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Abstract
This paper describes a new Internet telerobot framework suitable for autonomous mobile robots and designed for user edutainment.
Our speciﬁc implementation allows users to
give goals to a biologically inspired navigating
robot, the iRat, and SLAM system, RatSLAM.
The framework is built on open source tools
such as the increasingly popular Robot Operating System and de facto standard Apache
web server. The users receive visual updates
via their browser at 10Hz on a PC or mobile device. The results demonstrate a reliable
autonomous mobile robot system that within
24 hours of continuous operation reached 447
goals, traveled 199 meters, and an Internet
telerobot framework that can support many
users and uploaded images totaling 19GB. Survey results indicated that users found the site
visually pleasing and intuitive, the video was
smooth, and that users would stay for a relatively long period.

1

Introduction

Edutainment is an approach to education that engages
through entertainment. RoboCup robot soccer [Asada
et al., 2000] and LEGO Mindstorms [Atmatzidou et al.,
2008] have demonstrated the successful combination of
robotics and edutainment. However, not everyone has
the money, capability or desire to build or buy their own
robot system. With over 10 million Internet subscribers
in Australia, 81% with speeds faster than 1.5Mbps [Australian Bureau of Statistics, 2010], telerobotics represents an eﬀective method of allowing large scale public interaction with robots. Continued improvement to
Internet technolgoies, in particular bandwidth to the
home, allows richer and more interactive user interfaces.
Previous studies such as with Xavier [Simmons et al.,
2000], an online oﬃce tour robot, have shown the popularity of telerobots with 40,000 online requests in 4 years.

However, robots publically available for control via the
Internet are rare and at time non existent. At the time
of writing the authors were unable to ﬁnd any publically
available Internet telerobots. There are a wide range of
issues facing a telerobot: maintenance, exploited error
cases, OH&S issues, other uses for the robot (e.g. research), autonomous operation, Internet technology and
availability of a framework for online interaction. This
paper addresses the last issue by describing a simple
framework using open source cross platform components
that allow for user interaction from the browser on a
desktop PC and mobile device.
The project uses the iRat - intelligent Rat animat technology - robot [Ball et al., 2010] which is approximately
the same size and mass as a large rodent. Continuous
autonomous operation of a mobile robot has the added
challenge of automated recharging, therefore, a dock and
docking mechanism were added to the robot. The size
and weight of the iRat makes it an ideal candidate for a
telerobot because in the event of a failure it is less likely
to damage its surroundings and has the added beneﬁt
that interesting environments can be created in a small
space.
Many telerobots have been more remote controlled
than autonomous robot, at least from the public’s limited view over the Internet. The user experience will
be markedly diﬀerent between remote controlled and
autonomous robot and will inﬂuence the public’s perception of what is a robot. Further, by allowing the
public to see the internal workings of the robot’s brain,
they can gain a greater appreciation for our research.
This project uses the biologically inspired RatSLAM
system [Milford and Wyeth, 2010] as the robot’s navigation system. RatSLAM provides insight into biological SLAM in a way that can be visualised; however this is currently only available through research papers and prerecorded videos. RatSLAM is also appropriate due to the visually entertaining way that loops
are closed and corrected in the map. And the more entertaining the interaction the more likely users are to
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stay. The live telerobot page was made available at
http://ratslam.itee.uq.edu.au/live.html.
The remainder of this paper is organised as follows.
The next section reviews telerobots and Internet technologies. The following two sections describe the design
of the autonomous robot system and the Internet telerobot system. Then the paper presents the performance
of the robot system and the Internet telerobot system
before concluding.

