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Face image synthesis has many potential applications including public safety, such as video
surveillance and law enforcement. For example, one important application is in assisting the
police to create the face image of suspects based on the memories of witnesses or victims.
However, drawing an image based on descriptions of what is in one’s mind is not an easy task
for the majority of people. Although the montage approach to face image synthesis allows users
to create face images by selecting face components, it involves the time-consuming task of
choosing the right parts from a wide array of options. It is known that the composition of face
parts is a more important factor in the perception of a face than the individual parts. It can be
very difficult to adjust the positions of individual parts to achieve a desired composition.
Several methods have been developed for synthesising face images according to sketches. Such
methods, however, require the user to provide a sketch, which is not always a possibility.
Motivated by these potential applications and the limitation of existing face image synthesis
technologies, this thesis introduces two methods for allowing a user to generate her desired face
image in a semi-automatic way. While the first project uses traditional hand -crafted feature, the
second project employ the state-of-the-art deep neurol network technique.

In the first project, a user-friendly system that can create a facial image based on the user’s
feedback. Unlike most of the existing methods, which require a sketch as input or the tedious
work of selecting similar facial components from an example database, our method can
synthesize a user desired face image without questioning the user on the explicit features of the
face in his or her mind. Through a dialogic approach based on a relevance feedback strategy to



translate facial features into input, the user only needs to look at several candidate facial images
and judge whether each image resembles the face that he or she is imagining. Specifically, the
proposed system includes three major components: extracting primary features, training an OPF
classifier based on relevance feedback and synthesizing face images that do not already exist in
the database. We used 1,000 images of Asian faces from the CAS-PEAL database and the
Cartoon Face database with 96 x 128 resolution. We extract face feature from pixel-level and
use the 80 dimensions with the highest eigenvalues based on a Primary Component Analysis
(PCA) as our feature space. The Optimum-Path Forest (OPF) classifier is employed for
classifying whether a face image resembles the face in user’s mind and it is trained based on
user’s feedbacks. The purpose of classifying is to synthesize a new image resembling the face
in the user’s mind rather than to classify or retrieve. A set of sample face images that are
based on users’ feedbacks are used to dynamically train the Optimum-Path Forest to classify the
relevance of face images. Based on the trained Optimum-Path Forest classifier, the top
Kcandidate face images that best match the user’s desire are retrieved and interpolated to

synthesize new face images the user had imagined. The experimental results show that the
proposed technique succeeded in generating images resembling a face a user had imagined or
memorized. However, there are some disadvantages under this method. The result sometimes is
blurring and doesn’t look like the desired face exactly. The proposed method can’t synthesize
color face image. Such drawback is mainly due to the feature representation. We employed a
global feature space based on PCA which fail to capture the personal detail well, causing the
generated face quite similar to the average face. Another problem of this technique is that the
results are synthesized from the linear interpolation of the top K of user favored face images

and it fails to generate face image of completing new features result from.

Recently, with the rapid development of deep learning technology, various research areas
and applications, such as computer vision, robotics, big data analysis, and pilotless automobiles,
have achieved major advancements. The field of face image generation and synthesis is no
exception, as it has also undergone significant developments. In particular, the emergence of the
Generative Adversarial Network (GAN), which is a type of neural network architecture for the
generative model first proposed by Goodfellow et al. in 2014, brought about a major
breakthrough in the field of face image generation. The second method using a novel approach
combining GAN with relevance feedback to compensates for the low image quality of the first
method.

GAN consists of two networks: the generator that creates as realistic data as possible and the
discriminator that attempts to distinguish fake samples from real ones. The two networks
compete with each other during the training process, resulting in a generator that can produce
realistic data. Since the very first GAN model is proposed in 2014, there are a large variety of
GAN have been developed. Conditional generative adversarial network (CGAN) is proposed to
gain some control over the generated results by allowing inputting a condition to the model in
addition to the noise. Various method based on CGAN model has been proposed for generating
face images with specific attributes, such as race, age, and emotion. Although these varieties of
GAN have improved the generated results from different angles, however, there are no detailed
control over the generated results. To the best of our knowledge, none of the existing GAN
models can provide users with easy control over detailed facial features, such as the shapes and
positions of individual parts of the face.

The proposed method combines GP-GAN, a CGAN model which can generate face image
from the feature vectors representing the geometry information of face, with OPF for allowing
the users to generate their desired face images in a semi-automatic way. It consists of two parts:
(1) a relevance feedback framework for users to generate the landmarks of new candidate faces
by evaluating the sample face images and (2) the face image generator using GP-GAN with the



new landmarks resulting from the relevance feedback process. The relevance feedback
framework consists of three steps: constructing the feature space, training the OPF classifier,
and exploring the candidate feature vectors. First, the feature space based on the extracted
landmark features that are used to localize and represent salient regions of the face, such as:
eyes, eyebrows, nose, mouth, and jawline, is constructed. Second, an OPF classifier is trained
for the feature space based on the user's feedback so that the user can quickly retrieve the
training images that are most similar to the target face. Third, the new candidate feature vectors
for synthesizing the target face image is created. At the third step, unlike the algorithm in the
first method, n new candidate landmarks of the desired face are created by moving the
landmark the use favour the most toward a direction which can further improve the similarity to
the user’s desired face. In this way, the proposed method can take full advantage of the high
image quality while compensating for the lack of user intervention of state-of-the-art GAN
technology. Three types of experiments are conducted to validate the effectiveness of the
proposed method. The first experiment invited participants to create face images, and the second
experiment had another group of participants evaluate the generated results. The third
experiment aimed to compare the results of two projects. The experiment results demonstrated
that the proposed method can be used to generate not only a face image resembling the target
face but also a face image in the user's memory or imagination.

In summary, this thesis proposed a semi-automatic approach to face synthesis. The first
method features with the idea of generating face image in the user’s mind based on relevance
feedback using OPF. Through a dialogic way, the user only needs to look at several candidate
face image and judge them according to similarity. The second method succeeded in
overcoming the disadvantage in the first project and improved the image quality by combining
OPF with the state-of-the-art deep learning technology.
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