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Abstract

Facial expressions play an important role in communication. In many
cases where anonymity is a high priority, the identity of a person has to be
hidden or replaced by another one. There are many advancements in facial
expression analysis technology and several attempts to duplicate facial ex-
pression of a human with an avatar. However, a 3D avatar does not convey
the same feeling as a real human. This thesis documents an exploratory study
made on how vision-based facial analysis can be used to match someone’s fa-
cial expressions and head movements with pre-recorded video segments of
another person. As a result of these efforts the identity of that person can
be replaced with another person in real-time for video conference supported
communication. The proposed technical solutions have been implemented
and tested in real-time communication on the Internet with ten users.

Keywords: Facial analysis, head motion analysis, video conference,
video synthesis
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1 Introduction

Human beings move different parts of their body to show emotions, express
their ideas and in general to communicate with each other. This way of
communicating starts from an early age, according to Kondori (2012). During
human to human communication it is important that the other party pays
attention to these movements in order to fully understand the conversation.
Reading and communicating facial expressions are even more important when
the topic/subject of discussion involves high emotions. Scenarios where facial
expression has higher value during conversation can include talking to a
therapist, interrogating/interviewing abused victims among some possible
areas. However, there are cases where the real identity of the communicating
party needs to be replaced. One of the cases can be to keep anonymity
of the person, for example talking to a therapist without being identified.
Another case can be reuse of inaccessible characters. In this study more
focus has been given to a particular case of training police students on how to
interrogate a child. Police students are trained in how to interview an abused
child. However, since they can not train on children due to sensitivity of the
matter, an actor child can be recorded once showing all facial expressions
and the teachers would act as a child and their face can be replaced by the
pre-recorded child.

In order to hide someone’s identity without loosing the facial expression,
a video conference system can be used by replicating that person’s facial ex-
pression on someone else. The field of HCI (Human Computer Interaction)
studies the interaction between humans and computer. HMA (Human Mo-
tion Analysis) is part of HCI that enables computers to understand emotions
and gesture communication of humans. There are several advancements in
this field and many studies have been performed in the area. The challenge is
to create a video communication system with the ability to perform real-time
facial video synthesis. Several research works have been done on analyzing
human facial expression and ways of replicating the facial expressions with a
3D avatar. However, 3D avatars are not natural. Even the 3D human mod-
els have the problem of uncanny valley Mori et al. (2012), they are spooky
as they become too close to look human but they do not. The proposed
system attempts to solve these issues by using pre-recorded video segments
to recreate facial expressions frame by frame in real-time. The system is
implemented for a video conference/chat system to enable one or both of the
communicating parties to be completely anonymous by replacing their live
video feed by a pre-defined human character. The system analyzes facial ex-
pressions and 3D head movements of the person and replaces it with similar
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expression/pose of another person in real-time frame by frame.
This thesis focuses mainly on creating a real-time human face synthesis

for anonymous video conference systems. Its underlining parts are creating
natural communication with the ability of replicating ones facial expression
with another one in real-time. An attempt on creating a web-based, real-
time face synthesis for video conference systems have been done. The system
itself, its components, implementation, methodologies, outcomes, and usabil-
ity test results are documented in the following sections after the sections on
motivation, research problem and related works. Discussion on the results,
conclusion and future work are also explained as the last part of this thesis.
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2 Motivation

There are several reasons one might want to present him/herself as some-
one else. One of these reasons is hiding identity and becoming anonymous.
With all the privacy issues in the web 2.0 era, anonymity is becoming more
and more important on the Internet mainly to protect users. Anonymity is
possible on text-based communication, for instance email and chat. To some
extent, it is also possible on voice based communication. However, there
are cases where text based or voice based communication is not important.
This is because facial expressions can transmit much more information than
verbal, Kondori (2012). Sometimes facial expressions can even change the
verbal message. Therefore, text and voice based communications are not
enough when someone wants to have a communication that also involves fa-
cial expressions and head pose for expressing emotions. Therefore, a way to
convey the facial expressions is required to create a full fledged anonymous
communication.

One scenario where anonymity might be required is talking to a thera-
pist. A person might need help emotionally and psychologically but might
not want to show their identity to the therapist for different reasons. These
reasons could be related to privacy or even to the psychological problem.
One option could be talking to the therapist over the phone or via text-
based communication tools. However, emotions and facial expressions are
significantly important in a therapy session to be hidden behind the tele-
phone or the keyboard. Implementing a video chat system that can enable
a user to fully communicate with the therapist could enable users to get the
help they wanted without being forced to show their identity. This system
should be able to map their facial expressions to the other person which the
therapist would see. Other scenarios where anonymity might be important
are situations where people are in danger and want to report something but
do not want to disclose who they are. Similarly, such a system can allow
people to report important information with complete anonymity.

Besides anonymity there are situations where replacing someone’s iden-
tity in a video chat can be useful. One of these scenarios s about re-use of
inaccessible characters like children. In this case a child showing all differ-
ent facial expressions and head movement can be recorded and stored in a
database. Then an adult will be able to control the pre-recorded child to
show the desired head movement and facial expression including lip move-
ment. This can be applied to educational environments. An example of this
scenario is where police students are trained in how interrogate/interview a
child. Police students receive training on how to interview a child that might
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be abused or molested. Due to the delicacy of the matter, police students are
not able to train on a child. Currently, they train by interviewing an adult
actor who acts as a child. However, knowing that the person they interview
is not a child makes it hard to understand or believe the emotions. Hence,
having a system that can translate the adult actor’s facial expression to a
pre-recorded child video can increase the quality of the training. This system
also gives the instructor full control over the facial expression dynamically
enabling dramatic changes of emotions based on the interaction with the
police student. This would have been difficult even in the case of using an
additional actor.

