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Chapter 1

Abstract

There is a demanding interest in having service social robots leave the factory and labs to
help resolve our society’s essential concerns, ranging from entertainment, health care, and
education to user support.

These so-called social robots are designed to interact, work, collaborate, and improve
people’s lives by engaging with humans on an interpersonal and socially adequate level. They
usually need to covey some form of human intelligence capability, as well as be able to acquire
new relevant skills after deployment.

However, it is quite complex to program these social robots with every human social skill
they need to interact and have a valuable role within society. Thus, by taking advantage of
Artificial Intelligence and Machine Learning technologies, it becomes possible to succeed in
developing robots that can mimic human cognitive and social behaviors.

Key-Words: social robotics, artificial intelligence, convolution neural network, natural
language programming, human-robot interaction, social robot user interface experience, AI
web application, face detection, speech synthesis, performance evaluation, etc.
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Chapter 2

Introduction

This thesis work aims to create and implement the user interface of a social robot named
Cruz Robot to interact with people in social settings such as universities, hospitals, airports,
lobbies, and others. It was conducted in teamwork collaboration with other students, who
were also working on other parts of the software logic design and implementation of Cruz.

We will focus specifically on the Cruz Robot User Interface implementation design
built on top of web application technologies. The developed web application will be inte-
grated into Cruz Robot to run the Face detection and Speech synthesis features.

This project explores the emerging field of social robots by researching all and every
surrounding area that contributes to its development to accomplish the goal of creating an AI
(Artificial Intelligence) web application for the Obuda University Cruz Social Robot.

This work starts by explaining the concept of social robots in conjunction with a survey
overview research of services robots existing nowadays. Some are successfully active social
robots that inspire and serve as guidance for the Cruz development process.

Next, it describes the Human-Robot interaction (HRI) field, highlighting the critical fea-
tures social robots should have to achieve human acceptance. In parallel, it explores the user
interface components to develop social robots and how such components were applied in the
Cruz web application.

Finally, we dive into the Cruz software development process. It discusses Cruz’s Robot
web application design, the technologies used in the development phase, and the expected
future implication for Cruz Robot within society. Overall questions such as What are social
robots? How do we measure human-robot interaction? How do social robots approach hu-
mans? What are the goals when designing the Cruz Robot web application? How will the
Cruz robot web application impact humans? All these and more questions are examined in
this thesis work.

The main goal is to build the web application for Cruz Robot by identifying the benefits
and challenges of user interface development for social robots. For Cruz technologies to suc-
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cessfully integrate daily use in social environments is also necessary to gain users acceptance.
Thus a positive user interface experience is vital.
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Chapter 3

Social Robots

Before we dive into the world of social robots, a general definition of Robots is needed to
establish the category where social robots can be integrated. According to the Robot Institute
of America (RIA),Robots are: ”reprogrammable, multipurpose machines developed to move
within its target environment. They are trained devices programmed to execute motions for
the performance of a variety of tasks”[1] (H. Allan Hunt, p.8). Simply put, they are machines
in motion, programmed to execute various or specific tasks.

Additionally to the RIA, the the International Federation of Robotics (IFR) sets two pri-
mary utilities of robots:

1. To Assist people: for educational purposes, safeguarding, personal assistant, entertain-
ment, etc.

2. To serve as equipment: for assistance in medical, cleaning, maintenance, repair, etc.

With that in mind, by technology standards, nowadays, it is possible to classify robots
into two main classes, as we consider their functions and the target market. As such, we can
now establish two distinct categories of robots: social robots and industrial robots.

Disclosing the Robotic Industries Association, definition: ”an industrial robot is a re-
programmable, controlled, multipurpose device in three or more axes that may be fixed in
place or mobile for industrial automation applications” [2](p.41). As we can see, within this
context, the robot’s purpose is to serve as equipment while controlled by humans(in most
cases).

So how about social robots? Well, we can evidently deduce that social robots have the
purpose of assisting humans. However, what are social robots exactly, and how do they own
the ability to assist humans?

The field of social robots concentrates on the design and development of robots that
possess the ability functions to interact socially with humans. This social attribute is a
vital part of its functionalities to help humans achieve a specific goal.
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The development of social robots mainly centers on designing Artificial Intelligence (AI)
systems, able to communicate and cooperate with humans by exchanging social interactions
such as coaching, companionship, motivating, educating, monitoring performance, and pro-
viding customer support to improve and facilitate people’s life [3]. Furthermore, the unique
capability of exchanging social interaction with humans differentiates a social robot from an
industrial robot.

Social robots like Pepper, Jibo, Temi, Zenbo, Buddy, Nao, [4] and our own Cruz Robot
were specifically developed with the intent to interact socially with humans, to elevate human
care in away that can save costs while providing a personalized and satisfying user experience.

The technology behind Cruz robot contains social and cognitive intelligence capabil-
ities to interact with its users, which is designed in a way that causes users to recognize Cruz
as a social ”being” due to its intelligent attributes.

Nowadays, social robots are often integrated into social settings for professional use,
therefore is not unlikely that eventually, one will cross paths with these robots at an office,
airport, university, hotel, entertainment spaces, hospital, nursing care, therapy, and rehabili-
tation, etc. Thus the motivation and inspiration behind Cruz’s development process.

3.1 Goals Of Social Robots

The goals of a social robot must be directly proportional to its functionality to assess [5].
However, regardless of the robot’s specialized task, all social robots should be able to:

• Interact

To interact with humans through speech, gesture, or both. Moreover, in some cases,
they can portray enough expressions and emotions to meet human expectations.

After all, one’s social intelligence makes interaction possible. For social robots, this
translates into creating algorithms that enable them with social capabilities such as face
detection, speech detection, people tracking, object learning, etc. Each algorithm is
implemented to execute a specific task.

• Adapt

To portray cognitive intelligence capabilities to adapt behavior patterns within a social
setting. Such ability is directly correlated with a social robot’s ability to predict and
adapt to its user response, translating into skills such as motor skills abilities, face,
gesture or speech recognition, etc.
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Chapter 4

A Survey On Social Robots Use Cases

Social robots now hold great value and promise for business and society, with competitive
benefits regarding efficacy, quality, durability, speed, and cost. The introduction of social
robots brings significant and positive changes within the User Interface (UI) area due to their
impact gained by exchanging social interactions.

In computing, robotics encompasses different areas that can be addressed for the devel-
opment process, focusing on the software used (which presents at a higher hierarchy level than
the hardware) to how and what its functionalities aim. Some robots can even exist virtually,
being made entirely of software.

Today we see a rapid development of Robot concepts modified for professional, enter-
tainment, and consumer use. Robots, especially Social Robots, have traded our daily lives
and, with the advance and changes driven by technology, it is expected that more and more
people will cross paths with one. Therefore, to succeed in the web application development
for theCruz robot, survey researchwas conducted to find successful use cases of social robots
developed through the years. This research aims to present some of the most incredible social
robots and their functionalities existing nowadays [6].

This survey is done arbitrarily, as the social robots listed here were selected based on a
user interface development perspective while focusing on how they have impacted humans,
the culture, and the world of robotics. Below are some of the most amazing social robots de-
veloped for the entertainment, health care, consumer industry, education system, and science
community.
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Figure 4.1: Jibo Robot

• Description: Jibo (Fig.4.1) is a friendly, adorable social robot designed to assist and
interact with humans in a more personal manner, becoming one of the most successful
family friend robots. Equipped with cameras, microphones, and a 3-axis motor system,
he can spin 360 degrees, turn his face in any direction, and move freely [7]. This social
robot is developed with algorithms that can execute tasks management duty, read the
news stories, take photos, check the weather, dance, and make jokes.

• Abilities: Jibo (Fig.4.1) can pretty much be used as an intelligent assistant with the
ability to integrate and engage in a unique way. Jibo (Fig.4.1), the social robot, is
programmed with Natural Language Understanding (NLU) which enables the speech
recognition system to recognize its user’s speech and respond in a friendly way. It also
includes a facial recognition system that provides specific users with notifications or
reminders regarding their tasks, appointments, answering calls, answering questions,
playing, and controlling users devices.

Figure 4.2: Pepper Robot

• Description: In 2014 this social robot named Pepper (Fig.4.2) was developed in Japan
by Aldebaran Robotics, but afterward acquired and sophisticated by Softbank Group
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Corp in 2015 [8]. This social robot was designed to provide companionship to family
homes and help customers at retail stores.

