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Abstract 
This Ph.D. thesis contributes to the development of control architecture for robots. It provides 

a complex study of a control systems design and makes a proposal for generalized open motion 
control architecture for humanoid robots. 

Generally speaking, the development of humanoid robots is a very complex engineering and 
scientific task that requires new approaches in mechanical design, electronics, software 
engineering and control. First of all, taking into account all these considerations, this thesis tries 
to answer the question of why we need the development of such robots. Further, it provides a 
study of the evolution of humanoid robots, as well as an analysis of modern trends. A complex 
study of motion, that for humanoid robots, means first of all the biped locomotion is addressed. 
Requirements for the design of open motion control architecture are posed. 

This work stresses the motion control algorithms for humanoid robots. The implementation of 
only servo control for some types of robots (especially for walking systems) is not sufficient. 
Even having stable motion pattern and well tuned joint control, a humanoid robot can fall down 
while walking. Therefore, these robots need the implementation of another, upper control loop 
which will provide the stabilization of their motion. This Ph.D. thesis proposes the study of a 
joint motion control problem and a new solution to walking stability problem for humanoids. A 
new original walking stabilization controller based on decoupled double inverted pendulum 
dynamical model is developed. 

This Ph.D. thesis proposes novel motion control software and hardware architecture for 
humanoid robots. The main advantage of this architecture is that it was designed by an open 
systems approach allowing the development of high-quality humanoid robotics platforms that are 
technologically up-to-date. 

The Rh-1 prototype of the humanoid robot was constructed and used as a test platform for 
implementing the concepts described in this Ph.D. thesis. Also, the implementation of walking 
stabilization control algorithms was made with OpenHRP platform and HRP-2 humanoid robot. 
The simulations and walking experiments showed favourable results not only in forward walking 
but also in turning and backwards walking gaits. It proved the applicability and reliability of 
designed open motion control architecture for humanoid robots. 

Finally, it should be noted that this Ph.D. thesis considers the motion control system of a 
humanoid robot as a whole, stresses the entire concept-design-implementation chain and 
develops basic guidelines for the design of open motion control architecture that can be easily 
implemented in other biped platforms.  

Keywords 
Humanoid robots, control architecture, motion control, gait generation, walking stability, 
hardware architecture, software architecture, open systems. 

 





Resumen 
Esta tesis doctoral contribuye al desarrollo de arquitecturas de control para robots. Provee un 

estudio complejo de un diseño de sistemas de control y hace una propuesta para una arquitectura 
abierta generalizada de control del movimiento para robots humanoides. 

En general, el desarrollo de robots humanoides es una labor científica y de ingeniería muy 
compleja que requiere nuevos enfoques en diseño mecánico, electrónica, ingeniería de software y 
control. En primer lugar, teniendo en cuenta estas consideraciones, esta tesis intenta responder a 
la cuestión de por qué necesitamos el desarrollo de tales robots. Además, proporciona un estudio 
de la evolución de los robots humanoides, tan bien como un análisis de las tendencias actuales. 
Posteriormente, se habla sobre un complejo estudio del movimiento que, para humanoides, 
implica ante todo la locomoción bípeda. Por último, se presentan los requisitos pare el diseño de 
una arquitectura abierta de control.   

Este trabajo pone énfasis en algoritmos de control de movimiento para robots humanoides. La 
implementación de sólo servo-controles para algunos tipos de robots (especialmente sistemas 
andantes) no es suficiente. Incluso teniendo patrones estables de movimiento junto con un 
control bien ajustado, un robot humanoide puede caer mientras camina. Por lo tanta, estos robots 
necesitan la implementación de otro lazo de control superior que aportaría la estabilidad a su 
movimiento. Esta tesis doctoral estudia la problemática de un sistema de control de movimiento 
acoplado y propone una nueva solución al problema de la estabilidad caminando en humanoides. 
Se desarrolla un nuevo y original controlador de estabilización en el andar basado en el modelo 
dinámico del péndulo doble invertido desacoplado. 

Esta tesis propone una novedosa arquitectura de control software y hardware de movimiento 
para robots humanoides. La principal ventaja de esta arquitectura es que fue diseñada para una 
metodología de sistemas abiertos, permitiendo el desarrollo de plataformas robóticas de alta 
calidad que son lo último tecnológicamente hablando. 

El prototipo Rh-1 de robot humanoide fue construido y usado como una plataforma de test 
para la implementación de los conceptos descritos en esta tesis. También, la implementación de 
los algoritmos de control de la estabilidad andando fue hecha con la plataforma de OpenHRP y 
con el robot humanoide HRP-2. Las simulaciones y los experimentos del proceso de andar 
demostraron unos resultados favorables no sólo caminando hacia delante, sino también girando y 
retrocediendo. Ello demostró la aplicabilidad y la fiabilidad de la arquitectura abierta de control 
del movimiento diseñada para los robots humanoides. 