Similar to the above situation the system can be used for celebrities and
other significant people like politicians. Their facial expressions can be stored
in a database and another person can transmit a message representing them
when needed. This could be useful for historical purposes and motivating/in-
spiring young children, where adults including parents and teachers could
talk to children as their idols. This thesis is mostly inspired by a particular
scenario, which is training police students on how to interrogate or interview
a child.
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3 Research Problem

The purpose of this thesis is to design and implement a real-time video con-
ference system that is capable of allowing the person in one end to act as
another person. This will be done by analyzing spatial movements and fa-
cial features of one end in real-time and replacing/reconstructing them with
similar features of a pre-recorded video sequence. Besides creating a system
that is able to transfer facial expressions and head movements of one person
to a pre-recorded actor, the challenge is to make the output video smooth
with accurate translation of all the movements and facial features. Such a
system can be applicable in different scenarios including training systems
and anonymous video-conference where facial expressions are an important
part of the conversation. One scenario of a training system is child interview
training for police students where police students learn how to interview/in-
terrogate a child. Since they can not train on children such a system could
allow schools to use a pre-recorded child actor video to emulate the emotions
and acts of the trainer in real-time. So, the trainer will act in front of a
web-cam and the student will see a child video which is an exact translation
of the expert’s emotion and movement. Such a system can help to create
a better environment for training police students because interrogating chil-
dren is a delicate matter and the training should be as close as possible to
the real world scenario.

In the past 30 years there have been several developments in the field of
facial analysis, automatic facial expression recognition and real-time video
synthesis. Multiple systems have also been implemented that enable the
transfer of facial expression of a user to a computer-generated avatar. How-
ever, avatars miss the human element, which can be very important in dif-
ferent scenarios described in Section 2. Being able to replace a user’s face
with another in a video without compromising the naturalness of the video
is a big challenge. Being able to do this in real-time for a video-conference
system adds additional level to the challenge. This is because computer gen-
erated 3D avatars - even with a human face rigged to them - do not look
natural and sometimes can be uncanny. In Section 5, a different approach
is proposed that uses real images of a human and showing them in different
sequences based on facial analysis of the user. These images are extracted
from pre-recorded video segments and stored in a database.

Therefore, this thesis serves the purpose of identifying some of the tech-
nical components and architectural issues to make such a platform possible.
Taking this into consideration, the following questions are to be explored as
research questions:
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1. What kind of components and features are needed to develop a video
conference system with real-time video synthesis?

2. What are the technological challenges of building such a system?

3. How can the technical challenges be solved for designing and imple-
menting such system?

4. What is the level of acceptance of such a system from users’ perspec-
tive?

To answer these question, first related works are studied in order to val-
idate the idea and understand the best ways to solve different parts of the
system. Then a prototype is implemented with iterations until it becomes
usable. Finally user and system test are done and results are discussed to
conclude the findings.
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4 Related Work

Considerable amount of research has been carried out in the field of HMA
(Human Motion Analysis), specifically vision-based. Vision-based analy-
sis can be categorized as marker-based and marker-less (Kondori, 2012).
Marker-based tracking employs the technique of placing some kind of marker
to track. Marker-less systems use computer vision techniques with a vision
sensor to track motion and analyze that. A survey done by Moeslund and
Granum (2001) breaks down the system into four processes: initialization,
tracking, pose estimation and recognition. In this literature survey differ-
ent research works have been mentioned for the different processes. Meyer
et al. (1997) and Rossi and Bozzoli (1994) discuss how the initialization part
is essential for pre-processing data, knowing about the camera using offline
calibration and so on. Tracking is the process of following the location of
an object over time. Tsukiyama and Shirai (1985) tracked people moving
in a hallway by first comparing frame to frame to find moving objects and
then recognizing people. Pose estimation is a technique applied to identify
human body configuration in a specific time. Moeslund et al. states that
pose estimation is usually achieved by modeling the human body, mostly
through geometric modeling and sometimes motion modeling. According to
Moeslund et al. recognition can be categorized into two, static and dynamic
recognition. Static recognition determines the postures using pre-recorded
images and comparing them. One example of static recognition implemen-
tation is an interactive karaoke system developed by Sul et al. (1998), where
they used pre-recorded image templates to determine different postures. Pose
estimation data is used in dynamic recognition. The work by Ju et al. (1996)
achieves this by analyzing motion parameters of different body parts.

All the previous works are generally about motion analysis. There are also
several works targeted mainly on analysis of facial expression, hand gesture,
lip motion and head pose. An experimental system built by Ohya et al. (1995)
uses tape markers to track facial features of a sender to reproduce their 3D
model in a video conference. Their experiment tries to create a virtual-space
teleconference system to enable users at different sites to feel they are co-
located. The system creates a 3D wire-frame which then is rigged by the
senders facial features, color and texture. Facial features are also tracked in
real-time and sent to the receiving end to move the avatar. Although their
attempt was to recreate the sender’s body and facial expression in 3D and
in real-time, their technique could easily apply to replace the identity of the
sender with another person’s 3D model. Using tape markers makes it easy
to track facial features accurately. However, vision technology has advanced
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since then, and tracking facial feature points without using tape markers is
now easily possible. Being able to track facial feature points without having
to put any markers on users gives big advantage to usability and natural
interaction of the system.

In another study, Morishima (2001) discusses how face modeling with
voice driven talking avatar can be used to duplicate human expression and
impression. This study suggests first creating an avatar based on frontal and
side images of the charter and then use voice recognition to synthesize the
avatar’s facial expression. While this is good to realize lip synchronization,
the study also suggests using face tracking and recognition mainly for facial
expressions and impressions. A similar system is tested by Aitpayev and
Gaber (2012) using the Kinect sensor. They suggested using a Kinect sensor
to map out the body onto the avatar and use real-time animation duplica-
tion for movement of the human body and specifically facial expression and
impression. Both the studies mentioned above focus on duplicating the ani-
mation as well as the image of the person, rather than replacing the person
with different avatar. Another study that makes use of the Kinect technol-
ogy is one carried out by Kondori et al. (2011) where they used Kinect to
estimate head pose. They followed four steps to identify the head to estimate
head pose. They convert the input depth array to metric distances followed
by background subtraction and then segmentation and head detection. This
system is capable of estimating head pose in real-time, which makes it a
possible candidate to one of ways to implement some parts of this thesis.