2

Telerobots and the Internet

Telepresence relates to a user experiencing a location
other than the one in which they are physically located.
Telepresence technologies ﬁnd applications in surgery,
hazardous environments, education and video conferencing. A telerobot is a telepresence technology that
allows a person to interact with a remote environment
via sensors and actuators. An Internet telerobot utilises
Internet technologies and infrastructure to provide a
telepresence experience to a user. Internet telerobots
have been used for digging up artifacts [Goldberg et al.,
2000], playing with blocks [Taylor and Trevelyan, 1995],
gardening [Goldberg et al., 1995], telescope observing
[Cox and Baruch, 1994], playing games [López et al.,
2009][Kraft, 2008], controlling a camera position [Goldberg et al., 1998], painting [Stein, 2003], exploring environments [Simmons et al., 2000][Saucy and Mondada,
2000] and tour guiding [Thrun et al., 1999][Burgard et
al., 1998][Trahanias et al., 2005].
Internet telerobots can be divided into ﬁxed and
mobile categories, the latter requiring mobile power
sources and recharging capabilities for long-term operation. Mobile telerobots further divide into two groups:
those that are autonomous and those that are not.
Non-autonomous mobile telerobots behave like a simple remote-control car; the user provides velocity commands and no navigation is performed by the robot.
Autonomous mobile robots are directed by higher-level
interfaces and require on board controllers to perform
obstacle avoidance and navigation.
Surveyed autonomous mobile telerobots have either
been tour-guide robots, as is the case with Rhino [Burgard et al., 1998], Minerva [Thrun et al., 1999], Tourbot
and Webfair [Trahanias et al., 2005] or environment explorers, such as Xavier [Simmons et al., 2000]. Rhino,
Minerva and Webfair all used SLAM systems to navigate, while Xavier had access to a topological map that
was augmented with metric information. All 4 mobile
telerobots had obstacle avoidance based on range sensors.
A number of telerobots have been designed for educational purposes. Aside from the tour-guide telerobots,
which provide remote education in the form of museum
viewing, telerobots that are setup as remote labs can pro-

vide education about robotics and programming. Both
forms of educational telerobot have limitations: tourguides rely purely on their environments to educate and
remote labs are usually only available to university students.
Internet telerobots (and other Internet telepresence
devices) have beneﬁted from advances in Internet technologies, such as Java, Flash, HTML5, Javascript and
AJAX. Internet browsers provide interactive, graphical
user interfaces and open source servers provide scriptable hooks allowing customisation. In addition, the Internet infrastructure is cheap to use and allows access by
a large number of people in diﬀerent countries. Within
Australia, 81% of Internet connections are faster than
1.5Mbps [Australian Bureau of Statistics, 2010]. The
ﬁrst telerobot, the Mercury Project [Goldberg et al.,
2000] had a primitive interface requiring a browser refresh after every command. In comparison the modern
looking BP Explorer site had smooth live streaming with
low-latency direct control [Kraft, 2008] made possible by
the introduction of Flash and the increase in the average
Internet speed in Australia.

3

Autonomous Robot System Design

Regardless of the telerobot technology, the mobile robot
system must be able to operate autonomously. The
robot system described in this paper is comprised of
the following parts: distributed communication architecture, robot platform, SLAM system, exploration and
goal seeking behaviours and recharging. The following
subsections describe the design of these parts.

3.1

Communication - ROS

The diﬀerent software components that comprise the
robot and telerobot system need to be able to communicate regardless of their physical location. The components communicate within the local network (wired
and wireless) using Willow Garage’s Robot Operating
System (ROS) [Quigley et al., 2009]. ROS is a suitable
middleware for distributed robot systems as it abstracts
networking by providing the concepts of publishers, subscribers, nodes and topics, allowing processes to communicate with other local processes and also with processes
running on other computers across a network. Each ROS
node is an operating system process. Using ROS’s API,
nodes may register, publish to and subscribe to topics.
Publishing a message to a topic allows all nodes subscribed to receive a copy. ROS is designed so that subscribers can automatically reconnect with nodes in the
event of a failure on either end. ROS works across GNU
Linux and Windows.
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3.2

Robot platform - iRat

The iRat - intelligent Rat animat technology - is a
rodent-inspired wheeled robot about the same size and
mass as a large rat and is shown in ﬁgure 1. The iRat
has been used to study navigation [Ball et al., 2010]
and neural spiking mechanisms for learning [Wiles et al.,
2010]. The robot has an onboard a 1GHz x86 processor, forward facing wide screen camera with a 110 degree HFOV lens (modiﬁed Microsoft Lifecam Cinema),
3 Sharp IR range sensors, diﬀerential drive, speakers and
microphone. The robot runs ROS on Ubuntu and communicates with clients over a wireless 802.11g/n card.
There are two custom ROS nodes running on the iRat:
• irat serial - Handles communications between subscribers and the iRat’s motor control and battery
charging electronics. Receives desired velocities
and sends current velocities, battery voltage and
recharge state to subscribers.
• irat camera - Sends compressed JPEG wide screen
RGB images at 416x240 pixels to subscribers. Images are approximately 6kB each and are sent at
20Hz. The camera’s hardware performs the JPEG
compression.

