.argmax(y_test[index])
# Set the title for each image
ax.set_title("{} ({})".format(labels[predict index],
labels[true_index]),
color=("green" if predict_index == true_index else "red"))

plt.show()
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.Detecting Parkinson’s disease in patients using speech signals
Sl L}Jfﬂ\ Josb S5 Sllksl s Parkinson's disease (PD) gmiSib 550
A Gy 0315 el Bprs Chaatlls Sla¥l L o5 S el
W3l 55 e (Bl s s lay 21N

RPEJONUEJUCTING (¥ {J0R NN =R TP 15 [P S PPN TN O
Al SUL) e SNl (odls o dedlad Gradl (el T IS

035U 1 s ol 3 el L o) T 3 b i il 0 b
U G (s D35 OgmiSHl By o0

L _ cAlnvas Je Jadl L,

8 g Al iAol al il
import pandas as pd

from sklearn.preprocessing import normalize, MinMaxScaler
from sklearn.metrics import confusion matrix

import numpy as np

from sklearn.model selection import train test split
import tensorflow as tf

import tensorflow.keras

import random

import matplotlib.pyplot as plt

wblldcgono

Laseds 31 oo & ol Lol gl Slild e &o pazes o odd SLLI e gazes K5
o JS5 oo Do e s J bl G3ses JSL(PD) 053k 2 e Llas 23
ol 52 SULI o oo I SN 33N Y34 S50 s 195 (o ol s 3315
"status Blol" 3 gond Gy« 3le Il L3 o ol plll Sdgls eloesYl LotV
PD ol o 15 Bnall 20 0 e aars 05 51!

parkinson = pd.read csv('https://cainvas-
static.s3.amazonaws.com/media/user data/cainvas-admin/parkinsons.data')


https://cainvas.ai-tech.systems/use-cases/parkinsons-disease-detection-app/

_ dunal dle i 5 ailolaaiiulg Gao.cll fole il

parkinson

name MDVP:Fo(Hz) MDVP:Fhi(Hz) MDVP:Flo(Hz) MDVP:Jitter(3%) MDVP:itter(Abs) MDVP:RAP MDVP:PPQ Jitter:DDP M

0 phon_RO1.501_1 119.992 157.302 74997 0.00784 0.00007 0.00370 0.00354 0.01109
1 phon_R01_501_2 122400 148,650 113.819 0.00968 0.00008 0.00465 0.00696 0.01394
2 phon_R0O1_801_3 116.682 1311 111555 0.01050 0.00009 0.00544 0.00781 0.01632
3 phon_RO1_501_4 116,676 13787 111.366 0.00997 0.00009 0.00502 0.00698 0.01505
4 phon_R01_501_5 116014 141781 110,655 001284 0.00011 0.00653 0.00808 0.01966
190 phon_R0O1_550_2 174188 230978 94.261 0.00459 0.00003 0.00263 0.00259 0.00790
191 phon_R0O1_850 2 209516 253.017 80488 0.00564 0.00003 0.00331 0.00292 0.00004
192 phon_R01_550_4 174688 240,005 T4.287 0.01360 0.00008 0.00624 0.00564 0.01873
193 phon_R0O1_550_3 198,764 396.961 74504 0.00740 0.00004 0.00370 0.00390 0.01108
194  phon_R01_S50_6 214.289 260.277 77973 0.00567 0.00003 0.00293 0.00317 0.00885

195 rows x 24 columns
Al s goe 55 05 0 s Bl pe SULIY e gozes shuffled fds com

# shuffling the dataset because the status column is ordered above

parkinson = parkinson.sample (frac=1, random state=13)

parkinson
RPILEaN| \QL@B\&V?BJ\)L::J\JL;EJEJJ&D}:—A

# looking into the classes

parkinson|['status'].value_ counts ()

# Looking into the classes

parkinson['status'].value_counts()

1 147
2 48
Mame: status, diype: intéd

B g b UL e yazs g
..“' ||d:;J| I
elallg Jhall6aociayani
— AW s ses g JEls & £l Loy Y1 T Al Bl eda G podl pdei
N VJJ
input columns = list (parkinson.columns)
input columns.remove ('status')
input columns.remove ('name')

#output columns = ['status'] # use for sigmoid activated last layer of
model
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output columns = ['no', 'yes'] # use for one hot encoded data in the
last layer

print ("Input columns: ", input columns)
print ("Output columns: ", output columns)

MinMaxScaler
Alzseall olendl o5 Bl e 5 1 A Uy

# The range of values in different attributes vary a lot. Thus, we
represent them on the same scale using MinMaxScaler

scaler = MinMaxScaler ()

parkinson[input columns] = scaler.fit transform(parkinson[input columns])
parkinson.describe ()

MDVP:Fo(Hz) MDVP:Fhi(Hz) MDVP:Flo{Hz) MDVP:litter(%) MDVP:Jitter(Abs) MDVP:RAP MDVP:PPQ Jitter:DDP MDVP:Shimmer

count 195.000000 195.000000 195.000000 195.000000 195.000000 195.000000 195.000000 195.000000 185.000000
mean 0383623 0.193841 0.292748 0144233 0.146083 0.126513 0135389 0.126504 0184126
std 0.240059 0.186761 0.250564 0.154007 0.137626 0.142056 0.147855 0.142034 0.172147
min 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
25% 0.170220 0.066736 0.108323 0.056544 0.051383 0.047206 0.050375 0.047279 0.063584
0% 0351961 0.150411 0.223606 0.103558 0.000009 0.087669 0.094855 0.087494 0.122604
5% 0.549775 0.249162 0420160 0.180591 0.200426 0.151975 0.162647 0.151951 0.258764
max 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000

8 rows = 23 columns

L1 0] Ul GV o) s
One hot encoding
Slandl 0l JULs ccategorical cross-entropy & il Loy s 3 el pdde
.&J>LASJ>J)SJLJJ
.[()c 1] -0 a[],c 0] —1 =>=e JJstATEZ¢I$J*~~t>tgjrnjﬂ C:%}A;
Les 25V e &35 Uas pdund LSTI3) (1/0) oy oo 3088 Slanlly Bl Y1 LSy
ddae o Lad gl oo sx';ﬂl bl g g ol —ow Al oda (3.cross entropy loss
.SJ;JJ

# one hot encoding the output columns

parkinson[['no', 'yes']] = pd.get dummies (parkinson.status)
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parkinson
MDVP:RAP MDVP:PPQ Jitter:DDP MDVP:Shimmer ... HNR  status RPDE DFA  spreadl spread?2 D2 PPE no yes
0.126686 0.128617 0.126826 0205222 .. 0.545964 1 0906209 0818028 0515241 0547523 0.264458 0446279 0 1
0.093931 0.089436 0.004076 0.288014 .. 04530134 0 0447684 0333127 0257894 0260408 0549049 0783318 1 o
0.048651 0048232 0.042643 0072850 .. 0.580936 0 0113145 0318279 0.118322 0.207947 0.441997 0.104578 1 ]
0.105481 0.117899  0.105635 0507303 .. 0.222751 1 0.208025 0663550 0442946 0660204 0762172 0365408 0O 1
0.403179 0437835 0.403275 0476173 .. 0.268999 1 0894202 0275073 0.680218 0.684097 0.540509 0.645901 [} 1
0365125 0301715 0.365067 0340971 .. 0.284158 1 0723677 0464571 0507293 0440036 0453018 0447025 O 1
0.068832 0.107181 0.068711 0009781 .. 0.564578 1 0725207 0280511 0456512 0525619 0374227 0359600 0 1
0.092486 0102358  0.092471 0135841 .. 0.690766 1 0421066 0862630 0479415 0440294 0357017 0414170 0 1
0.048651 0064845 0042643 0070385 .. 0719418 0 0244206 0752871 0352217 0231827 0238639 0269019 1 Q
0.136320 0.137192 0.136298 0.134471 .. 0491547 1 0695411 0851031 0532041 0316677 0447099 0455912 0 1

Judal- gyl oy dj

O GRS oyl deserms J] UL de senms rr**iﬁ 10-10-80 rtnMES f\JﬁdLn
Dl de gazen g doenall

# Using 80-10-10 split of train-val-test data

train df, val df

split

train test split (parkinson, train size=0.8)

val df, test df = train test split(val df, train size =
into 2 halves

the 20%

print ("Train dataset")
print (len(train df))
print (train df['status'].value counts())

print ("Val dataset")
print (len(val df))
print (val df['status'].value counts())

print ("Test dataset")

print (len(test df))

print (test df['status'].value counts())

Train dataset

156

1 118

5 38

Name: status, diype:
Val dataset

19

1 16

5 3

Name: status, ditype:
Test dataset

28

1 13

8 7

Name: status, ditype:

inte4

inted

inted

0.5)

# 80-20

#splitting
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model = tf.keras.models.Sequential ()

model.add (tf.keras.layers.Dense (256, activation="relu", input shape =
xtrain[0].shape))

model.add (tf.keras.layers.Dense (128, activation="relu"))

model.add (tf.keras.layers.Dense (64, activation="relu"))
model.add(tf.keras.layers.Dense (2, activation="softmax"))
model.compile (optimizer = 'adam', loss = 'categorical crossentropy',
metrics = ['accuracy'])

history = model.fit (xtrain, ytrain, epochs = 32, batch size = 8,
validation data=(xval, yval))

20/20 [ ] - @s 12ms/step - loss: ©.8313 - accuracy: 1.880@ - val_loss: 8.8633 - val_accuracy: 8.9474
Epoch 38/32

20/20 [ ] - @s 12ms/step - loss: ©.8567 - accuracy: 8.9808 - val_loss: 8.8456 - val_accuracy: 1.8800
Epoch 31/32

20/20 [ ] - @s 2ms/step - loss: @.183@ - accuracy: 8.9231 - val_loss: 0.2134 - val_accuracy: ©.8947
Epoch 32/32

20/20 [ ] - @s 4ms/step - loss: 8.1652 - accuracy: 8.9359 - val_loss: 0.8760 - val_accuracy: ©.9474

195 ) o B3 G e a5 opked) 3 5020l O

model.evaluate (xtest, ytest)
model . summary ()

1/1 [ ] - 8s 988us/step - loss: 8.4@36 - accuracy: ©.9890
Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (None, 258) 5888
dense_1 (Dense) (None, 128) 32896
dense_2 (Dense) (None, &4) 8256
dense_3 (Dense) (None, 2) 13@

Total params: 47,179
Trainable params: 47,17@
Non-trainable params: @

el ks S,V B shvae gl (UL e pores G031 e (o o1 e
ypred = model.predict classes (xtest)

confusion matrix(np.argmax(ytest, axis = 1), ypred)
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array([[ 6, 11,
[ 8 1311
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def plot (history, variable, variablel):
plt.plot (range (len (history[variable])), historyl[variable])
plt.plot (range (len (history[variablel])), history[variablel])
plt.legend([variable, variablell])
plt.title(variable)

plot (history.history, "accuracy", "val accuracy")

atcuracy
100 9 — accuracy mA
val_accuracy [\ \
095 4
0.90 4
085
0.80 4

plot (history.history, "loss", "val loss")

loss

0.4

0.3

0.2

0.1

ot
Alsie Hlesl ole e oI55 ¢l |

# pick random test data sample from one batch
x = random.randint (0, len(xtest)- 1)

pred = model.predict (xtest[x].reshape(l, -1))
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diagnosis = np.argmax (pred[0])

print ("Actual diagnosis: ", output columns[np.argmax(ytest[x])])
print ("Model diagnosis: ", output columns[diagnosis], " with probability
", pred[0] [diagnosis])

Actual diagnosis: no
Model diagnosis: no with probability ©.9623155
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Confusion detection with EEG signals Using Deep Learning
EEG s o 71y ¥ ol B3 50 st 0113] L GiLesS|
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import numpy as np

import pandas as pd

from sklearn.preprocessing import MinMaxScaler, StandardScaler

from sklearn.model selection import train test split

from tensorflow.keras import layers, models, optimizers, losses, callbacks
from sklearn.metrics import accuracy score, confusion matrix, fl score
import matplotlib.pyplot as plt

import random

bl degono

MOOC gt ablis saalis sll mal b 10 o EEG 5,L3] @bly ma o3
L) Sl J] Ll 5Tl ol o Baedl slgall o 5155 Sl g 0]
Bew 51 g0 50dl Ly o oS0 I 13 3K 50 0585 O Sy 1 (SU1 GISn 5 sl
023 (5 0baEs Lo JSTEs dine b ablis 105 Aoy wblis 10 (pid shais 20
Bl 28T aland ¢ 5850l Gt Jabliadl
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) Gehs Lol oy SU,eS b 48] dend| MindSet Sl ek
03k Jlasl e Lage JS (Al o a5

Leo o3) user-defined label puseunall J3 (o &5me doand tancl] (0 508 dr
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https://cainvas.ai-tech.systems/use-cases/confusion-detection-with-eeg-signals-app/
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df = pd.read csv('https://cainvas—
static.s3.amazonaws.com/media/user data/cainvas-admin/EEG data.csv')

df
SubjectiD VideolD Attention Mediation Raw Delta Theta Alphal Alpha2  Betal Beta2 Gammal Gamma2 |
0 0.0 0.0 56.0 430 2780 301963.0 006120 337350 23091.0 279460 45097.0 332280 82930
1 0.0 00 400 350 -300 737870 28083.0 1433.0 22400 27460 3687.0 5293.0 27400
2 00 00 470 480 101.0 7583530 3837450 2019900 621070 362030 1305360 572430 253540
3 00 00 470 570 -5.0 20122400 1293500 612360 170840 114880 624620 499600 339320
4 00 00 440 530 -80 10051450 3543280 371020 888810 453070 996030 447900 297490
12806 9.0 9.0 B840 380 -390 1275740 9951.0 7080 217320 38720 397280 25980 960.0
12807 9.0 9.0 6810 350 -273.0 3230610 7974640 1531710 1458050 39829.0 5712800 365740 10010.0
12808 9.0 9.0 600 200 -4260 680980.0 1542960 400680 301220 109660 269750 204270 20240
12809 2.0 20 600 200 -840 3662600 273460 114440 99320 19390 32830 123230 17640
12810 9.0 9.0 640 200 -490 11645550 11843660 500140 1242080 106340 4453830 221330 44820