Finalmente, hay que destacar que esta tesis considera el sistema de control de movimiento de 
un robot humanoide en su conjunto haciendo hincapié el proceso completo de conceptualización-
diseño-implementación y desarrolla las líneas básicas para el diseño de la arquitectura abierta de 
control del movimiento que puede ser fácilmente implementado en plataformas bípedas 
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CHAPTER 1 

Introduction 

 

1.1 The Motivation and Origin of the Thesis 
To design a machine that can duplicate the complexities of human motion has been a dream of 

humanity for decades .It was only approximately 15 years ago that the level of engineering 
(computing, mechanics, control, and materials) became sufficient to construct walking machines 
which could be called humanoid robots. Nowadays there are successful examples of this kind 
around the world, not only in Japan where research work started. The development of 
sophisticated humanoid robots has increased and it has become a very active area. Currently, 
there is growing interest not only in the academic field but in industrial fields as well.  

The creation of a robot with human-like appearance manipulating other robots or machinery is 
a real possibility in the not so distant future. The enhanced locomotive ability of humanoid 
robots will increase the range of numerous manipulative functions. With the high level of 
integration of perceptive abilities, a humanoid robot will gain a certain level of autonomy 
by interacting with a person or executing different tasks intelligently. The inclusion of 
cognitive ability will make a humanoid robot capable of self-developing its mental and 
physical capabilities through real-time interaction with other robots, the environment and 
human beings.  

The human-like locomotive ability of humanoid robots makes it possible to deploy them in 
places where humans are still working like machines, for example in jobs such as receptionist or 
worker on an automotive manufacturing line. Humanoid robots could also be developed to 
perform human tasks like personal assistance, where they should be able to help the sick and 
elderly. In the healthcare industry, humanoid robots could provide an invaluable service in the 
rehabilitation of patients with difficulties in motion capacities.  

The humanoid robot is an ideal platform for tele-presence or tele-existence. Because of this, it 
is easy for us to predict its forthcoming applications in space exploration and police/military 
operations. At some point it should be possible to launch a space ship commanded by humanoid 
robots, yet controlled by humans at a ground station on Earth. It should also be possible to assign 
humanoid robots to operate military vehicles in a battlefield eliminating the risk of human 
casualty. In the current battle against terrorism, humanoid robots could help in prevent and 
rescue missions. 

On the whole, as a humanoid robot is designed to replicate a human, it can use the same tools 
and operate the same equipment and vehicles designed for humans. Humanoid robots could 
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theoretically perform any task a human being can, so long as they have the proper software 
algorithms.  

The implementation of humanoid robots with a high level of intelligence allows for the 
removal of some intelligence from the equipment. For example, a pilotless vehicle could be 
obtained using the usual vehicle with the humanoid robot inside. Furthermore, the same robot 
could be used to supervise a plant or to protect its owner. Nowadays the concept of universal 
robots is difficult to sell because the cost of labour is relatively cheap. This means robots are 
more likely to be used only where they can do a better job - precisely welding an automobile 
frame, for instance, or where humans can’t or won’t go, such as into a crippled nuclear reactor, 
or onto the surface of other planets. 

Experts predict that the real boom in the use of humanoid robots will start by 2025 – 2030 
when its fabrication and maintenance costs reduce enough to be profitable. There is no doubt 
that the emergence of humanoid robots will have a great impact on many aspects of our 
society. 

A large number of research projects related to humanoid robots have been started recently. 
Different research lines are currently focusing on diverse aspects of control. Unfortunately, as 
the development of this type of robot is very complicated and expensive, and the level of 
competition is very high (an enormous empty market is waiting) information exchange between 
different groups is impossible. Hardware and software solutions are complex and closed. 
Although some control algorithms are well known and widely used, there is a need to organize 
and integrate different aspects of humanoid control as well as propose a unified model of control 
system for humanoid robot as a bipedal machine. In future, this model should be extended for the 
more general context of personal assistive robotics.  

The current stage of development of control systems for humanoid robotics, which is a main 
theme of this thesis, is characterized by the apartness of the main elements composing the 
architecture. Research is mainly concentrated on the algorithms of the biped walking, without 
taking into account its complex relationship with other systems (mechanics, hardware, software) 
of humanoid robots. In this context a complex study that considers the motion control 
architecture of a humanoid robot as a whole is needed. It should stress a whole concept-design-
implementation chain and propose some kind of methodology or guidelines for future 
developments in this field. 

