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This paper sets out a pedagogical platform dedicated to Computer Science and Numerical Electronics experiments. A virtual environment offers a virtual robot described in a standard Virtual Reality Modeling Language (VRML) format. The virtual robot is linked to a real robot by means of a development kit that implements a FPGA (Field Programmable Gate Array) based chip. This platform enables students to test algorithms with the virtual robot and to control the real robot through the development of a digital circuit using a hardware description language (VHDL -Very High Speed Integrated Circuit Hardware Description Language) module they have to design and download to the development kit.

INTRODUCTION

In our Graduate School, we have nearly 200 students using laptops for various activities. Students have to buy their own laptop and according to this fact they are eager to use sophisticated pedagogical applications.

In this paper we present a platform that has been developed in order to provide students with practical activities in the field of informatics and electronics. This paper is organized around three main themes: 1) the overview of our platform and pedagogical targets, 2) hardware component and 3) virtual robot description. The conclusion gives feedbacks from students and future development perspectives.

OVERVIEW

The platform

The platform is dedicated to Robot Off-line Programming and implements Virtual Reality technology.

Robot Off-line Programming is largely used in industry for the following reasons:

-It increases production flexibility.

-It minimises production downtime.

-It makes robot programming faster.

On the one hand, virtual reality is a technology that offers intuitive, interactive and friendly user interfaces especially useful in the field of Robot Off-line Programming [START_REF] Mellado | An open general-purpose simulation tool for Robotics[END_REF] Nowadays, there are industrial software that implement virtual reality technology for this purpose. Some of them [2] provide interfaces for several robot vendors' controllers.

On the other hand, students are surrounded by a lot of new technologies, such as computers, Internet, game consoles, etc. These technologies offer many possibilities of interaction and it becomes more and more difficult to keep students' attention with traditional techniques and methods [START_REF] Ferreira | Elias -Game Technology as an Educational Tool -Informatics Curricula, Teaching Methods and Best Practice (ICTEM2002)[END_REF].

Our pedagogical platform (Fig. 1.) implements a pedagogical robot, Altera's NIOS II Development Kit (Stratix Edition) and a virtual robot.

The real robot is a five degree-of-freedom robotic arm that was especially developed for pedagogical purposes. The robot was designed in the eighties and it is still commercialised by the "SCTI" Company [4]. The virtual robot has been implemented in a standard Virtual Reality Modeling Language (VRML) format [START_REF]VRML Standard Version 2.0[END_REF]. Users can download this virtual component on their computers by means of a Web server.

Pedagogical targets

One of the most important reasons that leads us to develop such a platform is to provide students with an overview of a complete and complex system as close as possible from a real industrial application.

Robotic is a discipline that implies various technologies such as mechanics, informatics and both analogical and numerical electronics.

The platform acts as a support for practical activities in the field of informatics and electronics. These activities are carried out during a fifty hours pedagogical project.

In the field of informatics, the virtual robot is a support for the testing of algorithms. These algorithms must generate robot trajectories that students can view in the virtual world.

For example, this year (2005/2006) students had to design and implement an algorithm in order to translate Arab numerals into Roman numerals. They also had to produce data in order to make the robot draw the result.

This implies two main tasks:

-Design and implementation of an algorithm for numeral conversion, -Analysis and computation of the robot geometrical inverse model.

Students have to develop their software on their laptop and to produce data file in order to use the virtual robot as a testing machine (Fig. 2.)

Fig. 2. Virtual robot as a testing machine

In the field of electronics, students have to develop a Robot Driver IP (Intellectual Property) in order to control the real robot. They have to achieve this task using VHDL language (Very High Speed Integrated Circuit Hardware Description Language).

The final challenge for students is to reproduce virtual trajectories with the real robot.

The interest of such an approach is to integrate various technologies into a single project in order to set up a complex system:

-Design methodology of digital circuits (simulation, configuration synthesis) -Embedded System including Real Time Kernel and Ethernet connection, -Hardware modelling language (VHDL) -Software development (C, C++, JAVA…)

THE HARDWARE

From theoretical knowledge of basic logical functions (Combinatorial Logic, Sequential Logic, Memories…) it is possible to design and to implement complex digital systems according to a "top down" methodology.

Hardware Description Languages such as VHDL or VERILOG enable these tasks by means of:

-Modeling a digital circuit, -Validation by logical synthesis, -Logical synthesis targeting ASIC (Application Specific Integrated Circuit) or FPGA (Field Programmable Gate Array) technologies, -Place and route.

FPGA is one of the most convenient technologies, which fits with this "top down" methodology. Nowadays, according to the fast evolution of technologies, modelling languages and software tools, it is possible to implement a "System On Programmable Chip" (SOPC) concept by means of processor and associated devices. These components models are available and written in high-level languages. They are called IP Blocks (Intellectual Property). A single chip is able to contain multiple IP Blocks. That is to say that a complete embedded system is able to stand in a single chip.

In our framework we are using the NIOS II IP and its devices from Altera. The development kit implements FPGA technologies. It contains two main components: Ethernet Driver IP and Robot Driver IP respectively dedicated to network communication and robot control (Fig. 3.).

Fig. 3. Nios II Development Kit

Students must develop the Robot Driver IP. It is an IP block designed in VHDL language that enables the Processor to control the robot. They have to interface with the Processor bus in order to compute data received from the virtual robot through an Ethernet Driver IP, which is also connected to the processor bus.

