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I. MOTIVATION manufacturer information, calibration curves, measurgme
Interoperability is the ability of two or more heterogeneoud@ndes etc.

systems to exchange information and use this data in 4 EEE 1451.0[1] defines common operations for trqnsducers
reasonable way. For oceanographic data acquisition slev@r‘&_d also protocols how to access transd_ucer data via network
approaches exist, how interoperability between diffesenssor USing the HTTP. IEEE 1451.0 uses a client/server model. A
systems can be achieved. A promising interoperabilityquatt Network Capable Application Processor (NCAP) with one
for sensor networks is IEEE 1451.0. Up to now no practic@f More Transducer Interface Modules (TIM) — these are
experience exists in using the protocol in the field. sensors or actors — attached takes the rqle of the servent€li

To truly evaluate the use of an interoperability standard & Send requests to the NCAP to retrieve measured values.
is necessary to really implement it in a demonstration with'® Server answers with XML documents (figure 2). As an
numerous involved parties and different software impletaen glternatwe a simpler ASCII format for responses is spetifie
tions of the specification. Only then it is possible to findded M IEEE 1451.0.

ambiguities and obstacles that hinder the data exchange in & ,,.1 yersion="1.0" encoding="utf-g" 2>

given specialist area. <TransducerDiscoveryHTTPResponse>
An interoperability experiment together with MARUM <er§°rCOde>

Bremen, Universitat Politecnica de Cataluny, Monterey Ba </errorCode>

Aquarium Research Institute (MBARI) and National Insgtut <ncapld>

of Standards and Technology (NIST) should clarify to what </niap1d>

degree IEEE 1451.0 is applicable for oceanographic observa  <timId>
tions. At the end of the experiment a live demonstration of </tfm1d>
the system was presented at the Ocean Innovations Workshop  <numberofChannels>

. . . . . . 3
in Saint Johns in October 2008. The parties involved in the </numberOEChannels>

experiment are shown in flgure 1. <channelIds>
1,2,3
</channelIds>
<transducerNames>
pressure,
temperature,
conductivity
</transducerNames>
</TransducerDiscoveryHTTPResponse>

Fig. 2. XML document containing the response of a Transddisepvery
query

In addition to the IEEE 1451.0 standard the IEEE 1451
family also contains other specifications that describectim-
munication of transducers connected directly to the NCAP:

Il. 1IEEE 1451 RROTOCOL FAMILY « IEEE1451.2 — point-to-point connections including
IEEE 1451 is a family of interface standards. Itis developed RS232, ¥C and USB

with the aim to access transducer (sensor/actor) dataghrou « |EEE 1451.3 — multi-point connections
common open and network-independent communication inter- IEEE 1451.5 — wireless communication including
faces. For the user it should not be noticeable whether the IEEE802.11 (WiFi), IEEE802.15.1 (Bluetooth) and
transducers are connected directly to a system or accessed IEEE 802.15.4 (ZigBee)
via networks — wired or wireless. A key component is the so « |EEE 1451.6 — CANopen network interface
calledTransducer Electronic Data Sheet (TEDS) that contains « |IEEE 1451.7 — Radio Frequency Identification (RFID)
meta data about the transducer including device ideniificat systems

Fig. 1. Parties involved in the interoperability experirhen
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Some of these specifications are still under development ofThe Java source code for the server developed in Kiel was
revision. Therefore they were not part of the interoperabilso used by the partners in Bremen and Barcelona as basis
ity experiment in which we only tested the communicatiofor their software development. They wrote their own code
between IEEE 1451.0 capable nodes. In the context of tHitcg the communication between NCAP and instruments and
experiment five operations have been evaluated (figure 3).the conversion of measured values into IEEE 1451.0 format.
MBARI on the other hand used a completely own imple-

Module Operation Earam=tecs Lask mentation including the IEEE 1451.0 command interpreter.
TimDiscovel reportTims NCAP id list of sensors attached to the . .
" ’ TMid Neap These parallel developments made it possible to compare
reportChannels | NCAP 1d fst of channels of one sensor different servers and to find and fix software bugs but also
Channer g e helped finding ambiguous text passages in the IEEE 1451.0
Channel name ope .
. specification.
TransducerAccess readData NCAP id read the current measurement
g value of 2 channel Several IEEE 1451.0 clients written by the participants of
o — LCAP"G“ - po— the experiment were used to query the various IEEE 1451.0
edsManager readTeds I rea e geographic position . . . . .
(GEOTEDS) | TMid | Uatitude lngitude, height) of servers. A simple but quite useful client with a graphicarus
TEDS deto interface (fig. 5) has been developed in Kiel. It was used
oo 19 7e0s) | T | el number,desripion o the frequently during the experiment to check the responses fro
Teosdme | ST the servers.
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Fig. 3. The five operations from |IEEE 1451.0 used in the exrpeni

For the experiment a Java implementation of an e
IEEE 1451.0 server has been developed in Kiel. It receives wgcn #1: "t [mmisw oro /omt oidemo2 008/ channelLabe /pressureinD)
. . . o ch. #3: "http://mmisw.org/ontfoidemo2 008/ channelLabel fconductivity

IEEE 1451.0 requests via HTTP from clients. If necessary it @ lcaton: 53, 1106°N 2 85041 ' !

o= 3 oidemo.mbari.org

triggers attached sensors to perform measurements and read ||, =134 10224972
the results. Other kinds of sensors constantly report saloe S 147,83, 140.20
the NCAP - in that case it is only necessary to select the  —— —]
latest values. The measured values are prepared and rturne

to the client in IEEE 1451.0 format. An overview of the system
in Kiel is shown in figure 4. Attached to the central NCAP
are three TIMs having severahannels each. The weather
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Stat|on at |fM-Ge0mar the Weather Sta“on at K|e| ||ghtheu http: / fweww. comsys. informatik. uni-kiel. cle: 145 1/145 1/Transduceraccess /ReadD
1 ata?neapld =2 &timld =3 &channelld =2 &timeoutSec = 0&timeoutNsec=-1&sampling | =
and measured values from a CT@ere used as data sources. N e anetormar- e =
Giuc computer [Hﬁ‘%aﬂfﬁ&?és“”""””a“k-“"i’k‘e'-"e Fig. 5. GUI of the IEEE 1451.0 client
Port: 1451
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IV. RESULTS OF THEEXPERIMENT

During the experiment, several flaws of IEEE 1451.0 be-
came visible. It appeared that further studies are neggssar
for example on how to deal with low bandwidth links and
links with discontinued operation — both limitations of edat
lite links, which are often used in the communication with
oceanographic instruments. Other problematic points lage t
treatment of units of measurement and timestamps for mea-
surements.

This shows how important interoperability experiments are
They help to assess the usability of specifications for the in
the-field use in a given specialist area.
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1a oceanographic instrument measuring conductivity, teaipee and
depth/pressure
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