This thesis forms part of the Rh project (Development of a humanoid robot for cooperation 
with a human) launched by the Robotics Lab of the University Carlos III of Madrid. The main 
goal of this project is the development of a reduced weight human size robot which can be a 
reliable humanoid platform for implementing different control algorithms, human interaction, 
etc. Besides the control system design, the project includes a mechanical design, dynamics and 
kinematics studies and human-machine interaction design. The prototype of the humanoid robot 
was constructed and used as a test platform for implementing the concepts described in this Ph. 
D. thesis. Also, the implementation of walking stabilization control algorithms was made with 
the OpenHRP platform and the HRP-2 humanoid robot constructed by Kawada Industries 
Company. 
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1.2 Objectives of the Thesis 
This Ph.D. thesis is centred on the control of the humanoid robot and attempts to discus 

problems and issues that should be considered when the control system of a humanoid robot is 
designed.  

The principle objectives are: 

• To provide a study of historical perspectives and current research in the field of 
humanoid robots. It is necessary to determine the impact of humanoids on our lives 
and development and study ethical concerns of humanoid research. 

• To study basic concepts of the control system of robots. This means the study of 
general requirements, functional diversity and basic existing architectures. To classify 
existing robots by their main tasks and level of motion capacity. The next step is to 
focus on the architecture of humanoid robots describing their basic aspects as personal 
assistive autonomous robots with human-like appearance and bipedal locomotion.  

• To study control architectures of the most advanced humanoid robots describing 
some aspects of their mechanical design, software, hardware and control solutions. 
Then, to highlight some advantages and disadvantages and establish current tendencies 
in humanoid robot design.  

• To propose novel open control architecture for humanoids. The control 
architecture should be developed taking into account the functionality of a robot and 
its technical specifications. It is necessary to follow modern tendencies of architecture 
design in robotics. To highlight the advantages of the proposed architecture and make 
guidelines for its future development and improvements.  

• To develop new motion control algorithms. Control architecture is set of hardware 
components and software algorithms. In order to establish the appropriate structure 
and links between the components of proposed architecture it is necessary to develop 
new control lows, such as joint control and walking stability control. These algorithms 
should provide fool functionality and reliability and improve already existing methods. 

• To implement the results in existing platforms and develop a new humanoid 
platform. In order to prove the applicability of designed architecture it is necessary to 
implement it in a physical platform. The best way is to use commonly used platforms. 
Current work supposes the implementation of control algorithms with the HRP-2 
humanoid robot constructed by Kawada Industries Inc. for Japan Intelligent Systems 
Research Institute (AIST) and now provided for the best research centres in Japan and 
Europe. The HRP-2 humanoid robot is considered by many specialists one of the most 
advanced contemporary humanoid platforms. The main problem with existing 
platforms is that the control architecture includes software and hardware components 
which can’t be transferred to other platforms without complete redesign. On the other 
hand, there are universal control algorithms allowing the implementation on multiple 
platforms. Therefore, it is necessary to develop a new humanoid platform using fresh 
principles for hardware/software design and in the same way propose a universal 
control algorithm capable of work in different existing hardware/software platforms of 
humanoid robots. The humanoid robot Rh-1 which is under construction in the 
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Robotics Lab of University Carlos III of Madrid is considered the best platform to 
implement this kind of architecture. 

1.3 Contributions of the Thesis 
It should be mentioned that this thesis tries to propose a new complex approach to the design 

of a control system for humanoid robots. All aspects of the design process as well as detailed 
architecture and control algorithms were developed and implemented. 

The main contributions of this thesis focus on the following: 

• Development of open motion control architecture for humanoid robots. This 
architecture comprises all aspects of a humanoid robot motion interaction with the key 
point being a bipedal locomotion. We demonstrate the utility of open principles in 
control architecture design. This allows a more flexible and adaptable system with the 
capability to change its properties for the user’s needs. Proposed hardware architecture 
is a novel solution in the area of humanoid robots which complies with modern 
tendencies in robotics. Open software architecture providing the robot with a standard 
functionality is easily upgraded facilitating new functionality. 

• Development of new efficient algorithms for motion control and stabilization of 
the humanoid robot walk. These algorithms provide simple solutions allowing fast 
and reliable integral control of a robot. New methods of processing sensorial data 
needed for stabilization are proposed. Through experiments realized with different 
humanoid platforms it is demonstrated that proposed control can be used to improve 
robot performance.  

