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Abstract

Virtual Robot Education System (VRES), which is for programming education with a Lego Mindstorm NXT robot, is
designed and implemented. Through this system, program leamers can edit source code, compile, download it into the
robot, and run their executive program. In order to observe it, the system includes web cameras and provide monitoring
services. Thus, students are able to verify the operation of robot into which they download their program in detail and to
debug if necessary. In addition, we design a new simple user-friendly programming language and a corresponding
compiler for it. With those tools, learner can more easily create programs for NXT robot and test them than Java
language. A educator can control and manage the robot for the subject of a class with direct control mode of our system.
Therefore, the proposed system is able to support students to learn robot programming during or after regular classes

with web browsers through Internet.

Keywords : Web based System, Multimedia, Robot education, Computer education, Robot programming

I. Introduction

Recently, there are a lot of web applications as
education services running in the Internet. Those
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web-based applications eliminate the limits of time
and space and provide a convenient user interfaces
for self-study. Those applications are used for
simulation, engineering, environment, and so on* ™4,
In [1], a web-based education system for predicate
logic, for instance, is showed and describe it
operation. In addition, it shows a basic frame of
web-based education system. A JINI (pronounced
genie), which is a network architecture for the
construction of distributed systems in the form of
modular co-operating services, is used to remotely
control the LEGO Mindstorms RCX robot. But that is
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not a real web-based robot applicationm.

Sagiroblu and et al
learning system in which Bluetooth communication
module is bulit-in®. Cedazo and Lopez proposed a

platform for web-based laboratories include robotics

implement a web robot

" These are the existing systems for robot control
or education systems for robot programming study.
But it is difficult to observe robot activities and test
learners’ codes and to debug. If there is a web-based
environment with those critical gadgets for useful
robot education, each student can use the system and
acceés the robot at school or even at home. And
finally, the utilization of the robot and its system also
be mmproved.

As a commercial product, Lego Mindstorms Robot
is very popular in robotics, design, and mechanical
educations. The latest version is called NXT. That is
one of very expensive products. It, therefore, is very
difficult for each learmer to access a NXT robot and
to program it According to the existing works,
however, it is practicable to design and implement a
web-based environment for java robot programming
(68 Supported by an open source project called
LeJOS which provides a Java based firmware can be
deployed in NXT robot. With LeJOS, Java program
can be used to control NXT robot. LeJOS also
provides some application programming interface in
Java and a collection of developing tools. There is a
Java programming library called LeJOS NX]J provides
a lot of packages for the robotic programming with
NXT robot™.

In this paper, we consider the powerful functions
of NXT robot and the drawback of its cost, access,
and monitoring on-line. In addition, Java based tools
are used to constructed a virtual robot education
system (VRES). Thus, some users including a few
learners and an educator can create source code in
Java, and then compile it simultaneously. Even
‘though Java language can be used to create various
programs, it is a little difficult for beginner to study
computer or robot program. It means other simple

way is needed for beginners. So a new script-like
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language is designed to control NXT robot, and an
interpreter is provided to convert the script to Java
object code in our system.

The rest of this paper is organized as follows.
Section I describes the framework of system,
contains the function modules and the user interfaces.
Section M illustrates the implementation of some
function modules in detail. In section IV, some issues
related to the usage of the system are explained.
Finally, the conclusion and future work is presented

in section V.
II. System Design

Figure 1 depicts the proposed VRES and the
environment for it. This education system as a server
can support lots of students who may locate in
different spaces. With this system, users can create a
it, and download its
executable file into control NXT robot. And users can
monitor the state of robot remotely through video- and

robot program, compile

audio on the web on real-time.

1. Module Design

The functions required for VRES are provided by
Login, File
Manager, Editor, Compiler, Loader, Monitor, Robot

following modules: Manager, User

tearner i tearner 2

iearnern
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i
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Access Controller, Instant Commander, and Responder
(Figure 2). Login guarantees the user is a registered
user through ID and password authentication. There
are two types of users who use this system. One is
normal user used by student as learmer. Another is
the administrator for this system used by teacher as
educator.

