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ABSTRACT

Generative Adversarial Networks that fall under the class of generative models, aim at taking
training examples from the training set and learning the probability distribution that generates
those samples. The network is adversarial in the sense that the discriminator tries to maximize
the probability of identifying the real data whereas the generator tries to fool the discriminator by
producing synthetic data as close as possible to the ground truth value. In recent years, many
powerful models using neural network architectures have been introduced that try to learn the
discriminative features of the text representations. Also, GANs have been extremely successful in
generating realistic images belonging to various categories. Influenced by the success of GAN:Ss,
researchers thought of applying the GAN model in the human face synthesis task. There exist
several attempts for the face synthesis task that try to generate real human faces from the form of
input given to them . Unlike the already existing attempts to create human faces, our model tries
to apply the concept of text-to-image synthesis [[1] GAN in the generation of human faces from
the text description stating the attributes o of their respective faces provided as the input. The
training of Generator is assisted by the adversary Discriminator (Matching-aware Discriminator
model(CNN)) that differentiates the results given by the Generator and the ground truth values.
The Generator model would thus learn to generate the human faces that are similar to the ground
truth values and thus try to cheat the adversary. The aim is to produce strong results and see the

behavior of GAN model in the human face generation task.
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Chapter 1 INTRODUCTION

The generative models that aim at generating observable values of data given some latent
parameters find out the joint probability distribution over the data values and labels. There
exist several models for generating the data values by learning the data distribution. Variational
Autoencoders [4] work as probabilistic graphical models where lower bound on log likelihood
of data has to be maximized. The generated samples tend to be a little blurry hence some
other methods were needed. There also exist autoregressive models like PixeIRNN [5] where
the Recurrent Neural Network provide a shared, compact way of parameterizing a series of
conditional distributions. These models also prove to be inefficient during sampling and could
not provide low dimensional codes for some images. Generative Adversarial Networks (GANs),
falling under the class of generative models, try to learn an estimate representation of training
samples drawn from some data distribution [6]. GANs have a wide range of applications and
prove to produce better samples than other methods that provide compelling reasons into investing

time and resources for their detailed study.

minmaxV (G.D) = By, 108(D(x)] + oy o log(1 — D(G(2))] (L1)

Generative Adversarial Networks (GANs), falling under the class of generative models, try
to learn an estimate representation of training samples drawn from some data distribution.The
basic idea behind GANSs is an adversary game going on between two neural networks namely
discriminator and the generator. The generator creates data samples coming from same data
distribution as the training data. The discriminator on the other hand performs the examination
of these samples to decide whether they are real or fake. The generator and discriminator
are represented as functions that are differentiable both respect to the input as well as their
parameters. The generator and discriminator are represented as functions that are differentiable
both respect to the input as well as their parameters. The discriminator is a function taking x as
input and having 6(P) as its parameter. Similarly, the generator is a function G taking z as its
input and having 09 as its parameter. The cost functions of both the players in the game are
represented in terms of parameters of both. The aim of discriminator is to control its parameter
02) and the generator aims to control the parameter 8(S). Let the value function be V(G,D).

Then the training of G and D is done simultaneously with the aim of adjusting parameters of G
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Figure 1.1: GAN basic working!

to minimize the value log(1-D(G(z)) and the parameters of D to minimize log(D(x)). The basic
working equation of the GAN is represented by equation (1.1). The structure of generator and
discriminator network could be easily understood with the help of Figure 1.1'.

The GAN models can be supervised or unsupervised. The supervised learning algorithms try
to associate some input with the corresponding output given a training set of examples. Every
example is a pair that has an input object and an associated output known as the supervisory
signal. Based on the analysis of this training data, some inferred function is obtained which
is either a regression function in case of continuous output or a classifier in case of discrete
output. Some examples of supervised learning GAN models are Conditional GAN [7], Text
GAN [8], DCGAN [9] etc. GAN models can also fall under the category of unsupervised
learning. The unsupervised learning algorithms draw samples from some distribution and learn
some information from that. They extract features from the given distribution and have no
supervision signal to guide the learning process. The aim here is to have a representation that
reflects the statistical structure of the input patterns. Examples of GAN with unsupervised

learning include Video GAN [10] and Multi GAN [11].

Thttp://www.kdnuggets.com/2017/01/generative-adversarial-networks-hot-topic-machine-learning.
html
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Since the cost functions are non-convex, with continuous parameters and the parameter-space
highly dimensional, finding the Nash equilibrium [6] for the purpose of GAN training is a
very difficult-to-do task. There exist several papers focusing on improving the training of
GANSs [12] [9] [13]. The various approaches proposed for the training process of GAN have
been explained by Salimans et al [14].

The automatic face generation task is an extremely useful task that finds its applications in
various fields. Law enforcement field can get various benefits from a system that can synthesize
images of the criminals automatically from the text description of their visual features given as
input to them. In case of any such crime investigation, the witness plays a vital role in giving the
description of the criminal to the cops who then make a sketch of the criminal with the help
of any artist. But this task can be automated with the help of computers by merely giving the
textual description of criminal’s visual attributes as input to the trained model that can then give
as output the image of the criminal. If an efficient model can be built, a very huge advancement

can be done in this process of law. Also the entertainment field can get benefits from such model.

