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Internet

Studying One Year of Usage Data to Understand Current Technology, User
Reaction, and Equipment Requirements for Remote-Control Web Robots

sor years research hag focussed on ways to allow remote
access viastandard conmmunication networks o unigue

or expensive strugtures such @y supercomputers, im-
portant databases, unique information resourees, the
B World Wide Web, c-mail servers, and fip servers full
of software. With the growth of the Intermet, one finds more
and more devices such as coffee machines, caneras, telescopes,
aanipulators, and mobile robots connected to it Despite the
fact that one may spy o other people with hundreds of cam-
eras, it is currently possible to mteract only with a few rabos,
which often have restricted access 1]

There are several explmations as why this is so, An installa-
tion with a vobot is very expensive, regular 1maintenance is
needed, and cameras are wore user-friendly. To use a canera

aver the web, the user usu-
by PATRICK SAUCY and ally just sits und waeches or
FRANCESCO MONDADA

sortetinnes has the abilicy o
choose  difftrent  connera
orlentation/views [7]. With a robot, you have strong iterac-
tion. For instince, with 1 maobile robot equipped with an arm
you catt mave along the floor and grasp objects | 8], Discovering
the control interface, the user has to understand rapidly the goal
of the site and what the possibilities of the robot are I order to
achieve them A very famous example is the “Mercury Project”
[2]. This kind of experiment is very useful in the sense that i
gives himportant information about the reactions of the users,
the kind of equipment needed, md the constraing of the
{nternet. More information about devices connected to the net
can be found i [9] and |10},

This article anatyses one year of netsurfer behavior regard-
ing the use of KhepOnTheWeb, which was realized vo dem-
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onstrate sotne possibilitics of remote control of a Khepera mo-
bile robot. After one year of access, we performed an analysis
of the log files tn order to understand the behavior of the pub-
lic facing sach an installation. This analysis was rather difficult
bueanse of the large amount of data involved, and specific soft-
ware was developed in arder o extract and present the rele-
vant information. The goal of the project is presented, the
hardware and software components of our robot installation
ave deseribed, and the malysis of the web server log fifes 1s dis-
cussed. We also introduce another concept of a remote-con-

tolled robot on the web. '

Project Goal

The long-term goal of our project, which is called “Sharing
of Unique or Expensive Fquipment for [Research and Edu-
cation” {part of the Swiss Priority Program TCS of the Swiss
National Research Foundation) is very similar to those of the
experiments described in the intreduetion; namely, to pro-
vide access, through network communication facilities, (o a
complex and unique mobile vobotics serup. T'he specificity
of our project is that we want to provide a setup mainly for
the scientific commuity for carrying out research in mobile
robotics control.

The goal of the project lits well with the activity of our kib.
The LAMI (Microprocesser and Interface Tab) is specialized
in the development of mobile roboets ind wools for control al-
gorithms research. ‘I'he remigre experimentation is the logical
extension of this activity.

In this article we deseribe the results of the first part of this
project, aimed o understand the possibilities of the current
technology, the reactions of users, and the requirements for




the equipment of such a setup. In comparison with other pro-
jects on the web, our installation has some additional features:
+ The controlled device is a mobile robot equipped with
an on=board camera, This is also the case of some other
setups that are partially available [4]. _
& Unlike other mobile robot setups, ours is yunning daily
without the need of external support.
@ The intetface has 2 live video feedback and runs in a
standard web enviromnent.
¢ Lveryone has access to our robot. There is no distinetion
such as a registered user/guest. But only one person at a
time can control the robot, for a maximum of 5 minutes.

We had 27,498 visits performed

by 18,408 unique machines. Only 3,178

machines did more than one access.

System Architecture

Ot setup consists of a mobile robot accessible via the [nternet
that moves in a wooden maze {see Fig. 1). The labyrinth is
made in such a way that the visitor can sce various effects. Tna
peneral way, the walls are higher than the robot, so that the
visitor has to move around to explore the maze. Only some
center walls are lower than the others. On che right thereis a
mirror allowing the user te watch the robot that he 1s control-

Figure 1. Khepera is in the lower left-hand comer of the maze, with
its on-hoard video caomera fooking outside of the maze. The maze is

65 % 890 cm.
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Figure 2. Connections hetween the devices of the setup.
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ling. On the bottonn left of Fig. 1 there is a ramp that gives the
robot access to a view outside the maze.