File Manager can show files belong to the login
user. And the owner of the files can open, save,
rename, or delete them by this module.

User Manager Module is used to add, delete, or
modify a user of this system. This module is
accessed by an administrator, specially an educator in
class.

Editor is used to edit the source code on the web
page. Through this function, a learner can also debug
his program having compile errors or runtime ones.

Compiler can convert a source code organized in
a simple user-friendly programming language into
Java code, and compile this code into Java byte code.
In this paper, the simple programming language is
called NXJScript{NXJS) which is constructed for
programming beginner.

Loader is used to download an executable
program file to the robot, and run it in the robot. For

this function, VRES system uses a wireless
communication interface of Bluetooth between a
remote robot.

Monitor is implemented in Java and its functions
have to be embedded into VRES server and user
client system. The server can capture two video and
audio data when the remote robot runs. And then it
send those multimedia data to clients through each
connection. The client can play video and audio on
the web. With this mechanism, users are able to
observe the action of robot and verify their program
operations.

Robot Access Controller is designed to assign
the robot for users. It provide two kind of schemes
as robot access control. For Auto-Mode, it is based
on FCFS (First-Come, First-Service) queue system
working in the server, users follow the FCES
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mechanism to access the robot and they have to
release the control for the first waiting user after the
end of execution. Under Manual-Mode, only one user
who has been assigned can access robot. It means he
is able to download his executable files, run and test
it. In case of educator, he also use direct control
module and control robot in real time. Other users,
however, only observe the robot activities without the
access.

Instant Commander provides the instant
controlling interface for the robot. An educator can
control the robot instantly. Responder show users the
responses related to user's operation. It works as a
common interface for other modules to communicate

with the end users.

2. Interface Design

The both
administrators is shown in Figure 3. There are a lot
of elements in that interface frame' buttons, name list
of the files, java applet, and text area. First, the user

web  interface for users  and

information and basic programming functions’ area
includes Login, File Manager, Editor, Compiler, and
Loader modules. Second, the monitoring services’
area is for Monitor module with which users can
activate multimedia
control services are used to request and to release
the access of robot. Through the project directory
and files for each user and the source code area,

interface. The robot access

source and executable files are managed and edited
respectively. Finally, the user interactive console for
progress help users to review the response of VRES
and its services.

Editor

(" Compler

Loader

Monitor

| RobotAccess Contorfler

\__Instant Commander

Login
File Manager
User Manager

2% 2. VRES @ RF
Fig. 2 The function modules for VRES.
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User information and Basic programming functions
Monitori i | Robot ss control servic
onitoring services H obotacce: services Video1
. Audio
Project
directory and
files for each Source code
user
Video 2

User interactive console for progress

a2l 3. VRES ¥ GUl
Fig. 3. Web GUI for virtual robot education system
(VRES).

Figure 4 shows the frame of system console which
can be only used by system administrator. In
administrator functions area, an educator as a
administrator use User Manager module so that he
can create a new user, see online users, and check
robot state. With the Bluetooth communication open
and close, and arrows, the educator create data
channel and directly control the remote robot and

enable it to move a specific position for a class.

II. VRES Implementation

In this paper, the apache web server is used to
provide web service. And it uses PHP dynamic web
pages to support interactions with clients. A lot of
web pages containing PHP, HTML, and JavaScript
program files are created for VRES function modules.
Login, File Manager, Editor, User Manager, and
Responder, these modules can be implemented by
very conventional methods. The following paragraphs
describe the details about the implementation for
Compiler, Loader, Monitor, Robot Access Control, and
Instant Commander these five modules.

Compiler: When users click the compile button on
the web page, the php program will invoke three
external executable files in the server to do
compiling. The schema is showed in Figure 5. There
are three external programs, nxjsc, nxjc, and nxjlink
in the server. NXJ Script (NXJS) is a simple
language proposed in this project. It is designed as a

o3 =2X M 48 ¥ Cl E A
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Administrator functions{control & management}
Bluetooth communication open and close

User interactive console

gl 4 A EY st ¥ GUl
Fig. 4. Web GUI for the direct control by administrator.