• Implementation of the proposed software and hardware architecture with the 
humanoid robot Rh-1. As the development of a robotics platform from the “zero” 
base is a very complex task, the obtained prototype Rh-1 capable of making steps, is a 
successful experimental result of this thesis. It provides the open knowledge data of 
“know-how” for the next generation of humanoid robots. In general, the review of the 
fundamental aspects connected with the design and implementation of the control 
architecture finally, can lead to the establishment of a series of criterion facilitating the 
design process of the humanoid robot from the control point of view. It will establish 
some kind of methodology which permits an adaptation of functional requirements 
and existing technical solutions. Also, it allows us to unify the development of 
humanoid robot prototypes in terms of costs as well as functionality. 

Finally, it should be mentioned that the proposed thesis is a complex study that considers the 
motion control system of humanoid robots as a whole. It stresses a whole concept-design-
implementation chain and tries to propose original and efficient solutions at all levels. 

1.4 Guide to the Thesis 
The material of this thesis is arranged into VIII chapters as follows: 

• All readers are recommended to start with chapter 2 for background information and a 
history of the humanoid systems which are the main topic of this thesis. In this chapter the 
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author addresses the question of why we need to develop a humanoid robot. Chapter2 also 
describes the great impact of humanoid development on many areas of our life. Finally it 
considers some ethical concerns around humanoid research. 

• Chapter 3 studies the basic concepts of robot control architecture. It defines  robot control 
architecture as a system and poses requirements for its design. Furthermore, it stresses the 
concept of motion in robotics and provides discussion on the motion control architectures of 
the most significant contemporary robots. Finally in this chapter the conceptual design of the 
motion control architecture for humanoid robots is provided. 

• Chapter 4 focuses on the joint control for humanoid robots. The modelling and identification 
of joints in humanoid robot is discussed. Moreover, the chapter provides the possible design 
of joint motion controllers. It takes into account the influence of the continuous change of 
load torques and moments of inertia on the controllers’ behaviour. The experimental results 
obtained are shown and discussed. 

• Chapter 5 provides the design of the stabilization control algorithms for humanoid robots. 
Initially, a short introduction on the theory of biped locomotion is presented. Later, humanoid 
dynamics and the stable walking patterns generation methods are considered and 
requirements for stabilization control posed. Chapter 5 shows the modelling and design of the 
stabilization control system under double inverted pendulum dynamics. Further studies are 
provided on the dynamical model of a robot to simplify the control by decoupling the 
dynamics. In addition, this chapter presents and develops new methods for sensorial data 
acquisition and processing which are indispensable for practical implementation of the 
system. Finally, it provides the design and implementation of the stabilizer architecture. 

• Chapter 6 addresses the design of open architecture for humanoid motion control. It defines 
the open software and hardware systems in the framework of humanoid robot control. This 
chapter provides the requirements and detailed development of hierarchical modular 
hardware architecture. Also, it provides the development of client – server software 
architecture as well as communication infrastructure for humanoid robots.  

• Chapter 7 presents the implementation of the motion control architecture with different 
humanoid platforms. The experimental results are obtained in walking experiments with Rh-
1 humanoid robots and simulation experiments with the OpenHRP platform of the HRP-2 
humanoid robot. 

• Chapter 8 summarizes the thesis and proposes considerations for future work in this field. 

• Appendix A studies the PC/104 computer standard suggested for the implementation of the 
hardware architecture for humanoid robots. 

• Appendix B considers basic communication technologies implemented in this thesis.  

• Appendix C shows detailed description of implemented CAN and CANopen protocols. 

• Appendix D describes the realization of real-time mechanisms in Sensorial and Device levels 
of motion control architecture. 



Chapter 1: Introduction 

 6

 



 

 

 

Chapter 2 

Trends in humanoid 
robotics 



 



Chapter 2. Trends in humanoid robotics 

 31

Control Unit Walk / Operating Control 

Unit, Wireless 

Transmission 

Walk / Operating Control 

Unit, Wireless Transmission  

Walk / Operating Control Unit, 

Wireless Transmission, 

Pentium-III M 1.2 GHz 

Power Supply Batteries Batteries Batteries 

DOF: Head (Eyes 

+ Neck) 

0 0 2 

DOF: Arm 7 x 2 7 x 2 5 x 2 

DOF: Hand 2 x 2 1x 2 1 x 2 

DOF: Trunk 0 0 0 

DOF:  Leg 4 x 2 4 x 2 4 x 2 

DOF: Foot 2 x 2 2 x 2 2 x 2 

DOF Total 30 28 26 (34) 

Table 2.3: Comparative characteristics of the most significant humanoid robots: P2, P3, ASIMO 