[n this experinmient we use the mobile robot Khepera,
which was developed in our lab in collaboration with
K-Team, the company producing and selling it. Khepera is
equipped with an on-board CC1 camnera and is connected to
a PO vin o wired link. ‘The camera sends the video signal to a
framegrabber that is alse placed in the same PC. This com-
puter is also our web server and is therefore connected to
Internet. The user can aceess this installation via the Netscape
weh browser, Internet Explorer is not suppotted at this time.
A virtual model of the setup has also been developed using

VLML and Java, This provides the user with the pos-
sibility to train himself by ronning 3 simulation locally
on his waching, without time-delyy constraints. A
complete description of this implementation can be
found in [5].

The Khepera Mobile Robot
Khepera is a small cylindrical robot, 55 mm in diame-
ter and of variable height. lis small sive allows vs to employ a
suspended cable for power supply and other signals without
disturhing its movements. A camera observing the environ-
ment can be placed without the need for wide-angle lenses. In
the canfiguration shown in Fig, 1, Khepera is made up of
three layers corresponding to:
+ A sensory-motor beard equipped with eight infrared
proximity sensars and two inotons,
¢ A CPU board equipped with a Motorela 68331
microcontrotler.
+ A video board carrying a color CCLY camera with 300 X
582 pixels.

Hardware

The host computer communicates with the rebot via o L8232
link at the speed of 38,400 bits/s. 1'he video signal is sent from
the robot to the fraimegrabber in the PC, ina differential mode
on two additional wires.

An external camera (Canon VC-C1) is mounted on the
ceiling above the maze in order to give the user a global view,
This is an interesting aid for planuing a long displacement. A
1R8232 link between the PCand the camcera allows the visitor
to control the camera orientation and the zoom factor in order
to have a better look at the current situation. 'The video is alio
wired to the framegrabber of the PC and it is multiplexed with
the video signal comiing from the robot camera, Therefore, it
is possible to switch between the robot view and the external
view. All these connections are sunmatized in Fig, 2,

Software

The PC operating systent is Windows 95. The web server is
the Personal Web Server from MicroSoft. This server
launches several CGI {conunon gateway interface) scripts to
perform the tasks. They communicate through shared named
memory. Two prageams tun continuausly:
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* The first program grabs the images and puts them in
shared memory in JPEG format {160 X 1209,

* The sccond progran puts the 1P addvess of every new
user in shared memoery in such a way that other CGl
scripts have the possibility to control the user identity, A
tineout variable is regularly decremented in memory,
After 5 minutes, if the user has not disconnected, this
progrant puts the user IP address in 1 list forbidding him
to obtain control again for 30 seconds.

When a client performs an access to the control page, the
server stares o program that contnvously sends the images
stored in the memaory. This image feedback is based on the
server push technique supported by Netscape but not by
Internet Explorer ac the time of wiiting, Others techniques
can be used but have not been tested in this experiment {6].

Om the clienc site, the user has access ¢o a conwrol page cre-
ated mainly in plin F'IML and using clickable inages. Therc
are three types of conmmnands available:

# Commmands to conerol the robot tovements (speed/po-
sition). The click coordinates ave sent to the server,
whete a CGI seript decodes and builds the correspond-
ing order for the robot. The orders are sent to Khepera
vig the RS232 seral link,

+ Cowmmands to control the external camera movements
(orientation/zoom). ere, too, the orders are sent to the
camerta via the R8232 serdal link.

* Commands to switch the camern. A CGI seript on the
server acts on the multiplexer present at the input of the
framegrabber.

A Java applet running on the client side regularly sends
some requests for information about the state of the robotand
the time left to the user. A CGI script on the server answers
these requests by collecting the information from the robot
and the shared memory.

There is no local “intelligence™ on the rabot such as obsta-
cle avoidance, This type of mechanisin is not necessary be-
cause of the lght weight. of the vobot, This also means thae
there is no risk to destroy a wall or the robor itsclf, The advan-
tage ofhaving a direct control is that the user can see the resule
of his own action without any external contribution. The
drawhack is that control of the robot is more difficult without
help and under tnporant delays.

interface

‘I'he client-level interface includes all possible operations thae
can be made on the robot, the external camera, and the multi-
plexer, The complete window available through Netscape is
shown in Tig. 3.

The interface is composed of three columns corresponding

to the three types of commands that the vser can perfornn:

4 [ the left colmm there are the erientation controls (pan
and tilt) as well as the zoom factor control for the exter-
nal camera, The values of the parameters are given by
clicking on the graduations,
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+ In the middle column there are the visual video feed-
back, the switch control of the two cameras, and the dis-
play of the robot status.

