
 
 

 

  

Abstract— Even though the market size is still small at this 
moment, applied fields of human-friendly robots are gradually 
spreading from the manufacturing industry to the others as one 
of the important components to support an aging society. 
However, a great challenge is presenting in developed countries 
where a considerable reduction of the number of students is 
expected. Therefore, novel educational robot platforms should 
be conceived. In particular, the author proposes the basic 
characteristics for the next generation of educational robots. 
Furthermore, the integration of two cost-affordable robotic 
platforms is proposed and its potentiality is shown. 

I. INTRODUCTION 
HE recent advances in computer technology, artificial 
intelligence, speech synthesis and understanding, and 

remote control have led to breakthroughs in robotic 
technology. On the other hand, human/robot interaction 
(HRI) is an emerging topic of interest for both basic research 
and costumer application. In particular, in the evolution of 
HRI, at least three levels of interaction can be identified [1]: 
cooperative robots [2], autonomous robots [3] and Haptic 
Interfaces (HI) [4]. Even though different robot educational 
platforms have been proposed ([5-9]); most of them have 
been developed to fulfill at least one of the levels of 
interaction. Therefore, the author considers the importance of 
introducing novel educational robots that fulfill the following 
requirements at different levels of interaction: able of 
introducing from basic (perception-action schemes; etc.) to 
advanced topics (human-in-the-loop control; etc.) of 
human-robot interaction at the different levels of interaction 
(cooperative, autonomous, multimodal interactive interface); 
able of displaying the characteristics of a dynamical system 
but without extreme complication (i.e. humanoid robot); able 
of being affordable to both university and students; etc 

II. NEXT GENERATION OF EDUCATIONAL ROBOTS 
In order to introduce effectively the principles of 

autonomous and cooperative robots, the author proposes the 
use of a two-wheeled inverted pendulum robot (2WIP); 
shown in Fig. 1a, which has been developed at Waseda 
University [6] and is now commercialized as MiniWay by 
Japan Robotech [8]. Regarding the principles of the HI, the 
author proposed the use of the Falcon (Figure 1b), which a 
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3-DOFs desktop HI and commercialized by Novint [9]. 
 

a)          b)  
Fig. 1 a) MiniWay; b) Novint Falcon. 

III. PRELIMINARY EXPERIMENTS 
In this experiment, the user controls the motion of 2WIP by 

using the HI. The HI is also programmed to exert force 
feedback to the user so that two is constrained by a force field 
to avoid the collision with an object. The experimental results 
are shown in Fig. 2; where Pref and Pmeasured are the 
commanded position transmitted from HI and the measured 
position computed from the 2WIP respectively. The FF is the 
force feedback exerted by the HI. 

 

-10

-8

-6

-4

-2

0

2

4

6

8

10

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0 0.1 0.2 0.3 0.4 0.5

P_ref [m] P_measured [m] FF [N]

 
Fig. 2 Experimental results. 
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