• Abilities: It is reported that Pepper (Fig.4.2) was the world’s first social robot pro-
grammed with an algorithm able to understand human emotions. Pepper has succeeded
tremendously in exchanging social interactions through its ability to have conversa-
tions. Its feature with speech recognition and dialogue system available in 15 lan-
guages, it is capable of giving directions and even has the ability to dance smoothly
[9]. It speaks, gestures, and appears prompt to make everyone smile.

The showcase of this social robot in 2015 was so successful and well-received by its
target market that 12,000 Pepper robots had been sold by May 2018. In which at least
3,000 were integrated into businesses such as coffee shops, clothing stores, restaurants
and bars, SoftBank shops, and even airports providing customer service support [10].

Figure 4.3: Temi Robot

• Description: About 3 feet high, Temi (Fig.4.3) is an intelligent social robot assistant for
home and families that respond accordingly with voice commands. It is equipped with
an interactive 25 centimeters touchscreen display, real-timemapping, anti-collision sys-
tem, path deduction, obstacle avoidance, and sensors to achieve autonomous navigation
around people’s homes and offices. This robot is considered the world’s first personal
social robot for your home or office [11].

• Abilities: Temi (Fig.4.3) exchanges social interactions with humans through speech,
facial detection, and recognition, records and plays music, starts video chats, safeguards
your home, helps with daily tasks, and controls devices such as the thermostat, turning
the lights on and off, etc. This social robot can offer its users an easy way to access any
web content, connecting them with families and friends [12].
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Figure 4.4: Nao Robot

• Description: With 0.57cm in height, NAO (Fig.4.4) social robot weighs around 4.5
Kg and, it was designed with an appealing looking resembling a human toddler, which
makes this social robot with the most friendly appearance. This social robot can dis-
tinguish faces from objects, and it’s embedded with sensors that enables autonomous
motions such as dancing, walking, and gesture [13]. This social robot design includes
pelvis kinematics that requires one motor, which gives him enough mobility to move
naturally, spread his legs, stand on one leg, bend forward, and move most likely any-
where.

Its most important work is its capability to work with children, specifically autistic kids,
to run exercise sessions and care [14].

• Abilities:

– NAO (Fig.4.4) speech software allows him to allocate sounds and execute text to
speech tasks in more than 20 languages.

– This social robot has shape and objects detecting algorithms, which assist him in
avoiding falling, and if he does fall, it can get back up quickly.

– It can react and respond as needed. Can hear, see, and identify both who you are
and your expressions/emotions.

– Its many light-emitting diodes (LEDs) allows him stunning, accurate visual effects
and pattern.

– It can convey accurate gesture motion, such as sign language.
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Figure 4.5: Romeo Robot

• Description: Compared to Nao (Fig.4.4) and Pepper (Fig.4.2), the Romeo (Fig.4.5)
robot is taller at 1.4cm andweighs about 36 Kg. It was primarily designed for assistance
purposes to improve and facilitate people with daily activities such as taking notes of
medication, doctor appointments, finding lost objects, and assembling a shopping list.

• Abilities: Romeo can walk up and down the stairs, grasp objects, recognize faces, sup-
port people that have difficulty walking, or fetch objects in another location by himself.
It is programmed to achieve ”harder” tasks such as opening doors in the long term, and
it includes vision traits able to detect if an individual has a fall and help them get up or
contact the emergency services if needed [15].

This social robot displays advanced human interaction skills being able to have dia-
logues, give suggestions, play games, building a real connection with people, especially
elders.

Figure 4.6: Buddy Robot
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• Description: About 60 cm tall and weighing 8 Kg, Buddy (Fig.4.6) is an endearing,
friendly, emotional robot that wins the heart of the whole family, especially children.

Based on its advanced human social capabilities, this social robot can express and adapt
to a range of emotions. Thus, it often serves a variety of applications such as homes,
administration, hospitals, office, schools, entertainment, and retail, where it can wel-
come, educates, and inform guests, patients, or visitors in a polite and amicable manner.
Furthermore, among all the social robots mentioned in this survey, Buddy (Fig.4.6) is
probably one of the best choices for families with kids [16].

• Abilities: Buddy (Fig.4.6) can sense his surroundings, avoid static and moving objects,
understands and expresses human-like emotions. This robot canmove around andmake
decisions, which enables him to be autonomous. Among its primary abilities of Buddy
are skills such as home security, educating children, executing daily activities of its
owner, entertaining people, supporting those with disabilities, or simply being a robot
”friend.”

Figure 4.7: Zenbo Robot

• Description: Like other social robots, especially Buddy (Fig.4.6), Zenbo (Fig.4.7) is a
pleasant home robot that offers families assistance, entertainment, and companionship.

It helps families safeguard their homes, health, and well-being with real-time video
monitoring systems. In case of emergencies, it can notify authorities, and if needed,
authorities can remotely take control of this robot to inspect its user’s home [17].

• Abilities:

– To move independently around its user home.
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– Releases stress by engaging users in various online tasks such as games, singing,
dancing, or telling stories.

– Notify users of appointments or medication with audible daily reminders.

– Its embedded camera can recognize faces, take photos, arrange video calls, etc.

– Uses different facial expressions to convey emotions to exchange interactionswith
people.

Figure 4.8: Asimo Robot

• Description: Asimo (Fig.4.8) is a UI, a humanoid social robot designed by Honda
engineers to be a helper to people. Since it was introduced in 2000, this social robot
has been continuously developed, and nowadays, it is one of the most impressive and
advanced social robots on the market.

• Abilities: Asimo (Fig.4.8) has the ability to recognize the faces of individuals mapped
to its database using its embedded camera eyes, it can sense its surroundings and register
objects in static mode. Its senses capabilities enable the awareness of when to avoid
obstacles as it moves through its environment, responding to voice commands.

The combination of physical skills and adaption to its surrounding environment allows
Asimo (Fig.4.8) to efficiently execute human-like tasks [18] such as holding or opening
bottles and grasping various objects from trays to shopping carts. Beyond that, this
social robot’s motions are significantly advanced that it can run forwards and backward,
hop on one or both legs, turn smoothly to reach for and grasp objects and even use the
stairs while maintaining a stable posture.
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4.1 Social Robots Use Case SDKs

Software Development Kit (SDK) refers to tools used to develop software applications or
hardware devices, usually provided by a manufacturer. Following up on the survey on social
robot use cases, below are some of the SDK used to create these social robots:

4.2 Jibo SDK

Jibo (Fig.4.1) SDK, built on Electron (a framework for building desktop applications), con-
sists of speech solutions, animation features, behavior models, and a simulator. Its SDK
allows developers to access and integrate functionalities such as: accessing the audio (speech
recognition system), managing and manipulating behaviors, and accessing the face structure
of this social robot using JavaScript APIs methods.

Behavior Trees (BT) represents the prominent software architecture on which the SDK
was based since it holds great tools to generate autonomous behaviors. The Behavior Trees
model allowed Jibo (Fig.4.1) developers to implement the functionality of switching tasks
quickly and easily [19].

• SDKwas built on Atom, an Integrated Developer Environment (IDE) based on electron
and produced by GitHub.

• Jibo SDK tools were developed based on a Behavior Trees (BT) structure.

• Its SDK includes visual processing models, audio, speech technology, and cognitive
algorithm for interaction and movement.

• Programming Languages: C, Java, JavaScript, Objective-C

• Related APIs: Jibo Indirect API v3.0.7

4.3 Buddy SDK

Buddy (Fig.4.6) was created on top of popular software tools: Unity3D, OpenCV, and Ar-
duino. Currently, it uses an open-source platform running in the Android and Windows envi-
ronments. Its SDK [20] includes:

• Visual processing tool on top of Unity 3D software.

• Library of animations, speech, and sounds.
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• Text-to-speech solutions.

• Virtual simulator in which developers can create animations, behaviors, and timelines
for testing without a robot.

• Programming languages supported includes Python, C++, C, C, Java, and JavaScript.

4.4 Zenbo SDK

Zenbo (Fig.4.7) is built on Android, provided by Asus. Its SDK tools include Java files that
can be imported and developed using the Android Studio IDE. Using Zenbo (Fig.4.7) SDKs
tools [21] includes accessibility to this robot’s motion and vision capabilities, as well:

• It includes the complete set of APIs for development.

• NLP: Natural Language Processing.

• DS: Dialogue System.

• CSR: Continuous Speech Recognition.

• Zenbo SDK architecture includes the following subclass libraries:

– Robot dialog, emotional and expression display.

– Vision models for face detection, recognition, and tracing.

– Motor skills include body and head movements and remote control.