¢ In the right column, twa different control panels allow
orders to be sent to the robot. The upper one provides

displacement conumnands. The lower one gives speed
commands. Baclt of these control panels has two parts;
ane for the rotation and ene for the straight imovenent
of the robot,
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Figure 4. Distribution of actinns versus visits.
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Ihis interface is not the first one we ied, In 1995 we
started developing a control interface baged on videoconferencing
software (CuSceMe), The results were interesting bue the
control software was ruming only on Maclntosh; we there-
fore moved to a pure web interface. "The constraint is to send
complete images to the client, but the performances are still
good. Itis also possible to use animated GIF filey and o send
only the part chat changes i the images, bue a “caterpillar of-
feet” |6 can be observed, “I'he image size s also small. 1 low-
ever, for user combort it is possible to display the image lacger
than what is shown in the browser without loss of bandwidth,

Finally, we have spent more time on the design of the in-
terface than on all other engineering parts combined.

The visitor needs different view points

in order to correctly understand the
. robot's location before deciding the
next move,

Log Access Analysis
For this analysis, we considet the period between May 1997
and May 1998, As explained above, the access to the virtual
setup is not taken into aceount. All our statistics are based on
the 1P addresses. Therefore, several persons from the saine site
will appear a3 a single user. Morcaver, some Internet addresses
are allacated dynamically, so the saie persen visiting on sepa-
rate ogcasions may appear as another person, Iy this section, (1
addresses, users, machines, and visitors have the simne mean-
ing. Next we define three terms: aefion, session, and uip.
Actfon is a seript ron by the vser to control the robet or the
camera. A forbidder activn is an action launched by a user who
las not asked for the control of the robot from the presenta-
tion page. e is not registered by the system and his action is
refused. A 2 action 15 due to a visitor who does nothing after
having loaded the control page. If he did not load the control
page, we do nat count it as £ action but as so control page. A ses-
sfonr or wisit is defmed as an iminterrupted access by the same
machine with a mashnal break of 18 minates between two ac-

cesses. [0 wip, 1 addresses in which the name could not be
found v 2 NS (domain nane server) are gathered.

General Statistics

Based on these definitions, we had 27,498 visits performed by
18,408 unique machines. Only 3,178 wachines did iore than
one access, Their average return thine was about 23 days with a
typical delay between two actions of 13.6 seconds,

The most active session was issucd from the United King-
dom. The user performed 630 actions distributed as follows:
# 344 actions for the contral of the robat,

# 243 actions for the contrel of the camera,
+ 43 actions for the switching between the panoramic and
the embedded cameras,

T'his particular visit had a duration of 1 hour and 10
mmutes. This corresponds to an average of ane action
every 7 scconds. This visitor came back 13 rimies but
he never did as many actions again.

Actions Distribution

All other sessions were not as active as the one dis-

cussed above. Figure 4 depics the usage of the site.

45% of users visited only the welcome page at our site.
They did not request control of the robot. There are two pos-
sible explanations for this:

% Browser type, luternet Explorer does not allow visual
feedback using the server push technique. The welcome
page contains a warning about this problem, Sratistics
[11] show that the distribution between the two main

Internet Explorer, and

ns

browsers is 50% Netscape, 45%
5% athers.
¢ Type of access, The user has the option to control the
real or the virtual robot, The welcome page of the vie-
tual setup was loaded by 11,283 machines,
The percentage of users who had access to the control page but
did not perfonn any actions was 20, The rcasens for that could be:
# The robot was already being conerolled by other people.
¢ The user could not understand the peal of the site.
¢ The image rate was oo low {long delays) or zero
(browser type).
# There were problems while Joading the clickabie maps
or the Java applet, '

Figure 4 represents very well the general ac-

tions distribucion. We found approximately the

same distributton in other analyses not illustrated
here:

¢ Action distribution versus tmonths.

