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import os

import datetime

import numpy as np

import tensorflow as tf

from tensorflow import keras

from tensorflow.keras.layers import Dot, Permute, Dense, Flatten, Reshape, BatchNormalization, GlobalMaxPooling1D, Conv1D, Input
from tensorflow.keras.models import Sequential, Model

from tensorflow.keras.optimizers import Adam

label_names = [“bathtub”, “bed”, “chair”, “desk”, “dresser”, “monitor”, “night_stand”, “sofa”, “table”, “toilet”]
NUM_POINTS = 1024

NUM_CLASSES = 10

BATCH_SIZE = 32

NOIZE_SIZE = 100

tf.random.set_seed(1234)
np.random.seed(seed=1234)

class OrthogonalRegularizer(keras.regularizers.Regularizer):

def _init_(self, num_features, 12reg=0.001):
self.num_features = num_features
selfl2reg = 12reg
self.eye = tf.eye(num_features)

def _call_(self, x):
x = tf.reshape(x, (-1, self.num_features, self.num_features))
xxt = tf.tensordot(x, x, axes=(2, 2))
xxt = tf.reshape(xxt, (=1, self.num_features, self.num_features))
return tfreduce_sum(self.12reg * tf.square(xxt — self.eye))

def conv_bn(x, filters):
x = Conv1D(filters, kernel_size=1, padding="valid")(x)
x = BatchNormalization(momentum=0.0)(x)
return tfkeras.layers.Activation(“relu”)(x)

def dense_bn(x, filters):
x = Dense(filters)(x)
x = BatchNormalization(momentum=0.0)(x)
return tfkeras.layers.Activation(“relu”)(x)

def tnet(inputs, num_features):
bias = keras.initializers.Constant(np.eye(num_features).flatten())
reg = OrthogonalRegularizer(num_features)
x = conv_bn(inputs, 32)
x = conv_bn(x, 64)
x = conv_bn(x, 512)
x = GlobalMaxPooling1D()(x)
x = dense_bn(x, 256)
x = dense_bn(x, 128)
x = Dense(
num_features * num_features,
kernel_initializer="zeros”,
bias_initializer=bias,
activity_regularizer=reg,
Xx)
feat_T = Reshape((num_features, num_features))(x)
return Dot(axes=(2, 1))([inputs, feat_T])

def build_discriminator():
inputs = Input(shape=(NUM_POINTS, 3))
x = tnet(inputs, 3)
x = conv_bn(x, 32)
x = conv_bn(x, 32)
tnet(x, 32)
= conv_bn(x, 32)
= conv_bn(x, 128)
= conv_bn(x, 512)
x = GlobalMaxPooling1D()(x)
x = dense_bn(x, 128)
x = dense_bn(x, 64)
outputs = Dense(1, activation="sigmoid”)(x)
model = Model(inputs=inputs, outputs=outputs, name="discriminator”)
return model

X X X X

def build_generator():
inputs = Input((NOIZE_SIZE,))
x = dense_bn(inputs, 128)
x = dense_bn(x, 512)
x = Reshape((32,16))(x)
x = Conv1D(64, kernel_size=1, activation="relu”)(x)
x = Conv1D(256, kernel_size=1, activation="relu”)(x)
x = Conv1D(1024, kernel_size=1, activation="relu”)(x)
x = Permute((2, 1))(x)
x = tnet(x, 32)
= conv_bn(x, 32)
= conv_bn(x, 16)
= conv_bn(x, 8)
= tnet(x, 8)
= conv_bn(x, 8)
outputs = Conv1D(3, kernel_size=1, activation="sigmoid”)(x)
model = Model(inputs=inputs, outputs=outputs, name="generator”)
return model

X X X X X
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def build_discriminator_mpl():
inputs = Input(shape=(NUM_POINTS, 3))
x = Flatten()(inputs)
x = dense_bn(x, 1024)
x = dense_bn(x, 256)
x = dense_bn(x, 256)
x = dense_bn(x, 64)
outputs = Dense(1, activation="sigmoid”)(x)
model = Model(inputs=inputs, outputs=outputs, name="discriminator alt”)
return model

def build_generator_mpl():
inputs = Input((NOIZE_SIZE,))
x = dense_bn(inputs, 128)
x = dense_bn(x, 512)
x = Dense(NUM_POINTS*3, activation="sigmoid”)(x)
outputs = Reshape((NUM_POINTS,3))(x)
model = Model(inputs=inputs, outputs=outputs, name="generator_alt”)
return model