– Utility skills, meaning the ability to follow users and execute arm and hand ges-
tures.

– Simultaneous localization and mapping (Slam) is used for robot navigation pur-
poses.

It is imperative to be aware that most social robot SDK tools are customized for a spe-
cific robot software or hardware device, such as those mentioned above (Buddy SDK, Zenbo
SK, Jibo SDK). Which makes these social robots SDK somewhat limited to support specific
application tasks.

Therefore, with this chapter, we can conclude that, if or whatever SDK tool is chosen for
Cruz web application development, it is necessary to apply technologies that are versatile and
flexible to provide a wide range of options, such as:
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1. Programming language options

Having access to various or commonly used programming languages, for instance:
JavaScript, Python, C++, C, and Java.

2. SDK Flexibility options

An adaptable SDK that allows Cruz application performance testing both during and
after development.

3. Integrate different software

The chosen SDK technology should easily be transferable to another machine if neces-
sary.

4. Application Programming Interface (API)

Often used in Robotics, the SDK should contain a powerful API in order to interact
with a specific hardware or software component, such as:

• Sphero API - interface associated with Sphero toy robots.

• Arduino API - interface associated with Arduino microprocessors commonly
used to program the connection of applications or external systems to exchange
data.

• GoPro API - generally used to integrate GoPro camera functionalities, provid-
ing wired and wireless connection to HTTP and Bluetooth, which can include:
tracking camera status, capture media, webcam loading, configuration, etc.

• Dronecode API - can be used to integrate drone functionalities with cargo, sur-
veying applications, and aerial photography.
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Chapter 5

Social Robot Essential Features

This section demonstrates an overview of the essential features that all social robots must
have to achieve human acceptance. To succeed in the Cruz development process, it is a must
to be highly aware of the various aspects that include the building blocks of a social robot.
Frommechanical engineering, software engineering, and programming languages knowledge
to problem-solving skills, all are required in some way or another.

Robotics and AI development require immense research. As such, taking advantage of
the knowledge required from the survey on the social robot use cases, it is possible to identify
some of the standard and critical characteristics that all social robots should have:

1. Intelligence

Although the intelligence between humans and social robots is still highly complex to
replicate, a social robot still needs to be intelligent enough to execute its programmed
tasks or receive instructions. When talking about intelligence, two main subclasses of
intelligence are taken into account: social intelligence and cognitive intelligence.

• Social intelligence: such skills enable social robots to behave and express them-
selves accordingly to its user. Social intelligence is directly correlated with the
capability to get along with others, understand one’s emotions and be effective.
Such intelligence requires observation, communication, and sensitivity to interact
successfully with humans in any social setting.

• Cognitive intelligence: is associated with the robot’s ability to be independent.
Autonomous robots can receive and execute given instructions, and through their
sensor, they can fetch information autonomously to execute a physical task with-
out human intervention. Such skills allow social robots to improve daily human
life by exchanging interactions in a non-intrusive way.
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It is important to note that the implementation of some form of intelligence is by far
the most crucial feature. Otherwise, social robots will not be accepted. Hence, the
acceptance of social robots within society is only possible if they display enough social
and cognitive intelligence for: interaction, communication, or collaboration [22].

Thus, it is decided beforehand that, for Cruz Robot development, intelligence capa-
bilities will be implemented in the form of communication and visual processing,
which will be explained later.

2. Motor skills (Environment Intelligence)

The robot needs to move around according to its social settings and task. From rolling
on wheels or walking, being able to move is a must sometimes. Such ability is di-
rectly correlated to the robot’s task coordination and allocation. Therefore, studying,
analyzing, and predicting possible human behaviors is necessary in these cases.

Embedded sensors should perceive pedestrians movements so that social robots can
react accordingly. A popular application could be using sensors embedded in social
settings to be used in real-time to support the robot’s allocation and coordination. In
addition to sensors, a turning algorithm is often implemented to help the robot allocation
and stop them from being trapped in corners [23].

Handling static or dynamic obstacles, avoiding collisions, and moving smoothly is all
included in the robot movement skill development, especially in social robots operating
in public areas such as Pepper (Fig.4.2), NAO (Fig.4.4), andAsimo (Fig.4.8), as they are
in constant contact with humans. Path analysis and planning its definitely an excellent
way for social robots to access pre-defined destinations.

Last but not least, external factors such as safety must also be taken into account to
avoid harming pedestrians or damaging their surroundings.

3. Sensing

As mentioned above, sensors are vital devices for robotic motions (movements). For
social robots to sense their surrounding environment, a high-level programming sensor
is required. A few types of popular and often programmed embedded sensors [24]
are light sensors, hearing sensors, touch or pressure sensors, chemical sensors, and
taste sensors. All these can give any robot a better sense level and awareness of its
environment, defined by a set of connected horizontal and vertical lines.
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4. Energy

Whether the Robot is powered by solar, battery, or electrically, the way it is charged im-
pacts its functionality and applications. A robot needs electrical power to its embedded
systems to work and perform its required task.

5.1 Gesture Synthesis Process

As we know now, the main goal for developers when it comes to designing and developing
social robots is to create robots that can socially engage in a way that is appealing and familiar
to humans. To achieve this interaction, it is necessary to endow social robots with commu-
nicative attributes that include speech solutions and gesture synthesis. Gesture synthesis
enables these social robots to have an expanded degree of flexibility, especially concerning
the shape properties of the gesture (each gesture has a form and a meaning) [25].

Although much of the Robotics field research has been intent on gesture synthesis and
recognition, only a few approaches within the social robot community incorporate both speech
and gesture synthesis. The primary purpose of gesture synthesis is to replicate a particular
human gesture (goodbye, hello, hands fist close or open, etc.) and convey that same gesture
to a social robot.

The area of gesture synthesis is extensive and deserves a project itself. Therefore, it is
beyond this project’s scope to explore this topic in detail, as such a solutionwill not be included
in Cruz robot web application development. Nevertheless, it is worthy of mentioning since it
is one of the leading solutions that make social robots intractable and successful. Below are
two of the most popular ways where gesture synthesis techniques can be implemented:

• Hand Gesture Recognition

Gesture recognition consists of any repetition of static or dynamic movements. In
the absence of keyboards and mouse devices, hand gesture recognition can increase
human-robot interactions. Hand gestures are often implemented to control applications,
where systems can be controlled remotely by hand gestures with telerobotic communi-
cation (the control robots from a distance, with a wireless network). For instance, some
social robots have a 3D Kinematic model implemented to execute the hand gesture ac-
tions, precisely glove technique where bend sensors can be used to retrieve data which
is then combined and processed [26]. The glove technique can accurately compute
hand gesture movement or pose by extracting the numerical data of an arm and/or hand
mapping and joint angles. Additionally, light and camera angles are added to reproduce
these movements accurately.
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Hand Gesture recognition based on Artificial Neural Networks (ANN) solutions en-
ables the possibility to generate movement tracking by replicating human movements
successfully. A great example of this implementation is the social robot NAO (Fig.4.4)
where its gesture recognition algorithm can generate up to 19 gestures [27] (p.3) such
as: hello, me, yes, no, happy, big, kissing, where, hungry, angry, little, giving, coming,
waiting, tall, listening, and pointing. This particular form of gesture recognition in the
NAO (Fig.4.4) social robot has shown to be very helpful in improving the lives of chil-
dren with Autism Spectrum Disorder (ASD), where reciprocal training mirror games
are used between NAO (Fig.4.4) and the kids.

• Speech Gesture Recognition

Although this is a new and complex approach, co-speech gesture recognition is slowly
gaining momentum within the social robot community. Machine Learning (ML) so-
lutions can be used to develop hand and arm gestures in conjunction with phonetic
linguistics data [28].

Usually, for this approach, a data set of gestures are created and then manipulated
with neural network models to achieve the synchronization between these gestures and
speech, where each of the gestures is associated with a word and has a meaning [29].
Speech gesture recognition combines a sequence of gestures to equal the speech input
and match the robot’s actions accurately and simultaneously, making it an arduous task
for developers to achieve since it includes: speech recognition, gesture recognition, and
robot motions. Although current implementation methods have reached great results,
challenges are still notable, specifically regarding speech as accents, phonetics, and
word pitch can be challenging to differentiate.

Each developer has his way of implementing this approach. However, to reduce syn-
chronization issues, one frequent strategy is to independently train the speech and ges-
ture models to merge them later [30], which is a widespread technique adopted by de-
velopers.

