[bookmark: _GoBack]The data set I used is LIDC-IDRI data set. The model is built with TensorFlow and Keras framework, and the programming language is Python. The following is the code:

def res_conv(X, filters, base, s):
    
    name_base = base + '/branch'
    
    F1, F2, F3 = filters

    ##### Branch1 is the main path and Branch2 is the shortcut path #####
    
    X_shortcut = X
    
    ##### Branch1 #####
    # First component of Branch1 
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_1')(X)
    X= Activation('relu', name=name_base + '1/relu_1')(X)
    X = Conv2D(filters=F1, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '1/conv_1', kernel_initializer=glorot_uniform(seed=0))(X)

    # Second component of Branch1
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_2')(X)
    X = Activation('relu', name=name_base + '1/relu_2')(X)
    X = Conv2D(filters=F2, kernel_size=(3,3), strides=(s,s), padding='same', name=name_base + '1/conv_2', kernel_initializer=glorot_uniform(seed=0))(X)
    
    # Third component of Branch1
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_3')(X)
    X = Activation('relu', name=name_base + '1/relu_3')(X)
    X = Conv2D(filters=F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '1/conv_3', kernel_initializer=glorot_uniform(seed=0))(X)
    
    ##### Branch2 ####
    X_shortcut = BatchNormalization(axis=-1, name=name_base + '2/bn_1')(X_shortcut)
    X_shortcut= Activation('relu', name=name_base + '2/relu_1')(X_shortcut)
    X_shortcut = Conv2D(filters=F3, kernel_size=(1,1), strides=(s,s), padding='valid', name=name_base + '2/conv_1', kernel_initializer=glorot_uniform(seed=0))(X_shortcut)
    
    # Final step: Add Branch1 and Branch2
    X = Add(name=base + '/Add')([X, X_shortcut])

    return X

def res_identity(X, filters, base):
    
    name_base = base + '/branch'
    
    F1, F2, F3 = filters

    ##### Branch1 is the main path and Branch2 is the shortcut path #####
    
    X_shortcut = X
    
    ##### Branch1 #####
    # First component of Branch1 
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_1')(X)
    Shortcut= Activation('relu', name=name_base + '1/relu_1')(X)
    X = Conv2D(filters=F1, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '1/conv_1', kernel_initializer=glorot_uniform(seed=0))(Shortcut)

    # Second component of Branch1
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_2')(X)
    X = Activation('relu', name=name_base + '1/relu_2')(X)
    X = Conv2D(filters=F2, kernel_size=(3,3), strides=(1,1), padding='same', name=name_base + '1/conv_2', kernel_initializer=glorot_uniform(seed=0))(X)
    
    # Third component of Branch1
    X = BatchNormalization(axis=-1, name=name_base + '1/bn_3')(X)
    X = Activation('relu', name=name_base + '1/relu_3')(X)
    X = Conv2D(filters=F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '1/conv_3', kernel_initializer=glorot_uniform(seed=0))(X)    
    
    # Final step: Add Branch1 and the original Input itself
    X = Add(name=base + '/Add')([X, X_shortcut])

    return X

def Trunk_block(X, F, base):
    
    name_base = base
    
    X = res_identity(X, F, name_base + '/Residual_id_1')
    X = res_identity(X, F, name_base + '/Residual_id_2')
    
    return X

def interpolation(input_tensor, ref_tensor,name): # resizes input_tensor wrt. ref_tensor
    H, W = ref_tensor.get_shape()[1], ref_tensor.get_shape()[2]
    return tf.image.resize_nearest_neighbor(input_tensor, [H.value, W.value], name=name)

def Attention_1(X, filters, base):
    
    F1, F2, F3 = filters
    
    name_base = base
    
    X = res_identity(X, filters, name_base+ '/Pre_Residual_id')
    
    X_Trunk = Trunk_block(X, filters, name_base+ '/Trunk')
    
    X = MaxPooling2D((3,3), strides=(2,2), padding='same', name=name_base+ '/Mask/pool_3')(X)
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_3_Down')
    
    Residual_id_3_Down_shortcut = X
    
    Residual_id_3_Down_branched = res_identity(X, filters, name_base+ '/Mask/Residual_id_3_Down_branched')
    
    X = MaxPooling2D((3,3), strides=(2,2), padding='same', name=name_base+ '/Mask/pool_2')(X)
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Down')
    
    Residual_id_2_Down_shortcut = X
    
    Residual_id_2_Down_branched = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Down_branched')
    
    X = MaxPooling2D((3,3), strides=(2,2), padding='same', name=name_base+ '/Mask/pool_1')(X)
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_1_Down')
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_1_Up')
    
    temp_name1 = name_base+ "/Mask/Interpool_1"
    
    X = Lambda(interpolation, arguments={'ref_tensor': Residual_id_2_Down_shortcut,'name':temp_name1})(X)
                                          
    X = Add(name=base + '/Mask/Add_after_Interpool_1')([X, Residual_id_2_Down_branched])
                                          
