Legend for the Supplementary File

Deep-learing code

from __future__ import print_function

import numpy as np

import pandas as pd

import SimpleITK as sitk

from keras.layers import *

from keras.models import Model

from keras.regularizers import l2

import keras

from keras import backend as K

from tensorflow.keras.layers import Conv3D, UpSampling3D

from tensorflow.keras.layers import Input, BatchNormalization, PReLU, ReLU, Dropout

from tensorflow.keras.layers import Add

from tensorflow_addons.layers import GroupNormalization

from tensorflow.keras import Model

import tensorflow as tf

hn = 'he_normal'

def conv_block_3D(x, filters, norm_fn='bn', kernel_size=3,

               kernel_initializer=hn, acti_fn='prelu', dropout_rate=None):

    assert type(filters)==list, "Please input filters of type list."

    assert acti_fn!= None, 'There should be an activation function specified'

    #1st convolutional block

    if norm_fn=='bn':

        x = BatchNormalization()(x)

    elif norm_fn=='gn':

        x = GroupNormalization()(x)

    if acti_fn=='relu':

        x = ReLU()(x)

    elif acti_fn=='prelu':

        x = PReLU(shared_axes=[1,2,3])(x)

    if dropout_rate != None:

        x = Dropout(dropout_rate)(x)

    x = Conv3D(filters[0], kernel_size, padding='same', kernel_initializer=kernel_initializer)(x)

    #2nd convolutional block

    if norm_fn=='bn':

        x = BatchNormalization()(x)

    elif norm_fn=='gn':

        x = GroupNormalization()(x)

    if acti_fn=='relu':

        x = ReLU()(x)

    elif acti_fn=='prelu':

        x = PReLU(shared_axes=[1,2,3])(x)

    x = Conv3D(filters[1], kernel_size, padding='same', kernel_initializer=kernel_initializer)(x)

    return x

def extract_features(inputs, bn_momentum, drop_rate, name=None):

    fts_pool = MaxPooling3D((7, 6, 6), name=name + "_pre_pool")(inputs)

    # Flatten + Batch normalization + Dropout

    fts_flt = Flatten(name=name + "_pre_flt")(fts_pool)

    fts_bn = BatchNormalization(momentum=bn_momentum, name=name + "_pre_bn")(fts_flt)

    fts_dp = Dropout(drop_rate, name=name + "_pre_dp")(fts_bn)

    fc1 = keras.layers.Dense(128, "softmax", name)(fts_dp)

    fc1 = BatchNormalization(momentum=bn_momentum, name=name + "_bn")(fc1)

    return fc1

def conv3d(inputs, filter_num, filter_size,

            strides=(1, 1, 1), initializer = "glorot_uniform", l2_coeff = 5e-5, name=None):

    return Convolution3D(filter_num, filter_size,

                         strides=strides,

                         kernel_initializer=initializer,

                         kernel_regularizer=l2(l2_coeff),

                         activation="relu",

                         padding="same",

                         name=name)(inputs)

def get_model(inputshape=(128,128,112,1), bn_momentum=0.9, drop_rate = 0.5):

    # Input layer

    inputs = Input(shape=inputshape)

    conv1 = conv3d(inputs, 16, 5, strides=(2, 2, 2), l2_coeff=5e-5, name="conv1")

    conv1_bn = BatchNormalization(momentum=bn_momentum, name="conv1_bn")(conv1)

    # Conv2 + Max Pooling + BN

    conv2 = conv3d(conv1_bn, 32, 3, l2_coeff=5e-5, name="conv2")

    conv2_mp = MaxPooling3D((2, 2, 2), strides=(2, 2, 2), name="conv2_mp")(conv2)

    conv2_bn = BatchNormalization(momentum=bn_momentum, name="conv2_bn")(conv2_mp)

    # Conv3 + Max Pooling + BN

    conv3 = conv3d(conv2_bn, 64, 3, l2_coeff=5e-5, name="conv3")

    conv3_mp = MaxPooling3D((2, 2, 2), strides=(2, 2, 2), name="conv3_mp")(conv3)

    conv3_bn = BatchNormalization(momentum=bn_momentum, name="conv3_bn")(conv3_mp)

