Design of CASP: an Open Enabling Platform for
Context Aware Office and City Services
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'l this article CASP is presented, a Context Aware Service Platform tak-
zﬁg' care of the aggregation and abstraction of context information. Context
information is gathered in a knowledge base where it is structured according to
standards and offered to services and third parties that need or take benefit of
this information.

Ty the next section related work is discussed. Section 3 presents several con-
tevt modeling techniques and section 4 presents the overall architecture. More
details about the implementation are given in section 3. Two use cases, one i
4 office environment and another one in a city environment are presented in
cection 6. Fvaluation results are discussed in section 7. Finally, our conclusions
are stated in section 3.

3 Related Work

Research in context awareness started about 10 years ago. First, specific appli-
cations that were tightly bound to the sensor (1.2} were developed. Application
developers had to take cave of the context acquisition, which made their applica-
tions hard to code, maintain and port. Reuse of sensors by several applications
was diffieult.

n 2000, Dey introduced the Coutext Toolkit [3], an object oriented Java
framework offering a number of reusable components, which allow the rapid
prototyping of sensor based context aware applications. The Context Toolkit
however lacks a common context model for exchanging context information.
[nformation was simply modeled as key-value pairs.

Recently, architectures were developed with formal context models based on
outologies. BExamples are ACAL [4], CoBrA 5], the architecture of the AMIGO
IST project [6] and SOCAM 7). In

computing systeis s made with respect to the context model,

v

an analvsis of several existing ublquitous

Our platforin belongs ro this series of architectures. It was described for the
first time in [0]. Since then. it has evolved with as main changes generic interfaces
fowards the context gathering components and the applications, research on a
rensable context model for city services based on CltyGML and the use of object

databases for antomatic and efficient storage of context Infornation.
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3.1 Key-value pairs

ev-valie pair modeling s the oldest approach 1o model conrext. Tt's sahle
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3.2 Markup languages

Varkup lingiage based models. such as RDE (10 CC/PP T TAProf 12
CSCP (13 provide a wmore expressive langiage to strceture context information
that may or may not be tatlored to a specilic application donain, while @raph-
ical representagions based on UML provide a more developer friendly wayv to
represent caHtext informarion.

3.3 Ontologies

Ontologies are the carrent stare of the art o model context. They come from

the knowledee representation feld and are vsed 1o structure an established vo-

cabilary of tenns and concepts within a specific domain of interest. They do

wlfiple inheritance hierarchies: expressing knowledge
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4.1 Discussion of the different layers

Persistence Layer The persistence layer ensures persistence of confext in-
formation. This comprises static context information about users, devices, the
environment, etc., bit also positions of RF1D fags used by context gathering
services in the contexi guthering layer. This information is needed when the
platform is restarted. It can also be interesting to store dynamic information,
like positions of users, together with a timestamp. In this way, the history of
information can be exploited and trends or habits can be derived.

The platform supports several database solutions by providing persistency

interfaces. This way relational databases like MySQL. postgresgl or Oracle or

even object oriented databases can be used.

Device Layer The device luyer inchudes all devices and software on those

devices that deliver context information. For example. a Wiki client on a PDA

CEhat ueasires al strengths of access poings in the peighbourhood and

Context Gathering Layer '

crisition of specific context information. For instance location
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ete. huplementing such an interface is sufficient for a context hering com-

potent to be phiggable nto the platform. Components implementing the same

i

interface can be easily inferchanged. As thne goes by, liew interfaces \Efl be de-

fAned for other kinds of confext biformation. since contexi informarion can be

ahnost anyvthing

Context Framework Layver The confest framework layer s vesponsible for
the agoregation of the context infurmmation according o a formal contexy model

and rthe derivation of implieit information by reasouing. Context information
coming from the contort gathering layer is transtated to OWL by the context

arhered in o knowledge base. Al context providers i‘fé'al";'if-sn'wt;f

sable nfo the platform. As this

a cominen inferfnee naking thein easily plug

knowledge base contains all context nformation. it's rthe single contact point Euz‘
services that are 0 need of context information.

Devivation of extra knowledye s done by providing rides. These are executed

by o reasoner using a rule engine providing a forward t.‘:i_%.'?}izlf_g'. a backward
chaining and a hybrid execution model. Rules can also be used for validation

prrposes. For example, if several context providers deliver the sane kind of in-
furmation. there will probably be inconsistencies from time to thme. Based on
reliability and accuracy pararneters. a decision can be mnade on the corvectriess
of the information. This will be ilustrated in section 6.1, where the Hrst use case
is presented. The query services enable and facilitate the retrleval of context in-
formation. They rranstate OWL constrnets to objects and expose an application

3
interface towards the services, This velleves application developers from writing

ervor-prone queries and rranslating the vesults to objects themselves.

Application Layer The application luyer uses the context information. When
a service needs Diformation related 1o several kinds of conrext informmtion. a
comples guery has fo be executed on the knowledge base. At that moment, the

cuery services ale no longer sufficiens. But for a cevtaln application domain, o

comples query service can be provided witli somwe requent o

wring gueries that

cot be onmert by other services, relleving the latter oices agaln rom nu;;ﬁc‘nwiihng

b
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will notice that there is no suitable context provider available and no informa-
tion will be exchanged. This way, components can be added. started, updated.
removed or stopped while the rest of the platform keeps running, the so called
white board model [15].