Another study that uses just a vision-sensor to extract facial feature
points and match them with an avatar in real time is carried out by Saragih
et al. (2011). In this study, the authors used two stages to perform the
expression transfer from the user to the avatar. In the offline stage, they
analyze single images of the user and the output avatar and stored their re-
lationship in a database. The online step just uses vision sensor to track the
facial feature points and map them accordingly to the avatar. Having im-
ages beforehand for finding relationship between the user and output avatar
feature points can increase accuracy. However, this system can not be used
ubiquitously because the offline stage is required for everyone who wants to
use the system. In this system, an output avatar can also be formed from pic-
tures of a human being. The pictures are rigged into a computer-generated
model of the avatar, which are then morphed based on the facial expression
of the user. Being able to transfer the facial expression of the user to another
person solves the problem domain explained in section 3. However, in this
implementation, the authors used a single image that is rigged to a model
and this creates an unnatural video output due to the imperfectness of the
morphed output. For example, when the mouth is open the tooth and tongue
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are not visible and the face looks like it is stretched.
A different way of communication with facial expression analysis is pro-

posed by Wang et al. (2014). Their proposed system is intended for real-time
communication but instead of video communication the system is for sup-
porting text-based communication. The system analyzes facial expressions
and head movement in real-time and shows them to the other user in the
conversation via an avatar. For example, if the person in one end of the com-
munication nods their head, the avatar on the other end would also nod its
head. The system implements a real-time commentator for facial expression
as a complementary to the text-based communication. While this method
solves the problem of anonymity and has a transfer of facial expression from
one end to another, following communication could be hard since attention
is split between the avatar and the actual message in text.

Replacing the image and voice of the person in a video can also be
achieved in real-time. A recent project by FaceRig claims to achieve this
(Michell, 2014) . On its website users will be able to see their expression
taken from a web-cam and duplicated by an avatar, predefined character like
a fox, in real-time. This system uses real-time image-based tracking technol-
ogy. Another very similar project has been developed in Keio University in
Japan, according to Rick (2014). Both developed systems aim at enabling
users to change their identity while in a Skype call or any other technology
like games that require replicate expressions and impressions of the person
behind the web-cam. Those two systems are by far the closest implemen-
tation to the system proposed in this thesis, however they are not quite fit
for the problem domain, since they do not replace the image by another per-
son and they do not have audio synthesis. The proposed system takes this
into consideration and tries to fully simulate another person by using pre-
recorded video segments of the person and synthesizing the facial expressions
in real-time. The proposed system is explained in detail in the next section.
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5 System Description

The system is implemented completely using web technologies which makes it
cross platform across devices and different operating systems. In the follow-
ing two subsections the general overview and technical details of the system
are explained.

5.1 Overview

The system contains two communicating parties (computers with a web-
cam connected to the Internet) and a server that is able to connect the
two parties.The server is also able to match the facial expressions of one of
the communicating parties with a pre-recorded database (video segments) of
another person frame by frame in real time. These matched frames are then
sent to the other communicating party frame by frame.

Figure 5.1: System Overview

Figure 5.1 shows how the overall process of the communication happens
between A and B. The figure shows that Person-A and Person-B are the two
communicating parties with Computer-A and Computer-B as their way to
connect. The two computers are connected via Server-S which also holds
a pre-recorded video database of Person-C. If Person-A is the one with the
need of being anonymous, the process of communication goes as follows, step
by step.
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Step 0. Initialization:

0.0. Server must have pre-recorded database of a third person (Person-
C)

0.1. Computer-A and Computer-B initialize connection via the server

0.2. Load facial analysis library to Computer-A’s browser via the
web.

Step 1. Facial Analysis:

1.0. For each frame Computer-A gets from its web-cam, it gets 3D
head position, orientation and position of facial features such
as eyebrows and mouth of Person-A.

1.1. Send obtained facial feature points to the server

Step 2. Finding Match

2.0. The server finds the closest match to each frame on the pre-
recorded database of Person-C

2.1. For every frame of Person-A the server sends the matching
frame of Person-C to Computer-B.

Step 3. Rendering Reconstructed Frames

3.0. Computer-B displays all frames received from the server se-
quentially, so that they form a video feed of Person-C.

3.1. Computer-B streams video feed of Person-B in real-time to
Computer-A.

The client side facial analysis library is supported by Visage JavaScript
SDK for HTML5. It uses a standard web-cam to capture images and pro-
vide different facial data which includes head orientation, position and facial
feature points that includes relative as well as absolute positions of different
parts of the face. From this library, the primitive feature points are taken
and processed both on the client side and the server side of the system. Most
of the processing including storing in the database and matching of facial
feature points happen on the server side of the system which is completely
created from scratch.

The server is run on Node.js which is event driven, non-blocking IO server
side scripting language based on Chrome’s JavaScript run-time. Node.js
is emerging for the use of data-intensive, high-performance, real-time web
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applications (Tilkov and Vinoski, 2010). The Node.js server is connected to
the client-side computers via Web Socket for real-time communication. The
database is split into two parts: frames of images that are stored sequentially
as JPEGs in a folder and facial data of those images stored in mongoDB with
the same sequence. When the client side with the facial recognition library
sends facial data, the server runs the Node.js script and queries the closest
match to that frame and sends the JPEG image to the other communicating
party. In cases where both ends of the communication want to be anonymous,
same procedure is repeated for the receiving end to the sender. Otherwise,
the receiving end will just directly transfer the feed from the web-cam to the
sender.

5.2 Technical Description

The system’s core parts can be split up into three processes. First is recording
a video and storing it in a database for serving later on. The second one is
acquiring facial movement and matching with the database frame by frame
in real-time. The third and last process is serving the matched frames to
the other end frame by frame in real-time. All the processes are explained
in detail below.

5.2.1 Recording the Database

The first step of the system is to record a database of frames with associated
feature points. To do this, first the position of facial features must be ac-
quired from the video sequence. The JavaScript library used, Visage HTML5
SDK, for the front-end to get the feature points is implemented based on the
MPEG-4 Face and Body Animation (MPEG-4 FBA) standard which is part
of the MPEG-4 International Standard (ISO14496) and deals with human
or human-like character animation Ostermann (1998). The library provides
head rotation angles of x,y, and z axis, 2D (x and y) or 3D (x, y, Z) posi-
tions of head and individual feature points like corners of the eye, mouth and
eyebrow as shown in Figure 5.2.
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Figure 5.2: Identification of all MPEG-4 FBA feature points Standard (2001)

The rotation and position of the face/head are given relative to the frame.
The facial feature points are given on either their position on the frame or
relative to the face. Where center of the axis is placed in between the two
eyes and from there to the right edge of the face are represented from zero
to one, to the left from zero to negative one and similarly from the top to
bottom are represented from negative one to positive one. Figure 5.3 shows
this.
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Figure 5.3: Relative Coordinates