The Robot Driver IP implies the design of a Finite State Machine. This State Machine produces for each robot stepper motor a sequence of bytes that contains motor identifier, sense of rotation and number of steps.

The implementation of the Robot IP is a three steps process:

1) The automata is written in VHDL language and tested with a VHDL simulation tool.

2) The code is translated into a logical diagram that will make possible FPGA configuration. 3) Finally, it is downloaded to the SOPC.

THE VIRTUAL ROBOT

Software is provided with the robot (Fig. 4.) that enables:

-Control and simulations in a three-dimensional X, Y, Z windows display, -Trajectory simulation, -Axis by axis or Cartesian operating mode.

Unfortunately, it requires connection to Personal Computer via a supplied specific interface card and connection cable. To avoid these difficulties we have decided to develop our own Virtual Robot (Fig. 5.) so that any client can use it through the Web.

Fig. 5. Virtual robot interface

The virtual robot offers the same services as the Software, which is provided with the real robot but we have implemented new functionalities:

-Trajectory management: the user can create and save trajectories on his computer; -Linear and B-spline interpolation so that the user can create complex trajectories; -Data transfer to NIOS II Development Kit in order to make the real robot playing a trajectory; -Feedback from the real robot by means of a WebCam.

We have also defined our own trajectory data structure in order to enable students to create data file from any source and bypass our trajectory management.

The Virtual robot software architecture (Fig. 6.) on client side implements a Java application. This application manages the virtual robot local behaviour according to VRML specifications [START_REF] Mccarthy | Alligator Descates -Reality Architecture -Building 3d worlds with Java and VRML[END_REF] and enables data transfer to the server.

The main task of the server is to transfer data to the NIOS II Development Kit. But the server must also ensure mutual exclusion (mutex) at the real robot level. The real robot is a critical resource that can be used only by one client at a time. If the robot is already in use a message is sent to the client that requires the robot.

CONCLUSIONS AND FUTURE WORKS

In February 2006, 56 students were involved into this pedagogical project. In order to collect students' opinions we have conducted a brief survey at the end of the pedagogical project. A short questionnaire was designed to evaluate the virtual robot and the project itself. The study of the answers (Table 1.) leads to the following results.

As far as the virtual robot is concerned, most students agree with the fact that it is a good tool for testing and that the virtual robot is user friendly and easy to use.

On a technical point of view, new functions would enable students to get a full distant control of every component of the platform, for example:

-Managing the real robot (run, stop, reset…) through the Web; -Using the virtual robot in order to test VHDL modules and especially the Robot Driver IP; -Uploading VHDL code to NIOS II Development Kit through the Web.

Web-based design tools such as [8] would also be a great complement to this platform in order to improve student's knowledge of "Rapid Prototyping".

Concerning the pedagogical project itself, most students feel that it gives a good overview of a complex system and that they have learned more during this project than during traditional practical activities.

Another result comes from students' feedback about a project that integrates various technologies. Most students think that such a pedagogical project is quite complementary to traditional practical activities but it would not take the place of these traditional practical activities.
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 1 Fig. 1. Pedagogical platform dedicated to Robot Off-line Programming Altera's NIOS II Development Kit (Stratix Edition) provides everything needed for System-On-Programmable-Chip (SOPC) development [5]. This development kit implements Altera's NIOS II family of embedded processors and the Stratix EP1S10 device. The development kit enables both prototyping and development of embedded applications.

Fig. 4 .

 4 Fig. 4. Software provided with the robot This software cannot be used in a Web-based context. Only one computer can run this application.

Fig. 6 .

 6 Fig. 6. Virtual robot architecture

Table 1 .

 1 Feedback from students at the end of the pedagogical project If that were possible, it would be useful to be able to test my VHDL software (Robot Driver IP) with the virtual robot.

	8] Karsten Henke, Heinz-Dietrich Wuttke, Steffen		
	Ostendorff -Far Distance Rapid Prototyping of		
	Embedded	Systems	-IASTED	International		
	Conference, Computers and Advanced Technology in		
	Education, CATE 2005, Oranjestad, Aruba, August 29-		
	31, 2005					
						Disagree	Strongly	Disagree	No Comment	Agree	Agree	Strongly
	Virtual Robot	The user interface of the virtual robot is easy to use and user friendly. Testing my software (Algorithmic) with the virtual robot is easy. The model and the dynamic of the virtual robot are realistic. The virtual robot is quite complementary to the real robot.	0% 2.3% 2.3% 11.9% 35.7% 45.2% 4.7% 9.5% 9.5% 69% 11.9% 4.7% 11.9% 59.5% 19% 4.7% 7.1% 21.4% 50% 14.2%
						2.3%	7.1% 14.2% 23.8% 52.3%
		The project gives a good overview of a real and complex		
		system that implies various technologies, and particularly in	4.7%	2.3% 14.2%	50%	26.1%
	Pedagogical Project	informatics and electronics. Such a project is necessary to learn about the complementarities between disciplines, informatics and electronics for example. It is better to work on separate and quite distinct practical activities in each discipline than to integrate different disciplines into a single project. The project is quite complementary to practical activities.	4.7% 2.3% 33.3% 7.1% 42.8% 14.2% 2.3% 11.9% 35.7% 45.2% 4.7% 7.1% 16.6% 45.2% 26.1%
		I have learned more during this project than during traditional practical activities.	4.7%	4.7%	19%	33.3%	38%