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Abstract. A great challenge is presenting in developed countries due to the 
continuous falling of the birthrate. Moreover; a considerable reduction of the 
number of students is expected and in addition, most of them are going away of 
scientific fields. Based on our research experience on the field of humanoid 
robots, medical robotics, etc.; we have proposed the development of an 
advanced educational robotic tool to introduce students the principles of Robot 
Technology at different educational levels. In this paper, at first, we are 
presenting our approach to introduce first year undergraduate students of the 
Department of Modern Mechanical Engineering the basics of robotics systems. 
In particular, the detail of curricula of the Mechatronics Laboratory (2) is given. 
Furthermore, the development of the Waseda Wheeled Vehicle No. 2 Refined II 
(WV-2RII) is detailed. The WV-2RII is an inverted pendulum type mobile 
robot composed by two actuated wheels, a 32 bits micro-controller, a gyro 
sensor, a mobile base and a remote controller. Pilot experiments were carried 
out with students at the undergraduate level to verify the effectiveness of the 
proposed educational platforms. 
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1   Introduction 

Developed countries, as leading nations in scientific research and production of 
innovative technological products, hold very large shares in high  technology 
industries [1]. In particular, as a result from several decades of intensive research, 
different countries have been actively contributing to the industrial development. 
However, a great challenge is presenting in developed countries due to the continuous 
falling of the birthrate. Moreover; a considerable reduction of the number of students 
is expected and in addition, most of them are going away of scientific fields. This 
situation may tremendously affect the industry by losing competitive power in the 
future due to the shortage of talented engineers. 
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From the academic point of view, the issues described above represents a great 
challenge for universities to introduce students to robot technology (RT). In fact, the 
main challenge in introducing the RT is in finding simple and efficient educational 
ways to show them the basic components of robots, as well as, their application for 
solving real-world problems. For this purpose, several attempts to built educational 
robots have been done during the past few decades [2]. In fact, the development of 
educational robots started in the early 1980s with the introduction of the Heathkit 
Hero−1 [3]. Such kind of robot was designed to encourage students to learn how 
robots are built. However, no information on the theory or principles behind the 
assembly was given. More recently, several other companies in cooperation with 
universities and research centers have been trying to introduce educational robots to 
the market. Some examples are as follows: K-Team [4] introduces the Hemisson, 
which is a low-cost educational robot designed to provide an introduction to robot 
programming by using reduced computational power and few sensors. Other example 
is the LEGO® Mindstorms RCX which is a good tool for early and fast robot design 
by using the LEGO blocks [5]. In Japan we can also find some examples such as: the 
RoboDesigner kit designed to provide a general platform to enable students building 
their own robots [6], ROBOVIE −MS from ATRRobotics designed as an education 
tool to introduce principles of mechanical manufacturing, assembly and operational 
programming of small−sized humanoid robot [7], etc.  

Even though several universities and companies have been building robotic 
platforms for educational purposes, we may observe that there is still no platform 
designed to intuitively introduce the principles of RT from the fundamentals to their 
application to solve real world problems. In fact, most of the current educational 
platforms focus on providing the basic components to enable students building their 
own designed system. However; such kind of platforms are used to merely introduce 
basic control methods (i.e. Sequential Control), basic programming (i.e. Flow Chart 
Design, C language), and basic mechanism design. Therefore, the authors have 
proposed the development of a two-wheeled inverted pendulum type mobile robot 
designed to cover the basic principles in electronics, mechanical engineering, 
programming, as well as, more advanced topics on control engineering, complex 
programming, and embedded systems [8-9]. In this paper, in presenting the content of 
the Mechatronics Laboratory (2) which are taken by 1st year students of the Modern 
Mechanical Engineering Department at Waseda University. Furthermore, the details 
of the development of the Waseda Wheeled Vehicle Robot No. 2 Refined II (WV-
2RII) are presented. 

2   Basic Robotic Platform 

The first year students of the Department of Modern Mechanical Engineering from 
Graduate School of Science and Engineering at Waseda University attend to the 
Mechatronics Laboratory (2) course. In particular, this course has been designed to 
cover the basic required knowledge from the microcontroller programming up to the 
principles of control engineering. For this purpose, the students are required to 
perform different kinds of basic/task experiments using the RoboDesigner Kit (RDS-
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X03). The RDS-X03 is an educational robot kit which is developed and produced by 
Japan RoboTech Ltd. [10]. This education kit has been developed within a team 
project supported by the government with the research cooperation between industrial 
and academic sector; where Waseda University has been actively participating. The 
main objective of this course is to introduce to the first year students the principles of 
the Mechatronics field. At the end of the course, students are required to construct a 
line-following robot based on a microcontroller (Figure 1), as a part of a robot contest 
held at the end of the course. 
 

 
Fig. 1. Line-Following robot’s prototype. 