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Up')
    
    temp_name2 = name_base+ "/Mask/Interpool_2"
    
    X = Lambda(interpolation, arguments={'ref_tensor': Residual_id_3_Down_shortcut,'name':temp_name2})(X)
                                          
    X = Add(name=base + '/Mask/Add_after_Interpool_2')([X, Residual_id_3_Down_branched])
                                          
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_3_Up')
    
    temp_name3 = name_base+ "/Mask/Interpool_3"
    
    X = Lambda(interpolation, arguments={'ref_tensor': X_Trunk,'name':temp_name3})(X)
                                          
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_3/bn_1')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_3/relu_1')(X)
                                          
    X = Conv2D(F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '/Mask/Interpool_3/conv_1', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_3/bn_2')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_3/relu_2')(X)
                                          
    X = Conv2D(F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '/Mask/Interpool_3/conv_2', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = Activation('sigmoid', name=name_base+'/Mask/sigmoid')(X)
      
    X = Multiply(name=name_base+'/Mutiply')([X_Trunk,X])
    
    X = Add(name=name_base+'/Add')([X_Trunk,X])

    X = res_identity(X, filters, name_base+ '/Post_Residual_id')
    
    return X

def Attention_2(X, filters, base):
    
    F1, F2, F3 = filters
    
    name_base = base
    
    X = res_identity(X, filters, name_base+ '/Pre_Residual_id')
    
    X_Trunk = Trunk_block(X, filters, name_base+ '/Trunk')
    
    X = MaxPooling2D((3,3), strides=(2,2), padding='same', name=name_base+ '/Mask/pool_2')(X)
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Down')
    
    Residual_id_2_Down_shortcut = X
    
    Residual_id_2_Down_branched = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Down_branched')
    
    X = MaxPooling2D((3,3), strides=(2,2), padding='same', name=name_base+ '/Mask/pool_1')(X)
    
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_1_Down')
                                          
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_1_Up')
    
    temp_name1 = name_base+ "/Mask/Interpool_1"
    
    X = Lambda(interpolation, arguments={'ref_tensor': Residual_id_2_Down_shortcut,'name':temp_name1})(X)
                                          
    X = Add(name=base + '/Mask/Add_after_Interpool_1')([X, Residual_id_2_Down_branched])
                                          
    X = res_identity(X, filters, name_base+ '/Mask/Residual_id_2_Up')
    
    temp_name2 = name_base+ "/Mask/Interpool_2"
    
    X = Lambda(interpolation, arguments={'ref_tensor': X_Trunk,'name':temp_name2})(X)
                                          
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_2/bn_1')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_2/relu_1')(X)
                                          
    X = Conv2D(F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '/Mask/Interpool_2/conv_1', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_2/bn_2')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_2/relu_2')(X)
                                          
    X = Conv2D(F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '/Mask/Interpool_2/conv_2', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = Activation('sigmoid', name=name_base+'/Mask/sigmoid')(X)
      
    X = Multiply(name=name_base+'/Mutiply')([X_Trunk,X])
    
    X = Add(name=name_base+'/Add')([X_Trunk,X])

    X = res_identity(X, filters, name_base+ '/Post_Residual_id')
    
    return X

def Attention_3(X, filters, base):
    
    F1, F2, F3 = filters
    
    name_base = base
    
    X = res_identity(X, filters, name_base + '/Pre_Residual_id')
    
    X_Trunk = Trunk_block(X, filters, name_base + '/Trunk')
    
    X = MaxPooling2D((3, 3), strides=(2, 2), padding='same', name=name_base + '/Mask/pool_1')(X)
    
    X = res_identity(X, filters, name_base + '/Mask/Residual_id_1_Down')
                                          
    X = res_identity(X, filters, name_base + '/Mask/Residual_id_1_Up')
    
    temp_name2 = name_base + "/Mask/Interpool_1"
    
    X = Lambda(interpolation, arguments={'ref_tensor': X_Trunk,'name':temp_name2})(X)
                                          
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_2/bn_1')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_2/relu_1')(X)
                                          
    X = Conv2D(F3, kernel_size=(1, 1), strides=(1, 1), padding='valid', name=name_base + '/Mask/Interpool_2/conv_1', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = BatchNormalization(axis=-1, name=name_base + '/Mask/Interpool_2/bn_2')(X)
                                          
    X = Activation('relu', name=name_base + '/Mask/Interpool_2/relu_2')(X)
                                          
    X = Conv2D(F3, kernel_size=(1,1), strides=(1,1), padding='valid', name=name_base + '/Mask/Interpool_2/conv_2', kernel_initializer=glorot_uniform(seed=0))(X)
    
    X = Activation('sigmoid', name=name_base+'/Mask/sigmoid')(X)
      
    X = Multiply(name=name_base+'/Mutiply')([X_Trunk,X])
    
    X = Add(name=name_base+'/Add')([X_Trunk,X])