12611 rows = 15 columns
6 w10l daleoll
cxdgll JI daiiuel bl U
Slshasdl 0 o) Sledl Blodd] oy gl ) dms ULy A geres odn 0Y (G
kel s dalty () g gl ] ALl Ee )
Ay i LY Eey s 5 e ol 03 es o (6165 e e BIBL o o
2l X § g el SULy Y Lo il e permdl OST13] L ASLEY UL s sazes oy
Aol wd Eodowall B 1 5L o 3T e ol e (g g0

# Defining the time window, that is, how many timesteps to include
time window = 5

# Dataframes that hold rows grouped by subject
df subject grouped = df.groupby ('SubjectID')

# Column values affected by time

time affected columns = list (df.columns)

time affected columns.remove ('SubjectID')

time affected columns.remove ('VideoID')

time affected columns.remove ('predefinedlabel')
time affected columns.remove ('user-definedlabeln')

# Final dataframe
df final = pd.DataFrame ()

# For each subject
for subject in df subject grouped:
# For each video:
for video in subject[l].groupby ('VideoID") :
# If the df has timesteps greater than or equal to the time
window, else discard
if time window <= len(video([1]) :
# Skipping time window-1 rows from the beginning, and looping
to till the end
for row num in range(time window, len(video[1])+1):
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# picking the time window th row
df temp = video[l].iloc[row num-1, :]
# Appending values from time window-1 rows before that
for i in range(time window-1):
df temp i = video[l].iloc[row num-1-
i] [time_affected columns] # Pick necessary columns
df temp = pd.concat ([df temp, df temp i], axis = 0)
# Append values

df temp = df temp.to frame () .transpose () # Series to
DataFrame

df final = pd.concat ([df final, df temp]) # Add as row
to final dataframe

# Reset index
df final = df final.reset index(drop = True)

Latd Ugt poll i da0cll @in

Sl bl e VideoID sl B yxes SubjectID ¢ g gadl O pme S5 Yo
(S s b0 2T paial Lasomy A Slanll 25 agil3] 5 JUILs
Giees 8305eadl bl 0 Y S5,V

df = df final.drop(columns = ['SubjectID', 'VideoID', 'predefinedlabel'])

df ['user-definedlabeln'].value counts()

1.0 6363
0.0 6048
Name: user-definedlabeln, dtype: int64

.g; 5 L)) gne ULy de gozes oda

J|'"'.U|g . ”L'J.D P ”9 tTL,UlI.” Ty,

_'10-8()6LMJ5‘3¢MJV‘J$£LwQ‘)kJ$-YL3ciaﬁaj\dp Gl oy de gers J) Lpons
drdlaodl e s sed Laddl ) e y (target) s X (input) J) oS o2 o .10

# Splitting into train, val and test set -- 80-10-10 split

# First, an 80-20 split

train df, val test df = train test split(df, test size = 0.2, random state

= 113)

# Then split the 20% into half

val df, test df = train test split(val test df, test size = 0.5,

random state = 113)

len(train df), len(val df), len(test df)

(9928, 1241, 1242)
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ic = df.columns.tolist ()
ic.remove ('user-definedlabeln')

oc = ['user-definedlabeln']

ytrain
Xtrain

= train df[oc]

= train df.drop(columns = oc)
yval = val df[oc]

Xval = val df.drop(columns = oc)

ytest
Xtest

test df[oc]
test df.drop(columns = oc)

Standardization aingiJl
A= q;)!aaj‘;jtf»JY{j 0= ilut%ﬁ QJﬁ;A vfﬁ\vfeuhj

s (5332 6 s JS Gt 53 pod UL sy ] o) (g lomall 31 oY)
Corm Sl maz o3 gz soll ] 3 s e ol Eoms Sl e 5 )
s Saely 31 Lo 1 = 5lomadl BV 0 = Lgans e 055
e 542l s L) sklearn.preprocessing 84> (StandardScaler d1s plasenl o
Bl s oly oyl by o) el s ol by e T Ll o3k
BISEP
ss = StandardScaler ()
Xtrain = ss.fit_transform(Xtrain)

Xval = ss.transform(Xval)
Xtest = ss.transform(Xtest)

23godJl <y

L) 5,531 ReLU Jati3 Jlss L) g 0Ll ditS Slik 3 e (6 sy dapmy 3500
Dropout < s dab xe lis Jo-lizy [ 1.0] SUadl Jied m3 Al Sigmoid Leniis &l
0.2 BlesN1 Yl el layer

o Al Ly Y Lo s plasenly 3 0l a0y ¢SS Citead U2 LY 135
wcdol o e 5 5ad) B aih g el fus plisei

i35y i)l Uas U315 keras.callbacks su> U EarlyStopping JLasYl s, dis
rest best weights dales fpand e S Ol 5 el Gaky o) 15] oyl
sl e L wall a Gl Gl 5T 4 (Ul 23 e B3l

model = models.Sequential ([
layers.Dense (32, activation = 'relu', input shape = Xtrain[0].shape),
layers.Dropout (0.2),
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layers.Dense (16, activation = 'relu'),
layers.Dense(l, activation = 'sigmoid')

1)

cb = callbacks.EarlyStopping (patience = 5, restore best weights = True)
model . summary ()

Model: "sequential”

Layer (type) Qutput Shape Param #

dense (Dense) (None, 32)
dropout (Dropout) (None, 32) ]
dense_1 (Dense) (None, 16) 528

dense_2 (Dense) 17

Total params: 2,337
Trainable params: 2,337

Mon-trainable params: @

€390l Ly jaig aloni

model.compile (optimizer = optimizers.Adam(0.01), loss =
losses.BinaryCrossentropy(), metrics = ['accuracy'])

history = model.fit (Xtrain, ytrain, validation data = (Xval, yval), epochs
= 256, callbacks = cb)

Epoch 1/256

3117311 [ ] - 1s 2ms/step - loss: ©.6571 - accuracy: ©.6284 - val_loss: ©.6535 - val_accuracy: 8.6350
Epoch 2/256

311/311 [ ] - @s Ims/step - loss: 8.6353 - accuracy: ©.6533 - val _loss: 0.6382 - val_accuracy: 6.6342
Epoch 3/256

3117311 [ ] - @s Ims/step - loss: 8.6299 - accuracy: ©.6545 - val_loss: 0.6421 - val_accuracy: 6.6479
Epoch 4/256

3117311 [ ] - 8s Ims/step - loss: 8.6258 - accuracy: ©.6618 - val_loss: 0.6397 - val_accuracy: 8.6438
Epoch 5/256

3117311 [ ] - @s 2ms/step - loss: 8.6230 - accuracy: ©.6626 - val_loss: 0.6305 - val_accuracy: 8.6591
Epoch 6/256

311/311 [ ] - @s Ims/step - loss: 8.6192 - accuracy: ©.6649 - val_loss: 0.6365 - val_accuracy: 8.6527
Epoch 7/256

311/311 [ ] - @s Ims/step - loss: 8.6164 - accuracy: ©.6657 - val_loss: 0.6387 - val_accuracy: 8.6471
Epoch 8/256

311/311 [ 1 - @s Ims/step - loss: 0.6148 - accuracy: ©.6678 - val_loss: 0.6228 - val accuracy: 8.6519
Epoch 9/256

311/311 [ 1 - @s 2ms/step - loss: 0.6114 - accuracy: ©.6671 - val_loss: 0.6404 - val accuracy: ©.6398
Epoch 18/256

3117311 [ ] - @s Ims/step - loss: ©.6059 - accuracy: ©.6769 - val_loss: 0.6322 - val_accuracy: 8.6463
Epoch 11/256

3117311 [ ] - @s Ims/step - loss: ©.6044 - accuracy: ©.6724 - val_loss: 0.6254 - val_accuracy: 8.6575
Epoch 12/256

311/311 [ ] - @s Ims/step - loss: 8.6027 - accuracy: ©.6753 - val_loss: 8.6250 - val_accuracy: 6.6680
Epoch 13/256

3117311 [ 1 - @s 2ms/step - loss: @.6019 - accuracy: ©.6724 - val loss: 0.6282 - val accuracy: 6.6535

2390l our0i

model.evaluate (Xtest, ytest)

39/39 [=
accuracy: 0.6586

] - @s 1ms/step - loss: 0.6206 -
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def plot (history, variable, variable2):
plt.plot (range (len (history[variable])), history[variable])
plt.plot (range (len (history[variable2])), history[variable2])
plt.title(variable)

plot (history.history, "accuracy", 'val accuracy')

accuracy
0.67
066
0.65
064
0.63
0 2 a 6 8 10 v

plot (history.history, "loss", "val loss")
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loss

0.65 \
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# pick random test data sample from one batch

x = random.randint (0, len (Xtest) - 1)

output = model.predict (Xtest[x].reshape(l, -1))[0][0]

pred = (output>0.5).astype('int'")

print ("Predicted: ", pred, " (", output, "-->", pred, ")")

print ("True: ", np.array(ytest) [x][0])

Predicted: 1 ( 0.5476615 --> 1 )
True: 1.0
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Prescribing drug based on patient data using deep learning

o gar Wb o o Ak das s by gl el sl 5o prescription drug < g gel ¢l sl
LtV oy (U1 15l g o B s p i Y (I el 06 (5,31 26 g 0 A1
Ab oy gy as

ool Ll UL dakseadl Slondl 3o LY oy iy g2Vl B gy oY1 ety Lokis

ool i Gelsl) B s sl 5 LBl g LI 0585 O S s ) ool 15
SVl Gan dos B beoall [ é il Slis Ml eend 1 A5l BN )
BL I U3 Blay) b yedl Blgd damy Y ET
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A3 2 mod 361,31 5 S Ll

ta — cAlnvas Je 5,31 das
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import numpy as np

import pandas as pd

from sklearn.preprocessing import LabelEncoder, MinMaxScaler
from sklearn.model selection import train test split

from sklearn.metrics import confusion matrix

from tensorflow.keras.layers import Dense

from tensorflow.keras.optimizers import Adam

from tensorflow.keras.losses import CategoricalCrossentropy
from tensorflow.keras.models import Sequential

from tensorflow.keras.callbacks import EarlyStopping

import random

import matplotlib.pyplot as plt

bl 6cgono
e S5 Gl jan el Bt Olpe Je g gew CSV Gl o §le SULII de gonms
o2 gall Bds I pedd S5 ol Biss (Sgmmas rindly sasll o sVl oliss
Al S galadl Dbl wlaw 4l U:ML:}.J\)

df = pd.read csv('https://cainvas-

static.s3.amazonaws.com/media/user data/cainvas-admin/drug200.csv"')
df


https://cainvas.ai-tech.systems/use-cases/drug-classification-app/
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Age Sex BP Cholesterol Na_to K Drug
0 23 F HIGH HIGH 25.355 DrugY
1 47 M Low HIGH 13.093 drugC
2 47 M LOW HIGH 10,114 drugC
3 28 F NORMAL HIGH 7.798  drugX
4 61 F LOW HIGH 18.043 DrugY¥
195 56 F LOW HIGH 11.567 drugC
196 16 M LOW HIGH 12.006 drugC
197 52 M  NORMAL HIGH 9.894 drugX
198 23 M NORMAL NORMAL 14.020 drugX
199 40 F LOW NORMAL 11.349 drugX
df ['Drug'].value counts ()
Drugy 91
drugX 54
drugh 23
drugC 16
drugB 16
Mame: Drug, dtype: intéd

.unbalanced dataset &)l s & ULy de jazes oda

aouedl dalleoll

Ul e g.oa0 & jlgo
10l Bl (UL i gazes G051 o Jod oy

sdall ol ddll ) Uslos Lasde Jand o)l LS5 5ale] rupsampling e
(1655 ¢ ba) LY
A Golaall sde = N G 3 Lt JS o0 e sUil :downsampling e
(16« ba) sae 5l ns

categories = np.unique (df.Drug.to_list())
df balanced = pd.DataFrame ()

for 1 in range(len(categories)):

.upsampling e (La
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# separating into individual dataframes, one for each class
dfi = df[df['Drug'] == categories[i]]

# resampling

dfi = dfi.sample (91, replace = True)

# appending all to one to form a final balanced dataframe
df balanced = df balanced.append (dfi)

df balanced['Drug'].value counts()

drugX 91
drugB 91
drugC 91
drugh 91
Drugy 91

Mame: Drug, dtype: intéd

Sl 1SS oy 41 I 5,050 True e sample() = &) Jlbo Y dedas (sl 05
o* 91 cdes 455 e df balanced UL ] g o sdomall sdall G &5 JS° S
i s

dygiall el paéiol

Goow )& 25 Fow (g il oL 8055 10 050 5 0y JEIL 5 (BUS "Sex" 5 gos sy Y
JSIn ol B shnae oLi] wrnd o ganll dnddy b o dla SIS a1 Ma Ll
Gyl o3 oles 3205 Bshas J LN ae 1 o B 1 e S o2 S Lo
REJFIPN ]

dfx = pd.get dummies (df balanced[df balanced.columns[:-1]], drop first =
True, columns = ['Sex'])
dfx
Age BP Cholesterol Na_to K Sex M
49 28 LOwW HIGH 19.796 0
172 39 NORMAL NORMAL 17.225 0
178 39 NORMAL HIGH 15.969 1
62 67 LOW NORMAL 20,693 1
71 28 NORMAL HIGH 19.675 0
16 69 LOW NORMAL 11.455 1
95 36 LOW NORMAL 11.424 1
58 60 NORMAL NORMAL 10,091 1
35 46 NORMAL NORMAL 7.285 1