In summary, the gesture synthesis process, whether hand gesture recognition or speech
gesture recognition, is the skeleton for generating action from a specific word command to
then be translated into robot motions. It allows users to better understand the robot task func-
tionalities and provides better interactions. Gesture synthesis is a powerful technique for
increasing social robot reliability, as it provides guarantees to the robot.
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Chapter 6

Human - Robot Social Interaction

Human-Robot interaction is the field of study that aims to understand the integration and
designing of a social robot, so they can successfully exchange interaction and be accepted by
its users (humans).

Pepper (Fig.4.2), NAO (Fig.4.4), and our Cruz robot (Fig.7.1) were all designed to func-
tion in social settings. As previously said, they also require cognitive and social intelligence
in the form of speech (natural language processing), visualization (visual processing), or
gesture (gesture synthesis) to convey verbal or non-verbal communication to its users in a
natural (non-machine-like) and easily understood manner [31].

One critical strategy to facilitate human-robot interaction is to focus the development
process by attempting to emulate human social intelligence and communication skills.
However, completing such a task is not simple. Human social intelligence is challenging, to
the point where some people avoid interacting at all. Making eye contact, understanding tone
of voice, expressing thoughts, and reading facial expressions are all characteristics that can
have a favorable or lousy impact on the interaction process, making it very difficult for robots
to match the accuracy of such capabilities. But regardless of how difficult it is to match the
human capability, the Human-Robot Interaction among social robots involves mainly three
components: motor control (social setting analysis), function (to conduct its required task),
and response (human behavior understanding) [32].

Therefore, to understand how the human-robot interaction works, we start by categoriz-
ing interaction in two ways:

1. Remote Interaction: when the robot and the Human do not share the same environ-
ment, spatially or temporally (ex: Mars Rovers [33], which is why this robot is not
considered a social robot).

2. Proximate Interaction: when the robot and the Human share the same environment,
been located in the same space simultaneously (ex: social robots).
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Luckily for us, nowadays, Artificial Neural Network Models [34] have come a long
way to try and mimic how people behave, emote, and communicate to produce the same
results in social robots. Cruz (Fig.7.1) social robot was implemented with an effectiveNeural
Network Model (which will be discussed later in this thesis) to interact with people daily
using visualization and speech.

In conjunction with Artificial Neural Network Models, Human-Robot interaction tries to
solve the problem of shaping robot design and development accordingly with its environment
settings to interact with one or more humans. Such a problem is solved by understanding ar-
eas from cognitive sciences, psychology, linguistics, engineering mathematics, and computer
science.

6.1 How Social Robots approach the target person

To approach and get acceptance from its target user, different Human-Robot Interaction tech-
niques can be implemented, such as:

1. Human-Robot Visual interaction

Where to interact with humans, social robots are designed with visual processing ca-
pabilities. Computer vision neural network models are an essential part of the visual
interaction, allowing social robots to perform tasks like face detection, face recogni-
tion, human tracking in a cluttered environment, geometric shape recognition, gesture
recognition, and color identification [35]. This implementation has proven successful
in the building blocks process of social robot development.

2. Human - Robot Speech Interaction

Communication using speech is the primary way of interaction among humans. Hence,
naturally, social robots often include speech synthesis or speech recognition interfaces.
A robot with the ability to initiate a conversation, dialogue, or reply to its users using
speech provides better services and is more acceptable to humans [36].

3. Human-Robot Environment interaction

Adapting the social robot embodiment and task to behave according to its social setting
provides better results. The use of facial expressions to display ”emotions” and re-
spect can be extremely important and coherence with social conventions. Furthermore,
regarding its physical embodiment [37], it can be divided into two types:

• Zoomorphic social robots: are designed with an animal ”toy” appearance, such
as iCat [38] or Aibo [39].
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• Anthropomorphic robots: this robot attempts to resemble the human shape, of-
ten built to express ”emotional” states, interaction, and desires (social robots).
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Chapter 7

Cruz Social Robot

User interface design is a critical focal point for any computer system usability, as it is the
source of many user complaints. This chapter introduces the Cruz (Fig.7.1) social robot and
analyzes the main aspects of the Cruz user interface development process: from the web
application itself to Cruz embodiment, functionalities, and intelligence (cognitive and social).
Every aspect that constitutes the building blocks of social robots is now present in Cruz.

This chapter emphasizes the user importance in designing UIs by addressing their ex-
pectations and needs when developing the Cruz (Fig.7.1) Covid-19 survey web application.
User interface development should be user-centered, which means we need to understand the
user, the task that Cruz is expected to complete, and the social setting context in which Cruz
will be used. These considerations were critical in the interface development procedure to
achieve a successful Human-Cruz robot interaction.

Designing robots that can effectively communicate, move, and have a human-like appear-
ance has relatively become possible over the years. These social robots designed to interact
with humans, be used by humans, or work alongside humans, now include unique capabilities
that enable them to recognize, identify, communicate, and even modify their mannerisms to
their users. However, we are still far from attaining andmatching the complexity of human-to-
human interaction and communication levels. In this regard, when developing the Cruz user
interface web application, critical characteristics that social robots should possess to interact
with humans for extended periods were considered. By identifying these characteristics, we
can then provide suggestions and directions for future developers working in the Cruz web
application. Furthermore, trial testing was conducted to measure the impact and effectiveness
of the Cruz web application.

Usually, a discrepancy between the user’s expectations and the reality of social robots
might negatively impact their use and acceptance. Therefore, it is imperative to understand
and consider the components that may increase or decrease the acceptance and approval of the
Cruz robot. To measure how the Cruz robot will be approved by its users, three main factors
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were taken into account when designing the interface, such as:

1. The Cruz robot appearance

2. The Cruz robot intelligence

3. The Cruz robot functionalities

Understanding the above factors allowed the development of the Cruz interface to achieve
better results, which hopefully will be widely approved and accepted by its future users.

7.1 Cruz Robot Appearance

In contrast to the industrial sector, where robots are designed to perform specific tasks, social
robots are designed for everyday life activities to perform a specific task for or instead of hu-
mans, such as theCruz web application built to perform face detection tasks and conduct
a Covid-19 survey using speech.

Since social robots are created to be used in social settings, they will likely be designed to
have human-like features and a pleasing enough appearance to perform their intended function
and be approached by humans. This is because users are more inclined to accept Cruz and
other social robots if they operate and present human-like embodiment attributes such as a
face, arms, legs, and some form of a lower body.

Actually, a survey done by researcher Manja Lohse [40] concluded that people are more
inclined to assume less cognitive or social intelligence competence from social robots when
their appearance/embodiment is less human-like, especially when it comes to domestic social
robots.

Hence, the appearance of the Cruz robot was given the same weight as its behavioral
functionality, social intelligence, and application social domain, as its appearance plays an
essential part in the expectations and first impressions that people naturally will have of Cruz.

Furthermore, research indicates that social robots require an additional user interface,
such as a touchscreen display, to promote engagement, improve communication, and provide
users with security if the speech communication system fails [41].

All of these features, as seen in the image below (Fig.7.1), were meticulously thought
of and integrated into the Cruz (Fig.7.1) social robot, which has a human-like appearance
with features such as a face, arms, a lower body, and a touchscreen.
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Figure 7.1: Cruz Robot Appearance [42]

7.2 Cruz Robot Intelligence

As we now know, robots must exhibit some form of human-like ”intelligence” in order to
interact with and execute jobs for people. Integrating intelligence in social robots transcribes
into programs designed to assure social interaction and cognitive skills [43]. These skills are
essential, and they can include: emotional expression, social intelligence, conversation, and
dialogue speech system, which does impact the user approval of the robot’s capabilities.

The development of such capabilities for Cruz (Fig.7.1) translated into creating algo-
rithms behind the Covid-19 web application to provide the Cruz robot with different
social and cognitive abilities such as face detection, face tracking, and speech synthe-
sis with natural language processing. Such intelligence attributes enable users to subcon-
sciously be more engaged and more accepting of the Cruz (Fig.7.1) robot, thinking of it less
as a machine.
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In conjunction with these some of the design requirements that future Cruz developers
can consider the implementation, could be:

1. Face recognition.

2. Object recognition.

3. Detect the presence of a human through their senses: vision, touch, or sound.

4. Displaying gesture skills to engage in physical acceptance, such as holding and/or
touching.

5. Use physical motions.

6. Perceive and/or express emotions.

7.3 Cruz Robot Functionalities

From healthcare to home-based settings, social robots can provide physical, cognitive, and
social support in education, coaching, training, entertaining, monitoring, etc.