Compiler

nxjc nxjlink

RGN g Nl Yooy

N nxjsc -
NXJ Script v——ﬂ‘{ java

a3 5 #Hutd A7ot

Fig. 5 Schema of compile.
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Table 1. Instruction set.
Instruetion Action of Robot
forward (s) forward in time s
backward (s) backward in time s
turnleft (s) turnlefting in time s

turnright (s)
rotate (s)
wait (s)
stop (0)

turnrighting in time s

rotate with clockwise in time s
do current action for s seconds
stop the robot

line:= instruction

instruction’= keyword (number)

keyword:= forward | backward | turnleft |
turnright | rotate | wait | stop

number:= integer | float

=i

a3 6. NXJSe 29
Fig. 6. NXJS's grammar.

script language. Each line contains one instruction to
the robot. NXJS
instructions listed in Table 1.

Figure 6 shows the grammar of NXJS. The

control currently has seven

program nxjsc is an interpreter created by us in C

S compile the

supported with Flex and Bison
source code written in NXJS into Java source code

as .java file.
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Forward(2)
Wait (2.0}
Turnleft (1)
Wait (1.0)
Forward(2)
Wait(2.0)
Turnright (1}
Wait (1.0)
Forward(2)
Wait (2.0}
Stop{0)

) .:1""

C—d

(a) NXJS code {b) Expected movement

a3 7. NXJS =Zaag of
Fig. 7. A NXJS programming example.

Figure 7 shows an example of source code in
NXJS and the expected movement of robot. The
external program nxjc and nxjlink are provided by
1eJOS NXJ command line tools. Command nxjc can
compile the Java source code into Java byte code. A
successful compiling of nxjc generates a .class file.
Command nxjlink links the .class file with other
necessary libraries to generate an .nxj file.

Loader: Similar to the compiler when users click
the run button in the toolbar, the php program will
mvoke another external program to download the
nxj file to robot and start running. 1leJOS NX]J
command line tools provide a command tool nxj to
download and run the .nxj file. It can be illustrated
by Figure 8.

Loader "1 download & run 0
Bluetooth

a8 8 =20 A7}
Fig. 8. The schema of Loader,

Robot Access Controller: Figure 9 depticts two
type of robot access control modes. The auto mode is
based on a FCFS mechanism. The FCFS queue in
the server registers all requests from clients. Any
time, only the user in the head of queue access the
robot and download own executable program into it.
After finishing an experiment, the user who controls
the robot have to release the robot. In this example,
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user 1 is using the robot and user 2 and 5 are
waiting for the access control. The scheduler server
is implemented by java. The applet embedded in the
web browser communicates with VRES server by
TCP/IP socket. Supervising educator determines the
access control mode for VRES and he also set the
system to normal mode in which learmers have to
receive an acceptance from eucator.

Monitor: Java Media Framework (JMF) is a
library which provides real time multi-media service
on the web™. In VRES, a java program uses JMF to
capture image and sound. The collected information is
sent to the client through the Internet. In our
test-bed, two computers are used to provide video
and audio services. One computer only captures
video, and the second computer captures video and
audio simultaneously. Both of two media servers send
media information to each user with Real Time
Transport Protocol (RTP) when they request this

{12} Two

service by using multimedia service buttons
videos give users a two-aspect view of the robot.
The audio service strengthen the feeling of reality
and interactivity. Each user accesses the video and
audio service through the Java applet with JMF
embedded in the webpage. The service model can be
tllustrated by Figure 10.

Instant Commander: There is an open source
package called icommand which controls NXT robot
instantly. In VRES, a command processor as a
background job is run at the system server. NXT

User 1

| fava Applet l

ClientWeb browser

Robotaccess controller

FOTRRFO ot

FCFS

TR 282 2 Ao
Two types of robot access controls.