To generate the images of human faces, many works have been done till now. In their
work [15] have developed a model that can transform a human face to its sketch and a sketch
to its corresponding human face. The work by [16] uses a model that generates human faces
from the given landmarks on the respective human face. They try to generate the faces of
humans from the information preserved in the landmarks like the gender, pose and the visual
attributes describing the face structure. Our speculation is that similar to the model used in [1] for
generative adversarial text to image synthesis for the birds and flowers dataset, face generation
can also be done if the visual attributes describing the face structure are given as input in a text
file and the model generates the corresponding human face as output. Discriminator can be made
efficient to make the model capable of producing clear human faces. Inspired by the work in [1],
our proposed model has a Matching-aware Discriminator that takes three pairs namely (real text,
right target face), (real text, fake target face) and (wrong text, right target face). The model would
thus aim at better training of the generator to produce translations that are more similar to the
ground truth values.

Several approaches exist in the literature to attain the visual attributes of the human face
from its corresponding image. But the reverse problem is relatively unexplored. Many works

exist that attempt to generate photo-realistic images from the text description given as the input



to them. In their work [17] have used a CNN based generative model that is Variational Auto
Encoder for the generation of images from the text description. The work done by [1] tries
to generate photo-realistic images of flowers and birds from the textual description of their
features given as text file to them. Their model uses a matching aware discriminator that aims at
minimizing the model error. The work by [3] used a model for generating realistic images from
text descriptions by using a model that has two layers stacked one upon the other. One stage
generates low resolution images that take into consideration the basic details of the image and
the second stage generate more realistic and high resolution images by taking into account all the
vivid object details and intricate detailing of the image. Inspired by the work of the text-to-image
synthesis GAN done by Reed et al [1], we propose a method of image generation from the textual
visual description using GAN model. Our model tries to produce realistic images by using the
matching-aware discriminator model that pairs the correct text description with its correct human
face and eliminates the chances of fake source vector combined with the real target image. The
model aims to increase the range of input pairs and thus improving the training accuracy of the
Generator.

The deep learning face generation model suggested by us has an ability to generate the target
face given the visual description as input. This problem of generating faces from the textual
description can be roughly divided in two parts namely language representation and synthesis
of image. A challenging task is that the generation of images from text comprises an extremely
multi-modal distribution which means that there could be multiple possible faces corresponding
to a given text description of the visual attributes. So, from all the plausible configuration of
the image pixels, the most accurate one has to be chosen that best describe the person’s visual
attributes. To tackle vanishing and exploding gradient problem Leaky-ReLLU layers have been

introduced in both the generator and the discriminator.



Chapter 2 LITERATURE SURVEY

2.1 Generative Adversarial Networks(GANs)

In their paper [6] has introduced the basic GAN network that estimate the generative models via
an adversarial training process between the two models namely Discriminator and the Generator.
In their paper [8] has worked on text generation using the GAN model. In their work [10] have
modeled the scene dynamics for video generation and the video recognition task for predicting the
plausible futures of static images. In their work [1] introduced a GAN network for the synthesis
of images conditioned on text embeddings coming from the true data distribution in case of real
image and from the interpolations of the real data in case of fake image. To improve the quality
of images generated corresponding to the input, [3] and [2] also introduced their models that take
into consideration the vivid object details and generate high resolution images. In their work [11]
have introduced multi-agent message passing GAN where both the generators have the objective
of improving their performance with respect to each other and with respect to the common
discriminator model. DCGAN for unsupervised learning [9] has some changes as compared to
the basic DCGAN model. Firstly, the pooling layers are replaced by the strided convolution layers
in the generator that allows it to learn its own summary. Secondly, fully connected layers are
removed. This ensures that the feature maps calculated for every classification category are easily
passed back to the previous convolution layers for interpretation of category information unlike
the fully connected layer in standard DCGAN that acts as a black-box hiding this information.
Thirdly, batch normalization is used that gives several advantages like higher learning rates and a

stable model.

2.2  Matching Aware Discriminator

In their work [1] presented a discriminator model that outperforms the standard discriminator
model. The proposed model takes as input three pairs namely (real text , real target image),
(real text, fake target image) and (wrong text, real target image) and try to distinguish the real
pair of image from the fake ones. The model outperforms the standard GAN setting for image
generation by taking into account all the errors that could occur while pairing the text caption

with its corresponding image.



2.3  Text-to-image synthesis using GAN

In their work Reed et al [1] have used a generative adversarial model to generate photo-realistic
images of flowers and birds from the textual description of their features given as input. So, they
basically do the character to pixel values translation using the deep learning model. The work
done by [3] use a stacked model of GAN for generating photo realistic images that involve vivid
object details and all intricate information about the image. They use the concept of refining
the image sketch where the first stage of the model tries to incorporate the basic image details
followed by the second stage that takes into consideration the vivid object details for generating a
high resolution counterpart of the low resolution output from the first stage. The work done by [2]
prove to be the state-of-art in the image generation process as it includes the class information
along with the textual description to take into account the structural coherence and to generate

diverse range of outputs.