Several technology implementations are being used at different stages to create social
robots, and during the design process, specific collaborative methodologies are followed. The
methodologies design is aimed to take into account the target users and the social settings. A
way for these machines to contribute to the decision-making process, thus increasing their
acceptance and value.

Their functionalities, tasks, and actions can be a valuable addition to any social context
providing support in healthcare to children, adults, the elderly, and even dealing with people’s
stress management and loneliness. As we have seen during this project, there are some suc-
cessful examples of social robot functionalities/tasks which can be integrated into domestic,
work, and public environment [44]. Long-term studies prove that social robots can adapt to
different deployed environments and different types of users according to their functionality.

The primary function of social robots is to support the specific needs of their target users,
as is the case with the Cruz social robot, whose main task is to conduct survey questions
related to the SARS-Covid-19 pandemic on a displayed touchscreen to facilitate commu-
nication with its users, minimize failures, and improve safety in the occasion that its speech
synthesis system fails.

28



As this pandemic has affected everyone around the world, the Cruz robot would be
suitable to be deployed in any social setting, from the healthcare sector to education, offices,
lobby, etc., exchanging interactions while conducting the SARS-Covid-19 survey questions
to identify possible contaminated users thus, reducing the spread to the virus.

In resume to this chapter, we can conclude that: a) social robots need to achieve a human-
like appearance to contribute to a satisfying interaction. b) in conjunction with the commu-
nication process (visual, speech, or gesture) between the robot and its users, is recommended
the addition of secondary methods, such as a touchscreen display to facilitate communica-
tion and add safety backup in case of Automated Speech (AS) failures, and finally c) social
robots are overall well-accepted ”beings” due to their functionality in improving human work.
Likewise, it can be employed to work alongside humans in very challenging times.
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Chapter 8

Cruz Robot Web Application Overview

Figure 8.1: Web Application Flowchart
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The Cruz robot (Fig.7.1) software was designed as a user-friendly web application called
COVID-19 SURVEY, developed to join the fight against the virus by detecting possible
contaminated users while conducting a set of Covid-19 questions to identify related symptoms
of SARS-Covid-19. The AI COVID-19 SURVEY application (Fig.8.1) is built on top of deep
learning solutions and web technologies, then deployed to Cruz automation. The Cruz AI
web application flowchart, is structured to perform two main functions: Face Detection and
Text-to-Speech (TTS), as seen in the above image (Fig.8.1).

Like any Web application [45] is a computer program, developed and stored on a remote
server (localhost), it can store and/or retrieve data by using server-side languages (in PHP),
while the client-side (in HTML5 and JavaScript) displays the essential features for the user
interface.

The decision to develop the Cruz user interface into a software web application is be-
cause the Cruz robot automation is prepared to support web application deployment, as well
as due to the numerous advantages of this development approach. It is versatile, allowing
users to perform a set of different functions. It allows the implementation of autonomous
functionalities with the addition of artificial intelligence (AI) technologies. Its updates are
applied centrally and automatically [46].

8.1 Web Application Key Traits

Some of the key general traits that impacted the decision to develop Cruz AI into a web
application software were:

• Progressiveness: Web apps are browser and location agnostic, which means they may
operate properly and be easily accessible regardless of the user’s location orweb browser.
As a result, whether a person uses Chrome, Firefox, Opera, or another browser, whether
they are in Hungary or Brazil, it is accessible. However, it is worth mentioning that
when incorporated into a social robot such as Cruz, the user’s physical presence is re-
quired to trade interactions.

• Application interface: the user experience is improved by theweb application’s simple
system style of navigation, workflow, and interaction.

• Responsiveness: the media query settings in a web application allow it to accommo-
date any platform, including desktop, tablet/touchscreen (such as the Cruz robot), and
mobile.

• Connectivity independent: web applications can work remotely, offline, and on a
network with low quality.
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• Safe: since they can be rendered via HTTPS (Hypertext Transfer Protocol Secure), it
ensures the security to protect Cruz users’ personal health information and reduces the
chances of being tampered.

• Updated: the service worker update process ensures that web apps are always up to
date.

8.2 Artificial Intelligence (AI)

Before we dive into the implementation process of the Cruz web application (Fig.8.1) (Covid-
19 Survey), we need to be aware of the essential technologies that made this possible.

Artificial Intelligence (AI) [47] has grown substantially in the twenty-first century, and it
is now part of an increasing number of institutions and businesses. Artificial Intelligence has
made a significant contribution to the advancement of human society, innovating, upgrading,
and assisting with everyday human jobs.

The term ”artificial intelligence” is usually applied to machines, devices, or soft-
ware applications developed to mimic human cognitive skills, such as learning, decision-
making, and problem-solving. Furthermore, contrary to standards machines, the AI branch
aims to construct a society where people and machines can coexist together and interact har-
moniously [48].

Virtual assistant systems use artificial intelligence skills to speak and interact with their
users. Siri, Alexa, Google Assistant, Lucinda, Cortana, and others, [49] are popular examples
of artificial intelligence programs and devices. The application programs behind these vir-
tual assistant devices were created to produce a human-like cognitive clone. As it frequently
communicates with consumers via automated speech for customer assistance and information
requests, significantly contributing to education, IoT (Internet Of Things), and healthcare sys-
tems.

Nowadays, artificial intelligence technologies are divided into several sub-categories
(Fig.8.2), includingmachine learning, deep learning, natural language processing, game
programs, computer vision, and, of course, robotics, as in the case of our Cruz, whose arti-
ficial intelligence technologies were implemented in the form of a software web application
(AI web app) [50]. The sub-classes of AI are extensive, deep, and complex research work
that mentioning each one would be extremely long and tedious to break down in this chapter.
Therefore our focus is directed only to the Cruz robot web application artificial intelligence
features (namely: face detection and speech synthesis) and similar technologies for better
understanding and contextualization.
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Figure 8.2: Artificial Intelligence field and its Sub-classes [51]

We‘ll focus in two major, sub-classes: Computer Vision and the Natural Language
Understanding (NLU), as this two areas of field made it possible the development of Cruz
web application.

8.3 Computer Vision

Computer vision is a branch of AI (artificial intelligence), which provides systems and com-
puters with the capabilities to extract data information from videos, digital images, and any
other visual data input [52]. If the artificial intelligence field enables systems and computers
to ”think”, its computer vision branch enables computers and devices to process visual data
through tracking, seeing, and classifying images.

As we (humans) have the inherent capacity to recognize objects, detect abnormalities in
real-time, estimate their distance, whether moving or static and distinguish objects from peo-
ple in videos or digital images, computer vision trains machines to perform these identical
functions as accurately as possible. By creating algorithms for image processing, Computer
vision enables these tasks to be executed in much less time using cameras and data instead
of retinas (tissue layer inside the eye which capture and transmits images to the brain). Be-
cause a computer is trained to asset, inspect, and analyze thousands of input data a minute
while noticing unapparent flaws or issues, it can quickly surpass human capabilities, which
are limited through time [53].

One of the many computer vision applications is the image classification in which, when
given an input image, its trained models can accurately predict, categorize and identify that
image as an object, an animal, or a person’s face. Face detection, the first main feature of
the Cruz web application, is one of the many computer vision models built to find faces
within a picture or video.

Computer vision allowed the accessibility of already machine learning models algo-
rithms constructed to detect if the shape in a video or image matches the human face
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(face detection). Hence, accessing these algorithms makes it possible to build an autonomous
application for Cruz to detect faces in real-time automatically. These machine learning mod-
els used for image detection, classification, and recognition are calledConvolutional Neural
Networks (CNN) (Fig.8.3) [54], created primarily for processing pixel data. Later on, we
will elaborate more on which CNN models were used for Cruz robot face detection.

Figure 8.3: Convolutional Neural Network [55]

8.4 Natural Language Processing

Because of the rapid evolution of Natural Language Processing (NLP), some applications
now choose speech as the primary form of communication and interaction with its users. The
second feature of Cruz, Text To Speech (TTS), aims to convert natural language into
speech. Such addition was possible due to Natural Language Process understanding (NLP).

Natural language processing (NLP) is a branch of artificial intelligence (AI) that uses
linguistic (language) models to facilitate interactions between machines and humans. Models
are built and trained to analyze, manipulate, and extract data from natural language speech or
text. NLP is a vital subset of artificial intelligence that studies how machines can ana-
lyze and comprehend linguistic, written and speech to associate the correct meaningful
definition and perform the desired task. Typical use cases of natural language processing
include speech recognition, speech synthesis, dialogue systems, speech dictation, machine
translation, lexical analysis, etc.

