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Abstract—Online experiments have been available for more This paper is organized as follow: the physicaligonent
than a decade. The integration of online experimestto |ocally controlled is first presented. Then in seatlll, a
collaborative environments is more recent. The wetd of  ~gmmunication component is added to permit remote
client application/environments, the versatility of possible access. The integration of online experiments into
interaction protocols/technologies and the needs fanore collaborative environments is presented in Sectién

autonomous actions impels the evolution of online Section V ts th t devi i ied
experiments to the smart device concept. This papeeviews ection V presents the smart device concept apptie

the evolution of an electrical drive experiment and Online experiments and its requirement.
presented the requirement for turning online expennent
into smart devices.
Il.  PHYSICAL EQUIPMENT AND LOCAL ACCESS
|ndeX Tel’mS—Agent, collaborative enVirOnment, online The phys|cal equ|pments remotely Controlled ar@mﬂ:
experiment, smart device. mechantronic devices with moving parts as they tkhi
visually observable dynamical behaviors. For exampl
.  INTRODUCTION the laboratory-scale electrical drive (Fig. 1) ised in
. . . many textbooks and courses to illustrate automatic
Online experiments are typically used by brokers to

provide remote experimentation to distant userst FoContrOI theory. This setup consists of a DC motor

example, the access to an online experiment dariige eguippe.d with a digital encoder. This mot_o_r dri_adsrass
demonst,ration in classroom. Online experimentoéen d'.Sk acting as the Iqqd. The angular position issteed

di trol. robotic anﬂ mechatronic educafion with the help of a digital encoder connected torniwor
Used In control, robo - axle. Along the same axle, an enlarged rotating dis
illustrating theoretical principles and deployment

methodologies. As example, the different contraige permits an easy visualization of the motion. Thikeged

and implementation steps taught to students inrabnt disk and the rotating load motion are captured bidao

P : °ps taug . camera. The whole hardware has been designedasuch
courses (system Identification, _con_troller desigeal- it is fully controllable from a connected computer.
t|m_e_ control, . performance _ validation, etc.)_ can beSimilarly the hardware state can be diagnosed fitoen
efficiently carried out remotely on mechatronic teyss '

o : X connected computer. For example, beside the standar
as they exhibit visually observable dynamical bébav motor control, the main power can be switcladandoff

Remote experimentation solutions are based oneateli from the connected computer. Likewise, in additiothe
P required disk position and speed measurements,

server apprqach where the Server |s.cor_1ne9ted do tt("jiagnostic signals informing about the power statas
physical equipment and the client application iarmct be read from the connected computer

to the server via the Internet. The user interfzare be of
various forms but it is generally proposed throagiveb
browser. The objective of a remote experimentatior
solution is to make the student interaction with distant
system as close as possible as the actual workeoreal
equipment. Collaborative environments are propdased | foad
support the distant user learning process. Thes
environments integrate various services to strewarthe
user experience and to help the user environmel
appropriation. To provide a tight integration ofmate
equipments within collaborative environments specif
cares are to be taken for the interface, the fanstiand
the communication. This customization leads to sy ve
specific solution that is difficult or impossible integrate
in another collaborative environment. The concegts
smart devices are used to expend the online expatim
scheme such that the proposed solution is adaptive,
autonomous, as envisioned in the Internet of Things
realm. Physical equipments are generally controlled by an
external computer connected via data acquisitioardo

(camera)

motors

Figure 1. Laboratory-scale electrical drive.
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(DAQ). Depending on its complexity and computationa easy to implement this solution generally sufferBigh
resource requirement, the control of the equipnuamt bandwidth usage. Ano.ther drayvback is _that.t.he user
also be performed via an on-board micro-controlldris ~ cannot see the physical equipment. Visualizing the

later solution offers less flexibility than the foer one. controlled equipment is considered a key feature to
differentiate simulation from real experimentatiokiso