2.4  Face synthesis

Many works exist to generate human faces using GAN model. No work till now has attempted to
generate human faces from the text description of the facial features given to the GAN model
having a matching aware discriminator as done by our model. In their work [16] presented
a model to generate images of humans form their respective landmark key-points. In their
work [18] have generated faces from the respective sketch and visual attributes of the person.
They have used a combination of CVAE and GAN model to generate the images. In their
work [19] have presented an evolutionary computing model to generate the sketch of a person
using the text descriptions of their visual attributes. The description is taken using a GUI which
is then transformed to the sketch of the desired person and iterated until the user is satisfied with
the sketch. The work done by [20] introduces a model that extracts the features of the face organs
like nose, eyes, forehead, hair, eyebrows, ears and other facial boundary features and using these

extracted features it learns to generate the face drawings.



Chapter 3 PROBLEM FORMULATION AND PRELIMINARIES

3.1  Problem Definition

To generate plausible images from the detailed text descriptions, a model [1] with two features
namely learning text feature representation capturing vital visual details and secondly using these
features to create compelling images that might be mistaken by human for real was proposed
by Reed et al. Both generator and discriminator are conditioned on side information i.e the
text description. The model is similar to conditional GAN except that it is conditioned on text
rather than class labels. It is known to be the first end to end differentiable model for directly
converting the text into the pixels. The generator samples from noise prior z and uses the text
encoder for encoding the text query ¢. The output ¢(7) is passed on through fully connected layer,
then leaky ReLu and then concatenated to noise vector. After this, the concatenated vector is fed
forward to the deconvolution Generator and a synthetic image x is generated. Discriminator aka
Matching Aware Discriminator tries to differentiate three types of embeddings of pairs namely
(real image, right text), (real image, wrong text) and (fake image, right text) [1]. The model gives
good result but the images generated are not of very high resolution and lack some details and
vivid object parts.

Face synthesis aims at generating realistic faces of human from the given textual description of
the facial attributes of the respective person. The approaches available till now have never tried
a Generative Adversarial Network for synthesizing the face images. With a properly designed
model for this work, a great help could be provided to the law enforcement sector as the criminal
faces which till now are generated manually with the help of sketch artist could then be prepared
automatically from the machine by only providing the face details to the system in the form of a
text file. Because of the huge success of the GAN models in the text-to-image synthesis task,
the face synthesis task can also be combined with the adversarial framework in order to ensure
that the faces produced by the model are as close as possible to the ground truth value. The face
synthesis task using GAN network can be divided into three parts- training of the generator by
error signals propagated from the discriminator which ensures that the generator produces face
images that are as close to the ground truth value as possible, training of the discriminator that
aims at increasing the probability of differentiating the fake images from the real ones by back

propagating error signals and the final generation of faces by separating the generator model



from the discriminator after doing the proper training.

3.2 Preliminaries

3.2.1 Generative Adversarial Networks(GANs)

GANS fall under the category of generative models that use the adversarial training process
to produce realistic outputs. The two networks namely Generator and the Discriminator are
involved in a min-max game with each one of them trying to be better than the other one. The
Generator G goes through the optimization process to re-generate the true data distribution
Pdata- The generator creates data samples coming from same data distribution as the training
data. The discriminator on the other hand performs the examination of these samples to decide
whether they are real or fake. The generator and discriminator are represented as functions that
are differentiable both respect to the input as well as their parameters. The discriminator is a
function taking x as input and having 02) as its parameter. Similarly, the generator is a function
G taking z as its input and having 0(9) as its parameter. The cost functions of both the players in
the game are represented in terms of parameters of both. The aim of discriminator is to control
its parameter 8(°) and the generator aims to control the parameter 8(%). Let the value function be
V(G,D). Then the training of G and D is done simultaneously with the aim of adjusting parameters
of G to minimize the value log(1-D(G(z)) and the parameters of D to minimize log(D(x)). It
does so by generating images which are a bit difficult for the Discriminator to differentiate from
the real ones. Meanwhile, The Discriminator D is also processed and optimized to be able to
distinguish the real images from the synthetic ones. Both the neural networks compete against
one another to make their performance better. The objective function of the GAN is described by

the equation (3.1).

ménmng(G,D) == Exwpdam(x) [log(D(x)] y Ez~pz(z) [log(l - D(G(Z))] (3 1)

In this equation, x represents the real image which has been obtained from the real data distribution

Pdata> 2 TEPresents the noise that has been sampled from some Gaussian or random distribution

p:z-



3.2.2  Symmetric and deep joint embedding for text

The text input given to the GAN model is converted into the vector representation which is
then fed forward in the network. The approach used by Reed ef al. [21] has been used for the
synthesis of vector from the given text description. The model which is the skip-thought model
falls under the category of encoder-decoder models. The encoder and decoder used are basically

GRU(variant of LSTM) models which will be described in detail in the next section.