181 58 NORMAL HIGH 13.884 0
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B yiae o Li] o en By b b Al SIS (Y sdesl JULE) VI e 28
o el ek o) Bl e T8y BLOYI s el 055 O Sy o -1 e
dls 3True Wl e drop first dedas (ons Geb o A5 G 0y 8 el & shanll

oLl 5 31 s dg2s» 52 LS get dummies()

Gl 8ba 05 b (UL ) Glais 503 (pied e om0l 1 0V s
label encoding 4wl 50 55 one-hot encoding >lw d>ls je 5 s GBS

.5 ponld

1oLl ol Lol 5 LS GUadl ¢ 5 023 BP 5 Cholesterol (s sonll (§53 52 sodl ol e

print ("Values in BP column:", np.unique (dfx['BP']))
print ("Values in Cholesterol column:", np.unique (dfx['Cholesterol'])

Values in BP column: ['HIGH' 'LOW' 'NORMAL']
Values in Cholesterol column: ['HIGH' 'NORMAL']

oSl el ol 5 S 3Uaidl BP 5 Cholesterol (s saall (385 52 sall ool Jros

le bp = LabelEncoder ()

leibp.fit(['LOW' , 'NORMAL', 'HIGH'])
dfx['BP'] = le bp.transform(dfx['BP'], )
print ("BP classes:", le bp.classes )

le _ch = LabelEncoder ()

le_ch.fit(['NORMAL', 'HIGH'])

dfx['Cholesterol'] = le ch.transform(dfx['Cholesterol'])
print ("Cholesterol classes:", le ch.classes )

print (dfx)

BP classes: ['HIGH® 'LOW' "NORMAL']
Cholesterol classes: ['HIGH' 'NORMAL']
Age BP Cholesterol MNa_to_K Sex M

439 28 1 @ 19.796 @
172 39 2 1 17.225 @
178 39 2 @ 15.969 1
62 67 1 1 20.893 1
71 28 2 @ 19.875 @
16 69 1 1 11.455 1
95 36 1 1 11.424 1
58 68 2 1 1@.e91 1
35 46 2 1 7.285 1
181 59 2 @ 13.884 @

[455 rows x 5 columns]
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df cat = pd.get dummies (df balanced['Drug'])
df cat

DrugY drugA drugB drugC drugX

49 1 0 0 0 0
172 1 0 0 0 0
178 1 0 0 0 0
62 1 0 0 0 0
7 1 0 0 0 0
16 0 0 0 0 1
95 0 0 0 0 1
58 0 0 0 0 1
35 0 0 0 0 1
181 0 0 0 0 1

# defining the input and output columns to separate the dataset in the
later cells.

input columns = dfx.columns.to list()
output columns = df cat.columns.to list()

print ("Number of input columns: ", len(input columns))
#print ("Input columns: ", ', '.join(input columns))

print ("Number of output columns: ", len(output columns))
#print ("Output columns: ", ', '.join(output columns))

Number of input columns: 5
Number of output columns: 5

for 1 in output columns:
dfx[i] = df _cat[i]

del df cat

dfx
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Age BP Cholesterol Na to K Sex M DrugY drugA drugB drugC drugX

49 28 1 0 19.796 0 1 0 0 0 0
172 3% 2 1 17.225 0 1 0 0 0 0
178 3% 2 0 15.969 1 1 0 0 0 0

62 67 1 1 20.693 1 1 0 0 0 0

71 28 2 0 19.675 0 1 0 0 0 0

16 69 1 1 11.455 1 0 0 0 0 1

95 36 1 1 11.424 1 0 0 0 0 1

58 60 2 1 10.091 1 0 0 0 0 1

35 48 2 1 7.285 1 0 0 0 0 1
181 59 2 0 13.884 0 0 1] 0 0 1

455 rows x 10 columns

wjadlg JuiA Ul oy 6
oo sdlocoyl Ole sz JI UL S| e 10-10-80 & el
dadlaadl e dosed (Ol peadly MU Y 5 X ) oS 2 (.., slesl sl

# Splitting into train, val and test set -- 80-10-10 split

# First, an 80-20 split
train df, val test df = train test split(dfx, test size = 0.2,
random state = 13)

# Then split the 20% into half
val df, test df = train test split(val test df, test size = 0.5,
random state = 13)

print ("Number of samples in...")

print ("Training set: ", len(train_df))
print ("Validation set: ", len(val df))
print ("Testing set: ", len(test df))

Number of samples in...
Training set: 364
Validation set: 45
Testing set: 46

45 Jo deall oo Gaeedl & gazes 500 Lt Lo 364 e oyl de sazes (S50
.krp 46 Qﬁ)k&5:§‘19jﬁ€“) krp

# Splitting into X (input) and y (output)

Xtrain, ytrain = np.array(train df[input columns]),
np.array(train df [output columns])

Xval, yval = np.array(val df[input columns]),
np.array(val df[output columns])
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Xtest, ytest = np.array(test df[input columns]),
np.array (test df[output columns])

Al DB God W 3hee VI 0 el ] oy Jams dific ULy 5] At e dibls-3
oot sV ol s sVl ol ey o8] L) min-max ezl i 3150 plised Sy
(Csl 2l max-1 cmin-0) 34>l

# Each feature has a different range.
# Using min max scaler to scale them to values in the range [0,1].

min max scaler = MinMaxScaler ()

# Fit on training set alone
Xtrain = min max scaler.fit transform(Xtrain)

# Use it to transform val and test input

Xval = min max scaler.transform(Xval)
Xtest = min max scaler.transform(Xtest)

is gozes ik .sklearn.preprocessing s>, MinMaxScaler dls pliseul (=
o Lo 3 el 5 13T L o) 5l Lo 2 U s 1 Bk 1 LI o gy
ol UL Bl MinMaxScaler (318705505 15l vl o) 331 9LV plased
A DBLN le ez oz GULIL Lot Sgmmadl 3 50l plitsiad (20
@3gol clu

AaS Ol e s § S Jay 723 500!

model = Sequential ([

Dense (1024, activation = 'relu', input shape = Xtrain[0].shape),
Dense (512, activation = 'relu'),
Dense (256, activation = 'relu'),
Dense (64, activation = 'relu'),
Dense (len (output columns), activation = 'softmax')
1)
cb = [EarlyStopping(monitor = 'val loss', patience=8,

restore best weights=True) ]
model . summary ()

Model: “sequential”

Layer (type) Output Shape Param #
dense (Dense) (;:::j 1924) T 6144 o
dense_1 (Dense) (None, 512) 524808
dense_2 (Dense) (None, 256) 131328
dense_3 (Dense) (None, 64) 16448
dense_4 (Dense) {(None, 5) 325

Total params: 679,845
Trainable params: 679,045
Mon-trainable params: @
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.callbacks

&3gol Ly yaig GLon

model.compile (optimizer=Adam(0.01), loss=CategoricalCrossentropy(),

metrics=['accuracy'])

history = model.fit (Xtrain, ytrain, validation data = (Xval, yval),

epochs=64, callbacks=cb)

12/12 [ ] - @s 3ms/step - loss: ©.1079 - accuracy: 8.9615 - val_loss

Epoch 26/64

12/12 [ ] - @s 3ms/step - loss: ©.8567 - accuracy: ©.9863 - val_loss

Epoch 27/64

12/12 [ ] - @s 3ms/step - loss: ©.8354 - accuracy: 8.9863 - val_loss
Epoch 28/64
12/12 [ ] - @s 3ms/step - loss: ©.1038 - accuracy: ©.9788 - val_loss

Epoch 29/64

9.1967 - val_accuracy: 8.9556

©.0198 - val_accuracy: 1.8008

©.0048 - val_accuracy: 1.8008

©.0210 - val_accuracy: 1.8008

12/12 [ ] - @s 3ms/step - loss: ©.0453 - accuracy: 8.9918 - val_loss: @.8955 - val_accuracy: 8.9778
¢2goUl rouudi

model.evaluate (Xtest, ytest)

2/2 [ ] - ©s 1ms/step - loss: ©.0076 - accuracy:

1.0000

cm = confusion matrix(np.argmax (ytest, axis = 1),
np.argmax (model.predict (Xtest), axis = 1))
cm = cm.astype('float') / cm.sum(axis=1)[:, np.newaxis]

for 1 in range(cm.shape[l]):
for j in range (cm.shape[0]):
plt.text (3, i, format(cm(i, 31, '.2f'"),
horizontalalignment="center", color="black")

plt.imshow(cm, cmap=plt.cm.Blues)

LUl 8égaino
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def plot (history, variable, variablel):
plt.plot (range (len (history[variable])), history[variable])
plt.plot (range (len (history[variablel])), history[variablel])
plt.title(variable)
plt.legend([variable, variablel])

plot (history.history, "accuracy", "val accuracy")

accuracy

10 A

094

0.8 1

0.7 1

06 4

05 A — accuracy
val_accuracy
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plot (history.history, "loss", "val loss")

loss

14 | — loss

I val_loss
12
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0.5
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S0l
45l piall HleaYl ol wle e olgos dad

gender = ['M', 'F']

def print sample (x):
print ("\nSample:")
sample = np.array(test df) [x]
print ("Age :", sample[0])
print ("Sex :", gender[int (sample[4])1)
print ("Na to K ratio :", samplel[3])
print ("BP :", le bp.classes [int (sample[1])])
print ("Cholesterol :", le ch.classes [int (sample[2])])
print ()
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# pick random test data sample from one batch
x = random.randint (0, len (Xtest) - 1)

print sample (x)

output = model.predict (Xtest[x].reshape(1l, -1)) # getting output; input
shape (256, 256, 3) --> (1, 256, 256, 3)
pred = np.argmax (output[0]) # finding max

print ("Predicted: ", output columns[pred]) # Picking the label from
class names base don the model output

output true = np.array(ytest) [x]

print ("True: ", output columns[np.argmax (output true)])
print ("Probability: ", output[0] [pred])

Sample:

Age : 59.0

Sex : F

Na to K ratio : 13.935
BP : HIGH

Cholesterol : HIGH

Predicted: drugB
True: drugB
Probability: ©.99355537
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Heartbeat Anomaly Detection using Deep Learning

s U a3 ke 17.9 Jlom ©pon bl ol dediie 0yl i) G
&l oles 5 el o e s uC;rdiovascular Diseases & gl e 51y LAl 5l o
2l e Sy 5 8 S il o BB Y] et (5 15) s I o s Sy

wbluwll dcgono al il
!wget -N "https://cainvas-static.s3.amazonaws.com/media/user data/cainvas-
admin/heart.zip"
'lunzip -go heart.zip
!rm heart.zip

U Jg Al iAol al il

# Pandas
import pandas as pd

# Scikit learn

from sklearn.model selection import train test split

from sklearn.metrics import classification report, accuracy score,
confusion matrix

from sklearn.preprocessing import LabelEncoder

from sklearn.utils import shuffle

from sklearn.utils import class_weight

# Keras

from keras.models import Sequential

from keras.layers import Dense, Dropout, Activation, Flatten
from keras.layers import Convolution2D, Conv2D, MaxPooling2D,
GlobalAveragePooling2D

from keras.utils import to categorical

from keras.optimizers import Adam

# Audio
import librosa
import librosa.display

# Plot

$matplotlib inline

S$pylab inline

import matplotlib.pyplot as plt

$config InlineBackend.figure format = 'retina'

# Utility

import os

import glob

import numpy as np
from tgdm import tgdm
import itertools

# To ignore any warnings
import warnings
warnings.filterwarnings ("ignore")

# gather software versions
import tensorflow as tf; print('tensorflow version: ', tf. version )
import keras; print ('keras version: ', keras. version )
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# If any warning pops up run the cell again.There is nothing to worry
about.

wblwldcgono ey
dataset = []
for folder in ["heart/set a/**"]:
for filename in glob.iglob (folder) :
if os.path.exists (filename) :
label = os.path.basename (filename) .split (" ") [0]
# skip audio smaller than 4 secs
if librosa.get duration(filename=filename)>=4:
if label not in ["Aunlabelledtest"]:
dataset.append ({
"filename": filename,
"label": label
})
dataset = pd.DataFrame (dataset)

bl Judai
s A Sl Sl gl e gl il sl e Lo lee A1 SULI e azes 555

Normal .1
Murmur .2
Artifact .3
Extrahls .4

Zu)bg#‘ipjaetachJSLQP U}PJ

dataset.info ()
plt.figure(figsize=(12,6))
dataset.label.value counts().plot (kind='bar', title="Dataset
distribution")
plt.show ()
Dataset distribution

25

20

10

murmur
normal
artifact
extrahls

# parent folder of sound files
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INPUT DIR="heart"

# 16 KHz

SAMPLEiRATE = 16000

# seconds

MAX_ SOUND_CLIP DURATTON=12

set a=pd.read csv (INPUT DIR+"/set a.csv")
set _a.head()
set_a.info ()

train ab=set a
train ab.describe ()

sublabel
count 0.0
mean NaN
std NaN
min NaN
25% NaN
50% NaN
75% NaN
max NaN
#get all unique labels
nb classes=train ab.label.unique ()
print ("Number of training examples=", train ab.shape[0], " Number of

classes=", len(train ab.label.unique()))
print (nb classes)

Number of training examples= 176 Number of classes= 5
['artifact' ‘extrahls' ‘murmur' ‘normal' nan]

print ("Minimum samples per category = ',
min(train ab.label.value counts()))
print ('Maximum samples per category = ',

max (train_ab.label.value counts()))

19
40

Minimum samples per category
Maximum samples per category
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Normal dJla
e el I & (5 o Ay Bonh B Ol gl x5 Normal' 241
"dub” ;s 235l e il "dub” J] 'Tub” e 3 1 as 25 Tub dub dJub dub” ks
S "Tub" )

normal file=INPUT DIR+"/set a/normal 201106111136.wav"

