tensorflow tf
tensorflow.keras.layers Conv2D, BatchNormalization, Activation, MaxPool2D
Conv2DTranspose, Concatenate, Input, CenterCrop
tensorflow.keras.models Model
tensorflow.keras.preprocessing.image ImageDataGenerator
sklearn.model selection train te split
tensorflow.keras.callbacks ModelCheckpoint, ReducelLROnPlateau larlyStopping
TensorBoard, CSVLogger
tensorflow.keras.utils to categorical
tensorflow image
tensorflow.image resize with crop or pad
os
cv2
matplotlib.pyplot plt
numpy np
PIL Image
random shuffle
tgdm tgdm
learn.utils class weight
learn.preproc 51ng LabelEncoder

CNN_UNet (Model) :

( input dim, num layers, num cl s, batch size):
(CNN_UNet ) . ()

.input dim = input dim
.batch size = batch size
.num_layers = num layers
.num_cla = num cl

NUM FILTER1
NUM FILTER2
NUM FILTER
NUM FILT

NUM FILTERS

KERNEL SIZE

PADDING =




.encoderl 1 Conv = Conv2D (NUM FILTERI KERNEL SIZE
.encoderl 1 BatchNorm = BatchNormalization (
.encoderl 1 Activation = Activation (

.encoderl 2 Conv Conv2D (NUM FILTER1, KERNEL SIZE PADDING)
.encoderl 2 BatchNorm BatchNormalization ()

.encoderl 2 Activation = Activation (
.encoderl 2 Pooling = MaxPool2D ( = ( )
.encoderl crop4concatenation CenterCrop (

.encoder2 1 Conv = Conv2D (NUM FILTER2 KERNEL SIZE
.encoder2 1 BatchNorm BatchNormalization ()
.encoder2 1 Activation Activation ( )
.encoder2 2 Conv = Conv2D (NUM FILTER2 KERNEL SIZE
.encoder?2 2 BatchNorm = BatchNormalization (
.encoder2 2 Activation Activation ( )
.encoder2 2 Pooling MaxPool2D (

.encoder2 crop4concatenation CenterCrop (

.encoder3 1 Conv = Conv2D(NUM FILTER3, KERNEL SIZE =PADDING)
.encoder3 1 BatchNorm = BatchNormalization ()

.encoder3 1 Activation = Activation ( )

.encoder3 2 Conv = Conv2D(NUM FILTER3, KERNEL SIZE =PADDING)
.encoder3 2 BatchNorm = BatchNormalization ()

.encoder3 2 Activation = Activation ( )

encoder3 2 Pooling = MaxPool2D (

encoder3 crop4concatenation CenterCrop (

.eﬂcoder47 onv = CC?V?D(NUMiFTT ER4 KERNEL SIZE

.encoder4 atchNorm = BatchNormalization ()

.encoder4 1 Activation = Activation ( )

.encoder4 2 Conv = Conv2D(NUM FILTER4, KERNEL SIZE =PADDING)
.encoder4 2 BatchNorm = BatchNormalization ()

.encoder4 2 Activation = Activation ( )

.encoder4 2 Pooling = MaxPool2D ( =( ) )

.encoder4 crop4concatenation = CenterCrop ( )

1
1

~
C
B

.bridqeiliConV = Conv2D(NUM FILTERS, KERNEL SIZE =PADDING)
.bridge 1 BatchNorm = BatchNormalization ()

.bridge 1 Activation = Activation( )

.bridge 2 Conv = Conv2D(NUM FILTER5, KERNEL SIZE
.bridge 2 BatchNorm = BatchNormalization ()

.bridge 2 Activation = Activation ( )

.decoderl 1 ConvTrans = ConvZ2DTranspose (NUM FILTER4
=PADDING)
.decoderl 1 Concatenate = Concatenate ()

.decoderl 2 Conv = Conv2D(NUM FILTER4, KERNEL SIZE =PADDING)
.decoderl 2 BatchNorm = BatchNormalization ()
.decoderl 2 Activation = Activation ( )
.decoderl 3 Conv = Conv2D(NUM FILTER4, KERNEL SIZE =PADDING)
.decoderl 3 BatchNorm = BatchNormalization ()
.decoderl 3 Activation = Activation ( )

.decoder2 1 ConvTrans = Conv2DTranspose (NUM FILTER3
=PADDING)
.decoder2 1 Concatenate = Concatenate ()
.decoder2 2 Conv = Conv2D(NUM FILTER3, KERNEL SIZE =PADDING)
.decoder2 2 BatchNorm = BatchNormalization ()
.decoder2 2 Activation = Activation ( )
.decoder2 3 Conv = Conv2D (NUM FILTER3 KERNEL SIZE =PADDING)
.decoder2 3 BatchNorm = BatchNormalization ()
.decoder2 3 Activation = Activation (

decoder3 1 ConvTrans = Conv2DTranspose (NUM FILTER2
=PADDING)
.decoder3 1 Concatenate = Concatenate ()
.decoder3 2 Conv = Conv2D (NUM FILTER2 KERNEL SIZE =PADDING)
.decoder3 2 BatchNorm = BatchNormalization ()




