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ABSTRACT

Al (Artificial Intelligence) based on deep learning has been successful in many application areas.
Supervised learning such as image classification and object detection has been mainly used for vision
and ADAS (Advanced Driver Assistance Systems) / AD (Autonomous Driving). And reinforce learning
has been generally utilized for robotics and energy optimization. Therefore, in order to improve the
performance, many research papers have focused on optimizing neural networks. However, in practice,
FPS (frame per second) is a hidden and critical factor because FPS is also included in the performance
measurement. This note show that pre-processing and post-processing are major components affecting
FPS. And It is verified that FPS cannot be improved by optimizing the neural network itself because
the pre-processing and post-processing are out of the neural networks. In this note, fast pre-processing
methods on the basis of DSP (digital signal processing) is suggested. For DSP implementation, binary
arithmetic is presented and quantization error due to the conversion from floating point calculation to
fixed point calculation is discussed. In addition, major design frameworks for deep learning algorithm
implementation are compared and their merit and demerit are also summarized. In the note,
implementation is categorized into three, i.e., input data generation with pre-processing, model design of
neural network, and performance evaluation. With the selected framework, detailed implementation is
also presented.
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Table 1. Various frameworks for deep learning
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Figure 1. two fully connected layers

o] A& WA sequential APIZ o] &3] F&Ed

el
=
<19 2>9 2},

# Base model definition
model = tf.keras.models.Sequential()

# LO: fully connected layer with 64 nodes

# and ReLU activation function

model.add(tf keras.layers.Dense(units=64, activation='"relu’,
input_dim=100))

# L1: fully connected layer with 10 nodes
# and softmax activation
model.add(tf.keras.layers.Dense(units=10,

activation="'softmax'))

19 2. Sequential APIS o] &3 78
Figure 2. Sequential APl implementation
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# input data definition
input_data = tf.keras.layers.Input(shape =

(img_h, img_w, img_c))

# L0O: fully connected layer with 64 nodes

# and ReLU activation

L0 = tf.keras.layers.Dense(units=64, activation='"relu’,
input_dim=100)(input_data)

# L1: fully connected layer with 10 nodes
# and softmax activation

L1 = tf.keras.layers.Dense(units=10, activation="'softmax')(L0)

219 3. Functional APIZ o]-&-3F 78
Figure 3. Functional APl implementation
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Table 2. Neural network structure

Layer Layer type Output Shape
input InputLayer (32, 32, 3)
conv2D_1 Conv2D (32, 32, 32)
dropout_1 Dropout (32, 32, 32)
max_pooling2d_1 | MaxPooling2 (16,16,32)
flatten_1 Flatten (8192)
fully_conn_1 Dense (10)
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# image data load
(x_train, y_train), (x_test, y_test) =
tf.keras.datasets.cifar10.load_data()

# int8 to float32 conversion
x_train = np.float32(x_train)
x_test = np.float32(x_test)

# image normalization
x_train = x_train / 255
x_test = x_test / 255

# label
y_train = tf keras.utils.to_categorical(y_train, num_classes)
y_test = tf.keras.utils.to_categorical(y_test, num_classes)

# image dimension
img_h = x_train.shape[1]
img_w = x_train.shape[2]

# image height
# image width
img_c = x_train.shape[3] # image channel
# input data definition

input_data = tf.keras.layers.Input(shape =

(img_h, img_w, img_c))

a3 4. 48 "oy Ay
Figure 4. Input data processing
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conv2d_1 = tf.keras.layers.Conv2D(input_shape=in_shape,
padding="'same', kernel_initializer='glorot_normal',
bias_initializer="zeros', filters=32, kernel_size=(3,3),
activation="relu')(input_data)
dropout_1 = tf.keras.layers.Dropout(rate=0.4)(conv2d_1)
maxpool2d_1 = tf.keras.layers.MaxPooling2D(pool_size=(2,2))
(dropout_1)
flat_1 = tf.keras.layers.Flatten()(maxpool2d_1)
softmax = tf.keras.layers.Dense(units=num_classes,
kernel_initializer='glorot_normal’,
activation='softmax")(flat_1)
output_data = softmax

model = tf keras.models.Model(inputs=[input_datal],
outputs=[output_data])
model.compile(optimizer=tf.keras.optimizers.Adam(lr=0.001),
loss=tf.keras.losses.categorical _crossentropy,

metrics=['accuracy'])

a9 5 A% 2d A7
Figure 5. Neural network design
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model.fit(x=x_train, y=y_train, epochs=epochs,
batch_size=batch_size, callbacks=[tensorboard])

train_loss,train_accuracy=model.evaluate(x=x_train, y=y_train)
print('train data loss:{:2.4f}'.format(train_loss))
print('train accuracy:{:2.4f}'.format(train_accuracy))

test_loss, test_accuracy = model.evaluate(x=x_test, y=y_test)
print('test data loss:{:2.4f}' .format(test_loss))

print('test accuracy:{:2.4f}' .format(test_accuracy))
a9 6 A% FE 97t
Figure 6. Training and evaluation of the designed neural network
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