# Load use wave
import wave
wav = wave.open (normal file)

print ("Sampling (frame) rate = ", wav.getframerate())
print ("Total samples (frames) = ", wav.getnframes())
print ("Duration = ", wav.getnframes ()/wav.getframerate ())

Sampling (frame) rate = 44100
Total samples (frames) = 218903
Duration = 4.963786848072562

# Load using Librosa

y, sr = librosa.load(normal file, duration=5) #default sampling rate is
22 HZ

dur=librosa.get duration (y)

print ("duration:", dur)

print (y.shape, sr)

duration: 4.963809523809524
(109452,) 22050

# librosa plot
plt.figure(figsize=(16, 3))
librosa.display.waveplot (y, sr=sr)

0.75
0.50
0.25
0.00 §
-0.25

-0.50

-0.75

Time
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Murmur dla

sl B'kae Bl sl s S e o 5l el s Bl OIS 9 LS LR Ld) s
o 0555 0F 5%y " Tub' 5 "dub” e (2) 51 Pdub” 5 Tub” e (1) 23!l en sl
Sdub” 5 "Tub” St e o das Lz s «cdill LRS! e dodall 51

# murmur case

murmur file=INPUT DIR+"/set a/murmur 201108222231.wav"
y2, sr2 = librosa.load(murmur file,duration=5)
dur=librosa.get duration (y)

print ("duration:", dur)

print (y2.shape, sr2)

duration: 4.963809523809524
(110250, ) 22050

# show it
plt.figure (figsize=(16, 3))
librosa.display.waveplot (y2, sr=sr2)

0.6

0.4

0.2

-0.2

-0.4

-0.6

Time

Artifact

il 5555 e A5 (Bl ikl Ol punYl e dxusls d8 gazes Hla Artifact & b
LQUJQJ TSI ¢;1Af s cy{jﬁai.k?j:'y dle Lo gally gsl?“if“”) ¢fﬂ53\) Sl

5195 e 81 lss 5 e desane 51 AL Loy Ly50 06
# sample file
artifact file=INPUT DIR+"/set a/artifact 201012172012.wav"
y4, srd = librosa.load(artifact file, duration=5)
dur=librosa.get duration (y)

print ("duration:", dur)
print (y4.shape, sr4)

duration: 4.963809523809524
(110250, ) 22050

# show it
plt.figure(figsize=(1l6, 3))
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librosa.display.waveplot (y4, sr=sr4)

0 0s 1 15 2 25 3 a5 a as
Time

Extrahls

B B g 3 Tl Lo Ol gy 3 (o e Exctrahls ol ool g5 5
lub " 51 “lub-lub dub” Ja)l s Jo cdabaine 51 50515 L5 b b ey gy
DB e e 80 Ol (s " dub-dub

# sample file

extrahls file=INPUT DIR+"/set a/extrahls 201101070953.wav"
y5, sr5 = librosa.load(extrahls file, duration=5)
dur=librosa.get duration (y)

print ("duration:", dur)

print (y5.shape, sr5)

duration: 4.963809523809524
(110250, ) 22050

# show it
plt.figure(figsize=(1l6, 3))
librosa.display.waveplot (y5, sr=sr5)

0.06

0.04

0.02

0.00

-0.02

—0.04
0 05 1 15 2 25 3 35 4 4.5

—0.06

Time

Juialg cyyai Jl bl dcgono o

train, test = train test split(dataset, test size=0.2, random state=42)

o

print ("Train: %$i" % len(train))
print ("Test: %$i" % len(test))

Train: 74
Test: 19
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gl cilogleo jlalhl
sk e i3 sall SULY (6 5o el f SULIN SliS par wo Jlodl 52 LS
SULI et o5 di b Sl Jloell Lgopds |3 Leels) oy (1 all Bl
frequency 331 Jlrs (61 (UL fred Cilises Jlme | Lok oo a5 &5 50all

.domain

The central idea

Amplitude

MEFCs plzeul Jos &5 pall QUL J2ad WIS e oSy A Gkl (0 sue Sls
s £ 5 Mel-Spectograms s (Mel-Frequency cepstrums)

el @l Ol e felS

(rsedl S RMSE () Time Domain <lye @

(@, olss 2l dxw ) Frequency domain ol @

(MFCC Jx) Perceptual @l @

Hamming distances of Jtdl Jow Je) Windowing <ljw e

(windows

el e el U el 300 1 U3 s L] oy ldl o Sl A
o Usgw LoDl Sass bodd &350 8508 MECC Ladienal (lod gord Gl
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plt.figure(figsize=(20,20)
idx = 0
for label in dataset.label.unique() :
y, sr = librosa.load(dataset[dataset.label==label].filename.iloc[0],
duration=4)
idx+=1
plt.subplot (5, 3, idx)
plt.title("%$s wave" % label)
librosa.display.waveplot (y, sr=sr)
idx+=1
plt.subplot (5, 3, idx)
D = librosa.amplitude to db(np.abs(librosa.stft(y)), ref=np.max)
librosa.display.specshow (D, y axis='linear"')
plt.title("%s spectogram" % label)
idx+=1
mfccs = librosa.feature.mfcc(y=y, sr=sr, n mfcc=40)
plt.subplot (5, 3, idx)
librosa.display.specshow (mfccs, x axis='time')
plt.title("%s mfcc" % label)

plt.show ()
"L lll bl
N T[ rl[ rmyrry

s 2 25 3 35 4
murrfihemfcc

°

o os 1 15 2 25 3 135
mumitwave murmur spectogram

2 25
ERamfcc

o o5 1 1 2

s 25 15
1e-s artifdervave artifact spectogram artifd

2 25

o os 1 15 2 25 3 35 15
nomiéMvave normal spectogram normigMfcc

o5 1 15 2 25 3 35 4
Time
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def extract features(audio path):
y, sr = librosa.load(audio path, duration=4)
mfccs = librosa.feature.mfcc(y=y, sr=sr, n mfcc=40)
return mfccs

$%time
x_train, x_test = [], []
print ("Extract features from TRAIN and TEST dataset")
for idx in tgdm(range (len (train))):
x train.append(extract features(train.filename.iloc[idx]))

for idx in tgdm(range (len(test))):
x test.append(extract features(test.filename.iloc[idx]))

x _test = np.asarray(x test)
X train = np.asarray(x train)

print ("X train:", x train.shape)
print ("X test:", x test.shape)

X train: (74, 40, 173)

X test: (19, 40, 173)

CPU times: user 23.3 s, sys: 28 s, total: 51.2 s
Wall time: 17.3 s

louwil 1o )5

encoder = LabelEncoder ()
encoder.fit (train.label)

y train = encoder.transform(train.label)
y test = encoder.transform(test.label)

JBall JAd

x _train = x_train.reshape (x_train.shape[0], x train.shapel[l],

x train.shape[2], 1)

x test = x test.reshape(x test.shape[0], x test.shape[l], x test.shape[2],
1)

y train = to categorical (y train)

y test = to categorical (y test)

print ("X train:", x train.shape)
print ("Y train:", y train.shape)
print ()

print ("X test:", x test.shape)
print ("Y test:", y test.shape)

X train: (74, 40, 173, 1)
Y train: (74, 4)
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X test: (19, 40, 173, 1)
Y test: (19, 4)

@ﬂg&LU|cLQ

oyl OULS Lo d Senadl 8 5adl el oa AL 8 glasedl Ol el il gl Al dny
PP IR OCTE t N VLN | QM‘@%JlC@\%uﬂBJ‘ M‘(@J%srn
A Sl b Sl gl a3l Yl e sl S Slas ol gl Ciinas ol e

A adsndl 3 el 43 SIS
# Model architecture

model = Sequential ()

model.add (Conv2D (filters=16, kernel size=2,

input shape=(x train.shape[l],x train.shape([2],x train.shape([3]),
activation='relu'))

model.add (MaxPooling2D (pool size=2))

model.add (Dropout (0.3))

model.add (Conv2D (filters=32, kernel size=2, activation='relu'))
model.add (MaxPooling2D (pool size=2))
model.add (Dropout (0.3))

model.add (Conv2D (filters=64, kernel size=2, activation='relu'))
model.add (MaxPooling2D (pool size=2))
model.add (Dropout (0.3))

model.add (Conv2D (filters=128, kernel size=2, activation='relu'))
model.add (MaxPooling2D (pool size=2))

model.add (Dropout (0.3))

model.add (GlobalAveragePooling2D () )

model.add (Dense (256, activation='relu'))
model.add (Dense (128, activation='relu'))

model.add (Dense (len (encoder.classes ), activation='softmax'))
model . summary ()

Model: "sequential™

Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 39, 172, 16) 38
max_pooling2d (MaxPooling2D) (MNons, 1%, 86, 16) a
dropout (Dropout) (MNone, 1%, 86, 16) a
conv2d_1 (Conv2D) (MNone, 18, 85, 32) 2686
max_pooling2d_1 (MaxPooling2 (Nons, 9, 42, 32) a
dropout_1 (Dropout) (Mone, 9, 42, 32) a

conv2d_2 (Conv2D) (None, 8, 41, 64) 8256




oIt i s s o i

max_pooling2d_2 (MaxPooling2 (Nonsz, 4, 28, 64) a
dropout_2 (Dropout) (MNone, 4, 2@, 64) a
conv2d_3 (Conv2D) (None, 3, 19, 128) 32896
max_pooling2d_3 (MaxPooling2 (Nons, 1, 9, 128) a
dropout_3 (Dropout) (None, 1, 9, 128) a
global_average_pooling2d (Gl (Nons, 128) a
dense (Dense) (Mone, 256) 33024
dense_1 (Dense) (None, 128) 32896
dense_2 (Dense) (MNone, 4) 516

Total params: 189,748
Trainable params: 189,748
HNon-trainable params: @

2390l gLonj
model.compile (loss='categorical crossentropy', metrics=['accuracy'],
optimizer=Adam(lr = 0.001)

e300l yjai

history = model.fit(x train, y train,
batch size=256,
epochs=200,
validation data=(x_test, y test),
shuffle=True)

171 [ ] - @s 29ms/step - loss: 8.6135 - accuracy: 8.7783 - val_loss: @.5327 - val_accuracy: @.7895
Epoch 196/28@
1/1 [ 1 - @s 28ms/step - loss: 8.5791 - accuracy: ©.7027 - val loss: @.54@4 - val accuracy: @.7895
Epoch 197/28@
1/1 [ ] - @s 27ms/step - loss: B.5258 - accuracy: 8.7827 - val_loss: @.5314 - val_accuracy: @.7835
Epoch 198/28@
171 [ ] - @s 3@ms/step - loss: B.5717 - accuracy: 8.7162 - val_loss: @.5192 - val_accuracy: @.7895
Epoch 199/28@
1/1 [ 1 - @s 28ms/step - loss: ©.5487 - accuracy: ©.7297 - vel loss: @.5185 - val accuracy: @.7895
Epoch 2@@/28@
/1 [ ] - @s 27ms/step - loss: 8.5488 - accuracy: 8.7432 - val_loss: 8.52@6 - val_accuracy: @.7895

callbacks sLaily oyl ULy sl sae a3b) M g5 elol 55L) Sa

A ws

A jadl oauy
O pdicinadl oalls “categorical crossentropy’ <ilS dsdscal Uasdl &l
z3se) ebl (il dTensorflow s Keras AP bodswl 3 500l gy "Adam”
5 gonld Bl s Unsdll cois Liny cslio 255 Giioes (0 2151

# Loss Curves

plt.figure(figsize=[14,10])
plt.subplot (211)
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plt.plot (history.history['loss'],'r',linewidth=3.0)

plt.plot (history.history['val loss'],'b',linewidth=3.0)
plt.legend(['Training loss', 'Validation Loss'], fontsize=18)
plt.xlabel ('Epochs ', fontsize=16)

plt.ylabel ('Loss', fontsize=16)

plt.title('Loss Curves', fontsize=16)

# Accuracy Curves

plt.figure(figsize=[14,10]

plt.subplot (212)

plt.plot (history.history['accuracy']l, 'r',linewidth=3.0)

plt.plot (history.history['val accuracy'],'b',linewidth=3.0)
plt.legend(['Training Accuracy', 'Validation Accuracy'],fontsize=18)
plt.xlabel ('Epochs ', fontsize=16)

plt.ylabel ('Accuracy', fontsize=16)

plt.title('Accuracy Curves', fontsize=16)

Loss Curves

20 —— Training loss
—— Validation Loss

w
w
Qw
5
o
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Epochs
Accuracy Curves
oa AN
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>
g 05
o
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U 04
o
<
03
0z —— Training Accuracy
01 —— Validation Accuracy

[} 25 50 75 100 125 150 175 200

Epochs

¢3goll hon

# Save model and weights
model name = "HAD.h5"
model.save (model name)
print ('Saved trained model at %s ' % model name)

2390l ouusi
scores = model.evaluate(x test, y test, verbose=1)
print ('Test loss:', scores[0])
print ('Test accuracy:', scores[1])
1/1 [ ==] - @s 1ms/step - loss: ©.5206 - accuracy:

0.7895
Test loss: 0.520578145980835
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Test accuracy: 0.7894737124443054

2agodl clai JI Jgngll

predictions = model.predict (x test, verbose=1)

1/1 [ 1 - ©s 1ms/step

y preds = predictions.argmax(axis=-1)

y test = y test.argmax(axis=-1)

y pred = encoder.inverse transform(y preds)

y test = encoder.inverse transform(y test)

df = pd.DataFrame (columns=['Predicted Labels', 'Actual Labels'])
df ['Predicted Labels'] = y pred.flatten()

df ['Actual Labels'] = y test.flatten()

df.head (19)