2 Action distribution versus number of visits.
® Action distribation versus domain of the

120,000
Hits Spesd
100,000 1 27633
80,000 A
60,000 T
90670
00
40,0 Orlentation
20,000 1 20520 . :
0 i -
Ackions
Robot Control Camera Control Camera Salection Contrel Pags

machines.
¢ Action distribution versus our owu
(demonstrations and vecifications).
Fipure 5 shows the cffective use of the site, rep-

[AG1H

resented by the actions, The robot is mainly con-

Figure 5. Actions to controf the robot and the camera,

rrolled in positon, This emphasizes the “waic and
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Statislics for Users with >5 Actions {>3100 Users)

see” strategy developed by the users. Although the 50
goal of the site is to control the robot, the camera 1y 45 _Ll""
strongly solicited. Gienetally, a camera view i3 re- 20l

" quested every sceomd tobot action. The visitor
needs different view poines m order to correctly 35
vuderstand the robot’s location before deciding the | 30T
next move. The importance of the colonn “cam- | 257
era selection” shows also the necessity to have both | 20
a panoramic canera and a camera on the robot. 15+

The relacionship between delays on the network | 19 H

and the numnber of actions performed is emplisized 5
by Fig. 6. Only domains with more than 100 users o4
wha performied more than five actions are taken Ir
inte account, There is a clear relation beaween the

[ L[]

-

I3 Avg. Actions/User
B Avg. Tima/Action

uk edu ch de
Domain

nip nl com net

time/action and the nunber of actions/user.
Figure 7 depicts the influence ol exter-

Figure 6. Relationshin hotween delays and actions.

nal causes o1 the evolution of the number

Ask for Aucess M No Access, Forbidden

[} Nermal Access
M No Access, Busy

of accesses during the 12 months consid- | agpo
ered. The two months indicated by the
arrows are interesting, August 1997 shows | 3000

a minimum due to a holiday period [Au-

G

gust 1998 (not illustrated here) shows
similar results] and December shows a

maxihnhunt. For the week of 8 December,
the site was selected “Cool Robot of the
Week™ by NASA [12] The number of
accesses decreased the following month
and stabilized around 2000 per month,
Mainly, people visit once and do not re-
turn or come back soon 3 second and last
tine, We think chat this behavier is based
on the “surf effect” of the web, This result

597 6.97 797 887 997 1087 1197 1297 198 258 3858 4.98
Month

is verified by the statistics of the Australian
Telerabat [13].

Returning Visitors :
Only 3178 machines came back to our site. They made
12,268 of the 27,498 visits. Different analyses about the re-
turns ave shown in Figs, 8 and 9. Although rewsrn average is
about 23 days, Fig. 8 exhibits an important peak of returns
centered on 18 minutes.

OF 9090 total returns, 1096 were made alter 12 to 22 min-
utes, ‘Lhis confivms the “surf eflect.” T'his peak s mainly due
o people who return to our site because they could not con-
trab the robot the fisst time (see Fig, 7), so they retry later.
There is no retarn below 10 minutes beeause by definition
two hits from the same machine made in an interval of 10
miiutes belong to the sane session

How do the recarns influenee user behavior? Figure 9 tries
to angwer this question. This figure describes the distribution
of the acdions for cach visit for four user categories perfornuing
a dilferent total number of visits. The analysis is restricted to
the firse four visits in order to maintain a representative sample,
Users who come back have acted during their first visit much
mare than the ones who did only one visit. We could expect
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Figure 7. Accossos during 12 months.

that from their second wisit, users take advanrage of their
knowledge to do more actions, This is not the case. The num-
ber “of more than five actions™ even decreases slightly. People
who come back seei ta only have a look at the presentation
page. The reason could be that they want anly to show the site
to some ather people, to get information, or to simply verify
that the server still exists, The number of illegal actions in-
creases as well. [01s possible thae users have left their browser
open on the control page between the two visits. [n this case,
there is a tine-out that makes the following action illegal.
Mose of the people come back after a shore time (see Tig. 8).

Geographic Location influence

All of the previous figures are established om the basis of the ac-
cesses of 18,408 unique machines, This 18 less than the 60,000
bosts that visited the Mercury Project site in six months [3].
Onie of their graphics shows that 58% of the machines were lo-
cared in North America and only 14% in Burope, i our case,
the situation is the opposite, with only 7% of the machines lo-
eated in Nosth Anmerica and 37% in Lurope. This could be be-
cause the Internet wag less well developed in Burope than in

JEEE Robotles & Automation Magazine 45‘)



North America, Another explanation is that our site runs differ-
ently. The Mercury Robot is controlled throngh the means of
absolute coordinates and ours is through relative coordinates. It
is therefore more difficult and time-consuming to guide our ro-
bot from one point to another.

Switzetland and its neighbors (France, Germany, United

It is of great advantage scientifically to

share a common environment for the
understanding of the actual control
approaches.