: . . . directly accessing the remote server may grantmaoh
The considered physical equipment is used by staden right to the distant user permitting to act on asjpe/she

apply control theory and learn controller desigmr F not supposed to
example, the experimentation protocol consists in Another kind of turnkey solution relies on specific

choosmg the right set O.f parameters to positian Itad applications that are able to generate a remote @fehe
or to impose a rotating speed according 10 SOMg o Gy, this view is generally displayed in a twe
specifications. The PID controller is implementexi @ rowser. The server application can either generate
real-time task that communicate with both the [.'ItQASI dynamic Web page or required Specific C|ient amﬁn]s
equipment and the graphical user interface (GUI) [1 (LabVIEW remote panel). Both solutions can be egdbl
with only a few mouse clicks but suffer the same
With the help of the graphical user interface, tlsers visualization drawback as the screen sharing swiuti
can experience the effect of the various controlleMWhile a video stream coming from an IP camera may b
parameters and see their effects on the physicgmbedded to the web page containing the deported lo
equipment. Figure 2 shows the user interface of th¥iéw, the information synchronization between the
application that locally controls the laboratorals —SOUrces of information is added to the potentialdvadth
electrical drive. It is written in LabVIEW [2]. Thapper problem.
part displays the acquired measurement in a scrgee a
The bottom part let the user modify the controller

. B. Customsolutions
parameters and the reference signal.

Custom solutions permit a finer control of all thepects
involved in remote experimentation, this at thetoofs

® 00 Rermote_Cliznt_7.0 Front Panel * .. . .y
e e e e & additional developments to create the client apfibo
—— e . and to add the network communication layer to the
xperiment ngs Informaticn
local [3].

Various technologies can be used to implement likatc
application. Web based technologies (Java, Flash,
Silverlight, QuickTime, ActiveX) are the most wigel
used since they are ubiquitous and often pre-iestal
Pr— within the web browser.

Second

o BEEN 0 NN o NEEN oM ¢ BB e e Depending on the client application requirements t
20 & -5 1- 5 10 f (v 100-f [k7] — - . .
I S B umacunin chosen technology should provide the following deas:
”3g 3‘(5@ ”'éfu"”f% “‘éru el - display GUI elements, (button, etc)
oot meumse g W - ability to get user actions/events (mouse click)
gV moe (e [ . - support communication protocol (TCP,UDP)
- timing synchronization (threads, timers)
As of today Java is the most versatile option gemits
Figure 2. Local control of the electrical drive the finest control of the client application. A stibn that
only uses standard web technologies (CSS, Ajax)owit
. FROM LOCAL TO REMOTE ACCESS the help of plug-ins is possible provided that theb

transmission protocol (HTTP/TCP) does not conssrain

o ) ] the envisioned communication. Java provides thé ful
Providing remote access to physical equipmentgoniol over the above features necessary to imghem
controlled locally by a dedicated computer is fairl 5, agvanced remote experimentation client. It dapgc

straightforward assuming that the computer is CORTE  yermits to implement alternate transmission prdtoco

to the Internet. Depending on the required degree qQupp) and allows a tight synchronization betweea th
interaction between the distant user and the paysicyrious flow of information (video, data).

equipment both turnkey and customized solutionshean

envisioned. Figure 3 presents a java applet that enable taraotfite

distant laboratory-scale electrical drive. The |ed
A. Turnkey Solutions interface permits the user to change the various

Nowadays many turnkey solutions are proposed b arameters_of the PID_controIIer and see iis etfen_t
commercial applications. The quickest solutionhis use  'eal-time via the oscilloscope area and the video
application that enable the sharing a distant caenpu feedback.
screen (VNC, Remote Desktop, Timbuktu, etc.). While
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The main adjunctions to the distant applicationt thaequipment RT-201 within the elogbook {ref[}
locally control the physical equipment (Fig 2) aree  collaborative environment. The measurements aodjuire
video acquisition and transmission layer that aflow with the help of the agent (center of Fig. 4) amedally
remote clients to communicate with the onlinesaved within the shared space (right column of Big.
experiment. With these additions the local applicat and are be visible by the members (left columnigf &)
becomes a server application. Additional requireimen of the given activity (top of Fig. 4). The agentsHaeen

and best practices are presented in [4]. granted the right to directly save measurementthén
shared space after it authenticated using the gedvi
: ] eMersion Applet Client . dogbook mechanism.
« &| | + | @ huwp://128.178.5.103/appletS/servoclientapplet. htmi?serveriP=120) ~ Q-

£ Support Remote Experimentation (Chris, RT-201) § WG
[+ chris 5
o ® RT-201 o (B Sin_resp |
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Kp T T v B =) -Control @ RT-202 ' &