    X = res_identity(X, filters, name_base+ '/Post_Residual_id')
    
    return X

input_shape=(224, 224, 3)
X_input = Input(input_shape)

X = Conv2D(64, (7,7), strides=(2,2), padding='same', name='conv_1', kernel_initializer=glorot_uniform(seed=0))(X_input)
X = BatchNormalization(axis=-1, name='bn_1')(X)
X = Activation('relu', name='relu_1')(X)
X = MaxPooling2D((3,3), strides=(2,2), padding='same' ,name='pool_1')(X)
X = res_conv(X, [64,64,256], 'Residual_conv_1', 1)

### Attention 1 Start
X = Attention_1(X, [64, 64, 256], 'Attention_1')
### Attention 1 End

X = res_conv(X, [128, 128, 512], 'Residual_conv_2', 2)

### Attention 2 Start
X = Attention_2(X, [128,128,512], 'Attention_2')
### Attention 2 End

X = res_conv(X, [256,256,1024], 'Residual_conv_3', 2)

### Attention 3 Start
X = Attention_3(X, [256,256,1024], 'Attention_3')
### Attention 3 End

X = res_conv(X, [512,512,2048], 'Residual_conv_4', 2)

X = res_identity(X, [512,512,2048], 'Residual_id_1')
X = res_identity(X, [512,512,2048], 'Residual_id_2')
X = BatchNormalization(axis=-1, name='bn_2')(X)
X = Activation('relu', name='relu_2')(X)
X = AveragePooling2D((7, 7), strides=(1,1), name='avg_pool')(X)
X = Dense(2, name='Dense_1')(X)
X = Flatten()(X)
X = Activation('softmax', name='classifier')(X)
model = Model(inputs=X_input, outputs=X, name='attention_56')

# model.summary()

# 以下为自加
#model.load_weights('weights.20-0.39.hdf5')
model.compile(optimizer='rmsprop', loss='categorical_crossentropy', metrics=['accuracy'])

train_dir = 'D:/PycharmProjects/LIDC-IDRI/50_30/50/train'
validation_dir = 'D:/PycharmProjects/LIDC-IDRI/50_30/50/val'
test_dir = 'D:/PycharmProjects/LIDC-IDRI/50_30/50/test'
'''
train_dir = 'D:/PycharmProjects/LIDC-IDRI/RGB_v3/train'
validation_dir = 'D:/PycharmProjects/LIDC-IDRI/RGB_v3/val'
'''
train_datagen = ImageDataGenerator(rescale=1./255, rotation_range=40, width_shift_range=0.2,
                                   height_shift_range=0.2, shear_range=0.2, horizontal_flip=True,
                                   fill_mode='nearest')
val_datagen = ImageDataGenerator(rescale=1./255)
test_datagen = ImageDataGenerator(rescale=1./255)

train_generator = train_datagen.flow_from_directory(train_dir,target_size=(224,224),batch_size=32)
val_generator = val_datagen.flow_from_directory(validation_dir, target_size=(224,224),batch_size=32)
test_generator = test_datagen.flow_from_directory(test_dir,target_size=(224,224),batch_size=32)

callbacks_list = [callbacks.EarlyStopping(monitor='val_loss', patience=20),
                  callbacks.ModelCheckpoint(filepath='D:/PycharmProjects/LIDC-IDRI/50_30/50/weights_all/weights.{epoch:02d}-{val_loss:.2f}.hdf5', monitor='val_loss', save_best_only=False, save_weights_only=True),
                  callbacks.ReduceLROnPlateau(monitor='val_loss', factor=0.1, patience=10),
                  callbacks.TensorBoard(log_dir='my_log_dir'),
                  callbacks.CSVLogger('D:/PycharmProjects/LIDC-IDRI/50_30/50/weights_all/training.log', separator=',', append=False)
                 ]
history = model.fit_generator(train_generator, steps_per_epoch=35, epochs=200,callbacks=callbacks_list,
                              validation_data=val_generator, validation_steps=5)#
#history = model.fit_generator(train_generator, steps_per_epoch=40, epochs=200,
#                              validation_data=val_generator, validation_steps=5)
loss, acc = model.evaluate_generator(test_generator,steps=10)
print(acc)


import matplotlib.pyplot as plt


history_dict = history.history

acc = history_dict['acc']
val_acc = history_dict['val_acc']
loss_values = history_dict['loss']
val_loss_values = history_dict['val_loss']

epochs = range(1, len(loss_values)+1)

plt.plot(epochs, loss_values, 'bo', label='Training loss')
plt.plot(epochs, val_loss_values, 'b', label='Validation loss')
plt.title('Training and Validation loss')
plt.xlabel('Epochs')
plt.ylabel('Loss')
plt.legend()

plt.figure()
plt.plot(epochs,acc,'bo',label='Training acc')
plt.plot(epochs,val_acc,'b',label='Validation acc')
plt.title('Training and Validation accuracy')
plt.xlabel('Epochs')
plt.ylabel('Acc')
plt.legend()

plt.show()