For recording the database, each frame is sent to the server with its asso-
ciated data. The data includes head rotation and position in 3D with respect
to the frame and relative normalized feature points of different parts of the
face. Ideally, taking all feature points of all parts of the face is recommended,
since it results in a very accurate face translation. However, this has a huge
impact on the performance of the system. Hence, the system is implemented
starting with all the feature points and then removing less important fea-
ture points for better performance until the system gives decent frames per
second with balanced accuracy. Currently, the system uses head rotation
and position, four feature points from the mouth, three feature points from
each eyebrows and four feature points from each eye. Additional to this,
the distance between the upper and lower as well as left and right is cal-
culated and taken from feature points (2.2, 2.3) and (2.4, 2.5) respectively,
see Figure 5.2. All these data are put in one vector array and stored in the
database with an associated link to the frame, which is stored in a folder as
a standard JPEG file. The reason to choose the mouth, eyes and eyebrows
as an important data set for comparison is because they are the key parts of
the face when showing emotion, according to Black and Yacoob (1995) and
Sadr et al. (2003). Thus, together with the head pose tracking given by the
rotation and position data set, the chosen feature points results in emotion
translation from any person to the recorded database. Having a relative nor-
malized feature points data enables the system to compensate the difference
in size and shape of faces as well as facial parts like mouth.
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5.2.2 Matching Frames

After the database is recorded and stored sequentially the next step is to
receive frames, find the closest frame to each and send it to the other end
of the communicating party. For the server to find a matching frame the
client side has to send the same data set as the stored vector. However, the
client does not need to send the actual frame to the server since only the
data of facial feature points, head orientation and head position is enough
to query the database. Hence, saving bandwidth and processing power of
the system. After getting the data of each frame, the matching happens
by comparing each value in the vector with the database and finding the
closest vector. This is calculated by finding a vector in the database with
smallest Euclidean distance difference to the query vector received from the
client-side. Below, equation 1 shows how the difference is calculated using
the squared smallest Euclidean distance.

Qv = ”QueryV ector”

Dv = ”DatabaseV ector”

diff 2 = (Dv[0]−Qv[0])2

+(Dv[1]−Qv[1])2

+...

+(Dv[n]−Qv[n])2

(1)

Using this kind of calculation gives equal importance for all the data,
meaning head pose, eyebrows, eyes, mouth and mouth opening has equal
importance on querying the database. However, some parts of the data
vector are sensitive and some are more important. For example the opening
and closing of the mouth is important so that it syncs with audio. Hence,
to solve this different weight can be applied to the facial features and other
parts of the vector. This is done by multiplying difference of each vector
value by a coefficient between 0 and 1, while the sum of all coefficients is 1.
An example of this is displayed below in equation 2.

Dv[0] & Qv[0] = ”HeadRotation(x)”

Dv[1] & Qv[1] = ”HeadRotation(y)”

...

Dv[4] & Qv[4] = ”HeadPosition(y)”

Dv[5] & Qv[5] = ”HeadPosition(z)”
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...

diff 2 = 0.08 ∗ (Dv[0]−Qv[0])2 + 0.08 ∗ (Dv[1]−Qv[1])2+

...

0.04 ∗ (Dv[4]−Qv[4])2 + 0.04 ∗ (Dv[5]−Qv[5])2+

x ∗ (Dv[n− 1]−Qv[n− 1])2 + y ∗ (Dv[n]−Qv[n])2

(2)

Each vector in the database can be compared with the query vector re-
trieved from the front-end to find the best matching frame. However, having
many frames in the database and comparing each frame with all the frames
in real-time affects the frame rate as well as the performance of the system.
To tackle this issue, the query vector can be searched every nth frame.

Algorithm 1 Find Closest Image

Require: Dv[] . Database Vector
Require: Qv . Query Vector
Require: n . Step Variable for Searching
1: procedure Matcher(Dv[], Qv, n)
2: Sdiff = 1 . Smallest Difference, range [0,1]
3: Cframe = 0 . Candidate Frame
4: for i = 0; i <= Dv.length− n; i+ = n do . Check every nth frame
5: d← diff(Dv[i], Qv) . calculate diff using equation 2
6: if d < Sdiff then
7: Sdiff ← d
8: Cframe ← i

9: for i = Cframe − n; i <= Cframe + n; i + + do
10: d← diff(Dv[i], Qv)
11: if d < Sdiff then
12: Sdiff ← d
13: Cframe ← i

14: return Cframe . Return matching frame

Where n is an integer larger than 1. After finding the vector with the
closest match to the query vector, say Df [i], its index i is saved. Then another
search search for individual frames is performed from Df [i− n] to Df [i+ n].
This is because the frames are stored in the database sequentially and the
skipped frames have to be checked before and after. Hence, how big n can go
depends on how many similar frames are stored consecutively and how big
the database is. This means that, if you pick any frame in the database with
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an index i, either the next n consecutive frames, or the previous n consecutive
frames or frames from i− n

2
to i+ n

2
have to be very similar in all cases. This

is to create a more accurate as well as efficient system by comparing only
one out of the similar frames with the query vector and then searching only
the similar ones to pick the best out of all. Doing so will increase the query
time by n and yet allows the system to pick the closest frame.

5.2.3 Serving Images/Frames

After finding the closest match in the database, the next step is to send it to
the receiver. The images are stored in a standard JPEG format sequentially
with the file name being the id of the image which is associated with vector
database on the server. Therefore, since the images are stored in this way,
they can be served from the same server where the matching is located, from
another separate static server or can even be pre-downloaded to the client.
Each scenarios are described in detail below.

Same Server: If they are served by the same server that is running the
matching algorithm the images can be encoded in base64 (URL based
data encoding system Josefsson (2006)). Then the images are sent to
the client via socket.io, which is a cross-browser Web Socket library
for Node.js, Rai (2013). This process has to be done multiple times
per second depending on the frame rate of the system. Hence, it may
affect the system very much because the server is handling all requests,
querying the database, encoding the JPEG and sending it to the client.

Client Side: Another option is to have the frames ready on the client side
and the server would just send the id number. This can work very
well, especially in a controlled environment. For example in schools,
the computers can be loaded with the image database. Since every
frame is saved by its id as a file name, the server would just send which
id to display and the client side will just render that image by finding
it in the specific folder by its id as a file name. This enhances the
performance of the system as well as reduces the bandwidth because
the server is just sending only the file name instead of the whole encoded
image.