However, it is worth mentioning that communication via a Natural Language can require
quite complex fundamental knowledge: producing text and understanding text. To enable
the implementation of this branch, neural network algorithms [56] are built to perform this
process by separating human language into fragments so that a text or speech can be
grammatically structured as a sentence with meaning in which each word is analyzed
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and then understood within its context. This algorithm allows computers to understand or
read spoken or written text similar to humans. Since these NLP neural network methods are
so complex, they combine linguistics, statistics, machine learning, and deep learning [57].

To implement the Natural language Processing pipeline tasks, data scientists need at first
to define the logic behind a specific human language in a way that themachine can understand.
To achieve this, Natural Language Processing includes tasks such as:

1. Tokenization: the words that form a sentence should be broken down into smaller
semantic units, where each unit is tracked according to its position in a sentence. In this
initial stage, words are not categorized grammatically but only separated into a stream
of characters such: as letters, words, numbers, hyphens, slashes, and punctuationmarks.

2. Part-of-Speech Tagging: this is the level where words are grammatically categorized
according to the human language rules, where eachword is assigned a probabilitywithin
a context as nouns, verbs, prepositions, adjectives, conjunction, determiner, adverbs,
pronouns, etc.

3. Stemming and lemmatization: reducing the words into their root form to convert and
contextualize the word to its meaningful base form. For instance, plural words are often
reduced to their root singular form. (Note that some data scientists may skip this task,
as some do not consider as necessary).

4. Stop word removal: the gathering of repeated words within a sentence, of most prepo-
sitions and articles that usually add no or little information.

Only once these pipelines [58] have been completed can NLP algorithm models be built,
in which a structured rule X → A, B, C... can generate grammatically correct sentences as
a result of many word combinations. Where X stands for the sentence and A, B, C... stands
for the other possible word combinations. The addition of this function translates into speech
recognition, speech synthesis, and speech dictation applications.

Most of the time, applications take advantage of automated speech by including both
speech synthesis and speech recognition, but the Cruz web application now features only
the speech synthesis artificial production to interact with the users.
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Chapter 9

Cruz Robot Web Application
Technologies

9.1 JavaScript

The web browser language, JavaScript, often abbreviated as JS [59], is a programming lan-
guage that allows developers to create dynamicweb applications. A common use of JavaScript
is changing the HTML and CSS dynamically to manipulate an application interface through
Document Object Model (DOM) API.

JavaScript can pretty much execute everything web application related: manipulation,
interaction with the user, and the web server, such as:

• Change or update the existing webs page contents.

• Change or update the existing web page contents.

• Send queries to remote servers across the internet (AJAX and COMET technologies).

• Set and get cookies.

• Local storage (storing data on the client-side).

9.2 Face-api.js

Face-api.js is a JavaScript API [60] used for face detection or face recognition in the browser
created on top of the tensorflow.js core to run convolutional neural networks (CNNs) Models.
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9.3 Tensorflow.js

Tensorflow.js [61] is a library used to execute Machine Learning models in JavaScript to be
applied directly in the browser. It allows developers to implement neural network function-
alities in web applications. Tensorflow.js has been mainly used to access models for speech
recognition, face detection, face recognition, voice commands, object recognition, etc.

9.4 API

Application Programming Interfaces (APIs) are ready code plug-in intermediaries used to
connect applications and access data to interact with external software. They fall into two
categories:

• Browser/Web APIs: Browser/Web APIs: integrated into a web browser, these APIs
allow developers to perform complex operations for DOM manipulation, network re-
quests, client-side storage, retrieving device media streams, etc. Some often-used Web
APIs are, Fetch API, Canvas API, Fullscreen API, Clipboard API, etc.

• Third party APIs: a third-party API is generally stand-alone code provided by com-
panies such as Facebook, Twitter, or Google, allowing you to access its functionality
with JavaScript and apply it to your applications.

9.5 Google Speech Synthesis API

This API converts text into speech using a third-party API, Google’s AI technologies. Google
Speech Synthesis allows developers to synthesize text into speech [62].

9.6 PHP

Hypertext Preprocessor (PHP) [63] is a front-end and back-end language used to develop
interactive applications. It is among the first programming languages that can be used in
association with HTML, making it simpler to add dynamic functionality to applications.

9.7 phpMyAdmin MySql database

phpMyAdmin is a free software tool built on top of PHP programming language to handle
database tasks through MySQL. With phpMyAdmin is possible to execute administration
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tasks such as creating a database, running queries, and adding user accounts [64]. The Cruz
web application takes advantage of the Structured Query Language (MySql) to save all
the users data. MySQL is an RDBM system, meaning its Relational Database Management
System performs fast and easy access to storage and retrieval of significant volumes of data.
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Chapter 10

Cruz Robot Face Detection

The homepage of the Cruz robot web application index.php is the entry point to exchange
interactions with Cruz. Cruz web application face detection is based on visual processing
technology and can run human face tracking and detection in real-time through Cruz’s
embedded camera. As mentioned before, the breakthrough of Convolutional Neural Net-
works (CNNs) allowed the possibility to accomplish such a task.

Cruz face detection technology [65] uses machine learning algorithms to extract human
digital data in videos or images. These digital data images could include structures with and
without faces, such as buildings, objects, or human body parts. Its face detection algorithms
typically start by looking for human eyes since they are the easiest to detect, followed by the
mouth, nose, eyebrows, and iris. When the system recognizes these features, it determines
that face landmarks have been discovered.

Cruz web application is developed with JavaScript Face-api.js to accomplish the face
detection in the browser, as this API is built on top of theTensorflow.js core (machine learning
library in JavaScript), which uses convolutional neural networks (CNNs) to perform this
specific computer vision task. This JavaScript API for face detection, face-api.js, includes
the following convolutional neural networks models:

1. SSD Mobilenet V1 Model

The Single Shot Multibox Detector (SSD) is a Convolution Neural Network created on
top of an alternative version of MobileNet, MobileNet V1, which includes added traits
such as b-box layers to run the face location predictions probability within an image or
video.

This neural network identifies the exact locations of each face in a video streaming or
images and returns the bounding boxes (b-box) with the parameters location of each
face [66]. Although this face detector model holds the most accuracy in detecting the
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probability location for facing tracking, the output is not as fast when it comes to its
time resolution.

2. Tiny Face Detector Model

An alternative version of Tiny Yolo, Tiny detector Convolution Neural Network em-
ploys depthwise separable convolutions to apply a filter to each data input (image,
video), which makes this neural network model faster and more flexible to multiple
data sizes, but less accurate compared to Single Shot Multibox Detector [67].

This model can predict an entire cover facial point with its bounding boxes, which
returns accurate results in conjunction with face landmarks detection.

3. Multi-task Cascaded Convolutional Neural Networks (MTCNN) Model

Lastly, face-api.js includes MTCNN models, a much more lightweight Convolutional
Neural Network, and the most popular face detector in the browsers. The MTCNN
is popular because it attains the first stage results on a range of benchmark datasets,
namely Wider face that includes up to 393 to 703 datasets with a variety of poses, scale
and diversity [68](p.5). It can recognize specific facial features called landmarks that
correspond to a person’s eyes, nose, and mouth. It includes:

• Faster face detection speed.

• Allows face alignments, concurrent and precise 5 landmark points.

• Compared with SSD has a small model size.

• Allow parameters configuration to increase performance.

Each stage of MTCNN networks is multi-tasks [69] layer-based (P-Net, R-Net and O-
Net), and three crucial processes happen for each layer: face alignment, bounding box
regression, and feature tracking.

• Face alignment: extracting the facial landmarks feature points to decide the
bounding box. Usually, around 68 landmark points can be computed on a face
to gain critical data on how the faces are aligned in a video or image.

• Bounding box regression: the process of surrounding the extracted facial fea-
tures with a b-box to identify whether it is a human face or not.

• Feature tracking: applying locator face to obtain all the possible face locations
within an image or video.
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10.1 Face Detection Folder Structure

Figure 10.1: Cruz face detection CNN

js: includes all the
JavaScript related file.

face-api.min.js: API
built on top of JavaScript
to execute face detec-
tion or recognition run-
ning SSDNNandMTCNN.

models: contains the
libraries with all CNN
models.

face_expression: Model
that can detect the facial
expression.

face_landmark_68: 68
points landmark face de-
tection.