shown passive mapping of a large environment [Milford
and Wyeth, 2008] and persistent robot operation [Milford and Wyeth, 2010]. RatSLAM uses visual and selfmotion sensor information to create semi-metric topological spatial representations that can be used for goal
navigation. RatSLAM concurrently builds and uses its
representations; there are no separate learning or recall
phases. This concurrency allows long periods of user
interaction.
The core of the RatSLAM system has three modules.
The ﬁrst module is an appearance-based visual template
recognition system. The visual templates for this implementation are 60x20 sub sampled greyscale representations of the current forward facing camera view. (In
comparison the robot used in the persistent experiment
had an omni-directional camera.) The second module is
an attractor network that approximately represents the
pose of the robot using in 15 × 15 × 36 (x × y × θ) cells.
The third module is the semi-metric topological graph
based experience map. The map has a new experience
for each unique place in the environment, as determined
by the combination of view templates and position in
the attractor network, and closes loops by linking experiences.
The implementation of RatSLAM used for this paper lacks map maintenance, such as with the pruning
method described in [Milford and Wyeth, 2010], which
is critical for persistent operation. Lack of map maintenance is not a problem for the telerobot system as the
RatSLAM system is cleared periodically so that the user
can witness the early (exciting) stages of experience map
formation.
This implementation of RatSLAM is written in C++
using ROS for communication and the open source crossplatform Irrlicht (http://irrlicht.sourceforge.net/) rendering engine. Irrlicht is a fast rendering engine that
abstracts the rendering details and provides a method
of rendering to multiple targets which allows support for
diﬀerent window sizes on desktops and mobile devices.

3.4

Figure 1: Photo of the iRat shown next to a computer
mouse for scale. The LCD panel and touch pad are on
top. The camera “looks” through the top circle of the
“i” at the front of the robot.

3.3

Bio inspired SLAM - RatSLAM

RatSLAM is a biologically inspired SLAM system derived from studying the rodent hippocampus and has

Exploration and Goal Seeking

The iRat has three high level behavioural modes listed
in order of priority: recharging, goal seeking, and exploration. The recharging behaviour is described in the
next section. When a goal is assigned the robot attempts
to reach the goal location, else it will randomly explores
the environment. These behavioural modes use two different map representations, the global experience path
representation for goal navigation, and a local physical
map in robot centric coordinates for reactive navigation
and obstacle avoidance.
The experience map provides the iRat with spatial
awareness and paths required to plan a route to the
goal. The goal behaviour receives the desired goal lo-
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cation from the user or the docking behaviour. Each
requested goal is added to a FIFO queue up to a conﬁgurable maximum. For each new goal, Dijkstra’s algorithm [Dijkstra, 1959] determines the shortest path
through the experience map from the robot’s current location to the goal. The path is optimised for duration
rather than the distance which accounts for any eﬀects
which may slow down the robot such as clutter. The algorithm uses the recorded duration between experiences
which is stored in the links as the robot builds the experience map. On each execution loop a sub-goal waypoint
is determined to aid local navigation. This waypoint is
determined by processing the path from the goal to the
robot until the euclidean distance from the robot to the
experience is small. The experience map provides the
iRat with spatial awareness and paths required to plan
a route to the goal. The goal behaviour receives the
desired goal location from the user or the docking behaviour. Each requested goal is added to a FIFO queue
up to a conﬁgurable maximum. For each new goal, Dijkstra’s algorithm [Dijkstra, 1959] determines the shortest
path through the experience map from the robot’s current location to the goal. The path is optimised for duration rather than the distance which accounts for any
eﬀects which may slow down the robot such as clutter.
The algorithm uses the recorded duration between experiences which is stored in the links as the robot builds
the experience map. On each execution loop a sub-goal
waypoint is determined to aid local navigation. This
waypoint is determined by processing the path from the
goal to the robot until the euclidean distance from the
robot to the experience is small.
The iRat uses its IR range sensors for short term local
navigation and obstacle avoidance. The 3 IR range sensors are orientated at -45 degrees, 0 and +45 degrees,
which gives a minimal representation of the physical
world suitable only for simple constrained environments.
The local navigation behaviour takes in a desired heading direction, either given by the waypoint or randomly
assigned during exploration. The local navigation is a
state machine with the following states (in order of priority).
• stall mode - if the wheels are stalled then reverse
slowly.
• obstacle avoidance - if the IR sensors indicate near
obstacles then turn.
• goal behind - if the goal is behind the robot then
turn around.
• corridor following - if a wall is detected on both sides
then traverse the center.
• wall following - if a wall is on same side as the goal
then follow the wall maintaining a set distance.