Separate Static Server: In cases where the above option is not possible,
another additional server can be used to serve images. The commu-
nication between the client and server would still be the same as the
above option but when the client side gets the id of the frame, instead
of loading it from its local files it would request from the additional
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server. This saves some computing resources from the main server but
it doesn’t make a difference on bandwidth. However, this additional
server can be a static server located on the client side to save bandwidth
and this is the methodology used to serve the images in this project.

5.2.4 Rendering Frame Sequences

To create a smooth transition between frames and to have a good frame-
rate, two methods have been applied to the system. One is on the server side
querying the vector, and the second one is on the client side when showing
the frames.

On the server side, while querying the vector from the database the system
keeps the last two query vectors and finds the average between those and the
new query vector. This means the system will always query the average
of the last three feature points. This enables the system to compensate
dramatic changes between frames on the client side. Big differences can
happen due to a lag on the client side or in case there is a frame-rate drop
due to low bandwidth connections. By searching the vector database using
the average feature points enables the system to bridge the gap between
distant frames. For example, if the head movement between the current
frame and the previous one was to have a big difference in the x-axis, the
system would show a frame somewhere in the middle. Hence, preventing
the reconstructing frames from jumping. Although this method affects the
accuracy, it is very negligible because the difference between two consecutive
frames in a video with average frame-rate between 15 to 23 fps is negligible.

Another methodology is applied on the client side to create a better con-
tinuity of the video output. While the server side method is always applied,
the client side is conditional. The client side is only applied when the server
is returning similar frames continuously. Depending on the number of frames
in the database, the server may return the same frame consecutively. This
happens when the size database is small and may create a still frame in the
output video. In this case, the client side script is able to predict the move-
ment of the frame and display the next set of frames or the previous set of
frames sequentially. That is, if the previous frames were going incrementally
the client will render frame x+1, x+2,... instead of repeating frame x. Sim-
ilarly if the previous frames were decremental, it will render x-1, x-2 and so
on. If the client is not able to predict the next frame, it will not do anything
to keep the accuracy and prevent jumping of frames. The system will keep
predicting until the server returns different frame. However, a threshold is
required for the number of predictions the client can make sequentially. This
is to not have a false video while there might be a fault in the server. This
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threshold is a parameter to the system and can be changed based on different
factors. One important factor is that the predicted frames should not vary
much. The implemented system’s client side predicts up to 5 frames in a row,
which is the same as the step variable n in Algorithm 1. This is because in
the database used the difference between 5 consecutive frames is very small
and gives the system a room for error tolerance in case of wrong prediction.
Hence, in the case the system predicts wrong frames, the error will not be
noticeable by the user. The experimental results and user study results are
described in the following section.
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6 Methodology and Experimental Results

6.1 Methodology

To measure accuracy, performance and usability of the system, three ex-
perimental studies have been conducted. Performance and accuracy of the
system are measured using both original and reconstructed videos and com-
paring them. Two images, one from a web-cam and another one generated
from the server, are shown simultaneously to measure accuracy. Users are
also given the chance to test the prototype and answer usability-related ques-
tionnaires. In the following sections, the methodology behind each test and
the technical specifications are explained in detail.

6.1.1 Technical Specification

Performance and accuracy of the system depend on a number of variables
used by the algorithm. These variables are size of database (number of
frames), step number for searching, number of feature points taken into ac-
count, and the weight given to these features.

Figure 6.1: Feature points taken for test

In the study, four facial-expression/emotions are put into test: neutral,
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happy, surprise and sad. A 3-minute video showing all four facial-expressions
is stored in the database into a total of 4831 frames. For each frame, a vector
containing required information is stored in the database. The vector includes
head rotation (x, y, z), head position (x, y, z), (x, y) coordinates of mouth and
eyebrow feature points, which are 2.2, 2.3, 2.4, 2.5, 4.1, 4.2, 4.3, 4.4, 4.5 and 4.6
as it can be seen in Figure 6.1,vertical distance between mouth feature points
2.2 and 2.3 and horizontal distance between 2.5 and 2.4. Distance between
lips is used to detect talking and lip movement so that the system will be
efficient in lip-syncing.

More feature points can be taken. However, in order to improve the
efficiency of the system, the number of feature points has been decreased to
10 as listed above. The criteria for choosing these feature points were their
importance to the emotions stored in the database (neutral, happy, surprise
and sad). According to Black and Yacoob (1995) and Sadr et al. (2003),
mouth and eyebrows are the necessary parts of the face to recognize the six
universal facial expressions.

6.1.2 Study I - Video Output Assessment

The output video alone and in comparison with the input video are used
to asses performance, accuracy, naturalness, continuity and smoothness of
the system. By measuring the average frame rate, the performance and
smoothness of the system can be determined. However, since high frame rate
might not mean smooth video due to the chance that the system may return
similar frames continuously, continuity and smoothness are also measured by
doing a user test. How natural the output video looks and how accurately
the system translates the emotions are also measured by user test.

The average frame rate is calculated by measuring the frame rate of ten
different two minute output videos. For calculating the accuracy of translat-
ing facial expressions, 19 video clips of with length 10 seconds each are shown
to users and they are asked to rate four of the emotions. The 19 video seg-
ments are split into three groups. Group A includes 8 input video segments
that show each emotion twice, one using a male actor, another one using a
female actor. The second group, Group B, also contains 8 video segments
which are the output videos for each input video. The remaining 3 video
segments, Group C, are predefined video segments taken from Cohn-Kanade
database, which is a comprehensive test-bed for comparative studies of facial
expression analysis Kanade et al. (2000).

Video segments of Group-C are needed in order to validate that the par-
ticipants can recognize different facial expressions. Half of the participants
are first shown video segments of Group-A before Group-B and vice versa
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for the other half. For each video segment, after playing it, a questionnaire
appears asking the users to rate each emotion from 0 to 5 based on that
video. In this scale, 0 means that facial expressions was not expressed at
all in the clip while 5 means it was highly expressed. The ratings are not
dependent on each other. Hence, one can rate 5 for happy and at the same
time 5 for surprise or any other emotion on the list.

