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Abstract: RobotOnLine is the application for remote control of robot (mechanical manipulator) and transfer of video data over Internet, so that the user can have view on robot’s work space together with numerical data. To use the application, the only software that is needed is the ordinary Web browser. RobotOnLine has been developed on PHP scripting language. It uses freely available, open source software: Apache and PHP. 
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1. INTRODUCTION

1.1 Description of the remote control system

For Web remote control we used Mitsubishi RM-501 robot (Šurina T., Crneković M., 1990), and Logitech Web camera.

Robotic system

· Robot arm

· Robot hand

· Robot drive unit

· Teaching box

· Personal computer

Video system

· Web camera

· moving platform with electronic circuits needed to move camera

Robotic arm has tree rotational degrees of freedom (RRR).

Control of joints is done using 15W direct current motors, which are powered by 24V source (Groover M.P. et al.., 1986)

Robot hand is two degrees of freedom. It has two parallel fingers. Its mass is 0.7 kg, maximal push force is 44 N and maximum finger opening is 60 mm.

Drive unit is connected with two cables, one for the energy and the other for information flow.

Figure 1.  Mitsubishi RM-501 robot

It has following  ports: RS232 serial, Centronix parallel, digital input and output (8+8 bits) and teaching box port.

Teaching box is used for manual robot control (moving and storing positions). It does not enable robot programming.

Control computer is connected to drive unit by means of parallel (Centronix) port. Computer send control program to the drive unit in the form of ASCII code. Stand-alone application for robot control is written in programming language Pascal.

Web camera is connected to the computer over USB port.

Moving platform for camera is connected to the RS232 serial port.

2. LOCAL CONTROL OF THE ROBOT

Local control is done using Rexi.exe application by means of suitable command line parameters. Communication is two way, over parallel port.

C:\> rexi <parameter> <amount of movement >

C:\>rexi x20,  is example for moving robot arm for 20 units in the direction of positive X axe.

After the robot initialisation and first move, new coordinates are recorded in Report.rob logging file.

3. LOCAL CONTROL OF THE WEB CAMERA

Local control of the camera moving platform circuit is done using com232.exe application and given parameters in command line. This is unidirectional RS232 communication.

C:\> com232 1 <parameter> <move value>

Parameter 1 sets communication to the port COM1.
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Because of the lack of the feedback information, PHP function write_file() calculates and writes new value of Web camera position, by writing to the log file read.txt. In this way feedback information is simulated.
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Figure 2. Moving platform and Web camera

4. REMOTE CONTROLE OF THE ROBOT AND THE WEB CAMERA
PHP (http://www.php.net) and PHPLib (PHP corp., 2002), (Welling L, Thomson L., 2001), (Apachee corp., 2002) are used as connection between Web server (and further the user) and the executable code or database. PHP is the simple but powerful, full-featured Web oriented scripting language, which represents a hybrid between C, C++, Perl and Java. 

PHPLib is a set of very useful  and freely downloadable PHP scripts (HTML form handling, database connections, etc.), which help greatly in developing PHP projects. Almost any serious PHP application requires PHPLib.
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Figure 3. Working screen of RobotOnLine application

The main PHP command used in our program is:

exec ( $execstring., $output, $errors);
where $execstring represents the full path to the program we want to execute, with all the needed command line options. $output and $errors are the returning values. $output is an array containing all the output to the STDOUT (standard output), where each line represents one element in the array. $errors contains the return code, which is usually zero if the program has finished without errors and non-zero otherwise.

Following example shows the way to execute stand alone applications Rexi.exe:
if ($transferXp) {


list($p1, $p2, $x, $y, $z, $p, $r)=open_file();

                             

        $xk=$x+$transfer;

                             

        exec("rexi  x$xk");


printf('<p>Move robot for %s over X axe<br>',$transfer);

        write_file();

}

Figure 4. PHP program for execution of Rexi.exe

The command ‘exec("rexi x$xk")’ for given $xk=20 will  execute the stand alone application as ‘rexi  x20’
if ($transferWCp) {

      chdir('C\path\htdocs\robot\webCam');

      $nul=read_file();

      $x=($nul+10);

      if ($x<180 and $x>0) {             

           exec("com232 1 A$x.");

           write_file($x);


 

           print_file($x);            

      }

}

Figure 5. PHP program for execution of Com232.exe

On the same way one can execute ‘com232.exe’, used for the control of the moving platform:

The command  ‘exec("com232 1 A$x")’ for given $xk=20 will execute  stand-alone application ‘com232 1 A20’.

5. TRANSFER OF VIDEO DATA
For video data transfer  we used free Internet service TeVeo  -www.teveo.com. We used an applet which was downloaded during TeVeo installation, and we integrated it within our HTML page:

<applet code="Jload"

        align="baseline" width="300" height="200"

        archive="Jload.jar" name="Jload">

               <param name="frameduration" value="40">

               <param name="upscale" value="true">

               <param name="center" value="true">

               <param name="background" value="9999ff">

 </applet>

Figure 6. Applet integrated within our HTML page

In this way the robot picture is integrated into real time work environment of the application. By clicking the button on the web page, we move robot in the desired direction. Actual state of the system is given on the page.

6. CONCLUSION

With interface circuits and software we developed, it is possible to control robot by Internet remote control. On the remote site user needs only the Web browser software. The interface is highly interactive and intuitive. 

In the same way, and using the same technology, it is possible to control any type of electronic system, for example: measurement of temperature, pressure, movement etc. Suitable interface circuits for such applications are already developed in our automation department.

We use this system to test the abilities of technologies described and to gain some experience about man-machine interface in this remote set-up. 
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