• default goal approach - if none of the conditions
occur then head in the goal direction.

3.5

Recharging

The requirements for recharging include: detection of
the dock, dock location learning and recall, docking approach and mate behaviour, energy monitor and energy
transfer. The dock, as shown in ﬁgure 2, is shaped to
direct the robot into the metal contacts and has a visual
marker. Several dock detection approaches were considered and tested including beacons and markers. Our
ﬁnal approach uses only the iRat’s forward facing camera
and visual markers. ARToolkit [Kato and Billinghurst,
1999] is used to detect the dock’s marker. By supplying
the size of the marker ARToolkit provides the homogeneous transform from the robot’s reference frame to
the dock’s reference frame. The marker shown on the
dock consists of two markers, a smaller marker inside a
larger marker. The outer marker is larger than can be
wholly seen as the robot enters the ﬁnal docking phase
which gives the longest detection range possible. The
smaller marker is detected as the robot enters the ﬁnal
approach. Dock location learning and recall is handled
by the recording their location in the experience map.

Figure 2: Picture of the dock showing the shape, markers
and electrical contacts. There are two markers shown,
the larger marker of the mouse hole is for long range
dock detection whereas the small marker of the cheese is
for close range dock approach and mate.
When the robot’s battery reaches a low energy state,
as detected by the robot, the recharging behaviour begins the approach and mate procedure. If the dock is not
currently visible the robot’s goal experience is set to one
where it previously saw the dock. Once the recharging
behaviour can see the dock, the docking behaviour takes
over control of the robot. From here the robot follows a
continuous approach algorithm that handles orientation
and displacement errors as shown in ﬁgure 3.
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Figure 3: Depiction of the coordinates used in the docking approach. On the left is a top down view showing
the angle and distance between the robot and the dock.
On the right is what the robot’s camera will see.
The algorithm works by determining the ideal horizontal location for the marker to be in the image and
then uses a proportional controller (with gain 1) to set
the rotational velocity. The algorithm is given by:
xdesired = −

xactual
z

maxX/Z

−

θ
maxθ

×

θ
|θ|

4.1
(1)

where
• x is the pixel location of the center of the marker
from the center of the image,
• z is the distance from the marker to the robot, and
• θ is the angle of the robot relative to the plane of
the marker.
• maxX/Z and maxθ are experimentally determined
scaling terms to normalise the behaviour.
When the small marker is visible and the large marker
is not visible the robot enters the ﬁnal approach and
mate phase where xdesired is set to zero. The underside of the iRat has two metal disks that make contact
with the dock’s two upward facing springy berylliumcopper contacts. During normal use it is impossible for
the iRat’s recharging contacts to receive reverse polarity. As a precaution a zener diode protects the robot
from over and reverse charging voltages. These precautions are important as Lithium Ion batteries are used,
and workplace OH&S dictates that ﬁre hazards are considered. The robot’s charger electronics detect when the
batteries are fully charged and is communicated to subscribers by the irat serial node. In the event of a docking
failure, as indicated by a timeout, the robot reverses and
then attempts to dock again.

4

users on the Internet. The framework consists of a user
interface and web server utilising Internet technologies.
The most critical design decision was the method of communication between the user and the web server, in particular how the images will be streamed to the user in
real time.
There are a variety of diﬀerent streaming technologies available although many are targeted at prerecorded
video delivery. Cross browser support for streaming formats is mixed. A number of advanced streaming formats were trialled such as H.264, Theora and WebM in
HTML5 video tags. It was found that HTML5 does not
require that browsers support live streaming and as such
many browsers do not support it properly due to significant internal image buﬀering. Testing found that one
of the simplest streaming technologies, MJPEG, allowed
acceptable image quality and the cost of increased bandwidth usage. One browser, Microsoft’s Internet Explorer
(IE), does not natively support MJPEG. However, there
is a ActiveX plugin for IE for MJPEG support.

