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Abstract

Owning and maintaining a mobile robot is
fairly expensive and is beyond the reach of the
vast majority of people. This paper presents
the design of an interface which allows remote
users to develop and execute programs which
control the mobile robot at the Australian
National University. In addition to allowing
greater public access to a mobile robotics, this
project promotes scientific exchange by allow-
ing mobile robotics researchers worldwide to
experiment with the ANU robot. This pa-
per gives an overview of the long-term au-
tonomous operation system, which is a ba-
sic requirement, and then presents the web
tele-programming interface design and initial
steps towards implementation.

1

As part of recent research at the Australian National
University, we have been developing a mobile robot
capable of long-term continuous and fully autonomous
operation in an unstructured office environment. The
robot has a robust software system with redundant
modules for critical functions (e.g. localisation) and
a recharging station with which it can dock and au-
tonomously recharge itself. This mobile robot pro-
vides a significant new opportunities which have not
been commonly available previously. So far, we have
used a web-based interface to make the robot available
for teleoperation whenever the robot is not used for
research (see Figure 1). However, teleoperation is a
limited form of interaction, and rapidly becomes bor-
ing. To provide another, richer form of interface we
are developing a web-based interface which allows re-
mote users to write programs to control our robot: tele-
programming.

The tele-programming interface makes it much eas-
ier for people interested in robotics to start out and get
a feeling for the particular excitement and challenges
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Figure 1: ANU Teleoperation Interface

of the field. We see the tele-programming interface as
a potential focal point for mobile robot software de-
velopment and experimentation. The web-based tele-
programming interface also has possibilities for use
in the classroom, allowing students to use a mobile
robot without the requirement that each school pur-
chase, set up and maintain a robot. Finally, the tele-
programming interface can be used for research exper-
iments and is particularly interesting for testing the
robustness of systems to changes in environment and
sensor placement.

This paper presents a new web-based tele-
programming interface for the Australian National
University XR4000 mobile robot. Section 2 presents
an overview of the mobile robot system, including the
recharging and redundant localisation modules. Then
the tele-programming interface design and implemen-
tation is presented in Section 3, with security details
discussed in Section 4. Section 4.1 presents an exam-
ple of the use of the interface and finally, we conclude
with a discussion in Section 5.



Figure 2: Recharging station

2 System Overview

The system consists of a Nomadic Technologies
XR4000 mobile robot, equipped with two 800MHz
Pentium IIT CPUs, 48 Polaroid sonars, a SICK laser
scanner, a panoramic camera, an active stereo vision
head [?], and a web camera. The robot is controlled by
a modular software system, much of which has been re-
leased as open source software[Austin, 2002]. The most
important aspect of the system for this paper is that it
allows the robot to operate continuously and fully au-
tonomously. Two key components that enable this are
the autonomous recharging system and the redundant
localisation modules.

2.1 Recharging

One of the important aspects for autonomous opera-
tion of a mobile robot is its power source. Most mobile
robots today use batteries to provide power both for
motion and for computation. Therefore, the manage-
ment of the energy supply of the robot is a crucial func-
tion for long-term operations. The robot must moni-
tor the state of the batteries and periodically recharge
them. There are many possible ways to implement
recharging. Figure 2 shows the recharging station that
has been built at the ANU (for less than $100). The
recharging system for our robot has been implemented
as follows: at the top there is an infrared beacon which
is used to locate the recharger from a distance; once
the robot is fairly close to the recharger, the robot ser-
vos using the laser scanner and the reference grid in
the middle of the recharging station; finally, the robot
docks with the power plug just below the grid (see Fig-
ure 2).

We have added a battery balancing circuit [Austin
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and Fletcher, 2001] because charging the batteries in
series led to diverging battery voltages (this is a com-
mon problem with Nomadic’s XR4000s).

2.2 Redundant Localisation

Localisation of a mobile robots in indoor environments
has been studied for some time. QOur system uses a
Kalman filter localisation method (based on [Jensfelt
and Christensen, 2001]) as the primary localiser be-
cause of its low computational overhead. This method
uses a line segment map of the world and determines
the pose of the robot by matching line segments ex-
tracted from laser range scanner data.