3.23  LSTM(Long Short Term Memory)

The LSTM model are special type of RNN(Reccurant Neural Network) that overcome the
memory problem with RNN i.e they can learn long range dependencies over the text. They have
a chain of repeating modules that have 4 layers of neural network layers each.

In the Figure3.1!, the line at the top of the diagram represents the cell state which is the key
to the network. Information can be added or removed from the cells with the help of special
units called gates. Gates can pass the new information or ignore the information depending upon
the value of the sigmoid network which varies in the range of [0,1]. The first layer is the forget
gate layer that makes the decision of what information has to be discarded. It is a sigmoid layer
that outputs values between 0 and 1. O signifies completely throw away the information and 1
signifies completely store the information. There might be situation s where the model wants to
forget and discard the previous information and save the new one for achieving the results. In

that case, forget gate comes into play. It is represented by the equation 3.2.

® ® fEfQ
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Figure 3.1: Four interactive layers in the repeating module of LSTM'
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The information can also be required to be stored for further use in the network. In that case, input
gate layer and tanh layer comes into player. Firstly, the input layer which is again a sigmoid layer
decides what information to be updated. Then the tanh layer produces vector of the available
candidate values to be used in the addition to the state. After this, the two outputs i.e one from
the input gate and the other from the tanh layer are combined with one another. This combination
gives the model capability to add new data to the layers and forget the previous one(using forget
gate). The equation 3.3 represents the working of input gate and the equation 3.4 represents the
working of the tanh gate. Combining these two gates is then carried out the update of the old cell

state C;_1 into new cell state C;. The update equation

ir = 6(Wi.[he—1, %] + bi) (3.3)
C, = tanh(We.[hy_1,%:] + bc) (3.4)
C=f£0C1+i0C6 (3.5)

An important decision is to finalize what information to be sent as output which is done using the
output gate. This gate uses a combination of sigmoid gate and a tanh gate. Here, sigmoid gate
decides what portion of the cell state to be sent in the output. Meanwhile, the tanh gate takes the
cell state and outputs values in the range[-1,1] which are then multiplied with the sigmoid layer
output to finally decide the part of cell state to be sent in the output of the model. The equation

3.7 represents the final working at the output end of a LSTM module.

Or = G(WO.[/’ltfl,x;] +b0) (36)

h[ =0;® tanl’l(C[) (37)

3.24 Gated Recurrent Unit(GRU)

The LSTM networks suffer from the problem of vanishing gradient i.e in the back propagation,
when the gradient of error with respect to the weights is fed backwards, the value of these
gradients tend to become very small for the starting layers and hence the training process of
neurons in these layers become very slow. This is not a good indication as these front layers

serve as the building blocks of entire network and help learning the basic features and patterns

10



of input data. This problem of vanishing gradient can result in slow training process as well as
low prediction accuracy. GRU based RNN tries to capture the long term dependencies in the
sequential data and also overcome the vanishing gradient problem that is present in the LSTM

networks, using two gates namely reset gate and update gate.

In the Figure 3.22, line at the top is representing the cell state. The update gate is the
combination of input and forget gates of the LSTM network.The update gate ensures how much
of the previous memory has to be kept while the reset gate combines the new input with the
previous memory. The internal structure of GRU is simpler than that of LSTM and hence their
training is easier and faster as less number of modifications are needed to be made in their internal

states. The following equations summarize the working of GRU:

}2.1_
b8 GO @ L

Figure 3.2: Repeating module of GRU?

7zt =o(We.[h=1,%]) (3.8)
ry = G(Wr.[htfl ,Xt]) (39)
hy = tanh(W.[r, © hy_1, %)) (3.10)
h=(1=27)Qh 1+%Oh (3.11)

The Equation 3.8 represents the working of update gate which is combination of input and forget
gates of LSTM. Here the update gate multiplies the input x; and the previous hidden state /;_;
with their respective weights. The Equation 3.9 represents the working of the reset gate which
determines how much of the previous information to be preserved and thus how much to be

discarded from passing to the next higher levels of the network.

2http://colah.github.io/posts/2015-08-Understanding-LSTMs/
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3.2.5 Convolution Neural Network(CNN)

Convolution Neural Networks are special type of networks that can process data with a known
grid like topology. They are feed forward neural network with certain variation i.e addition of
multiple convolution and pooling layers They are the first of their kind as a working deep neural

networks trained with back propagation. They have the following three stages:

e Convolution Stage: In this stage,a set of linear activations are performed by performing set

of parallel convolutions.

e Detector Stage: A non-linear activation function evaluates each of the linear activation

produced in the first stage.

e Pooling Stage: This layer replaces the output of the network with the nearby outputs
summary statistics. This helps make the representation invariant to small translations in

the input data.

The Figure 3.3°represents the feature extraction layers which are in a repeating mode. The
three level of layers in CNN are: input layers that accept the 3 dimensional data, feature extraction
layers that comprise of 3 parts namely: Convolution layer, Detector layer and Pooling layer and
classification layer that produce the class scores by passing higher order features through one or
more fully connected layers. The feature extraction layer works by successively finding higher

order features for the input.