Telerobot framework design

This section describes the telerobot framework that connects the autonomous robot system described above with

User interface

The next decision was the technology for the user interface. The original interface was written in Flash to provide an engaging and responsive user experience. However, there is a rising use of mobile devices to browse web
content. Therefore we also wanted to support the two
major smart phone platforms, iOS and Android. iOS
does not support Flash and Adobe Flash editor is not
open source or free. Likewise Java is not supported on
iOS. Again it was found that a simple interface of sending MJPEG encoded images to the user and using AJAX
to send mouse clicks to the web server was suﬃcient.
There are two versions of the user interface optimised
for the typical desktop PC and mobile device bandwidth
and screen size. The desktop PC version includes the
robot’s camera view, the experience map, dock locations,
goal path and locations, and the posecell network. The
desktop PC version is 780x460 pixels. The mobile version is a compressed version of the desktop version and
excludes the posecells. The mobile version is 320x480
pixels. The mobile version of the site is shown in ﬁgure
4.
These MJPEGs were generated by Irrlicht from RatSLAM. RatSLAM was run as a ROS node to allow it to
provide images and data on ROS topics. The location
that the user clicks on the image (normalised to the experience map to support the PC and mobile versions of
the site) is sent back to the server and then onto a node
in RatSLAM that listens for goal locations. The user receives immediate feedback that the RatSLAM node has
accepted the goal as an x is marked on the map and the
goals are numbered in ascending order in the FIFO queue
where zero represents the robot’s current goal. The suer
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will also see the path to the goal parked in red on the
experience map.

there is a new image to serve. As Apache (on Ubuntu) is
a multi-process program a shared memory library is required to manage the buﬀer across the telerobot module
and Apache processes that are handling user requests.
The images are ﬁrst read from the RatSLAM node, before streaming in MJPEG format to the clients’ browsers.
The telerobot module also sends user clicks within the
experience map onto the RatSLAM node. The complete
telerobot and robot system framework is shown in ﬁgure
5.

iRat
irat_camera

irat_serial

images

encoder
velocities

battery
status

TCPROS over 802.11g

Controller
RatSLAM
phone
images

command
velocities
desktop
images

TCPROS over Wire

Web Server
Apache

goals

Telerobot Module

HTTP TCP over
Internet

goal requests and image
streams

Client

Client

Browser
Figure 4: Screenshot of the GUI for mobile devices.
At the very top is the status bar showing online/oﬄine
state, name, and battery voltage. Next is the robot’s
view of the environment. At the bottom is the experience map showing locations the dock is visible from
(green).

4.2

Web server

Apache was the ﬁrst choice for the web server as it
is widely used, open source, cross platform and has a
modular approach designed for dynamic extension. An
Apache module was written to interface between the Internet user’s browser over HTTP and the robot’s RatSLAM system over ROS. The primary component is the
image restreamer. The web server calls update on the
ROS subscriptions to the RatSLAM image streamer (operating at 10Hz) and robot itself. When the restreamer
receives a new image it is written to the next available
buﬀer, and then notiﬁes all attached user handlers that

Browser

Client
Browser
ROS Publisher

Client
Browser
ROS Subscriber

Figure 5: This diagram shows how the various parts
of the telerobot framework and robot system use ROS
nodes and subscribers to communicate between the
robot and the users. Each outer box is a platform and
each inner box is a process.

5

Docking results

The recharge approach and mate algorithm was tested
by starting the robot from 30 random locations around
the dock. The robot was also placed with a random
orientation ensuring that the marker began within the
camera’s FOV. In this test the robot did not explore or
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learn, therefore the robot only moved if it could identify
the marker. It is important to note that this is a diﬀerent
behaviour to the autonomous mode in which the robot
explores and stores where the dock was seen from. The
performance as tracked by an overhead camera which
provides ground truth as shown in ﬁgure 6.
These results show that the robot can see the 0.075m
outer marker on the dock from a distance of over 1.6m
when directly in front of the dock. This detection distance ramps oﬀ steadily as the angle to the dock is increased. The failed dock on the right where the robot
moves a short distance was caused by the marker partially moving out of the camera image due to a small rotational oscillation. In the failed docks where the robot
starts at an acute angle the robot successfully makes contact with the dock, but with too acute an angle to make
contact with both recharge contacts. Ideally the robot
would move more directly in front of the goal, however
the approach and mate algorithm is unable to move the
marker any further to the side of the camera image otherwise it will no longer be wholly in the camera image
and detected.
These fails become much less of a problem when this
docking and approach algorithm is combined with storing the dock location in the experience map and goal
seeking.