Predicted Labels Actual Labels

0 murmur normal
1 artifact artifact
2 murmur murmur
3 extrahls normal
4 murmur extrahls
5 artifact normal
6 artifact artifact
7 artifact artifact
8 murmur murmur
9 artifact artifact
10 artifact artifact
1 murmur murmur
12 murmur murmur
13 artifact artifact
14 murmur murmur
15 murmur murmur
16 murmur murmur
17 artifact artifact

18 murmur murmur
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Diabetic R etinopathy Detection using Deep Learning

G S AS2 POl e JUN CansTl ol gl ga cakatdl el ) s e gl
o] o S .CNN L33l dwanll i1 plisely diabetic retinopathy
L35 or oSexd Kaggle Jo Olos o] J) oo Kaggle dewdl ) olileal
bl s Blg 3250 5 S s e (g 50w Ul ipython ss Ll . oBLII 8ael
okl

kel el e 8 T

import numpy as np # linear algebra

import pandas as pd # data processing, CSV file I/O (e.g. pd.read csv)
import kerasfrom tgdm import tgdm

import os

from sklearn.model selection import train test split

from cv2 import cv2

from PIL import Image

import tensorflow as tf

from matplotlib import pyplot as pltfrom keras.layers import Dense,
Dropout, Flatten, Input

from keras.preprocessing.image import ImageDataGenerator, array to img,
img to array, load img

from keras.preprocessing import image

from keras.utils import plot model

from keras.models import Model

from keras.layers.convolutional import Conv2D

from keras.layers.pooling import MaxPooling2D

from numpy import array

o (UL e goma 5355 2eay) Kaggle o SULI de samee oo Jadll cued Ul
okl Slike maz Loy dlle Comy Gl Copldl Olils man bais B Glle
(ool ) 3na) Jaey Ao £ L2

£

uf)xj\bwg;\;ggjbg CSVM&M(}ST&L’JT
df train = pd.read csv('/storage/trainLabels.csv')

.QW\@@J;EJE&DUJPJ

el 2 0/1/2/3/4 L ikl ol 52 "left 10"

2l it el ol "right 10”85 50 2l (6 ] ot 35 50 "Left 10"
df train.values
HUSESEN

array ([['10_left', 0],
['10_right', 0],
['13 left', 0],

.«


https://www.kaggle.com/c/diabetic-retinopathy-detection/data
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['44348 right', 0],
['44349 left', 0],
['44349 right', 1]], dtype=object)

)}«AH QL:’“"‘”:’ g;l).?'i‘f Lg.U‘ b}a}d‘ ‘)A,ICVCI‘ cgﬁ)iﬂ‘ ;.PM L}SJW 35125 .S_SLJ&
g aslsl
df train.tail()

image level

35121 44347 right 0
35122 44348 |eft
35123 44348 _right

[ T s

39124 44349 |eft
39125 44349_nght 1

Ol dls e Ll get dummies s Al J)df train Jos>) Pandas ptsei
O s el o3l Bl Tl 5 o3 el Y LT e ghaad)

targets series = pd.Series(df train['level'])
one_hot = pd.get dummies (targets_series, sparse = True)

IOl JUIl gl o 3 ee 25 <4/3/2/1/0 Sl po 6151 5 lia ¢ |3 o b LS
NDPR — Non Proliferative Diabetic) 53 & Sl Al
(Retinopathy

(Class — Name) (..«AH — &b

Normal ¢sle .1

Mild NPDR o4 .2
Moderate NPDR J&tas .3
Severe NPDR pLas .4
PDR .5

targets series[:10]

ZoONOUEWN RO
FORRNR OO OO

ame: level, dtype: inté4
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one _hot[:10]

01 2 3 4
010000
110000
210000
310000
4 01000
§ 0010 O
&6 000 0 1
7 00001
810000
8 01000

:h&éu%ﬂlé&gﬁ@\%M\J&Sﬁ&k&;

one hot labels = np.asarray (one_ hot)
one_hot labelsY = np.asarray(targets series)
one_hot labelsY[:10]

HEHESEIN
array([0, O, O, O, 1, 2, 4, 4, 0, 1])
ZCQEgmAﬂL;JJhaJ‘Jrasﬁﬂ C)BJ#bAhJLQEJ}4ﬂ‘LF;$ k?§%<by‘fji;“

786
786

im sizel
im size2
X train
y train

Dgall ol oz a Gl Gingo <iST13]

i=0
for f, breed in tgdm(df train.values):
print (f)

HEHESEIN]

10_left
10_right
13 left
13 right
15 left
15 right
16_left
16 right
17_left
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17 _right
19 left

df test = df train[:1000]

df test Jels (35125 Lasde WU ) gall o o 35800 U ot Jalass o813
Byias Jobewills jpall paxr Joeos ) oUsl 5801 il (350 df train. -
Aosde

: OpenCVphiseul ) pall fooss Lad s

mwn

#this is a OpenCV implementation

i=20
for f, breed in tgdm(df_ train.values) :
if
type (cv2.imread ('/storage/train/{}.jpeg'.format (f)))==type (None) :
continue
else:

img = cv2.imread('/storage/train/{}.jpeg'.format (f))
label = one hot labels([i]
x _train.append(cv2.resize (img, (im sizel, im size2)))
y_train.append (label)
i+4=1
np.save('x train2',x train)
np.save('y train2',y train)
print ('Done')
nni=Q
for f, breed in tgdm(df test.values):
try:
img = image.load img(('/storage/train/{}.jpeg'.format (f)),
target size=(786, 786))
arr = image.img_to array (img)
label = one hot labelsY[i]
x train.append(arr)
y_train.append (label)
i+4=1
except:
pass

:ﬁ)b:jéwJ
100% | < 1000/1000 [01:43<00:00, 7.06it/s]
13 I 85 ghaadl e ) geall (gd] e SR Ladh Les

plt.imshow(x train[681]/255) #681 > Try some other number too
plt.show ()
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Image Processed with TF
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el e Gamdly Copdild SUL de pems J) LheSTT UL i sazs s gl o
e [ Lo 1 LN Sl e gazes oo i)l O yum

x valid = []

y valid = []

X train, X valid, Y train, Y valid = train test split(x train, y train,
test size=0.1, random state=1)

<< CS}Q'J\ ENEL I YU Y

Bypall pdans iy (poadl don e iy LAINE DD 2 e 235l (g 5o
model =) Juduzs - IS 3Keras | Tensorflow Jx3k! Jb .dence iib;
.Funtional API <=|.A5;M~L3 o (Sequential()

o Uiy saiaedl 3Ll B3le pddvi AUl Funtional API sl 5 S ptsy
W ol anasall 23 5l 2Ly ikl

visible = Input (shape=(786,786,3))

convl = Conv2D (32, kernel size=4, activation='relu') (visible)
pooll = MaxPooling2D(pool size=(2, 2)) (convl)

conv2 = Conv2D (16, kernel size=4, activation='relu') (pooll)
pool2 = MaxPooling2D(pool size=(2, 2)) (conv2)

flat = Flatten() (pool2)

hiddenl = Dense (10, activation='relu') (flat)
output = Dense(l, activation='sigmoid') (hiddenl)
model = Model (inputs=visible, outputs=output)

105 sl & 3led Gl ol alass oz i BT 23508 Jort) alasas <iST13)
ZL e el oLl sl plaseny Llss coST13 transfer learning (el J&5

&

st

model = keras.Sequential ([
keras.layers.Flatten (input shape=(786, 786, 3)),
keras.layers.Dense (128, activation=tf.nn.relu),
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keras.layers.Dense (10, activation=tf.nn.softmax)

1)

model.compile (optimizer="adam',
loss='sparse categorical crossentropy',
metrics=['accuracy'])

3 yam e G xs B cnumMpy @ sies J) B giadl J s

y train raw
x_train raw

np.array (Y train)
np.array (X train)

Al lpang G55 Slikall Ly e 213l o on

model.summary ()

Layer (type) Output shape Param #
input 1 (Inputiayer)  (lone, 786, 786, 3) o
conv2d_1 (Conv2D) (None, 783, 783, 32) 1568
max_pooling2d 1 (MaxPooling2 (None, 391, 391, 32) @

conv2d_2 (Conv2D) (None, 388, 388, 16) 8208
max_pooling2d 2 (MaxPooling2 (None, 194, 194, 16) %]
flatten_ 1 (Flatten) (None, 602176) @

dense_1 (Dense) (None, 1@) 6021770
dense 2 (Dense) (None, 1) 11

Total params: 6,031,557
Trainable params: 6,031,557
Mon-trainable params: @

o' slas 5 gl (o J3loe 3 m5 o s 3 el iy ol oY1 1 g2
Kernel [ S Jaxisssle) <_;Ll=.>' sl "Insufficient memory errors S1Ul g3 e

"restart error

model.fit (x_train raw, y train raw, epochs=5)
3l SULy & sazed cnUMPY & pias J) B piandl g

np.array (X valid)
np.array (Y valid)

x valid raw
y_valid raw

oo SRl DBl e sazes ez 350l el o ) plow 2sedl sl 3z
el
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test loss, test acc = model.evaluate(x valid raw, y valid raw)
test loss
test_acc

i e iPython suie LS Lo ) gl e

https://github.com/swanandM/Diabetic-R etinopathy-Detection-with-
TF.git

o peilly Sl &gy UL L5 e oLV Jam disd 5,831 Lia s Sas
il 13 e Jpmaml) anaseadl 55l Jlsss


https://github.com/swanandM/Diabetic-Retinopathy-Detection-with-TF.git
https://github.com/swanandM/Diabetic-Retinopathy-Detection-with-TF.git

1 2jol s Groct poleill pladiwl acdgo 1yanig dloall og cue ibiAll

: &loc)l ple il polad il acédgo ayanig éloall o g ot @uitdll (22
Brain Tumor Detection and Localization using Deep 1 < jall

Learning: Part 1

: . I E B3 II Ul-*-.J

55 el L B sars (pn ) gl B35 UM o LB o o s §Lall 1500 3
Kaggle Ji 5 2ol (MRI) ucbbinall

Seoddl ohatll s g sy psiiar oo i oAb J] BLE] 0da oo i
.&itéud\fL@“U ¢§U, C)Ugg‘léjmaw umiﬂ

bt 0 Il 5l ) 50 m s VI RIS Cital 3 505 58 5l a3 5ol
Al oda

:@8ell llniol
Qoo odc il
Db el doll e ) 4 Les By o5 S 3 JslLa

Cbbgg\aﬁjmaw
Ay gl LSl 3]l Tl Nl eLsYl oal o

import pandas as pd

import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt

import cv2

from skimage import io

import tensorflow as tf

from tensorflow.python.keras import Sequential

from tensorflow.keras import layers, optimizers

from tensorflow.keras.applications.resnet50 import ResNet50
from tensorflow.keras.layers import *

from tensorflow.keras.models import Model

from tensorflow.keras.callbacks import EarlyStopping, ModelCheckpoint
from tensorflow.keras import backend as K

from sklearn.preprocessing import StandardScaler
$matplotlib inline

Slas el Sl L] ) LU de yazmay Lol CSV s oy o5 @
.@A&E)A}u

# data containing path to Brain MRI and their corresponding mask
brain df = pd.read csv('/Healthcare AI Datasets/Brain MRI/data mask.csv')

.DataFrame J,.pl.d ubj.o\ °


https://www.kaggle.com/mateuszbuda/lgg-mri-segmentation
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brain df.info ()

<class 'pandas.core.frame.DataFrame'=
RangeIndex: 3929 entries, 0@ to 3928
Data columns (total 4 columns}):

# Column Non-Null Count Dtype

6 patient id 3929 non-null object
1 image path 3929 non-null object
2 mask path 3929 non-null object
3 mask 3929 non-null int64
dtypes: int64(1), object(3)

memory usage: 122.9+ KB

brain df.head(5)

195

patient_id image path mask_path mask

TCGA_CS_5395_19981004 TCGA_CS_5395_19981004/TCGA_CS_5395_19981004_1.if TCGA_CS_5395_19981004/TCGA_CS_5395_19981004_1_...
TCGA_CS_5395_19931004 TCGA_CS_4944_20010208/TCGA_CS_4944_20010208_14f TCGA_CS_4044_20010208/TCGA_CS_4944_ 20010208 1_...
TCGA_CS 5395 19981004 TCGA_CS_4941 19960909/TCGA_CS 4941 19960909 14f TCGA_CS 4941 1996090%/TCGA CS_4941 19960909 1 ...

TCGA_CS_5395_19981004 TCGA_CS_4943_20000902/TCGA_CS_4943_20000902_1.6f TCGA_CS_4943_20000902/TCGA_CS_4943_20000902_1_..