    # Conv4 + Max Pooling + BN

    conv4 = conv3d(conv3_bn, 128, 3, l2_coeff=5e-5, name="conv4")

    conv4_mp = MaxPooling3D((2, 2, 2), strides=(2, 2, 2), name="conv4_mp")(conv4)

    conv4_bn = BatchNormalization(momentum=bn_momentum, name="conv4_bn")(conv4_mp)

    # Conv5 (Scale1)

    conv5 = conv3d(conv4_bn, 128, 3, l2_coeff=5e-5, name="conv5")

    # conv5 = (25,25,15,256)

    # Upsampling1

    conv5_up = UpSampling3D((2, 2, 2), name="conv5_up")(conv5)

    # Conv4 ADD Upsampling1 + BN

    sum1 = Add(name="sum1")([conv4, conv5_up])

    sum1_bn = BatchNormalization(momentum=bn_momentum, name="sum1_bn")(sum1)

    # Conv6 (Scale2)

    conv6 = conv3d(sum1_bn, 64, 3, l2_coeff=5e-5, name="conv6")

    # Upsampling2

    conv6_up = UpSampling3D((2, 2, 2), name="conv6_up")(conv6)

    # Conv3 ADD Upsampling2 + BN

    sum2 = Add(name="sum2")([conv3, conv6_up])

    sum2_bn = BatchNormalization(momentum=bn_momentum, name="sum2_bn")(sum2)

    # Conv7 (Scale3)

    conv7 = conv3d(sum2_bn, 32, 3, l2_coeff=5e-5, name="conv7")

    # Upsampling3

    conv7_up = UpSampling3D((2, 2, 2), name="conv7_up")(conv7)

    # Conv2 ADD Upsampling3 + BN

    sum3 = Add(name="sum3")([conv2, conv7_up])

    sum3_bn = BatchNormalization(momentum=bn_momentum, name="sum3_bn")(sum3)

    # Conv8 (Scale4)

    conv8 = conv3d(sum3_bn, 16, 3, l2_coeff=5e-5, name="conv8")

    # Extracte features from Scale1

    fts1 = extract_features(conv5_up, bn_momentum=bn_momentum, drop_rate=0.5, name="fc1_1")

    # Extracte features from Scale2

    fts2 = extract_features(conv6, bn_momentum=bn_momentum, drop_rate=0.5, name="fc1_2")

    # Extracte features from Scale3

    fts3 = extract_features(conv7, bn_momentum=bn_momentum, drop_rate=0.5, name="fc1_3")

    # Extracte features from Scale4

    fts4 = extract_features(conv8, bn_momentum=bn_momentum, drop_rate=0.5, name="fc1_4")

    # Fuse features

    fts = Concatenate(name="fts_all")([fts1, fts2, fts3, fts4])

    fts_dp = Dropout(rate=drop_rate, name="fts_all_dp")(fts)

    fc2 = keras.layers.Dense(128, "softmax", name="fc2")(fts_dp)

    fc2_bn = BatchNormalization(momentum=bn_momentum, name="fc2_bn")(fc2)

    # Output layer

    fc3 = keras.layers.Dense(2, "sigmoid", name="fc3")(fc2_bn)

    model = Model(inputs=inputs, outputs=fc3)

    return model

def to_categorical(y, num_classes=None, dtype='float32'):

    y = np.array(y, dtype='int')

    input_shape = y.shape

    if input_shape and input_shape[-1] == 1 and len(input_shape) > 1:

        input_shape = tuple(input_shape[:-1])

    y = y.ravel()

    if not num_classes:

        num_classes = np.max(y) + 1

    n = y.shape[0]

    categorical = np.zeros((n, num_classes), dtype=dtype)

    categorical[np.arange(n), y] = 1

    output_shape = input_shape + (num_classes,)

    categorical = np.reshape(categorical, output_shape)

    return categorical

def standardize(image):

    standardized_image = np.zeros(image.shape)

    for z in range(image.shape[2]):