Inpue fayer (1) 4 fezture maps

ELI (C1) 4 feature maps (52) 6 feacure maps  (C2) 6 feature maps

comvolution layer | Sbsampinglayer | convolutonlyer | sub-sempling lyer ”uliyconrettedMLPl

Figure 3.3: The basic architecture of CNN?

3https ://deeplearning4j.org/convolutionalnetwork
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3.2.6  Matching Aware Discriminator

The matching aware discriminator is basically a CNN that tries to maximize the probability of
differentiating the fake translations from the real ones. It takes as input three pairs namely: (real
input, real output), (real input, fake output), (wrong input, real output). By training itself to
differentiate these pairs, the discriminator tries to increase the probability of rejecting the fake

pairs and accepting the real ones.

3.2.7 Minibatch discrimination

GANs sometimes collapse to a value set of parameters where a single mode is imminent and
the gradient of the discriminator points in the same direction for many points. The solution to
this is to make the discriminator look at batch of data points before taking any decision. Here,
for every input x;, a vector of features f(x) is calculated by an intermediate diseriminator layer.
This f(x) is multiplied by a tensor that results in a matrix M;. The L distance is then calculated
between the rows of the matrix for all samples and a negative exponent is applied to obtain cp.
This way the output o(x;)for this particular minibatch layer of sample x; is found by adding up all
the c,(x;,x;) values with all other samples x; as given in the equation(3.12). The next layer gets
the concatenated value of the input to this layer and o(x;). Minibatch features are calculated for
both the samples from the data and the generator. This information from minibatch is used as

side information by the discriminator to make decision.

c;,(x,-,xj) zexp(—HMi’;,,Mj?bHLl) (312)
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Chapter4 PROPOSED APPROACH

We have used the model proposed by Reed et al [1] for the text-to-image synthesis task in order
to generate face images given the textual attributes describing the visual features of the respective
person. The face synthesis model using Generative Adversarial Network(GAN) consists of two
basic components: Generator and the Matching aware discriminator. After the training is done,
the generator module is separated from the discriminator and the text file describing the visual
attributes of the person are given as input to it and it produces the target human face. The training
phase requires the text file describing the visual attributes of the person and the corresponding
ground truth values of the face images. A combination of texture and color attributes are given
as input in the text file which is then converted to its skip-thought vector. The diagrammatic
representation of the model is shown in fig 4.1. The text file that describes the visual attributes
of the person are given as input to the generator that produces its corresponding text vector
using the encoder model of skip-thought vector. The generator then combines this text vector
and noise and then pass this concatenated vector to the deconvolution network of generator
which produces synthetic image from the visual features. This synthetic face image is then fed
to the discriminator which also receives the fake image(mismatching image with the text) and
the wrong text input(mismatching text file). This matching aware discriminator receives the
three pairs i.e (real text , real target image), (real text, wrong target image) and (fake text, real

target image) and thus try to minimize the cross entropy across all these pairs. The aim of the

Text input deseriking
wvisual attributes

Error
Signals
Synthetic face image
I Reward

a2 1

—* Prediction

Real target face

Wrong text input S
\\
~
i Convolution """""i;;'.nn—u';ié ______ !
‘ rceptron
g Pooling ® :
: 1] :
¥ --=D.—)~ Prediction |
9 '
: . '
X e ® . :

Figure 4.1: Architecture of proposed adversarial face synthesis model

14



discriminator is to increase its efficiency and thus distinguish real images from the fake ones with
highest probability possible. The goal of the GAN model is to make the synthetic face image
generated by the generator as close as possible to the ground truth value. The generator and the
discriminator play an adversary game against each other where the generator aims at producing
samples that get accepted by the discriminator and the discriminator trains itself and tries to
make itself better with the error signals. Aim is to minimize the mean cross entropy across the

prediction from the discriminator.

4.1 Generator

The generator is a deconvolution model in which noise sampling is first done through the noise
prior and then the text description is encoded using the GRU and this GRU based text encoder
then gives as output the skip-thought vector corresponding to the input text file. The following

equations describe the encoding process of the text file to its corresponding vector:

2= 6(Wy.[h—1,%]) (4.1)
re = (W[l 1,%]) (4.2)
hy = tanh(W.[r; © hy_1,x;]) (4.3)
he=(1—2)0h_1+2 0k (4.4)

In the above equations, r; represent the reset gate, z; represent the update gate, &, represent the
current cell state and /; represent the updated cell state. The value of /; in the N" iteration
represent the final vector corresponding to the input sentence. A smaller dimension compressed
version of the text embedding vector is concatenated to the noise and then passed through the
deconvolution network of generator. The generator does the work of expanding the visual features
of the face to corresponding high resolution face image and the discriminator on the other hand
extracts features from the face image using convolution process. So, we can say that the generator
is a kind of convolution network that uses transposed convolutions to generate the synthetic
images from the text input and noise samples. The discriminator on the other hand helps in
finding out what portions of the synthetic image to alter in order to generate images that are
close to the ground truth value. The discriminator has the task of differentiating the real images

from the fake ones and it does so by updating itself from the gradients of the error that are back
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propagated from the network.