The laboratory content is organized as follows: 
• LAB1 – Printed-Board Circuit Construction: Construction of a printed-board 

circuit and confirmation of the sensor signal processing function 
• LAB2 – Microcontroller Programming (I): Control of robot motion based on 

tile-programming, introduction to Tile-Programming by processing the 
input/output signals, introduction to C-Programming by processing the 
input/output signals, and processing of sensor information. 

• LAB3 - Microcontroller Programming (II): Understanding the processing of 
digital sensors by controlling the characteristics of an LED, understanding the 
implementation prototype functions and the application to control the speed of a 
motor by processing a digital and analog sensor inputs, and the development of a 
security system. 

• LAB4 – Control Programming of Peripheral Devices: Control of a peripheral 
device a 7-segement LED using the RDS-X03 kit, understanding the use of 
interruptions by controlling the functions of a 7-Segment LED, and the 
development of a chronometer. It is worth to mention that the 7-segment LED is 
not included on the RDS-X03 kit, so that students were requested to construct 
the required circuit on a bread board. 

• LAB5 – Control Programming of Systems: Understanding the principles of 
control theory by using an inverted-pendulum system by using RDS-X03 kit. 
For this purpose, we have designed at Waseda University an inverted pendulum 
system where students are required to tune the PID control parameters (Figure 
2). 

• LAB6 – Robot Contest: The modules of the line following robot are integrated, 
the program control is refined, and the contest is held. The objective of the 
contest is to develop a line-following robot using RDS-X03 kit. Each team must 
build one robot for the contest consists, which it should move from the START 
to the FINISH as fastest possible on a predefined race course. 
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Fig. 2. Inverted pendulum robot’s prototype. 

2   Advanced Robotic Platform 

The Waseda Wheeled Vehicle Robot No. 2 Refined II (WV-2RII) has been designed 
to implement different educational issues to introduce undergraduate students the 
principles of RT (Figure 3). The WV-2RII is composed of two-actuated wheels, a 32-
bit microcontroller, an adjustable weighting bar attached to the pendulum, a gyro and 
accelerometer sensors, a remote controller and two optional mechanisms that can be 
easily attached/detached from the main body of the robot. In addition, a 3D simulator 
has been developed by computing the equations of motion so that students may 
compare the theoretical and real response of the robot (Figure 4). 

 

 
Fig. 3. The Waseda Wheeled Vehicle No. 2 Refined II (WV-2RII). 

In the following sections, the mechanism design and simulator implementation 
will be detailed. Finally, a set of experiments are proposed in order to verify the 
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pendulum stability while activating the soccer/sumo mechanisms and to verify the 
usefulness of the simulator 
 

 
Fig. 4. Screenshot of the 3D simulator developed for the WV-2RII. 

2.1   Mechanism Details 

As we have previously introduced, we have developed two additional mechanisms 
that can be easily attached to the main body of the WV-2RII. In particular, a kicking 
mechanism for soccer (Figure 5a) and an arm mechanism for sumo (Figure 5a) have 
been designed and constructed. In particular, the soccer-kicking mechanism is 
composed by a spring, hook, stopper and a DC motor. In order to kick the ball, a 
tension spring is used to increase the speed of movement of the kicking mechanism 
(maximum output load of 22N). Basically, the kicking mechanism is attached to a 
hook which is moved until a certain point when the hook is automatically released (by 
a stopper), the reaction force accumulated by the spring is used to kick the ball. 
 

a) b)  

Fig. 5. Detail of the additional mechanisms designed for: a) Soccer-kicking mechanism; b) 
Sumo-arm mechanism. 

On the other hand, the sumo-arm mechanism is composed by sliding-crank 
mechanism actuated by a DC motor, an arm base actuated by a RC motor to adjust the 
pitch of the whole arm mechanism and a pushing plate with embedded switches for 
detecting the contact with the opponent. Basically, in gear wheels of the slider of the 
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crank mechanism, the fixed and movable racks are used. The rotation motion of the 
crank is transmitted to the gear wheels and the movable rack moves at twice the 
stroke of the fixed rack. From this, the arm mechanism provides a large stroke 
(around 88mm) by using a compact mechanism. 

2.2   Simulator 

In order to derive motion equations of WV-2RII, the mechanical model of the robot 
has been defined and it is shown in Fig. 6a. In this case, we assume the body 
coordinate system is attached to the chassis of the robot (Xch, Ych, and Zch). The 
second coordinate system is placed in the mass centre of the robot (Xc, Yc, and Zc). As 
it is shown in Fig. 6b, θ is defined as the angular rotation of the chassis with respect to 
the ground, ψL, ψR are the angular rotation of the wheels with respect to the chassis 
and ϕL, ϕR are the angular rotation of the wheels with respect to the ground. The last 
angular relation that needs to be specified is the change in heading direction (Figure 
6c), which in our considerations is described by α. For the derivation of motion 
equations, we use the Euler-Lagrange method. Therefore, the kinetic energy of the 
system has been derived. For this purpose, the mechanical parameters of the WV-2RII 
are detailed in Table 1. 
 

a)

zc

xch

zch ych

xc

yc

x

z

y

b) c)                 

Fig. 6. Model reference: a) Coordinate systems b) Definition of angles; c) translational velocity. 