def build_gan(generator, discriminator, name=None):
model = Sequential(name=name)
model.add(generator)
model.add(discriminator)
return model

def train_category(discriminator, generator, gan, basedir, epochs, train_points, category_id):
train_category_type = label_names[category_id]
os.makedirs(os.path,join(basedir, train_category_type), exist_ok=True)

f loss = open(os.path,join(basedir, train_category type, “loss.csv”), “w”)

f acc = open(os.path join(basedir, train_category_type, “acc.csv”), “w”)

for epoch in range(1,epochs+1):
z = np.random.rand(BATCH_SIZE, NOIZE_SIZE)
gen_points = generator.predict(z)
batch_index = np.random.randint(0, train_points.shape[0], (BATCH_SIZE,))
d_loss_real = discriminator.evaluate(train_points[batch_index], np.ones((BATCH_SIZE, 1)), verbose=0)
d_loss fake = discriminator.evaluate(gen_points, np.zeros((BATCH_SIZE, 1)), verbose=0)
g loss = gan.evaluate(z, np.ones((BATCH_SIZE, 1)), verbose=0)
if (d_loss_real[0] > d_loss_fake[0] and d_loss_real[0] > g_loss) or d_loss_real[1] < 0.6:
d_loss_real = discriminator.train_on_batch(train_points[batch_index], np.ones((BATCH_SIZE, 1)))
if (d_loss_fake[0] > d_loss_real[0] and d_loss_fake[0] > g_loss) or d_loss_fake[1] < 0.6:
d_loss_fake = discriminator.train_on_batch(gen_points, np.zeros((BATCH_SIZE, 1)))
if (g_loss > d_loss_real[0] and g_loss > d_loss_fake[0]) or g loss > 3.0:
g loss = gan.train_on_batch(z, np.ones((BATCH_SIZE, 1)))

print (“epoch{:>4} [D real loss: {}, acc.: {]] [D fake loss: {}, acc.: {I] [G loss: {]]” format(epoch, d_loss_real[0], d_loss_real[1], d_loss_fake[0], d_loss_fake[1], g_loss))
print("{L{1{}" format(d_loss_real[0], d_loss_fake[0], g_loss), file=f loss)
print("{L{}" format(d_loss_real[1], d_loss_fake[1]), file=f_acc)

if epoch % 100 == 0:
os.makedirs(os.path join(basedir, train_category_type, “epoch” + str(epoch)), exist_ok=True)
for i in range(BATCH_SIZE):
with open(os.path join(basedir, train_category_type, “epoch” + str(epoch), “{:02}.0bj” format(i)), “w") as f:
print(“o point”, file=f)
for v in gen_points[i]:
print("v {} { (" format(v[0]%2-1.0, v[11%2-1.0, v[2]%2~1.0), file=f)

f acc.close()
f loss.close()

def train(discriminator, generator, epochs, datetime_str, model_type):
basedir = os.path join(datetime_str, model_type)
os.makedirs(basedir, exist_ok=True)

discriminator.save_weights(os.path join(basedir, “discriminator_weight_init.n5"))
generator.save_weights(os.path join(basedir, “generator_weight_init.h5"))

discriminator.compile(loss="binary_crossentropy”, optimizer=Adam(), metrics=["“accuracy”])

discriminator.trainable = False
gan = build_gan(generator, discriminator)
gan.compile(loss="binary_crossentropy’, optimizer=Adam())

for i in range(NUM_CLASSES):
print("Model Type:} Category:{}” format(model_type, label_namesl[i]))
train_points = np.load(os.path join(“data”, str(NUM_POINTS), label.names[i], “train”, “point.npy”))
discriminator.load_weights(os.path join(basedir, ”discriminator_weight_init.n5"))
generator.load_weights(os.path join(basedir, “generator weight_init.n5”))

train_category(discriminator, generator, gan, basedir, epochs, train_points, i)

discriminator.save_weights(os.path join(basedir, label_names[il, “discriminator weight.h5"))
generator.save_weights(os.path join(basedir, label_namesl[il, “generator weight.h5"))

if _name__=="_main_":
datetime_str = datetime.datetime.now().strftime("%Y%m%d_%H%M")

#PointNet train

generator = build_generator()

discriminator = build_discriminator()

train(discriminator, generator, 2000, datetime_str, “PointcloudGAN")

#MPL train

generator mpl = build_generator_mpl()

discriminator_mpl = build_discriminator_mpl()
train(discriminator_mpl, generator mpl, 2000, datetime_str, “MPL")