After the videos are rated, the corresponding video segments of Group-
A and Group-B are compared to measure the accuracy of the system in
terms of translating the facial expression. Later, both groups, synchronized,
are shown side by side to the users and they are asked to rate the speed,
naturalness, continuity of the video, head tracking and emotion matching.

6.1.3 Study II - Frame by Frame Comparison

In order to assess the accuracy of the system in head tracking and emotion
mapping, corresponding frames from Group-A and Group-B video segments
are shown side by side (figure 6.2), so they can be rated. In the user study,
ten sets of frames are shown and users are asked to rate them on a scale
based on how the emotion and head tracking match up. The scale is from 0
to 5, where 0 means they do not match at all and 5 means they match very
well.

Figure 6.2: Sample Image comparison

6.1.4 Study III - Prototype and Usability Assessment

After conducting the user studies, an explanation of the system and its pro-
posed application scenarios are explained and testers are asked to test the
prototype before answering the usability questions. After using the system
for two to three minutes, the participants are asked to rate the ’ease of use’ of
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the system, their overall impression, the usability of the system for the pro-
posed scenarios, and if they have any feedback. The ease of use or learning
curve of the system is measured on how easy it is to make the reconstructed
character do what you want.

Figure 6.3: User study setup

6.2 Experimental Results

In the user study, 10 people with the age range of 22 to 35 have participated.
Out of the ten, two are female while eight are male. Each participant has
completed all studies in one period without interruption in a controlled room
that is free of distraction. The results of each study have been analyzed and
are shown in the following sections.

6.2.1 Video Assessment

In this user test, 10 participants have participated. Five of them were shown
Group-A video sets (input video) first and then Group-B (reconstructed)
video sets. The other five participants were shown Group-B video sets first
and then Group-A. They have also been shown other video sets (Group-C) to
verify their ability to distinguish different facial expression. All participants
have successfully distinguished Group-C videos as per the labels given by
Cohn-Kanade database. Hence, validating the results of this experiment.
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To measure accuracy, the associated ratings of video Group-A and video
Group-B are compared and the difference is calculated for each emotion per
user. For example, if a participant rated 5 for happy, 0 for sad, 1 for neutral
and 2 for surprise on the first video of Group-A and 4 for happy, 0 for sad,
2 for neutral and 3 for surprise, then the difference is calculated as follows:

User’s Rating Results

Facial
Expression

Group-A
Video 1

Group-B
Video 1

Difference Accuracy

Happy 5 - 4 = | 1 | 80%
Sad 0 - 0 = | 0 | 100%

Neutral 1 - 1 = | 0 | 100%
Surprise 2 - 3 = | 1 | 80%

Table 1: Sample difference and accuracy calculation

For every user, eight comparisons of four facial expressions are done, one
for every video. This means a total of 320 comparisons (10users ∗ 8videos ∗
4facialexpression) is done to calculate the overall accuracy. By calculating
the difference of all 320 entries, the median difference is 0.75 as it can be
seen in the graph on figure 6.4. This makes the total system accuracy 85%
based on this test.

Figure 6.4: User rating difference between original and reconstructed video.
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The previous analysis of videos is a generalized summary of all users for
each video. However it is also important to look at the comparisons of each
per user. This is because the way someone perceives an emotion can differ
from another. For example, what someone might think is very sad, another
could just perceive it as sad but not very sad. Hence comparing the rating of
the videos for each individual participant is also important. In total there are
80 different comparisons for 8 set of videos and for all 10 participants. Figure
6.5 shows sample comparison graphs. All graphs are attached in appendix.

Figure 6.5: Sample single video per user rating comparison.

6.2.2 Random Image Assessment

Similar to the video assessment, in the image assessment 10 users were pre-
sented with two images side by side and asked to rate how well the emotion
and head tracking matches. These two images were an original input from
web-cam and its corresponding output by the system. Every user was asked
to rate 10 comparisons by giving a rating ranging from 0 to 5, where 0 means
do not match at all and 5 means they match very well. These frames were
randomly taken from the system to reduce bias.
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Figure 6.6: User rating of randomly selected matching frames

In this user study, emotion and head tracking accuracy are measured. For
each assessment of 10 frame comparisons by 10 users are done. This gives
a total of 100 evaluations. Figure 6.6 shows results found for emotion as-
sessment and head tracking assessment in blue and orange bars respectively.
For emotion matching, 29% of the comparisons were given a score of 5, 32%
a score 4, 13% a score of 3. These three sets of scores can be summed up
to a total of 74% above average score. The rest 26% is below average and
it is a combination of 14% score of 2 and a score of 1 and 0 with 6% each.
For head orientation, 35% frames were matched with the score of 5, 21%
and 22% scores of 4 and 3 which can be summed up to 78% score of above
average. The rest 22% which is below average score is split between 7% of
score 2, 10% of score 1 and 5% of score 0.

The above date gives us the total system accuracy evaluation. However,
a comparison between the score of each frame gives us more detail on which
frames are the scores are low and help us analyze why that might be. Figure
6.7 shows the average ratings of emotion matching and head tracking match-
ing for each frame, numbered 1 to 10. There are two frames in particular
that get very low rating, frame number 1 getting an average rate of 1.6 in
emotion matching and frame number 10 getting 0.6.
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Figure 6.7: User rating of randomly selected matching frames

The two frames with very low scores in Figure 6.8 have one thing common,
which is the fact that the users are looking up or down. This tells us the
reason for getting low scores could be one of two things. First scenario is
the face tracking library’s inability to accurately calculate the position of
feature points after certain angle of head orientation. The other scenario is
the system’s lag could be the cause of this, though it is in milliseconds. In
case of frame 1, the head tracking seems to be good with a score of above 4,
while the emotion did not get a good score.
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Figure 6.8: Frames with low score

6.2.3 Usability Study

In this usability study, the same 10 people who participated in study I and
II have participated right after the two studies. First they were shown all
the videos used in Study I side by side and asked to rate the quality of four
aspects in a five point likert scale (very poor, poor, fair, good and excellent).
The aspects being assessed where:

• Continuity of the video content, naturalness of the video and overall
quality of the video.

• Head tracking accuracy.

• Emotion mapping accuracy.

• Speed of translation.