4.2  Matching Aware Discriminator

The matching aware discriminator takes the hypothesis from the generator as input and tries to
maximize the probability of differentiating the real translations from the fake ones. During train-
ing, the aim of generator is to maximize the chances of discriminator accepting the translations
done by the generator and the aim of the discriminator is to reject as many fake translations as
possible. With the help of the error signals from the discriminator, both the generator and the
discriminator are trained to make themselves as efficient as possible. Thus there is a min-max

game going between the two.
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Chapter 5 EXPERIMENTATION AND RESULTS

5.1 Architecture used

We have performed the experiments for the text-to-image synthesis task using the model proposed
by Reed ef al [1] for the synthesis of face images from the text description of their visual attributes
including both the texture and the color attributes. The diagrammatic representation of the model

is shown in the figure 5.1. In the generator which is a deconvolution neural network, the noise

Input Text Daseription Input Text Description
(Embedded using text encoder) (Embedded using text encader)

Generalor  Diseriminator
GOl (gets InputxGiz pff)
g

|‘| 7]
|

—y Final
score

| | |

3

N |
l Convolutions

Noise C l -

2 TU:FPFEZELUH Batch normalization

' Ollowed oy followed by leaky-
Leaky-ReLU FieL]}l:! Y

Figure 5.1: Architecture of text-to-image synthesis model for face synthesis task

and text combines to generate the images at the output end. The text is encoded using the text
encoder(GRU) and the resultant text embedding is compressed followed by activation by Leaky-
ReLU and then the noise sampled from the noise prior is concatenated to this text embedding.
This concatenated vector is expanded to the size of the desired image and then several filters are
applied on it to produce the desired image at the output end. This means, after the concatenated
vector generation, normal deconvolution is applied on the text in the generator(CNN) that
produces the synthetic image. Hence, the task of the generator is to generate photo-realistic face
images by expanding the visual features. That is the reason why deconvolution network is used
in the generator network.

The discriminator is a convolution neural network that performs the reverse steps followed in
the generator. Firstly, the image is convolved to reduce its size and then concatenated with the

reduced text embedding. This vector is compared with the vector corresponding to the real text
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and real image pair and hence it is tried to reduce the mean cross entropy across the predictions

made.

5.2 Experiments

In this section, the performance of proposed adversarial model for face synthesis is evaluated on
a publically available Libor Spacek’s facial images dataset. Specifically, we address the question
as to how effective the Generative Adversarial Network using matching-aware discriminator [1]

is for the task of face synthesis given the visual attributes in textual form as input to it.

5.3  Experimental Setup

5.3.1 Dataset

We experimented with the Libor Spacek’s facial images dataset' from which we used 1000
images of 200 different persons. The text files describing the visual attributes of these 200
different persons having face images in different poses and expressions are generated by us.
There are 5 captions in the text file generated per image in the dataset. So, a total of 1000 images
of 200 persons(taken from publically available Libor Spacek’s facial images dataset) and 1000
text files describing the visual features(including both texture and color features) of these persons
where each text file includes 5 captions per face image have been used for the training process of
the GAN based face synthesis model. 100 images from this Libor Spacek’s facial images dataset

are used by us for the testing purpose.

5.3.2  Hyper-parameters used

We experimented with the values of hyper-parameters for our Generative Adversarial Network
model of face synthesis as summarized in the Table 5.1. These values are used for the evaluation

of proposed model for face synthesis task.

54 Evaluation measures

For evaluation of the performance and quality of generated faces by the given adversarial model,

we used the inception score [22] that finds the effectiveness of the model. Inception score is

'ttp://cmp.felk.cvut.cz/~spacelib/faces/
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Flags Value Used Description

Zdim 100 Number of dimensions that the noise vector has.

taim 256 Number of Dimensions for the text embedding’s representa-
tion in latent form

batch_size 64 Size of batch during mini-batch discrimination

image_size 64 Image size used in training

gf dim 64 Count of convolution filters in the first layer of generator

df dim 64 Count of convolution filters in the first layer of discriminator

caption_vector_length | 2400 Length of the vector generated using skip-thought vector
model

n_classes 200 Count of discrete classes used

learning_rate 0.0002 Rate used for learning process

Bi 0.5 Momentum for Adam optimizer

Table 5.1: Hyper-parameters used by proposed model for the evaluation of GAN based face
synthesis.

based on the fact that high quality samples i.e the ones which are as close as possible to the
ground truth values are expected to yield high prediction confidence i.e p(ylx) means given the
input, the confidence of producing the correct output is high and highly varied.