Tiny_face_detector: Tiny
FaceDetector CNNmod-
els.
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10.2 Homepage: index.php

To create the Homepage (Fig.10.4) for the face detection, three main elements were included
within the code:

• Canvas

It is used for drawing purposes in the browser using HTML and JavaScript, which
enable the drawing the required for the facial landmarks detection and the bounding
box for location detector.

• Loading the models

Using the face-api.js library allows us to take advantage of all the pre-trained neural
network models (Fig.10.2) mentioned before.

Figure 10.2: Loading the CNN Models

• Adding Bounding Box

After the models are loaded, we then access the video and canvas to run the face locator
through to the video stream and pass it via model.
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Figure 10.3: Code to Run Face Detection & Adding b-box

As such, we can now have a real-time face detection running locally in the browser at
http://localhost/app-cruzr/index.php

Figure 10.4: Cruz Application Running Face Detection
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Chapter 11

Cruz Robot Speech synthesis

Text To Speech takes texts and words as input on a computer or other digital device and
converts them into Speech. As we now know, using Natural Language Processing, all kinds
of text, files, words, and sentences can be converted into human-like Speech. It is a beneficial
feature for writing, editing, and especially for people who struggle with reading or focusing. It
works with almost every digital device, including computers, smartphones, and tablets which
is the case of Cruz. The voices generated in Text To Speech are computer-generated based
on Natural Language Processing, and their reading speed can usually be programmed to the
desired output [70].

11.1 Speech Synthesis Applications

Text to speech systems has various range of applications. Their original integration was in
reading text to voice systems, which were developed for those with vision impairments to
read text from books, files, and webpages converted into speech. Since there were hardly any
options available for people with these disabilities to access visual information in the past,
such a system became a breakthrough within the Artificial Intelligence community.

Of course, with the evolution of technology, much complex and fast Text To Speech
technologies have been developed to ease human-computer interaction, not only designed for
“normal people” but as well for people with any disability which text to speech technologies
quickly helps them to navigate around any computer or device.

In recent years, numerous advances in the quality of the text to speech technologies have
been implemented in the real world, with the most common application being automated
call-center support, where people can call regarding their bill payments, schedule a doctor
appointment, or book a restaurant or travel reservation interacting only with the automatic
dialogue system, ensuring accuracy and reducing the workload of employees. In conjunction
with these, TTS technologies can be used for weather reports, news stories, GPS requests, etc.
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11.2 Speech Synthesis Goals

Building an AI computer system like the Cruz application aims to achieve a closer form
of interaction with this user through speaking. Thus, the developed text-to-speech system
must receive any text input and convey its message. By integrating natural language process-
ing neural network algorithms, it’s possible to use human-like voices and language datasets
that can be manipulated and trained into speech (audio).

According to this system’s set language of choice (English), theCruz text to speech can
take written input and convert it into speech. The logic behind Cruz’s text speech tech-
nology is to playback the originally programmed written text message through speech.
One way to achieve the audio/speech playback of text input is to build separate network mod-
els of common words and sentences, apply word normalization (NLP pipelines), combine
them afterward, and run synthesis, a widely used technique in automated dialogue services.

Through the years, there have been many different approaches of NPL to generate the
conversion of text to speech, being the most popular concatenation synthesis and paramet-
ric/statistical synthesis [71].

11.3 Concatenation synthesis

In concatenative synthesis, the signal is produced from real segmented speech units using
human base linguistics according to the speech production of a specific language to create a
new utterance, which is then manipulated to match an actual human speech. Concatenation
synthesis is based on a sequence of pre-recorded speech segments. Such segment data can be
phonemes, words, diphones, syllables, or entire constructed sentences stored in spectrograms
or wave sounds (visual representation of sounds/signals) [72]. And, since Cruz robot web
application speech synthesis models were built on this approach, the speech result output of
Cruz is more human-like sounding and natural. Just like we listed the types of NN models
used for face detection in the previous chapter, we will specify which type of NLP models we
are referring to later on.

11.4 Statistical Parametric Synthesis

Statistical Parametric synthesis, also known as Hidden Markov model (HMM), takes advan-
tage of pre-recorded human voices where algorithms are applied to manipulate the audio as
parameters to modify the voice. The essential premise is that we can synthesize human speech
by manipulating specific word units from a database of pre-recorded speech. This statistical/-
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parametric synthesis approach generally includes two stages: training and synthesis.
The training focuses on extracting a set of standard parameters that constitute the pre-

recorded speech samples, such as frequency spectrum, meaning the vocal trait of the record-
ing, fundamental frequency (voice source/pitch), and time-frequency (duration) of the recorded
speed [73]. Then it uses statistical models to estimate a pattern of those parameters. TheHid-
den Markov Model (HMM) is the model that has proven to execute such tasks and provide
the best results.

Hidden Markov Model (HMM) statistical can estimate and generate these parameters
(spectrum, frequency and time) from the desire speech sequence and uses the same parameters
to synthesize the conversion to speech wave-sounds or spectrograms. Some advantages of
this statistical process is: language independence, flexibility in audio characterization and
database independent as well. However, in some cases, the synthesized speech is not the best
quality, thus the evolution and introduction of Deep Learning Neural Network models.

Synthesis is the process to generates the speech given an input. The input which is
usually in a form of text it’s then merged and processed to construct a phrase.

11.5 Speech Synthesis Models

There are several Text-to-Speech systems models, but this section will be taken into consid-
eration real-life systems applications:

• Text to language Models: Text to language Models: In this model, any written text is
taken as its linguistic form message, and synthesis is produced on top of it. However,
because text production is subjective and imprecise, text normalization NLP pipeline
tasks (tokenization, lemmatization, segmentation, stemming) is typically included in
conjunction with synthesis. Themain idea for this model is that text must be fragmented
before it is used as input to the synthesizer. This model follows the Concatenation
synthesis approach.

• GraphemeModels: this model is very straightforward, the text is input as a grapheme
form (the smallest unit in a writing system) and then is converted into full text for
synthesis. Although this model is very simple, its approach can only be integrated into
languages where the grapheme and the full texts have direct grammar correspondence.
Proven to be limited to languages where this direct correspondence does not happen,
such as Mandarin or English [74].
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• Common Form Model: this approach is based on decoding the primary root identity
of each word within a text, but some implementations take a step further with linguistic
analysis where morphologically analysis (grammar classification) is performed, conse-
quently NLP speech tagging task. This approach is beneficial for finding daily words
and associating those words with common daily phrases.

11.6 Communication Process

The general structure of the communication process, which involves spoken and written lan-
guage, is implemented as a base framework that is analyzed to build text to speech technolo-
gies. In order to understand this process better less analyze a basic communication process
taking into consideration the following factors:

• Message

In communication, a message is defined as information conveyed by words, formed
through writing or speech. The transmitter of a message is called the sender, and the
recipient is called the receiver in the communication process.

• Signal

The message constructed to form spoken words and sentences is translates into speech
signal. In the case of humans, the speech signal can be associated with the noise pro-
duced by speakers, which corresponds to the noise from the mouth or nose. It is con-
sidered a one-dimensional process of air pressure within time. In case of computers,
microphones can convert the irregular air pressure into electrical signals such as currents
or voltages which then forms sounds categorized as speech signals in speech process-
ing. Furthermore, the most critical components related to speech signals are energy,
short time zero crossing, and autocorrelation.

• Meaning

Meaning is associated with the human capacity to understand, encode or decode mes-
sages. Understanding is the ability of accessing speech learning patterns and thoughts
to formulate messages.

Understanding all the above factors combined made Natural Language Processing a re-
ality.

47



11.7 Google Text-to-Speech API

WithGoogle Text to SpeechAPI, it is possible to synthesize natural speech or written text. The
API includes over 100 voices, dialects, and accents available in different languages. Access-
ing Google’s Speech API powerful DeepMind neural networks based onWaveNet Neural
Network Models was possible to generate the text conversion to speech for Cruz Robot to
communicate with its users through its load speaker while asking the survey questions. Thus,
using this API neural network model, we accomplish Cruz’s second form of intelligence:
speech.

11.8 WaveNet Model

Based on the Concatenation NLP approach, WaveNet is a neural network model used to train
large speech volumes. Was the first model able to successfully manipulate and estimate the
raw wave sounds of the audio signal by predicting which speech unit appears to follow each
other. The neural networks build a sophisticated speech structure during training, emphasizing
tones to generate realistic human-sounding speech.

To generate such precise models, it uses a convolutional neural network associated with
dilated convolutions, where each convolutional layer has a dilation factor. Actual human
recorded wave sounds it’s used during training, and afterward, the final wave sound is output
by the neural networks in-unit samples. Thus, when text input is given, WaveNet neural
network model can build from scratch its corresponding speech wave sounds on each sample
at a time.