A w N Rk o

(dtype: Object) Joew JSI s ,0dl Gas :(Patient id) G0l Bhae .1
reblirall 5 I et 3550 ) sleall :(Image path) 5)pall s .2
(dtype: Object)
dtype: ) bladl 5,5l ¢l JI sluadl :(Mask path) glall L. .3
(Object
.(dtype: int64) LN 850 e 15 020k & :(Mask) gl 4
5 JS oS el o
brain df['mask'].value counts ()

] 2556
1 1373
Name: mask, dtype: int64

OL’L:J‘Q';MJ”%;‘WJQ“MRIB)MJJ; ]

image = cv2.imread(brain df.image path[1301])
plt.imshow(image)

o
L]
0
o
0
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oo o5 g flelll (MR b bl 3 36 5 gl ls image path sles O35
-matplotlib plasul 3, 2l ;2,0
ol eskael (S el 8y pall (G dseall o sl el

Al gLl ) g0 Lol 50l @

imagel = cv2.imread(brain df.mask path[1301])
plt.imshow (imagel)

¢ 2 8500 o (MASK) gLl Jadlly gLl oo L sl o o 28 0 585 Loy, 0V
el 25 medl MRI o5 (0 L] ln 2hlaodl MRI 85500 o Sk pladll

LRI 5 g JoSl o3 ol

cv2.imread (brain df.mask path[1301]) .max ()

Output: 255
u.é.:.a&‘ dﬂ‘&lﬁﬁuﬁzSS&Cw‘s‘)yL}é}@ﬂ‘ M\W

cv2.imread (brain df.mask path[1301]) .min ()

Output: 0
35 O U1 I o Los 0 5 L 8 500 (3 Sl Do) 301 el

.t}ﬁﬁ\cf AAI{Ij‘LPUQJ‘tPiﬂjgé}AJ” hdI{I)jmﬂ er o

count = 0
fig, axs = plt.subplots(l2, 3, figsize = (20, 50))
for i in range(len(brain df)):
if brain df['mask'] [i] ==1 and count <5:
img = io.imread(brain df.image path[i])
axs[count] [0] .title.set text ('Brain MRI')
axs[count] [0].imshow (img)

mask = io.imread(brain df.mask path[i])
axs[count] [1].title.set text('Mask')
axs[count] [1].imshow (mask, cmap = 'gray')
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img[mask == 255] = (255, 0, 0) #Red color
axs[count] [2].title.set text ('MRI with Mask')
axs[count] [2].imshow (img)

count+=1

fig.tight layout ()

MRI with Mask

Brain MRI

100

dodlaald Cyllas od &Y (id) G pmall (G) M e

=

# Drop the patient id column
brain df train = brain df.drop(columns = ['patient id'])

brain df train.shape
(3:3929) iz AV Gobldl ] pze o oz

G ) oo 248 (o (mask column) gLall > gee (383 2 sll CULL J oy o3
e Al Gy UL Qs 1Y foas Al

brain df train['mask'] = brain df train['mask'].apply(lambda x: str(x))
brain df train.info()

<class 'pandas.core.frame.DataFrame'=>
RangeIndex: 3929 entries, 0 to 3928
Data columns (total 3 columns):

# Column Non-Null Count Dtype

® image path 3929 non-null object
1 mask_path 3929 non-null object
2 mask 3929 non-null object
dtypes: object(3)

memory usage: 92.2+ KB

.(object) S LL & S Ry 850 Jféjaﬁ S5 LS

(test) ,LeaYly (train) oyl Ole gazes JJ S LL (...,.3 °

# split the data into train and test data
from sklearn.model selection import train test split
train, test = train test split(brain df train, test size = 0.15)

BUPY ImageDataGenerator ~ plsel UL By 3 e
<3l dobldlas;) & A xdli) s DLy e wlads ImageDataGenerator

P
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oo ool Wee s oyl ULy o validation generator s train  generator g
SlesY bl

# create an image generator
from keras preprocessing.image import ImageDataGenerator

#Create a data generator which scales the data from 0 to 1 and makes
validation split of 0.15
datagen = ImageDataGenerator (rescale=1./255., validation split = 0.15)

train generator=datagen.flow_ from dataframe (
dataframe=train,

directory= './"',

x_col='image path',

y col="'mask',

subset="training",

batch size=16,

shuffle=True,

class _mode="categorical",

target size=(256,256))

valid generator=datagen.flow from dataframe (
dataframe=train,

directory= './"',

x col='image path',

y_col='mask',

subset="validation",

batch size=16,

shuffle=True,

class _mode="categorical",

target size=(256,256))

# Create a data generator for test images
test_datagen:ImageDataGenerator(rescale:l./255.)

test generator=test datagen.flow from dataframe (
dataframe=test,

directory= './"',

x col='image path',

y_col="mask',

batch size=16,

shuffle=False,

class mode='categorical',

target size=(256,256))

- s ResNet50 CS)A.B; (Transfer Learning) ol B s o dah OB g OV

(pre-trained models) &4a)l 3Ll el ol g2 (ol o LS Wl J5
Lhos odin G oy ball 23 5ol lia G b 2y oliull 23 sl oy Sy 1Sy 55 Gline

Va5 el o3y i e Saslus
s ImageNet <UL de gozes o 4500l ANN i o (Lol i) ResNet

Wl ResNet #3505 o ol 58 ResNet50 L sb =5 sadl oy Lgalddenl Sy
-Average pool 45 &3k s MaxPool sa>15 ik mo Glall 42L 48 e 5 5on




dunalldle Pl (8 ailolariulg Groctl Lol 199

dia plisenly el JB 3500 a5 ResNetd0 mised pldend oo a0
L3 gl ebd Sl dall ey jall Cindi

# Get the ResNet50 base model (Transfer Learning)

basemodel = ResNet50(weights = 'imagenet', include top = False,

input tensor = Input (shape=(256, 256, 3)))

basemodel.summary ()

Model: "resnet58"

Layer (type) Output Shape Param # Connected to
input_1 (InputLayer) [(None, 256, 256, 3) 0@

convl pad (ZeroPaddingzD) (None, 262, 262, 3) © input_1[e][e]
convl conv (Conv2D) (None, 128, 128, 64) 9472 convl pad[e][e]
convl bn (BatchNormalization) (None, 128, 128, 64) 256 convl conv[@][0]
convl relu (Activation) (None, 128, 128, 64) @ convl bn[@][@]
pooll pad (ZeroPadding2D) (None, 130, 130, 64) @ convl relufe][e]
pooll pool (MaxPooling2D) (None, 64, 64, 64) [¢] pooll pad[e][e]
conv2 blockl 1 conv (Conv2D) (None, 64, 64, 64) 4160 pooll pool[@][0]

ok 250 s» LS summary() plasenls resnet50 3500 dolihll (2,0 GiSe;

2 Y o 0V Ol e Bl W my 1da 300l Ol day o3 0
ALY oyl 2L s plas (T BNG] i J) A5 (g5 28T Lt

# freeze the model weights
for layer in basemodel.layers:
layers.trainable = False

Slib e gl s 2l Golidall e dsedl G oMlel ST pa LSOV @
6 yoze 30155 ) Aol Sloll g liall odis dans . ResNet50
Lo Lol bl

headmodel = basemodel.output

headmodel = AveragePooling2D (pool size = (4,4)) (headmodel)
headmodel = Flatten (name= 'flatten') (headmodel)

headmodel = Dense (256, activation = "relu") (headmodel)
headmodel = Dropout (0.3) (headmodel)

headmodel = Dense (256, activation =

headmodel = Dropout (0.3) (headmodel)

headmodel = Dense (256, activation = "relu") (headmodel)
headmodel = Dropout (0.3) (headmodel)

headmodel = Dense (2, activation = 'softmax') (headmodel)

"relu") (headmodel)

model = Model (inputs = basemodel.input, outputs = headmodel)
model . summary ()
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average_pooling2d (AveragePooli (None, 2, 2, 2048) 0 conv5_block3 out[e][0]
flatten (Flatten) (None, 8192) [¢] average_pooling2d[0][0]
dense (Dense) (None, 256) 2097408 flatten[8][0]

dropout (Dropout) (None, 256) 1] dense[@][0]

dense 1 (Dense) (None, 256) 65792 dropout[@][e@]
dropout 1 (Dropout) (None, 256) 0 dense_1[0][0]

dense_2 (Dense) (None, 256) 65792 dropout_1[e][e]
dropout_2 (Dropout) (None, 256) 0 dense_2[0][0]

dense_3 (Dense) (None, 2) 514 dropout_2[0][@]

.gjgz5tlaJ\ géLG:ij) 531;51@33 s:JLETl=J\0~LA ZéL~bl VSS

b oot Jradl Ll > sl L) (Pooling layers) el olab rvbr_w: A
el Lo 20 £ 51 Average Pooling
e ) SBLy o poey oedanad) il 535
S5 Gen ezl ol daall 8201 22l o (dense layer) 422501 daell
TOWCIPRCE ERW ([ ES PR

output = activation(dot(input, kernel) + bias) “

¢s& -(overfitting) ) kel e =5 5001 (dropout layer) < il &b 23 4
rop ) s 13T 0 e Ldsedl Sla Bl JsYl Sl oy Jlpte IS5
loss ) Uasll @ls Compile sdow el sadl 3 50l (Compile) poony o3 @

.(metrics) mwliadly (optimizer) ;p.>=adly (function

# compile the model
model.compile (loss = 'categorical crossentropy', optimizer='adam',
metrics= ["accuracy"])

oo sl Uas L Tose sl Lais) (early stopping) Ses Sl <1 >] @
el e iy capedl Sl b e 1S ke Sl LB gl (635 Eoenal

Aowall o Ghll Sy e geme G setdl ool iy Y 015 e
sl oyl ae callback (o ModelCheckpoint elisesl o @
G 015V o Ko U ¢ pons ) ol b5V L) model. fit()

b ioeadl Dol 2y il Aol ol

# use early stopping to exit training if validation loss is not decreasing
even after certain epochs
earlystopping = EarlyStopping (monitor='val loss', mode='min', verbose=1,

patience=20)

# save the model with least validation loss
checkpointer = ModelCheckpoint (filepath="classifier-resnet-weights.hdf5",
verbose=1, save best only=True)

Aedaodl o3l 3515l (callbacks) lles ellaels 3 sell o LiSoy VI
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model.fit (train generator, steps per epoch= train generator.n // 16,
epochs = 1, validation data= valid generator, validation steps=
valid generator.n // 16, callbacks=[checkpointer, earlystopping])

(list) 336 ) a3 el SBLII Ly s 32

# make prediction
test predict = model.predict (test generator, steps = test generator.n //
16, verbose =1)

# Obtain the predicted class from the model prediction

predict = []

for 1 in test predict:
predict.append (str (np.argmax(i)))

predict = np.asarray(predict)

E3sedl B b3

# Obtain the accuracy of the model
from sklearn.metrics import accuracy score

accuracy = accuracy score (original, predict)
accuracy

0.9826388888888888

(classification report) —iiwadl ;&5 bl

from sklearn.metrics import classification report
report = classification report (original, predict, labels = [0,1])
print (report)

precision recall fl-score  support

[¢] 0.98 9.99 0.99 365

1 .99 @.97 0.98 211

micro avg 0.98 0.98 0.98 576
macro avg .98 @.98 0.98 576
weighted avg 0.98 0.98 0.98 576

brain ) Ll pys SLaST gl (W o3l o sl gl LY 65 0 Ay V)
brain tumor) Ll p)s Biad g axd e oYl .(tumor detection
ALl oda e 5B e 52l S(segmentation

2 P}QJ‘Ig}rmgj‘vliﬂ‘r\Jéﬁhxp odod g E}AJJ‘f)j O ALY
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Brain Tumor Detection and Localization using Deep 2 < jall
Learning: Part 2

64 siroll gl

o (image segmentation) sl &y I (o Lgdge Loy fladll rb)i: 5zl
Kaggle 5 5 el MRI &UL de gones

Bl oosl B DY sl ST 6 S5 W IS ALLL e GBI el sa s
il e 5831 1) 1o sl Goanll Wl plabuinly axd go ko s plall o) 5 SL2S
Ol e 2l WSO o

& $lodll MRI IS'13] Lo ity 5015 ResNet50 el ciinas 73 505 o poky Lad 12
T390 ok p s o3l 1da (31351 8313 (callbacks) wlhes sl ¥ 4 o5
8y gl B2 el o) ) O o)

;86116 llinioll

eV Ol o) B35 3sad sly (T (GBI 5l S e an Lges (O

.(Building a segmentation model to localize tumors)

G s By S JS - ST (5 gt o 500 g 2 8 gl 525 0 Byl
-(the mask of the image) 5, pall g3 ol 5, gl &35 73 503 oy Ul 21501 e

Geblesl () UL ) e 1 6Ll Aol L) 1 dndl s sy $3 1530
15 550 OISTI3L Y 5 )1 08 0 Ao’ Loy Y &Y 1 5 5l

# Get the dataframe containing MRIs which have masks associated with them.
brain df mask = brain df[brain df['mask'] == 1]
brain df mask.shape

Outpgt: (1373, 4)
Lo stT L . (test) Lol (train) oS bl QL.GM u)l <Ll V:ME °

o5 «(validation) &>wal (e Ga><lls (train) <oy J] Ll ST LI it
(test) slest Slly J) Gasedl bl o gy Lol

from sklearn.model selection import train test split
X train, X val = train test split(brain df mask, test size=0.15)


https://www.kaggle.com/mateuszbuda/lgg-mri-segmentation
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X test, X val = train test split(X val, test size=0.5)

Ve Jbadl Lo o ((dummy data) dess SULy Ll 5 5,0 poin @

deal| P Gl (training generator) oyl

g 2,30l lg)  DataGenerator plasewl (validation generator)
sl ] s gy 02) L Slney 8, sually 2056 Y0

train ids = list (X train.image path)

train mask = list(X train.mask path)

val ids = list (X val.image path)
val mask= list (X val.mask path)

# Utilities file contains the code for custom data generator
from utilities import DataGenerator

# create image generators
training generator = DataGenerator (train ids,train mask)
validation generator = DataGenerator (val ids,val mask)

Geordl (el 3505 Blgaldsey oL =25 s» LS Resblock i,k su> o
(AR

Qs gazen 3 2en o S 0dn i St o J el 23500l dResblocks plused o
¢ (residual function) &azed) A1) ol s» resblocks Qs J LA ola bl

e 05 ) 2520l Usb e Sl ghaodl 503 s Je VI Gleodss
def resblock(X, f):

# make a copy of input
X copy = X

X = Conv2D(f, kernel size = (1,1) ,strides = (1,1),kernel initializer
='he normal') (X)

X = BatchNormalization () (X)

X = Activation ('relu') (X)

X = Conv2D(f, kernel size = (3,3), strides =(1,1), padding = 'same',
kernel initializer ='he normal') (X)
X = BatchNormalization () (X)

X copy = Conv2D(f, kernel size = (1,1), strides =(1,1),
kernel initializer ='he normal') (X copy)

X _copy = BatchNormalization () (X copy)

# Adding the output from main path and short path together

X = Add() ([X,X_copy])