#
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&
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000
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( Invite } [ Quit ]
(=4 -
Figure 4. Remote experimentation agentdiogbook

Applet loaded & running T T ]

The original online experiment does not know ahbibiet
elogbook it is only aware of thelogbook agent. Using

the agent concepts, the online experiment could be
IV. WEB2.0SOCIAL SOFTWARE FORCOLLABORATIVE interfaced by various collaborative environmentst bu

LEARNING AND INTERACTION WITH ONLINE EXPERIMENTS ~ would require a dedicated agent for each new
environment. To alleviate this restriction and terrpit
The additional flexibility —provided by remote @ny” clients to access the online experimeal, the
experimentations is highly appreciate and pernigtadt ~ 9ents should be hosted at the server side. Whideis
users to manage the remote experimentation sesatonshot directly feasible sincall agents are not k_nown before
their own pace and from their own location [5]. Oneland, the structure to support multiple types of
drawback is that the learning modalities often fbum  CONNections, protocols, modes of operation andfates
campus should be emulated. Collaborative learning! @0 autonomous and self-contained way should be
support should be provided, as well as some forfns gmpPlemented in the server. A server connected ysipal
tutoring and assistance. Collaborative environmenth ~ €duipment with the above capabilities and the ghbid
asemersion [6] and [7] support the activities with online interact a_utonomously with other machines is caklled
experiments by providing additional services such aSmart device.
shared spaces for saving measurements, discussion
forums, live support, etc. The online experimergecto ] ) ]
be specifically adapted to maximize the benefiferel ~Smart devices can be described as devices thatsoave
by collaborative environments. Not only the client@utonomy to perform actions. Theses devices ofeaeh
applications needs to be adapted, but also theerseryS€nsors and/or actuators and support communicaftbn
application. For example authentication is oftequieed ~ Other devices. The interconnection of smart devaes
by collaborative environments, thus the client andhe other intelligent objects sketches the Internéliuhgs.
server applications must be adapted to support _ ) o
authentication. Similarly, saving data in a shaspdce 1he Internet of Things is a metaphor that envisioa
required specific protocols that may not be presentconnection of all existing objects for the univéitgaof
initially. When possible, some or all the requiredCommunication processes, for the integration of kiny
adaptations could be implemented by a proxy apiica of digital .data and_ content, for the unique |demnﬁon of
that bridges both worlds. This translation is ofteme at €@l or virtual objects and for architectures thedvide
the cost of performances. This proxy applicatiadding the communicative glue among these components [9].
mechanism can be generalized to concepageht that )
works on the behalf of users or in the presentseg cm | homson suggested that smart devices needs soale or
the behalf of the online experiment server [8]. of th_e following capab_l_l_ltlesn) co_mmunlcatlons,n_)
sensing and actuatingiii) reasoning and learning,
Figure 4 shows the remote experimentation ager¥) identity and kindy) memory and status tracking [10].
working on the behalf of both the us€hris and the

Figure 3. the client application implemented as a java applet

V. SMART DEVICES
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A. Requirments for turning online equipment into smart
devices

Physically, the considered smart device is madé¢hef
adjunction of the controlling computer -the server-
connected, on one side to the physical equipmeht@m
the other side to the Internet. The capabilitiegired for
smart devices controlling physical equipment areftid.

The first set of requirements is related to the sidaf
equipment. The physical equipment shoulddaetifiable

to define what kind of equipment is connected. Alse
equipment should be fullgontrollable and diagnostic-
able by the controlling computer. The full controllabyl

of the physical equipment may not be exposed to th
outside world due to security reasons. Controligbélso
implies that it is always possible to place theipoent
in a know state. Other requirements suchrembility
andmaintainability should also be considered.

The second set of requirements is related to th
interaction of the controlling computer and the sidg
world. This interaction implies that first the couter is
connected to the Internet and capable wfiderstanding
incomingrequests and to reply to them. It should also be
capable of somautonomy to report for example alarms
or its status.Security and authentication must also be
provided. It should not be possible to temper wvitib

smart device

to dynamically spread the load among the available
online equipments leading to additional modificaticat
the server side.

The current server is a smart device with an euglvi
structure that guaranty compatibilities with exigti
solutions while streamline the addition of new ones

the physical equipment side, the server only expmse
limited set of actions that are validated prior ite
application on the physical device. Similarly therver
only provides aggregated information regarding the
physical equipment to the outside world.