In addition to the simple method above, a particle
filter based global localisation method [Jensfelt et al.,
2000] is used initially and in the event that the robot
becomes lost. This method requires considerably more
computation and so is not used all of the time. Clearly,
running multiple localisation algorithms in parallel will
increase reliability and provide improved detection of
failures.

3 Tele-Programming Interface

Clearly, for a tele-programming interface, the basic re-
quirements are that users are able to upload source
files, compile them, execute them and get feedback
from the execution. The web-based interface for
file management, including upload and compilation is
fairly straightforward and can be implemented in PHP
easily. Clearly, it is important to make the user in-
terface as easy to use as possible, but there are no
technical challenges in the implementation. The web
site has been designed as shown in Figure 3. The first
step for a user is to register. Once registered, users can
log in to the user home page. Here there is access to
their modules through the module management page,
as well access to any sensor data that has been gener-
ated by execution of their modules.

The most challenging part of the tele-programming
interface is the execution environment where user code
is run. The execution environment must make avail-
able interfaces through which the user program can re-
ceive sensor data, as well as an interface for controlling
the robot. The programming environment matches the
software system used to control our robot: the DROS
system [Austin, 2002], which is open source software.
DROS supports modular programming with inter-
module communications using TCP and Unix sockets
(with further communications methods planned). The
message formats are defined in a language indepen-
dent way, so that it is possible to interact with the
DROS system using any language. The DROS system
has been implemented in C/C++ so there is strongest
support for those languages. In addition, Java support
is under development.

The interfaces to the robot’s sensors are to be pro-
vided by separate programs running within the execu-
tion environment. These programs appear identical to
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Dave's Robotic Operating System

User Home

View Modules  USer Modules

Add Module . . . ]

Upload File The following table contains the details of all the modules you have stored on our system. To perform an operation on one or more

Sonr Dita of the modules, select the checkbox next to the module/s you are interested in then click on the appropriate button below the table.

W Module Name :Langnage # Fles Description Selected

Loga(;:} = Reconnaissance; Cit 3 ?u :;g;ﬂ}; {:con program that gets the robot to look around the room that it is
iSearch_Pattern| i+ 4 I‘;\a :irel;gle search program that makes the robot travel around the room in a search
{TestPacker C+ 1 It tests the Packer.c library.

SHOWFILES"‘UPDATE |_CREATE |_COMPILE ‘EXECUTEI RELEASE| | DELETE

To perform an action select the module you are interested in by marking the appropriate checkbox. Then select the button
corresponding to the desired action. Note that most actions allow only a single module to be selected at a time. The exceptions to
this rule are the create and delete actions, these allow multiple modules to be selected. For the other actions only the first selected
module is acted upon. The operations performed by the buttons include:

SHOW: show a list of all files associated with the selected module.

UPDATE: update the details of this module.
CREATE: create a hew module.
COMPILE: compile this module.

EXECUTE: run this module (compile it first if necessary).

RELEASE: release this module to other users.

DELETE: delete these modules and all associated files.

Note t}}at some of thg quratiqns cannot be performed unless the selected module has files associated with it. The actions show,

Figure 5: User Module Management Page

the servers on the actual robot but will provide a level
of insulation from the robot (discussed further in the
next section). The control interface will be at a high
level where user programs issue commands to move to
a given target point. Target points can easily be veri-
fied against a set of allowable target points (described
by polygons in this case). In the future, we plan to
allow low-level control of the robot, by permitting user
programs to issue velocity commands. The velocity
commands will be checked prior to being issued to the
robot, to ensure that collision will not occur. The code
to do this already exists as part of the Dynamic Win-
dow Approach [Fox et al., 1997] collision avoidance al-
gorithm that is being used for local obstacle avoidance.
During program execution, the user can monitor the
progress of the robot using the teleoperation interface
shown in Figure 1.