X = Activation ('relu') (X)

return X
o el S &3 2 0585 ) upsample concat 44 b sd Pl e
>L~\ aslas Qb)\ NERY Z\L..W Z\.E.Ja o SJL.& Upsamphng 343.\19 LA):vJ«S

JsYI
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def upsample concat (x, skip):
x = UpSampling2D((2,2)) (x)
merge = Concatenate() ([x, skip])

return merge

oLl doed yoll olaall FIEY (segmentation model) & ;> Tl 3 e
.upsample concat s odel oo resblock 5 $le
input shape = (256,256, 3)

# Input tensor shape
X input = Input (input shape)

# Stage 1

convl in = Conv2D(16,3,activation= 'relu', padding = 'same',
kernel initializer ='he normal') (X input)

convl in = BatchNormalization() (convl in)

convl _in = Conv2D(16,3,activation= 'relu', padding = 'same',
kernel initializer ='he normal') (convl in)

convl in = BatchNormalization() (convl in)

pool 1 = MaxPool2D(pool size = (2,2)) (convl in)
# Stage 2

conv2 in = resblock(pool 1, 32)

pool 2 = MaxPool2D(pool size = (2,2)) (conv2 in)
# Stage 3

conv3 in = resblock(pool 2, 64)

pool 3 = MaxPool2D(pool size = (2,2)) (conv3 in)
# Stage 4

convd in = resblock(pool 3, 128)

pool 4 = MaxPool2D(pool size = (2,2)) (conv4 in)

# Stage 5 (Bottle Neck)
conv5_in = resblock(pool 4, 256)

# Upscale stage 1
up_1 = upsample concat (conv5 in, convé4 in)
up 1 = resblock(up 1, 128)

# Upscale stage 2
up 2 = upsample concat (up_1, conv3_in)
up 2 = resblock(up 2, 64)

# Upscale stage 3
up 3 = upsample concat (up_2, convZ2_in)
up_3 = resblock(up 3, 32)

# Upscale stage 4
up 4 = upsample concat (up_3, convl in)
up 4 = resblock(up 4, 16)

# Final Output
output = Conv2D(1, (1,1), padding = "same", activation = "sigmoid") (up_4)

model seg = Model (inputs = X input, outputs = output )
Sy o g s ol oda odel a5 5 AUl 2350l (compile) poazey 3
biadl sa tversky s Wzl dls ga o5 TVersky . el Soladas



dunalldle Pl (8 ailolariulg Groctl Lol 205

# Utilities file also contains the code for custom loss function
from utilities import focal tversky, tversky

# Compile the model

adam = tf.keras.optimizers.Adam(lr = 0.05, epsilon = 0.1)

model seg.compile (optimizer = adam, loss = focal tversky, metrics =
[tversky])

ol Ceaaall 550 Glabessend Al (callbacks) Sllkes G, cdoV e

T30 sk s T Ll elsl e Jpmamel) o )] s pddennd G pon Ly
LCR P [ ]

# use early stopping to exit training if validation loss is not decreasing

even after certain epochs.

earlystopping = EarlyStopping (monitor='val loss', mode='min', verbose=1,
patience=20)

# save the best model with lower validation loss
checkpointer = ModelCheckpoint (filepath="ResUNet-weights.hdf5", verbose=1,
save best only=True)

model seg.fit (training generator, epochs = 1, validation data =
validation generator, callbacks = [checkpointer, earlystopping])

Citeaall 300 52 3 gl (ln by ALl LYl Sy deporea gLl 35 @
45 05 el &zll =3 505 2 model seg s Gl 52l ey o5 (sl

&

o]

from utilities import prediction

# making prediction
image id, mask, has mask = prediction (test, model, model seq)

dpoy (predicted mask) o3 sall ¢ Ll (image path) &) pall sles 531 Lidans
.(class label) &4

e sl bl L) & Lgzeos s dnd all Loezdl oo UL L) sliS] @
.image path

# creating a dataframe for the result
df pred = pd.DataFrame ({'image path': image id, 'predicted mask':
mask, 'has mask': has mask})

# Merge the dataframe containing predicted results with the original test
data.

df pred = test.merge(df pred, on = 'image path')

df pred.head()
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Image_path mask_path mask predicted_mask has mask

0 TOGA_HT_B106 10970721TCGA_HT_8106_19970727 7.6t TCGA_HT_B106_19970721TCGA_HT 8106_18970727 7_ 0 No mask 0

1 TCGA_CS_5396_20010302TCGA_CS_5396_20010302 7.7 TCGA_CS_5396_20010302TCGA_CS_5396_20010302 7 ... 0 No mask 0
[[[8.8394046e-07],

2 TCGA_DU_6399 19830416TCGA_DU_6399_10830416 20.. TCGA_DU_6309_19830416TCGA_DU_6399_19830416 30... 1 3 1[:15.?300‘;%%5]. 1

3 TCGA_DU_7294_19800104TCGA_DU_7294_19800104_B.tf TCGA_DU_7294_19890104TCCA_DU_7294_19800104_8_... 0 Mo mask )

4 TCGA_HT_7602_18951103/TCGA_HT 7602 19951103 18.. TCGA HT_7602_18951103/TCGA HT 7602 19951103 18... 0 No mask 0

Ly ol UL ] Glmeds 8 sl L) el Y1 Lol ()20 s 5 LS

T3se B3 Lol Goo w3 dl gLl oW1 6Lty 2ho¥1 5 gull s 5T 0
Ly Lol B 5l

count = 0

fig, axs = plt.subplots (10, 5, figsize=(30, 50))

for 1 in range (len(df pred)):

if df pred['has mask'][i] == 1 and count < 5:

# read the images and convert them to RGB format
img = io.imread(df pred.image path[i])
img = cv2.cvtColor (img, cv2.COLOR BGR2RGB)
axs[count] [0] .title.set text ("Brain MRI")
axs[count] [0] .imshow (img)

# Obtain the mask for the image

mask = io.imread(df pred.mask path[i])
axs[count] [1] .title.set text ("Original Mask")
axs|[count] [1].imshow (mask)

# Obtain the predicted mask for the image
predicted mask =

np.asarray (df pred.predicted mask[i]) [0].squeeze () .round ()
axs[count] [2].title.set text ("AI Predicted Mask")
axs[count] [2] .imshow (predicted mask)

# Apply the mask to the image 'mask==255'

img[mask == 255] = (255, 0, 0)

axs[count] [3].title.set text("MRI with Original Mask (Ground Truth)")
axs[count] [3].imshow (img)

img = io.imread(df pred.image path[i])

img = cv2.cvtColor (img , cv2.COLOR BGR2RGB)

img [predicted mask == 1] = (0, 255, 0)

axs[count] [4].title.set text("MRI with AT Predicted Mask")

axs[count] [4] .imshow (img )
count += 1

fig.tight layout ()

| .
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Heart Sound @Gitod)l plcill poladiwl ol agn daijai (24
Segmentation using Deep Learning

Ao W e Lo o il pn RN g 8525 g 5 ey p L)) 8,55 s
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Product need Segmentation
Financially dependent Behaviourdetermined by
= (Age < 18) i 1 Guardians

Good long term potential

Young professional
(18 < Age < 30)

- — Lower ticket sizes

Higher risk taking capability

Married Professional g Additional needs— Child
— -1 B education, buying first home,
(30 < age <45) \ increase in Insurance
£
Empty nesters
(45 < age < 60)
Retired
(Age >60)
Slb Il &AL 65 il aa)

-{%@? Pension, annuities
Ot
) Ao Jo- B b gl Lies (S olzel B2l e o dm OV

Prepare for retirement

Possible second home

Low risk taking capability

All Customers
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Dataset Js52 o3 oda ol doeis o &y sllaodl UL Ao gaes 5525 SSlay :dlaDle
(Atraining normal seg.csv s Atraining normal.zip) ks 1 i<l 0 A

# import modules$pylab inline

import librosa

import numpy as np

import pandas as pd

from librosa import display

# read csv filetemp = pd.read csv('../misc/Atraining normal seg.csv')
temp.head ()

In [3]:  temp.head
Out[3]:

Unnamed: 0 s1 §2 s14 s21  S1.2 S22 S1.3  S23  S14 .. S2.14 S1.15 S2.15 S1.16 SZ1

0 201102081321.aif 10021.0 20759 35075 47244 62992 73729 88761 101646 115246 . NaN NaN NaN NaN Na

1 201102260502.aif NaM 11526 27941 42197 58163 71276 88955 102641 122028 .. NaN NaN NaN NaN Na

2 201103090635.aif 5366.0 17632 31432 44464 59030 71296 86629 99661 116527 . NaN NaN NaN NaN Na

3 201103140132.aif 16356.0 29272 89539 105036 128282 142057 170469 183383 207490 .. NaN NaN NaN NaN Na

4 201103140822.af 34440 18080 44770 68545 BA374 98149 123977 134309 167565 . NaN NaN NaM NaN Na

5 rows x 40 columns

:%?)BJ\QL}L:J\&;MO»;.NL&\QL@SQ»&:&M} Lyes @
# load sampledata, sampling rate =

librosa.load('../misc/Atraining normal/201102081321.wav', sr=44100 )
display.waveplot (data, sr=sampling rate)


http://www.peterjbentley.com/heartchallenge/

5100l el plaaiuwl AN Ggo & ja)

In [5]: display.waveplot(data, sr=sampling_rate)

Out[5]: <matplotlib.collections.PolyCollection at 0x1£f78a74c278>
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# create training data
data x = []
data y = []
for j in range (temp.shape[0]) :
for i in range(l, temp.shapell] - 1):
try:
data, sampling rate = librosa.load('../misc/Atraining normal/'+
temp.iloc[j, 0].split('.")[0] +'.wav', sr=44100 )
temp data = data[int (temp.iloc[j, i]):int(temp.iloc[j, i+1])]
temp label = temp.iloc[:, i].name.split('."') [O]

data_x.append (temp data)

data y.append(temp label)
except:

pass

pre—) M\ ZPLSLM.H o J:J\.EJ\ (sjl:; aC)LaL:.J‘ oda 9\.3;.:}.’ (}.Z.a Lee °

S SN i o B sl Sl e Ja 52 J5YI (processing
bl Y 5 X sLil] e &I (data normalization) <UL & sul oa

Ly ol Grandl hacll 23 0
# preprocessing from keras.preprocessing.sequence import pad sequences

# step ldata x = pad sequences (data x, maxlen=20000, dtype='float',
padding='post', truncating='post', value=0.)

# step 2data x = data x / np.max(data x)
# step 3

data x = data x[:,:,np.newaxis]

data y = pd.Series (data y)

data_y.value counts()

data y = data y.map({'S1':0, 'S2':1}).values
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Coo (CNIN 73505 ¢ly gt Ly o) Goanll ol 25500 25 Lo 01 o
cigatlly Jodotdl gt By 45 Ll CNN el

from keras.layers import Inputlayer, ConvlD, Dense, Flatten, MaxPoollD
from keras.models import Sequential

model = Sequential()

model.add (InputLayer (input shape=data x.shape[l:]))
model.add (ConvlD (filters=50, kernel size=10, activation='relu’))
model.add (MaxPoollD (strides=8))

model.add (ConvlD (filters=50, kernel size=10, activation=’'relu’))

model .add (MaxPoollD (strides=8))

model .add (Flatten ())

model .add (Dense (units=1, activation=’softmax’))

model.compile (optimizer='adam’, loss=’binary crossentropy’,
metrics=[‘accuracy’])

dlenadl e g 5l e e badsed gpomw @

In [19]: model.summary()
Layer (type) Output Shape Param §
input_1 (InputLayer) (None, 20000, 1) 1]
convld_l (ConvlD) (None, 15991, 50) 550
max_poolingld 1 (MaxPoolingl (None, 2439, 50) 0
convld 2 (ConvlD) (None, 24%0, 50) 25050
max_poolingld 2 (MaxPoolingl (Nome, 31Z, 50) 0
flatten_1 (Flatten) (None, 15600) 0
dense_1 (Dense) (None, 1) 15601

Total pazams: 41,201
Trainable params: 41,201
Non-trainable params: 0

el UL 8 gars o S Lol zisatll ppls a W Sl e
.(transformed dataset)

# Erain modelmodel.fit (data x, data y, batch size=32, epochs=1)
#1o] pnmed M 830 GhSlas ST L L su15 (epoch) da> e Coyddl ads (oo
Wy ol 3
Loagll Sl e Jgameld 018 el Aoge slsY anbiinl oSy ke 3505
DT I IV LN Gl e (5 il b (B Sl 525 L g
s e F 23 el Jans e S5l fadl e J puamalls 35ne
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Diagnosis using Deep Learning

802180

5 Gl SARS-COV-2 2 a2l COVID-19 Lomdl jotmadl oWl el
Olass GOV 83 2019 jeemsd Geomall Olass Jipe JoY sltosy alics]
AWl Gaslsy) Sl T gl dot ) (T (U1 o el 1in o1l Bl 35 5lzmadl el s
AW ol o oot e e 355 15 oyl

o I G s e Dl s 5l J) 6ol L s sl 250 Lo Ol s
Jlows o oS IS psbiandl ol se i sl Jslls SIEI JWI s
ol sl e el Ul e S

5> -CoronaHack- Chest X-Ray wlls & sazes pddnd b Aliadl oda 3
Ly 5S s Blasdl ) saall dow o Lo s £odl 2 VL jaall |40 e

S K S5 U st 5 50 Bolu 6 Lo U SARS-COV-2 g5 0]
X)L 233U jaall g 0 1 ((respiratory system) sl Sl e
Bylae L] Elaodl B o) Lgalddonl LiSlay A dagall o gacll G,b a1 58 (ray

i G

!