.decoder3 2 Activation = Activation (

.decoder3 Conv = Conv2D (NUM FILTER2 KERNEL SIZE
.decoder3 BatchNorm = BatchNormalization (
.decoder3 Activation = Activation ( )

w W w

.decoder4 1 ConvTrans = ConvzDTranspose (NUM FILTERI
=PADDING)

.decoder4 1 Concatenate Concatenate ()

.decoder4 1 Conv Conv2D (NUM FILTER1, KERNEL SIZE PADDING)
.decoderd4 2 BatchNorm = BatchNormalization (
.decoderd4 2 Activation = Activation (
.deccder4737Ccnv Conv2D (NUM FILTER1, KERNEL SIZE PADDING)
.decoder4 3
.decoder4 3

BatchNorm BatchNormalization ()

Activation = Activation (

.final output = Conv2D(num classes
X) :

.encoderl 1 Conv (x)
.encoderl 1 BatchNorm(x1)
.encoderl 1 Activation (x1)
.encoderl 2 Conv (x1)
.encoderl 2 BatchNorm (x1)
.encoderl 2 Activation (x1)
.encoderl 2 Pooling(x1)
.encoderl crop4concatenation (x1)

.encoder2 1 Conv (pl)
.encoder2 1 BatchNorm(x2)
.encoder2 1 Activation (x2)
.encoder2 2 Conv (x2)
.encoder2 2 BatchNorm(x2)
.encoder2 2 Activation (x2)
.encoder2 2 Pooling(x2)
.encoder2 crop4concatenation (x2)

.encoder3 1 Conv (p2)
.encoder3 1 BatchNorm (x3)
.encoder3 1 Activation (x3)
.encoder3 2 Conv (x3)
.encoder3 2 BatchNorm (x3)
.encoder3 2 Activation (x3)
.encoder3 2 Pooling (x3)
.encoder3 crop4concatenation (x3)

.encoder4 1 Conv (p3)
.encoder4 1 BatchNorm (x4)
.er dler4d 1 Activation (x4)
.encoderd4 2 Conv (x4)
.encoderd4 2 BatchNorm (x4)

dlerd 2 Activation (x4)
.encoder4 2 Pooling(x4)
.encoder4 cropé4concatenation (x4)

.bridge 1 Conv (p4)
.bridge 1 BatchNorm (x5)
.bridge 1 Activation (x5
.bridge 2 Conv (x5)
.bridge 2 BatchNorm(x5)
.bridge 2 Activation (x5)

)

decoderl 1 ConvTrans (x5)
(

.decoderl 1 Concatenate
.decoderl 2 Conv (x6)
.decoderl 2 BatchNorm (x6)

[x6, x41])




.decoderl 2 Activation (x6)
.decoderl 3 Conv (x6)

.decoderl 3 BatchNorm (x
.decoderl 3 Activation(

6)

X6)

.decoder2 1 ConvTrans (x6)
.decoder2 1 Concatenate ([x7
.decoder2 2 Conv (x7)
.decoder2 2 BatchNorm (x7)
.decoder2 2 Activation (x7)
.decoder2 3 Conv (x7)
3
=

.decoder2 3 BatchNorm (x7)
.decoder2 3 Activation (x7)

.decoder3 1 ConvTrans (x7)
.decoder3 1 Concatenate ([x8
.decoder3 2 Conv (x8)
.decoder3 2 BatchNorm (x8)
.decoder3 2 Activation (x8)
.decoder3 3 Conv (x8)
.decoder3 3 BatchNorm (x8)
.decoder3 3 Activation (x8)

.decoder4 1 ConvTrans (
.decoder4 1 Concatenat
.decoder4 1 Conv (x9)
.decoder4 2 BatchNorm (x9)
.decoder4 2 Activation (x9)
.decoder4 3 Conv (x9)
.decoder4 3 BatchNorm (x9
.decoder4 3 Activation (x

1 x8)
1 e

([x9, x11)

XX X X X X X X
O VWYL

)
9)

finalOutput = .final output (x9)

finalOutput




data path
train org folder

train mask folder =

valid org folder =

valid mask folder

+ log name

modelSavel
modelSave?2

valid path

train org path = path.join(data path, train org folder
train mask path path.join(data path, train mask folder

valid org path = path.join(valid path, valid org folder
valid mask path s.path.join(valid path, valid mask folder

train org images .listc (traln _org path)
train mask images 5 5 (train mask path)
valid org images = .listdir (valid org path)
valid mask images S . stdir(valid mask path)

train org = train org images
train mask = train mask images
test org = valid org images
test mask = valid mask images

valid org valid org images
valid mask = valid mask images

org)
rain mask)

dlLd ch)
valid mask)

(train org))
(test org))
(valid org))




folders
]
folder folders:

existing = os.listdir(data path)
folder existing:
os.makedirs (data path + folder)

image folders = [(train org
(valid org

mask folders [ (train mask
(valid mask

folder image folders:

images = folder[0]
folderName = folder([1]
image images:
folderName ==

(test org
)]