Name H6 H7 JOHNNIE 

Research Centre University of Tokyo University of Tokyo Technical University of 

Munich 

Country Japan Japan Germany 

Year 2000 2001 1998 

Weight (kg) 55 58 40 

Height (mm) 1370 1470 1800 

Actuators DC Servo motors,  

Harmonic Drives 

DC Servo motors,  Harmonic 

Drives 

DC Servo motors,  Light 

reduction gearboxes 

Control Unit PentiumIII-750MHz, RT-

Linux, wireless Ethernet 

Dual Pentium III 1.1GHz, RT-

Linux, wireless Ethernet 

External PC,  CAN bus 

Power Supply Batteries Batteries Cable 

DOF: Head (Eyes 

+ Neck) 

5 2 0 

DOF: Arm 7 x 2 6 x 2 2 x 2 

DOF: Hand 1 x 2 1 x 2 0 

DOF: Trunk 0 0 1 

DOF:  Leg 4 x 2 4 x 2 4 x 2 

DOF: Foot 3 x 2 3 x 2 2 x 2 

DOF Total 35 30 17 

Table 2.4: Comparative characteristics of the most significant humanoid robots: H6, H7, 
JOHNNIE 
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Name HRP-2P KHR-2 HUBO (KHR-3) 

Research Centre KAWADA Industries KAIST KAIST 

Country Japan Korea Korea 

Year 2002 2003 2006 

Weight (kg) 58 56 56 

Height (mm) 1540 1200 1250 

Actuators Motors DC Motors DC Motors DC 

Control Unit 2 boards CPU Pentium III 

1GHz ART-Linux OS 

Real Time distributed control 

using CAN bus.  Windows 

2000 with RTX 

Real Time distributed control 

using CAN bus. Window XP - 

RTX 

Power Supply Batteries Batteries Batteries 

DOF: Head (Eyes 

+ Neck) 

2 x 2 2 x 2 2 x 2 

DOF: Arm 5 x 2 6 x 2 6 x 2 

DOF: Hand 2 x 2 5 x 2 5 x 2 

DOF: Trunk 0 1 1 

DOF:  Leg 4 x 2 4 x 2 4 x 2 

DOF: Foot 2 x 2 2 x 2 2 x 2 

DOF Total 30 41 41 

Table 2.5: Comparative characteristics of the most significant humanoid robots: HRP-2P, KHR-
2, HUBO 

By comparing presented humanoid robots’ configurations it is possible to make some 
conclusions about the tendencies in this area of development. The basic parameters of humanoid 
robots such as height (Fig. 2.27(a)), weight (Fig. 2.27(b)) and number of D.O.F. (Fig. 2.27(c)) 
change over time. Design concepts tend towards reducing the weight and height and increasing 
the number of degrees of freedom of the robot. By analysing actual humanoid robots, it is 
possible to conclude that from a design perspective, the best humanoid robots are 1300 mm in 
height and 60 kg in weight and have at least 35 D.O.F. With these measurements , the ideal 
relationship between the mechanical stiffness and movement accuracy can be achieved.  

Moreover, Honda’s criterion for the ideal humanoid robot size was based on the idea that it 
could cooperate comfortably with humans.  The robot's size should be designed in order to allow 
it to operate freely in the human living space and to make it people-friendly. This size allows the 
robot to operate light switches and door knobs, and work at tables and work benches. Its eyes are 
located at the level of an adult's eyes when the adult is sitting on a chair. A height of 120cm 
makes communication easier. 
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Fig. 2.27: Evolution of basic parameters of humanoid robots a) Height, b) Weight, c) D.O.F. 

Once the main characteristics of the humanoid robot are determined, advantages and 
disadvantages of the proposed robots can be considered. Firstly WABIAN series as well as the 
P2 and P3 prototypes of Honda have a lot of DOF that achieves rather good results in bipedal 
movements. However due to heaviness there are restrictions in its use in human-robot interaction 

a) 

b) 

c) 
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within the human environment. Furthermore, these robots just as JOHNNIE humanoid are not 
totally autonomous because of their power supply by cable. H6 and H7 humanoids can walk 
stably, but there is not a lot of information about other important abilities, such as running or 
human interaction. WABIAN 2 humanoid robots don’t have any of the indicated disadvantages 
of its predecessors and can be considered as one of the best contemporary robots. ASIMO has a 
lot of advantages from a technological point of view, but a major part of the information 
regarding this model is confidential due to the politics of the Honda Company and therefore 
cannot contribute to the development of future humanoid projects. The KHR-3 robot is very well 
designed and different innovations in hardware and software design were implemented in its 
production, but it can not be the reference point for humanoid robotics yet, because of the rather 
short time it has spent in the “upper league” in the humanoids field. The HRP-2P robot is 
autonomous and can walk very stably.  