6

Telerobot and robot results

This section describes the performance of the autonomous robot system and the telerobot framework.

6.1

Experimental setup

For the telerobot experiment the robot was autonomously run within a maze approximately 2.1m by
1.9m. As shown in ﬁgure 7, the maze has the letters U
and Q overlapped in such a way to provide an interesting
environment with several loops for the robot to explore.
(U and Q stands for the University of Queensland.) The
maze is made from foam and is placed on black melamine
timber. The dock is placed in the top left of the U.
A script was written to send goals to the robot via
clicking in the browser. The script ran every 50 seconds
and had approximately a 30% chance adding a goal. The
30% chance is because clicks will only register goals if
they are within a certain distance of an experience, however, the click location is randomly distributed across
the experience map area. The iRat was considered successful in reaching the goal by calculating the distance
to the goal experience within the experience map space.
This biases the goal results to an internal RatSLAM performance as opposed to using ground truth. However,
using ground truth would require matching experiences
to locations in the maze which is not in the scope of this
project.
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Figure 6: Graph showing the test of the approach and
mate algorithm. The “x” indicates where the robot was
placed. The dock is represented by the black rectangle
and is orientated so the marker is facing up the page. A
successful dock is shown by the green paths. The failed
docks are shown by the red paths. Where the robot was
unable to detect the dock form the starting position is
shown by a “x”.

Figure 7: Photo of the environment for the robot. The
environment is foam resting on black melamine timber.
The dock is on the middle left and the robot is in the
middle towards the right. Other items are randomly
scattered to provide an interesting visual scene for the
visual templates.
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• a Linksys E3000 Wireless n/g router,
• an iRat robot (Ubuntu server 10.04) with wireless
802.11n/g LAN,
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• a Dell 3.0Ghz (Ubuntu desktop 11.04) running the
Apache web server and ROS master, and

name
uptime
goals attempted
goal success
distance translated
total data uploaded
recharge cycles
time roaming
max real users
RatSLAM cycles

• a Dell Quadcore 2.4GHz (Ubuntu desktop 11.04)
running RatSLAM as a ROS node.
The maximum number of simultaneous users was set
by considering the outgoing bandwidth. The network
connection from our server to the Internet is estimated
to be approximately 100Mbit. Allowing a bandwidth of
1.5Mbs per user, estimated from the MJPEG stream for
the desktop PC version, gives a theoretical maximum of
approximately 60 users. The mobile version streams at
approximately 0.8Mbs.

6.2

Results

The telerobot system was live to the public for approximately 3 weeks of total time within 5 weeks. The majority of the down time was due to the need to run other
experiments, however the telerobot system experienced
three hardware failures. The following lists the failures
and oﬀers possible solutions for reliable uptime.
• The wireless router inexplicably stopped communicating wirelessly for several hours despite reboots
and reconﬁguration. The router eventually started
working on its own again. Two other routers were
tried that also experienced (diﬀerent) wireless issues. Reliable communication will require redundant wireless routers.
• There was a brief blackout that reset the PC running RatSLAM. An Uninterruptable Power Supply
will resolve this issue.

Table 1: This table summarises the important results
from a 24 hour period.
the number of experiences that represent the environment increases which is to be expected. Noting that the
total experiences is set to zero each time RatSLAM is
reset which occured 61 times in 24 hours. This success
ratio is much less than the 99% reported in the persistant
robot experiment [Milford and Wyeth, 2010] for a number of reasons. In the persistent robot experiment the
robot had an omnidirectional camera, which means that
traveling both ways along a corridor results in a single
experience path and signiﬁcantly helps goal navigation.
Their experience map and visual templates continued to
learn throughout and our results showed increased performance as the number of experiences increases. Lastly
their robot had a laser scanner for local navigation to
assist obstacle avoidance and goal seeking.
0.9