dunalldle Pl (8 ailolariulg Groctl Lol 216

o5 COVID-19 J (pneumonia) 55, <LVl ol O o Kas iS5 WS
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import matplotlib.pyplot as plt

import seaborn as sns

Smatplotlib inline

import numpy as np

import pandas as pd

sns.set ()

import tensorflow as tf

from tensorflow import keras

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import *

from tensorflow.keras.optimizers import Adam, SGD, RMSprop
from tensorflow.keras.applications import DenseNetl2l, VGG19, ResNet50

import PIL.Image

import matplotlib.pyplot as mpimg

import os

from tensorflow.keras.preprocessing.image import ImageDataGenerator,
img to array

from tensorflow.keras.preprocessing import image

from tgdm import tgdm

import warnings

warnings.filterwarnings ("ignore")

from sklearn.utils import shuffle

train df = pd.read csv('../input/coronahack-chest-
xraydataset/Chest xray Corona Metadata.csv')

train df.shape

> (5910, 6)

train df.head(5)

Unnamed:0 X_rayimage_name  Label  Dataset_type Label 2 Virus_category —Label_1_Virus_category
0 0 I 8-0001jpeg Normal TRAIN NaN NaN
11 IM-0127-0001.jpeg  Normal ~ TRAIN NaN NaN
2|2 [ 001jpeg  Normal TRAIN NaN NaN
33 I 2-0001jpeg Normal TRAIN NaN NaN
4 4 IM-0118-0001.jpeg  Normal ~ TRAIN NaN NaN

train df.info()

<class 'pandas.core.frame.DataFrame'>

RangeIndex: 5918 entries, 8 to 59089

Data columns (total 6 columns):
Column

Unnamed: @

X_ray_image_name 591@ non-null

Label 5978 non-null

Dataset_type 5918 non-null

Label_2_Vir tegory 69 non-null

Label_1_Vir tegory 4334 non-null object
dtypes: int64(1), object(5)

memory usage: 277.2+ KB
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62080.0Jl \ 51 &0 | el
missing vals = train df.isnull() .sum()
missing vals.plot (kind = 'bar')

6000
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3000

2000

1000

Label

Unnamed: 0

Dataset_type

X _ray_image_name

Label 2 Virus category
Label 1 Virus category

train df.dropna(how = 'all')
train df.isnull() .sum()

Unnamed: @

X_ray_image_name

Label

Dataset_type
Label_2_Virus_category 5841
Label_1_Vir category 1576
dtype: int64

train df.fillna ('unknown', inplace=True)
train df.isnull() .sum()

Unnamed: @
X_ray_image_name

Label

Dataset_type
Label_2_Virus_category
Label_1_Virus_category
dtype: inté4

train data = train df([train df['Dataset type'] == 'TRAIN']
test data = train df(train df['Dataset type'] == 'TEST']
assert train data.shape[0] + test data.shape[0] == train df.shape[0]

print (f"Shape of train data : {train data.shape}")
print (f"Shape of test data : {test data.shape}")
test data.sample (10)

Shape of train data : (5286, 6)

Shape of test data : (624, 6)
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Unnamed: 0  X_ray_image_name Label Dataset_type Label_2_Virus_category Label_1_Virus_category
5775 person83_bacteria_412.jpeg Pnemonia  TEST unknown bacteria
5873 personi_virus_11.jpeg Pnemonia  TEST unknown virus
5371 IM-0070-0001.jpeg Normal TEST unknown unknown
5417 NORMAL2-IM-0313-0001.jpeg  Normal TEST unknown unknown
5492 NORMAL2-IM-0123-0001.jpeq  Normal TEST unknown unknown
5502 5525 NORMAL2-IM-0359-0001.jpeg  Normal TEST unknown unknown
5550 5573 person157_bacteria_740.jpeg Pnemonia TEST unknown bacteria
5675 5698 person112_bacteria_539.jpeg Pnemonia TEST unknown bacteria
5858 5881 person173_bacteria_831.jpeg Pnemonia TEST unknown bacteria
5567 5590 person150_bacteria_715.jpeg Pnemonia TEST unknown bacteria

unknown" - 8> siiall o4l Mot

print ((train df['Label 1 Virus category']).value counts())
pEIlAE (Y ommmmmmeemssemeeesesoeesss ")
print ((train df['Label 2 Virus category']).value counts())

bacteria 2777
unknown 1576
Virus 1555
Stress-Smeking 2
Name: Label_1_Virus_c y, dtype: inté4

unknown
COVID-19
Streptococcus
SARS

ARDS

Name: Label_2_Virus

COVID-19! <= Je (s 5o Label 2 &5 06 Jub s

Janllya e

test img dir = '/kaggle/input/coronahack-chest-xraydataset/Coronahack-
Chest-XRay-Dataset/Coronahack-Chest-XRay-Dataset/test'
train img dir = '/kaggle/input/coronahack-chest-xraydataset/Coronahack-

Chest-XRay-Dataset/Coronahack-Chest-XRay-Dataset/train'

sample train images = list(os.walk(train img dir)) [0] [2][:8]
sample train images = list (map(lambda x: os.path.join(train img dir, x),
sample train images))

sample test images = list(os.walk(test img dir)) [0] [2][:8]
sample test images = list (map(lambda x: os.path.join(test img dir, x),
sample test images))

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

for iterator, filename in enumerate (sample train images) :
image = PIL.Image.open (filename)
plt.subplot(4,2,iterator+1)
plt.imshow (image, cmap=plt.cm.bone)

plt.tight layout ()
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plt.figure(figsize=(15,10))
sns.countplot (train data['Label 2 Virus category'l);
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coviD-19
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fig, ax = plt.subplots (4, 2, figsize=(15, 10))
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covid path = train data[train data['Label 2 Virus category']=='COVID-
19']['X ray image name'].values

sample covid path = covid path[:4]
sample covid path = list (map(lambda x: os.path.join(train img dir, x),
sample covid path))

for row, file in enumerate (sample covid path) :
image = plt.imread(file)
ax[row, 0].imshow(image, cmap=plt.cm.bone)
x[row, 1].hist(image.ravel(), 256, [0,256])
x[row, 0].axis('off")
if row ==
ax[row, 0].set title('Images')
x[row, 1].set title('Histograms')
fig.suptitle('Label 2 Virus Category = COVID-19', size=16)
plt.show ()

Label 2 Virus Category = COVID-19

Images Histograms
2000
1500
1000
0 I ..|I|I|I|H ‘.
0 50 100 150 200 250
4000
- ‘ H‘H ““‘ “
o ﬂ‘ ...... .mmmmm ‘ mm”
0 50 100 150 200 250
3000
2000
o HH“ “‘H‘Hh
. vy mH|II||||||HHH I
0 50 100 150 200 250
3000
2000
- ‘ ‘ H ‘
0 - .n\HH“|””|”|””|HH“ H |h|h
0 50 100 150 200 250

ol oYU

fig, ax = plt.subplots(4, 2, figsize=(15, 10))

normal path =
train data[train data['Label']=="'Normal']['X ray image name'].values

sample normal path = normal path[:4]
sample normal path = list (map(lambda x: os.path.join(train img dir, x),
sample normal path))

for row, file in enumerate(sample normal path):
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image = plt.imread(file)
x[row, 0].imshow(image, cmap=plt.cm.bone)
x[row, 1].hist(image.ravel(), 256, [0,256])
ax[row, 0].axis('off"')
if row ==
x[row, 0].set title('Images')
x[row, 1].set title('Histograms')
fig.suptitle('Label = NORMAL', size=16)
plt.show ()

Label = NORMAL

Images Histograms
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final train data = train datal (train data['Label'] == 'Normal') |
((train data['Label'] == 'Pnemonia') &
(train data['Label 2 Virus category'] ==

'COVID-19"))]

final train data['class'] = final train data.Label.apply(lambda x:
'negative' if x=='Normal' else 'positive')

test data['class'] = test data.lLabel.apply(lambda x: 'negative' if
x=='Normal' else 'positive')

final train data['target'] = final train data.Label.apply(lambda x: 0 if
x=="Normal' else 1)

test data['target'] = test data.Label.apply(lambda x: 0 if x=='Normal'
else 1)
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final train data = final train data[['X ray image name', 'class',
'target', 'Label 2 Virus category']]
final test data = test data[['X ray image name', 'class', 'target']]

test data['Label'].value counts()

Pnemonia 398
Normal 234

Name: Label, dtype: int64

Ul 62U j

datagen = ImageDataGenerator (
shear range=0.2,
zoom range=0.2,

)

def read img(filename, size, path):
img = image.load img(os.path.join(path, filename), target size=size)
#convert image to array
img = image.img to array(img) / 255
return img

samp img = read img(final train data['X ray image name'] [0],
(255,255),
train img path)

plt.figure(figsize=(10,10)
plt.suptitle('Data Augmentation', fontsize=28)

i=0

for batch in datagen.flow (tf.expand dims (samp_img,0), batch size=6):
plt.subplot (3, 3, i+1)
plt.grid(False)
plt.imshow (batch.reshape (255, 255, 3));

if 1 ==
break
i+=1

plt.show() ;
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Data Augmentation
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corona df = final train data[final train data['Label 2 Virus category'] ==
'COVID-19']
with corona augmented = []

250
0

def augment (name) :
img = read img(name, (255,255), train img path)
i=0
for batch in tgdm(datagen.flow (tf.expand dims (img, 0),
batch size=32)):
with corona augmented.append (tf.squeeze (batch) .numpy())
if 1 == 20:
break
i =i+l

corona df['X ray image name'].apply (augment)
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.161it/s]
471it/s]
.62it/s]
.51it/s]
38.291it/s]
.951t/s]
.88it/s]

L17it/s]
.57it/s]
.97it/s]
.54it/s]
3.79it/s]
.53it/s]
3.31it/s]

train arrays = []

final train data['X ray image name'].apply (lambda x:

train arrays.append(read img(x, (255,255), train img dir)))
test arrays = []

final test data['X ray image name'].apply(lambda x:

test arrays.append(read img(x, (255,255), test img dir)))

print (len(train arrays))
print (len(test arrays))

1400
624

y train = np.concatenate((np.int64 (final train data['target'].values),
np.ones (len(with corona augmented), dtype=np.int64)))

Hao Jlablll a0 Jygd

train tensors =

tf.convert to tensor(np.concatenate((np.array(train arrays),

np.array (with corona augmented))))

test tensors = tf.convert to tensor (np.array(test arrays))

y train tensor = tf.convert to tensor(y train)

y test tensor = tf.convert to tensor(final test data['target'].values)

train dataset = tf.data.Dataset.from tensor slices((train_tensors,
y train tensor))

test dataset = tf.data.Dataset.from tensor slices((test tensors,

y test tensor))

for i,1 in train dataset.take(1l):
plt.imshow (i) ;



ool pleill pplaaiwl COVID-19 jarauini

' ﬁl‘.
JE N
150 :

200

250 !!!!!!!!!EfJ

0 100 200

oiledall g

BATCH_SIZE = 16
BUFFER = 1000

train batches = train dataset.shuffle (BUFFER) .batch (BATCH SIZE)
test batches = test dataset.batch (BATCH SIZE)

for i,1 in train batches.take(1):

print ('Train Shape per Batch: ', i.shape);
for i,1 in test batches.take(l):

print ('Test Shape per Batch: ',i.shape);

Train Shape per Batch: (16

Test Shape per Batch:

ResNet50 go odcll &)

INPUT SHAPE = (255,255, 3)

base model = tf.keras.applications.ResNet50 (input shape= INPUT_ SHAPE,
include top=False,
weights="'imagenet"')

# We set it to False because we don't want to mess with the pretrained

weights of the model.
base model.trainable = False

NEurb Lol ol @J Ry

Total params: 23,587,712

Trainable params: @
Non-trainable params: 23,587,712

for i,1 in train batches.take(1):
pass

base model (i) .shape

> TensorShape ([16, 8, 8, 2048])

Jg_DJI .“. ..I.. .":.E . ..‘I dQLD.!

model = Sequential ()
model.add (base_model)
model.add (Layers.GlobalAveragePooling2D () )
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model.add (Layers.Dense (128)

model.add (Layers.Dropout (0.2))

model.add (Layers.Dense (1, activation = 'sigmoid'))
model.summary ()

callbacks = tf.keras.callbacks.EarlyStopping(monitor='val loss',

Model: "sequential"

Layer (type) Param #

resnet58 (Model) ( 2 23587712

global_average_pooling2d

dense (Dense)

dense_1 (Dense)

Total params: 23,858,113
Trainable params: 262,481
Non-trainable params: 23,587,712

patience=2)

model.compile (optimizer="'adam',
loss = 'binary crossentropy',
metrics=['accuracy'])

model.fit (train batches, epochs=10, validation data=test batches,
callbacks=[callbacks])

Epoch 1/18

164/164 [= 12s 73ms/step : 8.6819 - accuracy:
val_accuracy:

Epoch 2/

164/164 | 18s 62ms/step 0 8. accuracy:
val_accuracy:

18s 62ms/step : 08.2427 - accuracy:
08.5632 - val_accuracy:
Epoch 4/18
164/164 | 18s 68ms/step : 8.1744 - accuracy:
val_loss: 8.7198 - val_accuracy:

<tensorflow.python.keras.callba .History at 8x7fc4aB5c94d6>

pred = model.predict classes(np.array(test arrays))

# classification report
from sklearn.metrics import classification report, confusion matrix
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print (classification report (test data['target'], pred.flatten()))

precision recall f1-score support

8.85 o 234
8.64

accuracy

macro avg
weighted avg

+13] 522} (confusion matrix) $Ls,1 & yiwas (et W o 52l 0l (6 5 LSTI
L3 gl

con mat = confusion matrix(test data['target'], pred.flatten())

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

plt.title ('CONFUSION MATRIX')

sns.heatmap (con_mat, cmap='cividis',
yticklabels=['Negative', 'Positive']
xticklabels=['Negative', 'Positive']
annot=True) ;

’
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