) (test mask
)]

img = Image.open(valid org path + image)

folderName ==

img = Image.open(valid org path + image)

img = Image.open(train org path + image)

img.save (data path + folderName +

folder mask folders:
images = folder[0]
folderName = folder([1]
image images:
folderName ==

+ image)

img = Image.open(valid mask path + image)

folderName ==

img = Image.open(valid mask path + image)

img = Image.open(train mask path + image)

img.save (data path + folderName +

img W =
img H

batchSize
bufferSize

numberClas

(

(
train image ds
test image
valid image ds
loopNbr =

folder image folders:

images = folder[0]
folderName = folder[1]
image images:

image path = data pathtfolderName+
img = cv2.imread(image path

ape (img H

+ image)

+image

cv2.IMREAD GRAYSCA




img img.astype (np.float32)
img img/

loopNbr ==
train image ds.append(np.array (img))
loopNbr
test image ds.append(np.array(img))
loopNbr ==
valid image ds.append(np.array (img))
loopNbr loopNbr +

train image ds np.array (train image ds)
test image | np.array (test image ds)
valid image = np.array(valid image ds)
( )
(

(train image ds.shape, test image ds.shape, valid image ds.shape)

]

valigimasﬁi 5
weight vector =
loopNbr =
folder mask folders:
images = folder[0]
folderName = folder[1]
image images:
image path = data path + folderName + + image
img cv2.imread (image path, cv2.IMREAD GRAYSCALE)

]
]

[
[1
[
[

img = img.astype (np.int32)
weight vector.append (img)

img = tf.keras.utils.to categorical (img =numberClasses
loopNbr ==

train mask ds.append (img)
loopNbr ==

test mask ds.append(img)
loopNbr ==

valid mask ds.append (img)
loopNbr +

loopNbr

train mask ds np.array (train mask ds
test mask np.array(test mask d
valid mask ds = np.array(valid mas
weight vector np.array (weight vecto
(
(

(train mask ds.shape, test 5 5 valid mask




(

( np.unique (weight vector)
weight clas np.unique (weight vector)
weight classes.astype (np.int32)

weight vector reshaped = weight vector.reshape (- )
weight vector reshaped np.asarray (weight vector reshaped)

labelencoder = LabelEncoder ()
weight vector reshaped = labelencoder.fit transform(weight vector reshaped)
class weights ss | compute class weight (

.unique (weight vector reshaped), weight vector reshaped)

]: class weights[O0]
weights([2]}
( weights dicts)

train image ds.shape, train mask ds.shape)
test image ds.shape, test mask ds.shape)
valid image ds.shape, valid mask ds.shape)

(

(
train ds = tf.data.Dataset.from tensor slices((train image ds
test ds = tf.data.Dataset.from tensor slices((test image ds ] |
valid ds = tf.data.Dataset.from tensor slices((valid image ds, valid mas

(

train ds = train ds.shuffle( =bufferSize
train train ds.batch (batchSize)

train ds train ¢ repeat ()

train ds train ds.prefetch(5)

5 huffle ( =pbufferSize
st _ds.batch (batchSize)
st _ds.repeat ()
st _ds.prefetch (5)

valid ds = valid ds.shuffle( =pbufferSize
valid ds valid ds.batch (batchSize)

valid ds valid ds.repeat ()

valid ds valid ds.prefetch(5)

(
(
(
(
(

inputShape = (
learnRate =
EPOCHS =

model = CNN UNet (inputShape numberClasses, batchSize)

batchSize)
EPOCHS)




model.compile ( =
tf.keras.optimizers.Adam(learnRate)
(train org)//batchSize
(test org)//batchSize
)

train steps)

)

mc = ModelCheckpoint (modelSavel

LROnPlateau (

csv_logger = CSVLogger (save log

callbacks = [mc, csv_logger, rlp]

model.fit (train ds
=test steps
=EPOCHS =callbacks)

(
(

(history.history.keys())

(
( )

train acc = model.evaluate (train ds

test acc = model.evaluate (test ds g
( % (train acc

)

.figure ()

.plot (history.historyl[
.plot (history.history[
.title(

.legend()

savefig(save path+




.figure ()

.plot (history.historyl[
.plot (history.history|[
.title(

.legend()
.savefig(save path +
show ()

(
(
(
(model.summary ()
(

(

model.save (modelSave?2

model = tf.keras.models.load model (modelSaveZ2)
( )
(

validation images = image folders[2][0]
validation mask = mask folders[2][0]
validation folder images = image folders([2][1]

validation folder masks = mask folders[2][1]

validation images path = data path + validation folder ima
validation masks path = data path + validation folder mas
)

validation images path)
validation images)

validation masks path)
validation mask)

(
(
(
(
(
(

( (validation images)) :
= validation images([i]
= validation mask[i]

name =
= validation images path + x
= cv2.imread(path, cv2.IMREAD GRAYSCALE)
= x/

np.expand dims (x
x.astype (np.float32)

= validation masks path + y
cv2.imread(path, cv2.IMREAD GRAYSCALE)

y = np.expand dims (y




+ name

img img H)

+ name, final i