&he former client applications can interact witk #mart
device by sending UDP packets that contains passiet
for the implemented controller. As a reply, client
applications receive two UDP streams, one for tidew
feed and the other one for the measurements feed.

&he current collaborative environmentamg¢rsion and
elogbook) do not have specific interface to the smart
device. This interface is provided by the smartickevn
the form of a Java applet. The smart device is aitde to
handle the user credential to directly interacthwihe
collaborative environment. This interface can als®
used independently by web browsers without link to
collaborative environment. The interface functidties

physical equipment from the outside world. Thisaiso ~ Will be adapted accordingly, for example user woardy
true for the hosting computer and the engage®€ able to save measurements on the user deskdaman

communications. In the considered case, the senasr
propose a graphical user interface to interact il
server.

The communication requirements suggest that theeser
is able to talk any low level protocols such as T@P
UDP to get the requests and send replies, but haggo
level protocols or technologies such as HTTP, XML,
REST, FTP, XML-RPC, WSDL, POP, MAIL, RSS, etc.
to understand the requests. It is definitely natsilule to
implement all possible protocols, but the structtwe
handle new protocols should be in place to minintime
development effort. The next section presents Hosen

in the collaborative environment shared space.

In addition, the sever features awareness infoonatid
the outside world. These information cover, amotigo
information, the sever status, connections stasistind
usage statistic. Client applications can get thevab
awareness information through various channels. For
exemple by opening a raw TCP connection to theeser
Alternatively the client application can use a pded
web service using the XML-RPC protocol. An RSS feed
with the above information is also provided. Last bot
least, it is possible to send an email to the setweget
the above information. Interfacing programs via inisa

set of protocols to be implemented and the rationdlOt New but has been forgotten over the years. Mewe

behind these choices.

B. Smart device example

The proposed smart device is an extension of thieeon
experimentation server described in section lltidhy,
the sole task of the server was to control the ighys
equipment locally. Then a communication componen
was added to send measurements and to
parameters from a home-built application using WP
protocol. The acces from a web browser required th

email support provides a simple and unobtrusiverfate
that is generally ubiquitously available [11].

The mechanism implement for the awareness infoonati
is also available for the other streams of infoiorat
(parameters, measurements and video).

The above information exchange relies on a request-

receia@swer mechanism. The smart device is also alpeilto

information to given recipients. In case of seklighosed
malfunctions the server can send an email and a8.3M

writing of a Java applet and the associated servdypical malfunction is the physical equipment main

modifications. The integration of remote
experimentations in collaborative environment iragli
the adjunction of new functionalities and new pools

and the use of the agent concepts.
management of the available resources was alsdareequ
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switch set to OFF. The power status of the equigrigen
regularly checked and appropriate actions are takee
discovered.

The global
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The collaborative environment may deal with manyf11l] D. Gillet, C.M. Yu, S. El Helou, A. Madina Berasteg Ch.

devices. An auxiliary application dynamically reslits
the collaborative environment agents to availalelabs.
The smart device informs this auxiliary applicatimout
its status. If the auxiliary application is unaweaie and if
the smart device already in use, the smart degiable
to re-route the agent requests to neighbor equipgmen

Salzmann, and Y. Rekik, “Tackling Acceptability ugs in
Communities of Practice by Providing Lightweight &ivbased
Interface to the eLogbook, a Web 2.0 Collaborafegvity and
Asset Management System2nd European Conference on
Technology Enhanced Learning, ICrete, Greece, September 17-
20, 2007.
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This paper presents the evolution of an electrirale
that is initially controller locally by a computeévarious
components are added to permit a remote access. The
online experiment is then integrated to collaboeti
environment. The concept of agents is used to pehmi
online experiment to work on the behalf of the user
within the collaborative environment. The performed
actions can be controlled when the user decideshie
measurements at a given time or autonomous when
sending an alarm. If the agent performing autonasmou
task is part of the server, the resulting tandem loa
called a smart device. The requirements for turoinigne
equipment into smart device are then presented. An
emphasis is placed on the communication side tiatld
accommodate to many technologies and protocols.
Finally an example depicts the interaction between
smart device and various client applications.
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