The main advantage of HRP-2P is the number of prototypes constructed and collocated in the 
best research centres in the world. This demonstrates the reliability of its mechanical and 
electrical design and the possibility to develop user’s own tasks with the humanoid because the 
control software is of open architecture (OpenHRP). It makes the HRP-2 humanoid one the main 
platforms for further popularization and development of more complex interactions with 
humanoid robots. Part of the research conducted to inform the writing of this Ph. D. thesis was 
experimentally tested and implemented with this experimental platform. 

2.5 Current humanoid research  
Humanoid research incorporates an extensive range of areas, across many disciplines and 

fields of study. Each of these disciplines, in their own way, contributes towards the development 
of the artificial human. 

From our current experience, even to build a basic humanoid (for example the only movement 
being walking) is a complex and expensive task. As mentioned above, it took 10 years of 
research by Honda Motors to develop P2 and more to produce ASIMO. Also they have almost 
certainly invested billions of US dollars in these projects. The journey is not finished yet, only a 
small step has been taken along the road to the creation of a real artificial human. 

Due to the complexity of the humanoid system, the research to date is still rather fragmented. 
There are several distinct research areas in the development of the humanoid robot. The major 
research areas today are bipedal locomotion and artificial intelligence. Both of these topics are 
related to the control of a humanoid robot and will be considered in more detail in the following 
sections. 

Since humanoid research involves a multitude of disciplines, many valuable engineering and 
scientific results could be obtained through it. There are many benefits of humanoid research,  
some  direct outcomes and others, indirect. Some of these could be realized in the relatively 
short-term (less than 10 years) while others may take a much longer time. In this chapter, the 
benefits of the research are categorized into three areas: technological, scientific, and economic 
[Xie 2003]. 
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2.5.1. Technological impact 

Humanoid research can contribute to the growth of technologies and result in useful systems 
that are able to perform certain tasks. As demonstrated in previous sections, the initial aim of 
humanoid research was to build better orthosis and prosthesis for human beings. For example, 
we can cite powered leg prosthesis for the neuromuscularly impaired, ankle-foot orthosis, 
biological realistic leg prosthesis and forearm prosthesis. Although the transfer of knowledge 
from biped walking research to prosthesis development is not very clear and direct, there is a 
rapidly growing trend towards closer cooperation. Collaboration between humanoid researchers 
and prosthesis developers will be required to make major steps forward in this very important 
area. 

The humanoid robot can be a test platform for many state of-the-art technologies, such as 
vision, tactile sensors, actuators, materials, machine learning algorithms, etc. New technologies 
will always involve new control architectures, actuator systems, AI strategies, and so on. 
Humanoid robots can also serve as a platform for technological education. Due to its 
multidisciplinary nature, there are many possible uses for humanoids in this field.  

Today’s engineering education emphasizes the integrative aspects of various engineering 
disciplines, or Mechatronics. Mechatronics originated in Japan in the 1970s and is gaining 
worldwide attention because of the importance of integrating different, but inter-related 
engineering disciplines. A formal definition of Mechatronics can be stated as follows [Bradley 
91]: “Mechatronics is the study of the synergetic integration of physical systems with 
information technology and complex decision-making in the design, analysis and control of 
smart products and processes”.  

The humanoid robot design project, being a combination of mechanical, electronic, control, 
information, perceptive and cognitive systems, is an ideal platform for implementing the essence 
of Mechatronics and educating students in control algorithms, mechanical design, motion 
control, machine vision, system integration, etc. Technological education can also be organized 
in the form of games and competitions. For example, RobotCup and FIRA Robot Soccer 
competitions are two international robotics game organizations which produce annual humanoid-
robot, soccer-playing competitions with the participation of a multitude of robotics laboratories 
from all over the world. 

2.5.2. Scientific (research) impact 

Here, we will refer to those scientific discoveries which may not have an immediate direct 
application or high commercial value, but are of interest to scientists performing fundamental 
research. Monetary return is not the focus for such research, although the discoveries may have 
commercial value in the future. 

There are numerous benefits resulting from this type of humanoid robot research. The 
humanoid robot can be an excellent test platform for various hypotheses or models. For instance, 
researchers need to understand the human body structure, behaviour (biomechanics) and walking 
gait to build and study humanoid robots. On the other hand, our attempt to model and replicate 
the human body leads to a better understanding of it. The knowledge gained in such studies can 
be applied to improve rehabilitation procedure for patients who have lost their walking or 
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manipulative abilities. The outcomes to these applications could also be used to further improve 
humanoid systems.  

Besides biped locomotion, which of course drives research into humanoid robots, an additional 
force which stimulates research in this fascinating field is the drive to develop an intelligent 
(physical) system. 