Administrator
select a user
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Video2

Java Applet |
with JMF

Client
Web browser

Media Server
{video1 and audio, videqg 2)

a3 10, BuE MujA ZE
Fig. 10. The service model of Monitor.
Chient
Web Direc:ontrol

Command Processor
Supportby icommand

38 11, 9AHE @3 MulA 2E
Fig. 11. The service model of instant commander.

robot connects with that command processor through
Bluetooth device module. A Java applet embedded in
the web page communicates with the command
processor. When an arrow button in the applet is
clicked, the corresponding action command will be
sent to the command processor. Finally, the action of
NXT robot will follow that command. Figure 11
shows us the model of this approach.

IV. Operation and Discussion

In order to use VRES and carry on a class, all
students and a teacher need to use web browser. In
our VRES, we recommend the google chrome and the
MS explorer. All users, typically, have to install a
Java Runtime Environment (JRE) in their computer.
It is necessary for the applets in VRES. Another
important configuration is related to the security of
Java applet. The Java applet cannot access local
system properties and cannot create socket connect to
another machine by default. Users should configure
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grant codeBase
fvres/class”{
permission java.security. AllPermission;

“htip:/  IP_OF VRES_SERVER

};

grant codeBase
“http://IP_OF VRES SERVER/vres/class/lib/jmf.jar”

{

permission java.security. AllPermission;

a2 12, Javapolcy T L&
Fig. 12. The contents of java.policy file.

the security policy file to add the permission for the
applets of VRES to access the information of local
host. And add the permission for those applets to
Normally, that
JRE HOME/lib/security
poliey.url.p=http://URL TO
VRES/java.policy have to be appended at the end of
the file. The n of policyurln should be changed
according the number of existing policy.url

socket  connections.
file

/java.security

create  new
configuration is

and

in
java.security file. If it is the first time to modify
this file n would be 3. The Uniform Resource Locator
(URL) indicates a javapolicy file exists in the VRES
root directory.

The content of java.policy file in the server is
showed in Figure 12. For exactly mean of this file,
refer to the Java official webpage to see the
directions of policy file. After the configuration, the
Media Service Applet, Robot Queue System Applet,
and Instant the

corresponding servers.

Operation Applet can access

Figure 13 shows an example of user web browser

ahs (4. 00

nrnlsty (1)

it (2,01
8 (51

13.
13.

StEXlel RS 2 GUI AY
GU! execution for a leamer and a educator.
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Leamer5

a8 14, VRESE O|8% 2 Zzodjy Al
Fig. 14. A scenario for a robot programming class with
VRES.

in which a source code in NXJS is created and file
management is progressed as shown in the console
area, and then a compiling the source code is
completed. Two video modes are run so that the user
observe the remote robot and its state. In menu bar,
there are many buttons, specially Reguest, Cancel,
and Release are related to access the robot. The
Cancel is to give up getting access. According to the
design requirements of previous section, this interface
is implemented and tested.

In order to evaluate this system, we need to keep
a procedure for convenient progress of a class. Figure
14 show a typical scenario for this goal. 1)An
educator firstly should login to VRES and initialize
the system such as diagnosing robot and all function
modules of the system, making user account, and
tuning the monitoring devices. When the server is
ready learners can be allowed to login to the system
and to use it. 2) For a class, the educator controls
the robot using instant commander module and move
it at a resonable place for the class. In ‘addition, he
determines the rule of robot access. 3)And then, the
system and robot is enabled for this setup and
controls. Through 4) and 5), learners access the robot
and test their own robot programs and release the
robot. Finally, educator close all services for VRES.

oty 2R B ALY HA B FE
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V. Conclusions and Discussion

In this paper, we introduce a web-based education
system called VRES and assist learners with robot
programming  environment The VRES
includes user and file management, web-based
programming functions, and monitoring modules. For
the simultaneous usage of the system, it use two
robot access control modes and have the instant

on-line.

commander module which help to directly control the
remote robot. Therefore students access this system
without the restriction of space and time. Specially,
we develop a user-friendly script programming
language NXJS for users who are not familiar with
programming. It facilitates the practice for students
with the NXT robot.

In the near future, the VRES will be opened as an
it will provide the robot
programming tools and monitor service to every
student. And we want that VRES provides teachers
of different schools web-based programming services

open platform and

without limitation of access.
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