• The mating contacts on the dock deform after several days of repeated docking, hence the robot is unable to charge and runs out of power. The contacts
are made from spring steel, however these are still
eventually plastically deforming. Diﬀerent methods
or materials will need to be investigated for reliable
contacts.
Qualitative results are now described for one continuous 24 hours period within the three weeks of operation.
The robot system and telerobot framework results are
summarised in Table 1. During this time there was one
minor interaction (other than giving the robot goal locations using the browser) with the system. A Ubuntu
system tool requested that Apache restart to rotate log
ﬁles which the GNU Debugger caught and hence paused
the program; pressing continue in the debugger allowed
the system to continue normally. During this approximately one and half hour server downtime the iRat and
RatSLAM continued to operate normally.
The table shows that during 24 hours the iRat traveled 199m to reach 447 goals for a success ratio of 66%.
Figure 8 shows how the goal success ratio increases as

value
24 hours
676
66% (447 goals)
199m
19GB (2.3Mbps avg)
7 cycles
47% (10.5 hours)
6 users
61 cycles

0.8

Success Ratio

0.7
0.6
0.5

0.4
0.3
0.20

1000

2000

3000 4000 5000
Number of Experiences
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7000

8000

Figure 8: Graph of the success ratio in reaching a goal
against the total number of experiences. This is averaged
across the 61 RatSLAM cycles.
In ﬁgure 4 the experience map shows that the dock is
detected from multiple locations even though it should
only be visible from one arm of the U. This result shows
falsely detected markers from ARToolkit. Regardless of
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these false positives the robot autonomously recharged
7 times as can be seen in the graph of battery voltage
over time in ﬁgure 9. The system handles goal seeking
failure because on a failure to visually see the dock the
recharging behaviour will randomly pick another goal
where it has previously seen the dock to navigate to.
The percentage time the iRat spent roaming is low at
47%. This means that users only have a 50/50 chance of
observing the robot moving within the environment.
The telerobot framework uploaded approximately
19GB to connected users. The bandwidth over time is
shown in ﬁgure 9 and is correlated to the number of connected users, whether the robot is roaming or docked,
and experience map formation. The bandwidth is proportional to the number of connected users due to opening and closing of MJPEG streams. The bandwidth is
also proportional to roaming and experience map formation because of the compression across black images
where there is no map compared to a full map.
As no attempt was made to list the website for search
engines there are few results of users from around the
world. Instead, the maximum number of connected users
was conﬁrmed by a script that requested the HTML page
once per second for up to 60 times without allowing any
connections to drop.
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Figure 9: This graphs shows the server upload rate and
iRat battery voltage over 24 hours. The thick grey bar
was when the server was halted due to a system request
to rotate logs.
A survey was made available online for anonymous
user feedback. Twenty one users completed the survey
which gives preliminary indicative feedback. Just over
half the users responded to the question ”‘What do you
think of the layout of the site?”’ with ”‘visually pleasing and intuitive to use”’. Two thirds of the responses
indicated the video stream quality was smooth with the

remainder indicating choppy video. Over half of the responses stated that they stayed for several experience
map cycles (each approximately 10-20 minutes) and a
couple stayed for a complete recharge cycle (approximately 2 hours).
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Future work

As is generally true, there are a number of changes that
could be made to improve the user experience. More
iRats are needed (and are currently under construction)
to increase the total time that users can see a robot
roaming the environment. A professional set designer is
currently building a more visually interesting environment for the iRat to explore, and hence more exciting
for the users.
With regard to the autonomous robot system, a map
maintenance algorithm, such as experience pruning, will
be needed to allow longer term mapping experiments.
In regard to the framework, a user queuing algorithm is
needed so that all connected users have an equal chance
of adding goals.
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Conclusion

This telerobot framework is a straightforward approach
to opening edutainment and robots to the wider public
through the Internet. The framework uses freely available open source tools and generally supported Internet
technologies. The results show that the robot system
can operate autonomously, exploring, reaching goals and
recharging. The telerobot interface is stable and supports mobile devices. Initial results from user surveys
are encouraging, indicating that the layout is visually
pleasing and that the video quality is smooth. Users also
indicated that they stayed on the site for a relatively long
period of time. For longer online operation, hardware
reliability of the wireless connection, power and docking
contacts will need to be addressed.
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