Intelligence and the ability to produce intended results are unique attributes associated with 
humans. One possible definition of intelligence is as follows [Xie 03]: “Intelligence is the ability 
to link perception to actions for the purpose of achieving an intended outcome. Intelligence is a 
measurable attribute, and is inversely proportional to the effort spent in achieving the intended 
goal”. The goal of artificial intelligence (AI) [Sage 90] “is the development of paradigms or 
algorithms that require machines to perform cognitive tasks, at which humans are currently 
better”. The main task is to make robots able to perceive, make their own decisions, learn and 
interact with human beings.  

An artificial body requires artificial intelligence in order to adapt to changes in the 
environment to obtain better performance of the assigned tasks. Undoubtedly, the humanoid 
robot is a perfect research platform for the study of the embodiment of artificial intelligence 
within an artificial body. It is an ideal testing ground for computational theories or models 
derived from the study of the human brain’s mechanisms.  

2.5.3 Economical impact 

This subsection discusses the economic or commercial value of humanoid robot research. Up 
until today, the greatest consumer product created has undoubtedly been the auto mobile. It is 
technologically complex and is not cheap, but it provides us with unprecedented mobility, 
increases our sense of social status, and offers us high-quality entertainment experiences among 
other things. Without the auto mobile, there would be no efficient transportation in our modern 
world. Now, we are facing the question: Could a humanoid robot become the next great 
consumer product? Looking at the evolution of the computer as a consumer product, the 
following trends may be identified: 

• The microprocessor is becoming smaller and consuming less electrical power, while 
computational power is increasing. 

• The computer has more functions and better performance while the price is constantly 
decreasing. 

• The computer is constantly improving its cognitive abilities: soft computing, speech 
recognition, auditory communication, visual communication, visual perception etc. 

The evolution of the computer coincides with the evolution of the humanoid robot, which is 
characterized, by the analogy with the computer industry, by the following clear trends: 

• The robot starts to have legs to perform human-like, biped walking. 

• The robot’s arm and hand is becoming more compact, and it has increased sensing 
ability. 

• The robot has a head, which may influence the design of future computer monitors, and 
provide the means for facial expressions and perceptive sensory input and output. 
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• The robot is becoming increasingly intelligent. The incorporation of demanding 
computational power and cognitive abilities enables the robot to perform real-time 
interaction with its environment and humans. 

The parallel development of the computer and robot industries will contribute to the 
emergence of the humanoid robot as the next great consumer product.  

It is important to mention that recently various commercial opportunities have arisen from 
humanoid robot research. An immediate one is in the increasingly popular toy sector. Nowadays 
computerized games are very popular. These games basically are pre-programmed interactions 
between users and artificial creatures in a virtual world. With the humanoid robot, or an animal-
like robot, computerized games will take on a whole new dimension: a pre-programmed 
interaction with artificial creatures in the real world. Although it brings new opportunities, 
complex problems also arise in relation to interaction of a robot with human beings. Taking into 
account the success of Sony's AIBO robot dog, there is good potential for a humanoid toy robot 
too. Several Disney attractions employ the use of animated artificial bodies. These robots that 
look, move, and speak much like human beings, are now in some of their theme park shows. 
These artificial bodies look and move so realistically that it can be hard to recognize from a 
distance whether they are actually human or not. Although they have a realistic look, they have 
no intelligence or any kind of walking autonomy. 

In the long term, humanoids can be developed as domestic helpers. It would be able to carry 
out normal household work, act as a security guard, and look after the elderly or children. As one 
of the effective ways to lower the cost of services is to increase the accessibility of these 
services, another possible implementation of a humanoid robot could be robot-assisted services 
(healthcare, personal services) in the home. This would be possible, if humanoid robots were 
more technologically advanced. By simply activating the appropriate programs, a humanoid 
robot could instantaneously be configured as an “expert” in the necessary service field.  

A humanoid robot could also be used in robot-assisted education at home. In the future, an 
alternative to private tuition may be the use of humanoid robot-tutors, with pre-programmed and 
selectable knowledge and skills. One obvious advantage to using the humanoid robot as a tutor is 
the ability for the same humanoid robot to be configured as a tutor in different disciplines, as 
well as at different skill and knowledge levels. 

Everything stated above is a potential multi-billion business that can easily overtake the 
automotive and aerospace industries in the future. Companies - world technological leaders 
supported by the government of their country have already begun the competition and conquest 
of a new emergent market. 

2.6 Ethical concerns of humanoid research 
The development of humanoid intelligence and capability raises some serious ethical 

questions. Most of them apply not only to humanoids, but to the robotic field in general. 