The results for continuity, naturalness and quality of the synthesized video
is, 5 people rate it poor, 2 fair, 2 good, and 1 excellent. This means 50%
of the participants thought the naturalness of the synthesis was not good
enough while 50% thought it was fair, good and excellent with 20% for fair
and good each and 10% for excellent. Even though half of the participants
rate the smoothness of the video as poor, this has actually more to do with
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the database than the system or algorithm. That is because the system had
a decent frame rate of 15 to 23 fps. However, due to the small size database
sample used the system was returning the same frame continuously. Thus,
having more frames in the database with the balance of being able to process
the frames in real-time can solve this issue.

User’s rating in percentage
Assessment Type Very Poor Poor Fair Good Excellent

Smoothness/Continuity 0% 50% 20% 20% 10%
Head Tracking Accuracy 0% 10% 50% 20% 20%

Expression Mapping 0% 10% 40% 30% 20%
Speed of Translation 0% 10% 30% 50% 10%

Table 2: Users’ Rating for Smoothness, Head Tracking, Facial Expression
Mapping and Speed of Translation

Head tracking accuracy and emotion mapping accuracy received better
rating in relation to smoothness. While both were not rated very poor, they
were rated poor 10% and Excellent 20% similarly. Different percentage of
the participants rated them fair and good. 50% of participants rated fair
for head-tracking accuracy and 20% rated good. On the other hand, 40%
rated fair for emotion mapping accuracy while the rest 30% rated it to have
good accuracy. Both quality assessments were 10% below fair while 90%
were rated fair and above with 40% of it being good and excellent for head-
tracking and 50% for emotion mapping. Overall, this proofs the system’s
algorithm ability to match facial expression and head-tracking in real time
is acceptable.

The rating of speed of translation, which measures how fast the synthe-
sized video output is able to repeat the input video were actually surprisingly
good. Similar to head-tracking and facial expression matching only 10% (1
participant) rate it poor. Three participants that make 30% of the partici-
pants rate it fair, while unexpected 50% and 10% rate it good and excellent
respectively. This was unexpected because the reason to limit the database
to around 5,000 was because the system was a bit lagging if the database is
bigger and this threshold was chosen. Since the system has many parameters,
choosing what to achieve most plays a big role in overall experience. That
means to improve the smoothness of the video by increasing the number of
frames in the database is still possible at the cost of reducing the speed a
little bit.

After rating the video, the participants were asked to spend around two
minutes using the system. In this case, the sender and the receiver of the
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communication were the participants. Thus instead of sending the output
to another user, the system was rendering the synthesized video on the right
side of the input from the participants’ web-cam. Hence, they were able to
see themselves and compare it to the output video. In this test, participants
were asked to try to make the avatar do a facial expression they want by
making that expression in front of the web-cam. Then after that, they were
asked to rate the learning curve of the system.

Users’ rating in % Ease of Use

Very Poor 10%
Poor 30%
Fair 20%
Good 20%

Excellent 20%

Table 3: Rating of the system on ease of use

As it can be seen in Table 3, out of 10 users, 1 user has rated the learning
curve to be very poor, 3 users poor while the remaining 6 users has rated
it to be fair, good, and excellent with an equal distribution of 2 persons
per scale. This makes the system 60% fair and above on its ease of use.
Observations were made during the demo tryout, where some users were
trying out multiple features that were not included in the database. Although
the users were told which facial expressions and head poses are supported
by the system, some users were observed to try facial expression like anger,
trying tongue movement and extreme head poses, which were not supported
by the prototype. This is also supported by some of the feedback given where
they stated anger and other facial expressions were not supported. This was
happening mostly due to the excitement of using the system and could have
a small effect on how the users rate the ease of use.

The users were also asked to what level they agree the use of the presented
system for the proposed scenario, anonymous video chatting and online train-
ing system. The scale used to rate were a 4-point likert system, i.e. Strongly
Disagree, DisAgree, Agree, Strongly Agree. While non of the participants
strongly disagreed, only 1 participant disagreed and the rest 9 participants
were split into 7 agree and 2 strongly agreeing. This shows the potential
the system for the proposed scenarios is high and the system is applicable in
similar situations.
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6.2.4 Reflections from users

The participants were asked to express their reflection of the system in two
questions. In the first question they were asked to describe their impression
of the system. Eight of the participants said it was exciting, one participant
expressed it as impressive while the remaining one participant said it was
confusing. The only user who said the system was confusing is also the
user who disagreed on the use of the system for the specified scenarios. To
understand why this might be, the users’ feedback in all the experiments
have been analyzed. It has been found that the user rated the system very
poor in general. This user is the only one who rated very poor for ease
of use and the only one who rated poor for head tracking, facial-expression
mapping and speed. This participant was also one of the five who rated poor
for smoothness of the video. Hence, being the participant who rated the
lowest among all the participants in all cases.

The users were also asked to give feedback on the system. The given
feedback can be categorized as in applicability of the system, experience
in using the system, performance, usability and others. Each category is
discussed in detail below.

Applications of the system has been confirmed by most of the users par-
ticipated in the study. They agreed that the system can be used in specified
scenarios. Few of the sentences used in the feedback include “...the domain of
application, especially once a certain degree of anonymity is required, seems
highly relevant and the project seems to be a total fit in my opinion.”, “I do
believe this tool can be really useful for different scenarios described and can
make a difference for helping people.”, “...a great tool and I am sure it can
be very useful.”, “ I think it can be very useful for the explained scenarios.”.

Participants have also given feedback of their experience with the sys-
tem and usability of the system. Most of these experiences were positive
including: “I think the overall quality of the videos was good and I feel like I
could recognise most of the emotions quite well.”, “The prototype is already
impressive and will work better with more images and processing power.”,
“The head movement was adequate and seemed to follow my movements
rather well.”. There were also some experiences that can be considered for
improvement. These experiences were noted by the participants as follows:
“The only problem I could see is the ”lacking” within the video.”, “ I found
it hard to control the avatar exactly as I liked it”, “the person that was
imitating the gestures and emotions was hard to read.”, “..when I tried the
system, it did not react as expected.” and “due to a bad performance of the
system during the demo, the overall impression was very negative.”. The
last feedback listed here is from the participant who has rated lowest rating
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comparing to the rest and this explains that the user had a bad experience
during the demo. Therefore, the reason for the participant saying the experi-
ence was confusing and also disagreeing the use of the system in the specified
scenarios is due to this experience.