Table 1.  The mechanical parameters of the WV-2RII 

Property Value
Weight [kg] 3.25 

Robot’s moment of inertiaIzz   [kg·m2] 0.02
Robot chassis’ moment of inertia Iyy [kg·m2] 0.015 

Wheel’s moment of inertia Iw [kg·m2] 0.002 
Location of centre of gravity xc [m] 0.013 
Location of centre of gravity zc [m] 0.046 

Weight [kg] 3.25 
Robot’s moment of inertiaIzz   [kg·m2] 0.02

 
At first, the kinetic energy related to translational motion of the mass centre has 

been computed as Eq. (1); where the scalar value of the velocity, which can be 
obtained by calculating Eq. (2). Next, the kinetic energy from the angular motion of 
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the robot is computed. In case of the wheels and the rotors, we can directly use the 
wheel rotational velocity and the moment of inertia around the wheel’s rotation axis, 
the rotor’s rotational velocity and moment of inertia around the rotor’s rotation axis as 
Eq. (3). In case of the chassis; the final formula for kinetic energy coming from the 
rotational motion of the mass centre of the robot is computed by Eq. (4); where ωx, ωy, 
and ωz denote rotational velocities around x, y, z axes defined by Eq. (5). Finally; by 
combining the above equations, we obtain the total kinetic energy of WV-2RII as 
shown in Eq. (6). The final values of potential and kinetic energies, Lagrangian and 
the eventual motion equations have been evaluated and derived by using Maple and 
implemented in C++ Borland Builder. 
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3   Experiments and Results 

3.1   Basic Robotic Platform 

Regarding the Mechatronics Laboratory (2), a total of 108 students were registered to 
this course. Due to the large amount of them, we have divided in two groups. Then, 
for each group, each team was formed by three students. In order to perform the basic 
and task experiments, each team was provided with a RDS-X03 kit box which it 
contains all the components required to program a microcontroller and tools to realize 
the experiments. Each team is also requested to provide a report of the content of each 
proposed experiment. 
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Fig. 7. Experimental results at the Mechatronics Laboratory (2): a) Overall evaluation; b) 
Evaluation of the content of the basic/task experiments. 

For this purpose, at first we asked students to provide an overall evaluation 
obtained from the students is shown in Fig. 7a. As we may observe, around 12% of 
the students evaluated the class with the highest score while 37.9% evaluated as 
acceptable. Only 10.2% of the students were not satisfied with the content of the 
class. Finally, we asked students to evaluate the content of the proposed basic and task 
experiments as well as the use of the measurement devices (i.e. oscilloscope, 
voltmeter, etc.). As we may observe in Fig. 7b, an average of 17.6% of the students 
with the highest evaluation; meanwhile an average of 30.5% believed that in general 
the all the explanations were understandable. Only 10% of the students considered 
hard difficult for them to understand the content of the experiments. 

3.2   Advanced Robotic Platform 

In this experiment, we have brought the WV-2RII to the Mechatronics Laboratory (2) 
which is part of the curricula of the 1st year undergraduate students from the School of 
Creative Science and Engineering. Due to the time constraints, we have introduced 
the students the principles of the WV-2RII. Then a demo with the robot was given to 
them. Finally, they were able of using the robot by controlling its motion from a 
remote controller. After the conclusion of the class, the students (a total of 122) were 
asked to answer a questionnaire regarding the WV-2RII. In the first part of the 
questionnaire, we have asked them to write their opinion regarding the usefulness of 
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the robot to introduce the principles of electronics, mechanics, control and 
programming. The experimental results are shown in Fig. 8. As we may observe, most 
of the students considered the WV-2RII will be useful to introduce most of the topics 
covered. The second part of the questionnaire, they were asked if they have actually 
have experience or not with an educational robot kit. As a result, 60% of the students 
answered they have some experience. Finally, we asked them if the 3D simulator 
designed for the WV-2RII will be useful or not. As a result, 68% of the students 
indicated it will be useful to compare the theoretical and real behavior of the robot. 
 

 
Fig. 8. Experimental results while comparing the response of the inverted pendulum robot 

obtained from the real robot and the simulated one. 

4   Conclusions and Future Work 

In this paper, the detail of a basic and advanced educational robot has been given. In 
particular, both systems were used to introduce first year undergraduate students of 
the Department of Modern Mechanical Engineering the basics of robotics systems. In 
particular, the curriculum of the Mechatronics Laboratory (2) is detailed and the 
development of the Waseda Wheeled Vehicle No. 2 Refined II (WV-2RII) is 
presented. 

As a future work, we are planning to perform more detailed experiments to 
introduce the WV-2RII as a part of the curriculum of the Mechatronics Laboratory (2). 
Furthermore, different pilot experiments will be proposed to compare the 
effectiveness of using the WV-2RII compared with other educational kits. 
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