4 Security

Clearly, security is an important consideration for the
tele-programming interface since we are basically al-
lowing users to upload any (untrusted) code and exe-
cute it on our computer. Security is provided by run-
ning the untrusted code within a virtual machine or
sandboz: a Linux system executing as a user process
of another Linux system. This software is called User-
Mode Linux[Dike, 2002]. User-Mode Linux is con-
figured so that the untrusted code cannot make net-
work connections outside of the sandbox. Bandwidth-
limited connections to the robot’s sensors are made
available within the user-mode Linux and rigorous
safety checking is applied the control commands com-

209

ing from the untrusted code, before sending them to
the robot. It is important to limit the bandwidth
available to user programs to prevent denial-of-service
type attacks which could saturate the radio link to the
robot.

4.1 Teleprogramming Example
1. Log in The teleprogramming interface requires
that users log in first, so that their source code
files and sensor data can be managed.

. Module Management Figure 5 shows the mod-

ule management page, with multiple options avail-
able for the management of user programs (or
modules).
Figure 6 shows an example user program. This
program connects to the laser server (lines 21, 22
and 26) requesting laser data at 1Hz. A callback
function is added to be called whenever new data
arrives on line 24. Finally, the event loop is en-
tered on line 31. The event loop waits for an event
(in this case new laser data) and calls handlers, in
this case the notify function on lines 9-17. The
notify function prints out the laser range in front
of the robot (reading number 180). Once this has
happened 10 times, the event loop is terminated
with the FinishEventLoop call on line 16.

. Module Compilation Sample output for com-
pilation (actually compilation failure) is shown in
Figure 7.

. Module Execution Figure 8 shows the results
of running the program shown in Figure 6 using
the teleprogramming interface.



1  #include <iostream.h>

2  #include "LaserProxy.h"

3  #include "GCEventLoop.h"

4  #include "ComponentBase.h"

5  #include "DROSDefines.h"

6

7 int count = 0;

8

9  void notify(LaserProxy *lp, long id,

10 int changes, GCEventLoop *loop) {
11 cout << "Front range = " << 1p->r(180) << endl;
12 proxy->ClearChanges (id) ;

13

14 count++;

15 if (count >= 10)

16 loop->FinishEventLoop();

17 %

18

19 int main() {
20 GCEventLoop loop;
21 LaserProxy lp("LaserServer", LASER_SERVER_LASER_SCAN,
22 1.0 /* seconds */);
23 loop.AddToComponentList (&1p) ;
24
25 1p.AddNotify((NotifyCallbackType) notify,
26 LASER_PROXY_NEW_DATA, &loop);
27
28 if (loop.EstablishConnections() < 0) {
29 cerr << "Failed to EstablishConnections\n";
30 return -1;
31 }
32
33 loop.EventLoop() ;
34 return 0;
35 }

Figure 6: LaserFrontDist: Example program which
processes laser data.

5. Sensor Data Retrieval

Not shown are options for editing a file using a
HTML form (for simple edits) or forms for upload-
ing new copies of files (e.g. after major edits, using
favourite text editor). Also note that the teleopera-
tion interface shown in Figure 1 is used to monitor the
execution of programs on the robot.

5 Discussion

This

paper has presented a web-based tele-programming in-
terface for mobile robots. The major components are
an autonomous, continuously operating mobile robot,
a PHP website with database, and a secure execution
environment. With these components, an interface is
created which allows remote programming of the ANU
XR4000 mobile robot. We see great potential for this
interface as an educational resource and a focal point
for development of robot software.

Future work includes improvements to the user in-
terface, based on user feedback. Also planned is a low-
level interface to allow user programs to issue velocity
commands to the robot. Clearly, this low-level inter-
face must perform more checks, based on a range of
different sensors.
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Dave's Robotic Operating System

User Home .
View Modules  Compile Modules

aa ot S t.c: In function ‘int file{char *, unsigned char *)’
: recon_Support.c: In function ‘int save file{char *, unsigned char *):

W recon_Support.c:19: implicit declaration of function ‘int write{...)’

M Mapper.c:d: parse error before *)’
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Figure 7: Module Compilation

Dave's Robotic Operating System
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Figure 8: Results of LaserFrontDist Module Execution
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