Performance of the system has also been commented on by the partic-
ipants. The responses from the users include: “The continuity of the pre-
sented videos was quite nice, meaning that I did not experience any inter-
ruptions within the shown video clips, ultimately leading towards a natu-
ral experience.”, “positioning the head seemed somewhat responsive, but I
couldn’t really make the avatar be in the same mood as I wanted to com-
municate.”, “The constructed image does reflect the emotions rather well”,
“There are a lot of potentials! System’s performance should improve!”, and
“The emotions are not well simulated, the database shows unexpected frames
in between frames that are expected.”.

Other responses received that do not fit in the categories above include:
One common response among half of the participants were that the system
had only few facial expressions included in the system. Most of the users
wanted to see more emotions as well as a mix between the emotion. This
can be easily fixed by increasing the database size and improving the search
algorithm to be faster or running the system on high performance system.
Additional feedback related to the database include the quality of the video
on the database being poor and the person in the database being hard to
read. Both of these problems are related to logistics as it was not easy to
find a real actor to act for emotions the lighting for recording the database
was also poor. These can also be easily fixed by having professionally created
video. Other important comment was on how the system should be protected
from being used for illegal activities.
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7 Discussion

The results of video assessment shows that the median of the average dif-
ference between the rating of original and reconstructed videos is 0.75 with
minimum being 0 and maximum being 5. This result gives an accuracy of
85% in a video segment. However, this result is calculated for a mixed facial
expressions accuracy. This means for a video segment labeled happy user
rating for normal, surprise and sad are also calculated. The comparison is
made on all the differences of facial expression, even though each video has
one facial expression. This means that for a video that contains happy facial
expression, the rating of the other emotions like sad and surprise are also
compared. If only one facial expression is compared in the rating, the ac-
curacy score can even get higher. In addition to this the video comparison
contains three characters which can have an effect in the level of facial expres-
sions. That is because someone’s facial expression of very happy can be very
different than the other one. Different characters have been used in the video
to prove that the system works across different shapes and face sizes. This
claim can also be supported by some of the comments users gave, as some
have explained that the facial expression of the person on the reconstructed
video is hard to read. Therefore, we can conclude that the accuracy score
is good and acceptable for such a system. However, this can be improved
by using professional actors to record the database and improve the speed of
search so that the number of database entries can be significantly higher.

In study II, users were asked to compare and rate a set of images with
their corresponding computer generated candidate matching. In this study
74% of the comparisons received a score of 3 and greater from the range of 0
to 5 in facial expression matching. Out of this, 29 and 32 percent have a score
of 5 and 4. Similarly, for head tracking 78% of comparisons received a score
of 3 and higher. Although this score seems a bit lower, the analysis done for
individual frames shows that two specific frames have very low rating and
hence affected the overall score. These two frames happened to be frames
generated while the user was on movement. However there are frames in the
test set that are in movement but received much higher response. The two
frames with low scores are different from the ones that are in movement and
have higher score. That is because in one of them the subject’s angle of head
is more than the rotation supported by the SDK. In the other one, the frame
is taken right in the start of head movement by the user. This has an effect
on the output because there might be a small delay in the system. This
delay is in few milliseconds and negligible. Besides that, the frame by frame
comparison was taken randomly and at the same time for the input and the

33



output . This means that the output frame is not being compared exactly
to the input frame but rather to one of the frames before it. Therefore, the
results of this study can be improved if these two frames are ignored . The
usage of different characters for the test also affects the result similar to the
video assessment done in study I.

Usability study shows the system scores only 10% below fair for head
tracking accuracy, expression mapping and speed of translation according to
the users’ rating. On the contrary, 50% below fair on continuity of the video
and 40% below fair for ease of use. These results are mostly effects of the
variables in the algorithm. It means that the results can be improved by
playing with the parameters. For example, the continuity of the video can
be improved by having more frames in the database which in turn allows the
server to find a more closer frame to the input. For similar reason, the step
variable in the search can also be reduced at the cost of translation speed.
Nonetheless, the usability results show that the system is accurate enough
but the performance of the system should be improved for a smoother video.
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8 Conclusion

The purpose of this thesis was to design and implement a video-conference
system that enables one end or both ends of the communication to be anony-
mous without loosing the naturalness of movements and facial expressions.
By doing so, the goal was to identify architectural and technical challenges
as well as to study the usability and acceptability of such a system. As a re-
sult, the system has been implemented and tested. The implemented system
uses vision-based facial analysis and an algorithm that enables it to match
facial expressions and head movements of the user with pre-recorded video
segments of a human. The pre-recorded video segments are composed and
rendered in real-time. The system performed with an accuracy of 85% in a
facial expression matching in the study performed on video segments with
mixed facial expressions. While accuracy of the system is found to be quite
acceptable, the systems requires some improvements on performance in order
to provide smooth video output and include multiple frames with multiple
emotions. The system can be used for anonymous video conference and for
re-using inaccessible human characters like children and important people in
different scenarios including learning environment. This has been proved by
the usability study.
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9 Future Work

Future works of this project can be divided into two parts improving compo-
nents of the current system and implementing additional components. Im-
provement includes creating a smother video, faster searching methods, and
better performance. This can be done by improving the search algorithm
to be fast, which can be accomplished by having a better data-structure
like tree data-structure. This allows the system to perform better and the
database can have more frames as a result. Finding a better recording tech-
niques can also help the system to have a better continuity of the output
video. Better recording techniques can be applied in different parts of the
process. These parts includes recording a professional actor, recording facial
expressions transitions, covering all possible movements that can occur in
head movement and facial expression and having a controlled environment
like lighting and background. In addition to these improvements, audio syn-
thesis can be built in to the system. This is required specially in the police
training scenario because the adult voice must be synthesized to a child to
create a convincing output.
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Appendix A User ratings on facial expressions

(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.1: Facial expression rating for video number 1
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.2: Facial expression rating for video number 2
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.3: Facial expression rating for video number 3
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.4: Facial expression rating for video number 4
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.5: Facial expression rating for video number 5
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.6: Facial expression rating for video number 6
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.7: Facial expression rating for video number 7
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(a) User 1 (b) User 2 (c) User 3

(d) User 4 (e) User 5 (f) User 6

(g) User 7 (h) User 8 (i) User 9

(j) User 10

Figure A.8: Facial expression rating for video number 8
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