Some people think that humanoids can continue to learn and evolve to a point where they will 
break away from human command and possibly revolt, or that their “upbringing” can determine 
their “personality” (e.g. a selfish, tyrannical person will produce a similar android). Nowadays 
when we are facing the possibility to coexist with intelligent machines, Asimov’s laws of 
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robotics are not enough to set ethical guidelines concerning the roles and functions of robots in 
the modern society. Key problems include ensuring human control over robots, protecting data 
acquired by robots and preventing its illegal use. For example, to whom should be awarded the 
patents of an invention done by a robot? Or, who is responsible when an intelligent machine 
fails, commits a crime, or does something it shouldn’t do?  

In the future, when humanoid robots have the ability to reason and have feelings, other types 
of questions will be raised. What would be the difference between human beings and humanoid 
robots’ rights? Could a person destroy or make robots his/her slaves? Should a humanoid robot, 
to protect his existence, be permitted to cause damage to humans or other robots? Why would we 
ever want to design a robot with the ability to have freewill or even a sense of self preservation? 

Nowadays, other concerns are emerging mainly with the introduction of humanoid robots in 
tasks that till now were done only by human beings, for example, jobs such as a security guard, a 
policeman or a soldier. Humanoid robots for factories are also being developed. This may cause 
people lose their jobs to robots that work with lower costs and higher productivity. 

As we make robots more intelligent and autonomous, we need to consider how to govern their 
behaviour and how much freedom to grant them - so-called roboethics. Roboethics is the ethics 
applied to Robotics, guiding the design, construction and use of the robots.  

Robotics is rapidly becoming one of the leading fields of science and technology, so that very 
soon humanity is going to coexist with a totally new class of technological artefacts: robots. It 
will be an event rich in ethical, social and economic problems. The name Roboethics (coined in 
2002 by G. Veruggio) was officially proposed during the First International Symposium of 
Roboethics (Sanremo, Jan/Feb. 2004), and rapidly showed its potential. 

“Roboethics is an applied ethics whose objective is to develop scientific, cultural, technical 
tools that can be shared by different social groups and believes. These tools aim to promote and 
encourage the development of Robotics for the advancement of human society and individuals, 
and to help preventing its misuse against humankind.”  

Now, for the first time, we find ourselves facing the challenge of replicating our own 
intelligent and autonomous entity. This obliges our scientific community to examine closely the 
concept of intelligence from a cybernetic point of view. In reality, complex concepts like 
autonomy, learning, evaluation, decision making, freedom, emotions, and many others must be 
analysed, taking into account that any given concept need not have the same meaning for 
different species such as humans, animals, or machines. 

Therefore, it would seem not only necessary but also natural that robotics should affect many 
other disciplines, such as Logic, Linguistics, Neuroscience, Psychology, Biology, Physiology, 
Philosophy, Literature, Natural History, Anthropology, Art, and Design. It could be said that 
Robotics unifies the so called two types of knowledge – the sciences and humanities. The effort 
to design Roboethics makes this distinction redundant. 

All f this means a set of guidelines on the use and development of robots, especially human-
like humanoids is more necessary than ever. Different international bodies have started to 
consider these ethical concerns provoked by modern developments in robotics. The European 
Robotics Research Network is also drawing up a set of rules regarding robotics. This ethical 
roadmap has been assembled by researchers who believe that robotics will soon come under the 
same scrutiny as disciplines such as nuclear physics and Bioengineering. A draft of the proposals 
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said: “In the 21st Century humanity will coexist with the first alien intelligence we have ever 
come into contact with - robots. It will be an event rich in ethical, social and economic 
problems.” [Veruggio 2007] 

2.7 Conclusion 
Nowadays, robots are widely used in industry. In everyday life, we might make use of service 

and already even personal robots sometimes. Therefore, the research on humanoid robots that 
can combine all of these functions is one of the hottest topics in engineering society today. 
Because of its anthropomorphic structure, a humanoid robot can work directly in the same 
environment as a human. Moreover, humanoids can use the same tools and operate same 
machines as humans, but more efficiently. Also they can be used in conditions unsuitable for 
human such as in space or radioactive zones.  

Nevertheless, the development of humanoid robots still remains a very complex engineering 
task that requires new approaches in mechanical design, electronics, software engineering and 
control. During its evolution, the humanoid robot has been transformed from a ponderous 
bipedal mechanism into a human-like artificial body with rather good walking capacities.  

Nowadays, humanoids have a great impact on many areas of engineering, across many 
disciplines and fields of study in robotics. Also, the rapid development of humanoid intelligence 
and capability raises some serious ethical questions which are a topic of concern and interest for 
many philosophical and technical researches. 

We are still in the beginning of the humanoid robotics era. There are many problems in the 
area of humanoids to be solved and one of the principal ones is the control framework for stable 
bipedal locomotion. The following chapters of this Ph. D. thesis will provide a possible solution 
to this very problem - the design of control architecture for bipedal locomotion of humanoid 
robots. 
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