WaveNet creates speech which is more human-like, as it includes natural-sounding com-
ponents such as emotion, accents, intonation, pitch, etc. Although this model is based on
the concatenative synthesis approach it solves and surpass its limitations by including aspects
left out of earlier of text-to-speech systems such as lip-smacking and breathing rhythms to
generate more natural speech with an emphasis on phonemes and syllables [75].

11.9 WaveNet Voices

With Text to Speech raw audio data of natural human language, speech can be created that
sounds like a person talking when reading over a text.

The Google Web API Text to Speech has a wide range of WaveNet voices and languages
available to use, and these voices can be distinguished by gender, pitch, and accent. For
Instance, speech that imitates the female voice is embedded into the API, and it is possible to
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convert the same speech into a male voice with the same or different accent. WaveNet neural
network models are used in conjunction with the WaveNet voice, allowing these voices to be
trained to speak as human-like as possible rather than machine-like, as other synthetic voices
do, which is one of the many reasons why this API was chosen to construct Cruz speech
synthesis feature.

The main difference between WaveNet voice and the WaveNet model is that: WaveNet
voice is specifically used to generate a type of voice, as WaveNet models pre-trained these
voices as raw audio speech.

11.10 API Speech Interface

The following interfaces and properties can access by this speech API to generate the conver-
sion of Text To Speech (TTS):

• SpeechSynthesisUtterance: the API’s main interface can be accessed directly in
the browser and includes all the necessary speech services (pitch, rate, text, voice, vol-
ume, speed) to execute the speech request.

• SpeechSynthesisUtterance.lang: sets and get the languages for the speech API.

• SpeechSynthesisUtterance.pitch: sets and get the pitch at which the frequency
output will be spoken at.

• SpeechSynthesisUtterance.rate: sets and get the speed of the speech.

• SpeechSynthesisUtterance.text: sets and get the text to be synthesised (con-
verted) into speech.

• SpeechSynthesisUtterance.voice: sets and get the voice that will be used to
speak.

• SpeechSynthesisUtterance.volume: sets and gets volume that will used for the
speech.
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11.11 Survey Page questions.php

The survey questionnaire consists of one tab with questions, most of which are mainly
related to the SARS-Covid-19 pandemic, asked by the Cruz robot using Text-to-Speech
API, with a set of standard YES or NO input answers for its users.

The first question (Fig.11.1) addresses the user’s availability and agreement to complete
the survey, and the remaining 14 questions are Covid-19 related to identifying possible con-
tagious users.

Figure 11.1: Cruz Survey Question 1 Layout

Figure 11.2: Cruz Survey Question 2 Layout
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Figure 11.3: Cruz Survey Question 3 Layout

Each question is constructed with its unique id: id="texti2" and a specific name at-
tribute: name="ask_age" (Fig.11.4) which is then manipulated within the synthesis function
to convert each text (question) into speech. Therefore, if this set of questions needs to be
changed in the future, it would be only necessary to change its text paragraph instead of its
function. As well, new questions can always be added or removed.

Figure 11.4: Code for each Survey Question id name
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The SpeechSynthesisUtterance (Fig.11.5), object allowed the access of the neural net-
work voices andmodels tomanipulate each text (question) with the speech services that enable
Cruz to speak clearly and convey his questions in a human-like manner.

Figure 11.5: Speech Synthesis Function

Figure 11.6: Sample Code to Synthesize Question 3 into Speech
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All the survey questions are grouped in one tab layout format, and Cruz is set to speak
and ask questions according to the survey current tab question.

Figure 11.7: Code for Current Tab Question

Figure 11.8: Code for the Next Tab Question
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Figure 11.9: Cruz Application Speaking in Current Tab Question

11.12 Survey Questions Table

Below is the survey table of all the questions asked by the Cruz using Text to Speech com-
munication in its interaction with the users.
Covid-19 Survey Questions: User Input Response:
Hello, I hope everything is all right. My name is Cruz Robot. May I ask you a few Covid-19 question? YES/NO
What’s your name? YES/NO
Are you over the age of 65? YES/NO
Are you currently experiencing, any fever? YES/NO
Are you currently experiencing, any difficulty breathing? YES/NO
Are you currently experiencing, any cough? YES/NO
Are you currently experiencing, any sore throat? YES/NO
Are you currently experiencing, any loss of smell? YES/NO
Are you currently experiencing, any chills? YES/NO
Do you have any headache? YES/NO
Do you have any nausea? YES/NO
Have you been near anyone who was experiencing any of the prior symptoms mentioned? YES/NO
Have you been near anyone who has tested positive for Covid? YES/NO
Have you been waiting to receive a Covid-19 test result? YES/NO
Have you traveled recently? YES/NO
Your Covid-19 survey has been successfully completed, please click the submit button to save your answers. Thank you so much for your time, have a good day. Submit

When the survey is completed, the user can submit its answer, which will then be stored
in phpmyadmin MySql Database.

Figure 11.10: Cruz Survey Submission Layout
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11.13 Database

With MySQL as a Relational Database Management System (RDBMS), all the Cruz user’s
answers to the covid-19 survey are saved and stored with the possibility to access and re-
trieve data if needed. Future Cruz developers can submit queries to the database via PHP to
manipulate this information into or from the database.

Bellow (Fig.11.11) is the covid-19 survey Cruz database storing all the test users
answers data:

Figure 11.11: Survey Database
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Chapter 12

Cruz Robot Social Implications

With the mandatory physical distancing and isolation dictated by the world’s various gov-
ernments to reduce the spread of the SARS-COVID-19 virus, Cruz Social Service Robot
demonstrates a precious contribution to society.

Currently, there is no effective cure for SARS-COVID-19 diseases, and isolation can
have an extreme impact on psychological well-being. Furthermore, unfortunately, physical
and social distancing is not always possible, especially for healthcare professionals on the
front line, who are at higher risk of exposure to SARS-COVID-19. Service Social robots
such as Cruz are/could be vital to solving these dilemmas.

Identifying new vaccines and drug compounds is required to cure the COVID-19 virus.
However, until an effective vaccine is developed, screening, as it is now, is providing the most
accurate results in identifying molecules that contain the virus. Hence, the need and develop-
ment of user-friendly Social Robots such as the Cruz AI Covid-19 Survey web application,
which demonstrates the intelligent capability to interact with people by asking questions about
SARS-COVID-19 to identify possible corona cases, will significantly contribute to the social
distance measures to reduce the virus’s spread.

Cruz Social Robot can interact with humans, possessing inherent immunity, making him
the best suitable worker to intervene in a pandemic situation such as this. Instead of human-
to-human proximity to identify the symptoms of COVID-19, Human-Cruz interaction will
take place in approaching people to retrieve and analyze the user health state information to
select possible infected individuals.

It is expected that users will positively accept Cruz social robot since its interface features
meet all user’s expectations: appearance, cognitive intelligence, social intelligence, and vi-
sual and communication skills. Furthermore, alongside others successfully introduced social
robots in the market, Cruz is set to make a social impact by providing support, improvement,
and protection to human life.
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Chapter 13

Conclusion

The long-term goal of constructing social robots that can assist people is a challenging task,
but this project has demonstrated that it is doable. Taking advantage of Artificial Intelligence
Models, which replicate the human cognitive skills such as communicating using the Natural
Language Processing Model and visualization using Convolution Neural Network Models,
allowed the creation of an AI web application for Cruz social Robot.

Through this work, it became clear that understanding human intelligence and behav-
ior, such as physicality, effectiveness, sociability, and intelligence is vital in designing social
robots that can successfully be accepted and have a beneficial role within society.

The Cruz robot user interface development can be considered a positive achievement for
the social robot community, especially during this time of the sars-covid-19 pandemic, where
Cruz will undoubtedly make a difference in minimizing the spread of the virus and protecting
human life.

Another point of interest in the Cruz user interface is its accessible Text to Speech algo-
rithm of the sars-covid-19 survey, which can be easily manipulated with changes in the future.
Whether it is through adding new survey questions or entirely rewriting the survey to match
a different context for analysis.

Face detection features are becoming increasingly popular, and it’s not going anywhere
anytime soon. As such, the face detection feature of Cruz can always be used as its primary
entry point of interaction with users. Furthermore, it can be upgraded by adding a face recog-
nition feature on top to identify specific people in the future. Of course, such an addition
would require a database to match the face detected to a specific individual, but it is always
an open possibility.
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