Kingdom) were responsible for most of the actions, The geo-
graphic proximity (reduced access thine} favors the use of our
site, In other words, our site is funceionally less attractive for
users far away because of the unacceptable résponse time. The
domains com, aip, and ser accounted for most accesses to our
site, but they made fewer returns to it than Switzerland and its
neighbors,
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Figure 8. Return frequency.

Future Work

The main goal of our project is both sconomic and scientific.
On one hand, a mabile tobatics setup is very expensive and
counld be shared between several research laboratories to re-
duce cxpenses. On the ather side, comparisons between dif-
ferent approaches in the field of mobile robaotics can only be
made on robots placed in perfectly identical condi-
tions. This dees not mean that only the robot has to be
the same but also that the enviranment has to be iden-
tical in every detail, such as lighting conditions or color
and type of floor. [t is therefore of great advantage sci-
entifically to share a commmon environment for the un-
derstanding of the actual control approaches,

Puring 1998, another benchmark (TelelloboLab)
was built. It is reserved only for researchers and has
been available since the end of 1998. [t takes into account the
results presented in this article bue adds a scientific dimension
ta relerobotics. The new TeleR oboLab site provides the com-
plete access to all functionalities of a much larger robot. T'he
uger 15 able to remotely control the robot or to download C
code, The access has been restricted to registered scientific us-
ers. The setup complexity can be higher because the users arc
familiar with computers and robotics, but there is still a need
fora good interface in order to let users concentrate on the al-
gorithm without having to understand the site functionalities.

Currently, there is no tool available to cope with delays on
the Internet [perhaps resource reservation protocol (RSVIY in
the future?], but this network is widely accessible. To imprave
real-time access, the idea of our site is to be accessible from
both the Internet and from another network (ISDNJ. TSN
has a poorer performance than other networks such as ATM,
but it is less expensive and easier to install, The environment
of the robot (lights, sliding door} can be controlled througlh a
web interfice running Java applets.

At the time of this writing, the concept presented in this
section has only been validated with local experiments,

Conclusions
The expericnce accummulated in this first test

shows somie important aspects. Such a physical en-
vironment is technically feasible with commerciat
parts, Everything from the robot to the camera
and from the server to the framegrabber are very
standard commercial products. A complete Web
robatics package based on our experience is avail-
able on the market [153]. But there are still concep-
tual problems. One is to introduce a complex
setup on the web where the rule is more “click
and wait” rather than “read and click.” Another
prablem is obviously the delay that prevents peo-
ple from having 2 good interaction and from tak-
mg ingerest in the site, Uhis is not the only reason

| M %5 Actlons 1%1-5 Actions B2%0 Actions B %Mo Control Page B %lllegal Action3|

why users do not come back. Another reason is

that the site is frozen: there is nothing new to see

Figure 9. User behavior versus number of visits,
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in a second visit; once yon have cantrolled the ro-

MARCH 2000



bot, there is no reason to come back, As said above, you have
to catch the netsnrfer’s attention the first time he comes. It is
interesting to observe that the behavior of the users is generally
independent of the country or the tine the site is available,
which shows that there is a global and stable Internet culture.

However, the analysis of Tnternet user behavior is not sim-
ple, The graphics and the analysis of the previous paragraphs
show well that a good understanding is difficult to obtain,
Ounly a few of our anabyses are included in this article. Signifi-
cant graphics ave very difficult to caleulate because of the huge
quantity of data of the log-files, Even with such an amount of
data, there were siill categories with not enough representa-
tive saimples. When a graphic exhibits a feature, it is rather dif-
ficult to explain it with the general knowledge about the
Internet, Moreaver, you have very litle feedback from the us-
ers themselves, We received only one piece of mail for 1000
accesses, and it contained very little infommnation.

The reliability of the setup is good but we had to face twao
main problens. As said abave, the PC server is ranning Win-
dows 95. This gystem is not stable enougl: to allow the n-
chine to operate without being regularly reset to prevent a
crash. The Personal Web Server was not well adapred for our
usage. Somctimes it froze in a given state, and it was then im-
possible to access the welcome page. This kind of test has been
useful for a new project called RobOnTheWeb [14]), The
project teain has an additional reason to use Linux as operating
system and Apache as the server,

The other problen: is rather mechanical. Sometimes the
tohot is prevented from moving by an edge of a wall. Khepeta
15 very light and its two motors are powerlul. Therefore,
against 2 wall, it is possible that ic rises a little and chac one of ity
wheels loses congact with the fioor, On the vamyp, wheels can
have less adhesion due to the weight of the cables or duc to
dust, also making it difficult to control the rabot.
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