        image_slice = image[:, :, z]

        centered = image_slice - np.mean(image_slice)

        if (np.std(centered) != 0):

            centered = centered / np.std(centered)

        standardized_image[:, :, z] = centered

    return standardized_image

def create_dataset(file_path):

    readdata = pd.read_csv(file_path)

    readdata = readdata.values

    datax = []

    datay = []

    for row in range(len(readdata)):

        series_path = readdata[row][0]

        series_level = readdata[row][1]

        read_series_nii = sitk.ReadImage(series_path)

        read_series_nii_image = sitk.GetArrayFromImage(read_series_nii).transpose(2, 1, 0)

        read_series_nii_image_standardize = standardize(read_series_nii_image)

        datax.append(read_series_nii_image_standardize)

        datay.append(series_level)

    datax = np.array(datax)

    datax = datax.reshape(datax.shape[0], datax.shape[1], datax.shape[2], datax.shape[3], 1)

    datay = np.array(datay)

    datay = datay.reshape(datay.shape[0], 1)

    return datax, datay

trainfile_path = r'trainset.csv'

validfile_path = r'validset.csv'

testfile_path = r'testset.csv'

trainx, trainy = create_dataset(trainfile_path)

validx, validy = create_dataset(validfile_path)

testx, testy = create_dataset(testfile_path)

trainy = to_categorical(trainy, num_classes=2)

validy = to_categorical(validy, num_classes=2)

testy = to_categorical(testy, num_classes=2)

model = get_model(inputshape=(128, 128, 112, 1), bn_momentum=0.9, drop_rate=0.5, initializer="glorot_normal",

                           l2_coeff=5e-5)

model.summary()

# Compile model

initial_learning_rate = 0.001

lr_start = 0.001

sgd = tf.keras.optimizers.SGD(learning_rate=0.1, decay=1e-6, momentum=0.9, nesterov=True)

model.compile(

    loss='binary_crossentropy',

    optimizer=sgd,

    metrics=["acc"],

)

batch_sizevalue = 16

history = model.fit(

    trainx, trainy,

    batch_size=batch_sizevalue,

    epochs=1000,

    validation_data=(validx, validy),

    shuffle=True,

)

layer_name = 'fc2_bn'

layer_output = model.get_layer(layer_name).output

layer_input = model.input

output_func = K.function([layer_input], [layer_output])

x_preproc = trainx

output_shape = output_func([x_preproc[0][None, ...]])[0].shape

activations = np.zeros((x_preproc.shape[0],) + output_shape[1:])

batch_size = 16

for batch_index in range(int(np.ceil(x_preproc.shape[0] / float(batch_size)))):

    begin, end = batch_index * batch_size, min((batch_index + 1) * batch_size, x_preproc.shape[0])

    activations[begin:end] = output_func([x_preproc[begin:end]])[0]

datatrain = pd.DataFrame(activations)

datatrain.to_csv('datatrain.csv')

x_preproc = validx

output_shape = output_func([x_preproc[0][None, ...]])[0].shape

activations = np.zeros((x_preproc.shape[0],) + output_shape[1:])

batch_size = 16

for batch_index in range(int(np.ceil(x_preproc.shape[0] / float(batch_size)))):

    begin, end = batch_index * batch_size, min((batch_index + 1) * batch_size, x_preproc.shape[0])

    activations[begin:end] = output_func([x_preproc[begin:end]])[0]

datavalid = pd.DataFrame(activations)

datavalid.to_csv('datavalid.csv')

x_preproc = testx

output_shape = output_func([x_preproc[0][None, ...]])[0].shape

activations = np.zeros((x_preproc.shape[0],) + output_shape[1:])

batch_size = 16

for batch_index in range(int(np.ceil(x_preproc.shape[0] / float(batch_size)))):

    begin, end = batch_index * batch_size, min((batch_index + 1) * batch_size, x_preproc.shape[0])

    activations[begin:end] = output_func([x_preproc[begin:end]])[0]

datatest = pd.DataFrame(activations)

datatest.to_csv('datatest.csv')