The inception score is represented by the following formula:

I = exp(Ex~p,(KL(p(y|x)||P(¥))) (5.1

In the above equation, x ~ p, represents that the image x has been samples from the data
distribution p,. KL represents the Kullback-Leibler divergence between the two data distributions
p(ylx) and p(y), p(ylx) represents the class probability distribution of the generated samples and
p(y) represents the class probability distribution of the original samples. The Kullback-Leibler
divergence basically calculates how one probability distribution is diverging from the other
expected probability distribution. This is found by using the cross entropy across the two
values. A KL divergence of 0 symbolize that the two probability distributions are similar to each
other while a value of 1 symbolize great diversity in the behavior of the two distributions. The
calculation of KL divergence is represented by the Equation(5.2) The main objectives of using

inception score [23] are stated below with respect to the result expected from a generative model:

e The generated images should consist of clear images and objects whose vivid details are
clear and they form sharp boundaries instead of being blur. So, p(ylx) needs to have low

entropy to ensure that there is a single clear object in the generated image.
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e The images generated should be diverse in the sense that they cover all the classes available

and generate distinct and diverse images. This means a high entropy is expected for p(y).

Dk.(P||Q) = ) P(i)logP(i)/Q(i) (5.2)

5.5  Compared models and methods

For the evaluation of our model in the synthesis of face images from the given text description of
the visual attributes of the respective person, we have used three models that are the state-of-art
models for the text-to-image synthesis using GAN. The compared models does the text-to-image
conversion task using bird and flowers dataset and not the facial images dataset. The comparison
is done based on the quality(sharpness and diversity) of generated images by all the models

which is determined using the inception score. These models are described as follows:

e Generative Adversarial Text-to-image synthesis GAN: To generate plausible images
from the detailed text descriptions, a model [1] with two features namely learning text
feature representation capturing vital visual details and secondly using these features to
create compelling images that might be mistaken by human for real is used. Both generator
and discriminator are conditioned on side information i.e the text description. The model
is similar to conditional GAN except that it is conditioned on text rather than class labels.
It is known to be the first end to end differentiable model for directly converting the text
into the pixels. The model gives good result but the images generated are not of very high
resolution and lack some details and vivid object parts. They have done their experiments
on two datasets namely: CUB dataset of bird images and Oxford-102 dataset of flower

images.

e Stack GAN: To generate photo-realistic images capturing the vivid object details, Stack
GAN [3] came into play that has one layer stacked upon the other. Based on the text
description given to it, the Stage-I draws the basic structure and basic colors of the
image with raw shapes and then the output of generator of this stage along with the
text description is fed to the Stage-II that generates the photo-realistic counterpart of the
previously generated image with the vivid object details included. They performed their
experiments on three datasets namely: CUB dataset of bird images, Oxford-102 dataset of

flower images and MS-COCO dataset containing multiple backgrounds.
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e TACGAN: Based on the idea of Auxiliary Classifier GAN [24], the Text Conditioned
Auxiliary Classifier GAN [2] was introduced that conditions the generated image on
text rather than class labels. Similar to [1], this method can also generate promising
images that disentangle the style and content of the images. They have performed their
experiments on the Oxford-102 dataset of flower images and prove to be the best model

for the text-to-image synthesis with the highest inception score achieved.

5.6 Results

5.6.1 Qualitative results

By performing our experiments on the facial images dataset, we found out that for epochs=150,
our model was giving the best results. Experiments with different epochs have been conducted
and results obtained are compared. The results shown in the Figure 5.2 show the results for

epochs equal to 150.

We will now show all the results obtained for the different values of epochs in the training
process of Generative Adversarial Network used for face synthesis.
The figures 5.3, 5.4, 5.5, 5.6, 5.7 and 5.8 show the qualitative results obtained when the text

input are given to the generator of the GAN model of face synthesis at different epoch values.

5.6.2  Quantitative results

As there is an adversary game going on between the generator and the discriminator of the used
GAN model, both of them try to compete against each other to make their respective performance
better than the other one. The Figure5.9 and Figure 5.10 represent the g_loss and the d_loss
respectively of the used GAN model during validation. For evaluation of the performance and
quality of generated faces by the given adversarial model, we used the inception score [22] that
finds the effectiveness of the model. Inception score is based on the fact that high quality samples
i.e the ones which are as close as possible to the ground truth values are expected to yield high
prediction confidence i.e p(ylx) means given the input, the confidence of producing the correct
output is high and highly varied. The Table 5.2 shows the inception score corresponding to the
various comparison models used to measure the quality of generated images by our model doing

face synthesis task. Though no other model till now has tried to generate faces from the text
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The nan has .gulde straight and centre part

face, clean shave, pomnted nose, wide and thin lps, with fair color.

The man hag black has, thick eyebrows, deep set eyes, square face, moustache, straight
nose, wide and thin lips, with fair color.

L L 1 I i L Biid TR Y I i b &

The man has black long har, thin eyebrows, wide forehead, hooded eyes, square face,
hrown heard, button nose, thin lips, with fair color,

wiow

The woman has straight golden hair, broad forehead, straight eyebrows, small eves, pointed
nose, oval face, thin bps and fair color.

Figure 5.2: Results obtained for epochs=150

The man has golden straight hair, thin eyebrows, cloze set eves, oval face, clean shawe,
pointed nose, thin lips, cleft chin, left ear pierced, with fair color.

Figure 5.3: Face sample obtained for epochs=50
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The man has black right parted hair, wide forehead, straight and thick evebrows, close set
eves, round and fat face, clean shave, cleft chin, button nose, wide kps, with wheatish color,

Figure 5.4: Face sample obtained for epochs=80

“The man has black right parted haj;, wide set eves, stm’aigl-lt evebrows, round face, clean
shave, straight nose, full lips, with dark color.

Figure 5.5: Face sample obtained for epochs=140

wearing earrings, with underbite and wheatlsh shadihg,

Figure 5.6: Face sample obtained for epochs=160

The man has hrown right parted straight hair, wide forehead, deep set eyes, straight
evebtows, oval face, clean shave, hutton noze, with fair colotr.

Figure 5.7: Face sample obtained for epochs=200

' The an iws hlack srﬁ afro hair, de fcurei.wd, arn:hea eyehrnws, de set ey-'e, oval
face, moustache, broad nose, full lips, with dark color.

Figure 5.8: Face sample obtained for epochs=250
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Figure 5.9: Generator loss curve for the used model
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Figure 5.10: Discriminator loss curve for the used model
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Dataset Model used Inception Score
Libor Spacek’s facial images | Text-to-image synthesis GAN | 1.386+ .012
Oxford-102 Text-to-image synthesis GAN | 2.66 + .03
Oxford-102 Stack GAN 3.20 £ .01
Oxford-102 TACGAN 3.45 £ .05

CUB bird Text-to-image synthesis GAN | 2.88 + .04

CUB bird Stack GAN 3.70 £ .04

CUB bird TACGAN 3.78 £ .05

Table 5.2: Inception score comparison for various text-to-image generation models with the
proposed face synthesis GAN model. [2] [3]

attributes describing visual attributes as input to them using GAN model, we are comparing
the inception score of our results with the inception score of other GAN models who perform
the text-to-image synthesis task as well as those who are the state-of-art in the text-to-image
conversion. The comparison helps us to find out how clear, sharp and diverse images our model is
able to produced as compared to other models. The comparisons show that for the face synthesis
task, the face images generated by our model are not as sharp and as clear as expected. Other
comparison models are generating very clear and sharp images corresponding to the text caption
given to them. The birds and flowers images generated by the Text-to-image GAN [1], flowers
and bird images generated by the Stack GAN [3], and the flowers and bird images generated by
TACGAN [2] are very sharp and clear compared to the outputs generated on our dataset using

the model given by Reed et al [1].

As we can see from all the qualitative results in the previous section, the GAN model of
Reed et al used by us performs the best for face synthesis task when the number of epochs are
set to 150. The Table5.2 depicts the comparison of the used mode for face synthesis with other
models used as state-of-art for the text-to-image synthesis task. The two graphs 5.9 and 5.10
depict that there is no relation between the generator and discriminator loss. Both try to improve
own performance by making an attempt of defeating the other one. No standard curve is found
for the generator and the discriminator loss. The value of each of the discriminator and generator
loss can be variable depending upon the variable setting and the direction to which the training
process is heading(positive or negative). The discriminator loss is the combination of loss across
3 pairs namely: (real image, right text), (real image, wrong text) and (fake image, right text).

The mean cross entropy is ensured to be reduced across above stated pairs. The loss across
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discriminator and generator try to train the model with gradient values so that each layer can
update its weight values and hence modify all the parameters with the best values in order to give
the best results. Adam optimizer is also used to improve the learning rate. These gradients when

back propagated help make the network performance better.

26



Chapter 6 CONCLUSION

In this report, we show that the Generative Adversarial Network with matching aware discrimina-
tor as used by [1] can be used for the task of face synthesis given the text file describing the visual
attributes of the respective person. The experiment results on the Libor Spacek’s facial images
dataset are not very good but they definitely show some scope of improvement. With some more
modifications in the model, its parameters and by increasing the number of training samples used,
we can further improve the performance of the GAN network for this face synthesis task.

The focus of the current work is to extract the visual features from the input text file given to the
model and then synthesize face images that are as close as possible to the ground truth value.
The model used by us as proposed by Reed e al [1] works amazingly well for the generation of
images of birds and flowers but for the task of face generation, not all the vivid details of the
texture and color of the face could be captured. Law enforcement field can get various benefits
from such a system that can synthesize images of the criminals automatically from the text
description of their visual features given as input to them. In case of any such crime investigation,
the witness plays a vital role in giving the description of the criminal to the cops who then make
a sketch of the criminal with the help of any artist. But this task can be automated with the help
of the model used by us by merely giving the textual description of criminal’s visual attributes as
input to the trained model that can then give as output the face image of the criminal. With some
more modifications in this model and using a larger dataset for training, a very huge advancement
can be done in this process of law. The figure 5.2 show the qualitative performance of our model
for the face synthesis while the Table5.2 show the quantitative result that depicts that the model
for this particular application is not outperforming the other comparison models. The main
reason for less score compared to other models is the less sharpness, clarity and diversity of the
generated images.

In the presented work, we have shown the ability of our model to generate face images by only
providing the textual description of the visual attributes of the desired person. The model can be
easily extended to the Stack-GAN model used by Zhang et al [3] and the TACGAN model used
by Dash et al [2]. These possible extensions can help generate more clear and sharp face images

with more vivid and intricate details taken into account.
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