The modular design allows a deployment in a distributed manner. If the load
increases. the databases can be deployed on several servers, the context gathering
components can be spread in the network and also the knowledge base can be
deploved in a distributed manner. This Implies tools for automatic duplication
of information, information svnchronization and distributed queries,

5 Implementation Considerations

I this section the technologies used for the Implementation of CASP are dis-
cussed In more detail.

51 OSGI

The Context Aware Sérvice Platform is currently implemented on an OSGH
{Open Services Gateway initiative [18]) service platform, a compouent-based
Java environment which offers standardized ways to manage the software compo-
nents lifecyeles. 1t's an open platform intended for the delivery and management
of services to all types of networked devices in home, vehicle, mobile or other
environments. Software components can be installed, updated, or removed on
the fly from anywhere in the network, This allows us to add, update or remove
context gathering components, context providers or services at any moent.

In addition, the OSGi specifications define a number of standard component
interfaces for comnmon Pinctions such as HTTP servers, configuration, logging.
securitv. wser administration, XML and UPnP, simplifying development.

5.2 Persistence

As said before. persistency interfaces make the platform independent ol the
used database technology. In our current imiplementation. we opted for object

otiented databases. More specifically for dbdo’s native Jave open source object

database engine [20]. Object oriented databases have some lnteresting advantay

i comnparison to relational databases as explained below,
a i
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new data tvpes representing other kinds of context information. When using a
celational database. the schema will likely have 1o change (to fit the new object
structure). and the query code alrered to handie the changes. In some cases, this
means that a one-time conversion application has 1o be written to convert the
tubles to the new format,

Since the context information is represented using objects inan OO language,
ALY

using an ODBMS insread of o RDBMS weans no rransiation code s neces
o pass data back and forth between row objects ferched from the database

and actual objects in your application. Nor i there a need for object /schema

mapping code (in case of an object relational database].

Furthernore, the dbdo oblect database that i3 used. supports native queries
210, Such queries are not expressed as sfrings but completely in the jmplemen-
fation language. They are type safe. refactorable aned object oriented. So. in
contrast to relational queries (SQLJ. native queries don’t have to be rewritter
when changes ocenur. They remain unchanged or are refactored along with the

changing object. Automatic schema versioning handles changes in the object

model aatomarically. which renders conversion tools obsolete.

Supporting deep object structures fighly-connected object SPuCTires, meaning
objects containing references to other objects. passibly containing multiple ref-
erences themselves, are difficult to store in a relational database. The ariginal
crricture is often lost in the translation (see figure 2], This makes 1t hard o
saintain the code and keep the stored objects consistent. Ensuring that the
“deep” object is stored completely requires large sections of code to be wrapped

4

Into transactions.

Most ODBMSes on the other hand inplement reachability persistence. This
means that any object veferenced by a persistent object is also persistent. Typi-
5, CALL

cally, the depth to which reachability persistence extends in an object tr
he specified by the progranuner. As a result, a load of objects can be stored or

fotched with o single call: the ODBMS engine handies the details of walntain-

the references when oblects are stored and satisfying then when ubiects are

fetohed,

Maodeling ons-to-rnany relationships
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an object can be stored as is. As an object database is used for our platform, no
database administrator is required which makes our platform easily deployabie.

220 show that the dbdo ob-

No performance penalties Database benchmarks |
ject database is an order of magunitude faster than conventional systems. Using
an RDBMS requires the overhead of object-relational mapping, resulting in an
inereased demand on resources,

SMoreover, database access by the platform is very low. [t is mainly used for
platform startup and initialisation of the knowledge base. (Jueries from services
are all tarzeted towards the knowledge hase.
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Fig. 2. CDBMS VS RDBMbS

5.3 OWL

Onir cortext models are written in OWL (Web Ontology Language (231), an on-
tology language proposed by W3C. It's a vocabulary extension of RDE. OWL
allows auntomated processing of terms and the relationships between teris in

vocabularies, by representing the meaning of those terus. Domain knowledge

can be accurately described by means of classification, modeling dependencies
and restrictions on these dependencies. Other ontologles can be imported, en-
conraging reuse and improving scalability.
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in the same way as CityObjectGroups in that AbstractBuilding, the CltyGML
object used to model a building, can contain a number of BuildingParts which
are actually just AbstractBuildings. In this way buildings of arbitrary complexity
can be modeled. Buildings can contaln Buidldinglnstallations, BoundmgSurfaces
and Hooms. In LODT a building is modeled by a geometric representation of the
building volume.

LOD2 adds the outer facade of the building by allowing Buildinglnstallations
and BoundingSurfaces to be part of a building. Buildinglnstallations represent
objects that strongly affect the outer appearance of the building, like balconies,
chitaneys and such. BoundingSurfaces model parts of the exterior shell.

Doors and windows are modeled as Openings in BoundarySurfaces. This
representation, LOD3, is a fine-grained model of the exterior shell of the building.

In LODA, the interior of the building is represented by the class Room. Mov-
able objects in a room are modeled with BuildingFurniture, in conirast, ohjects
that are permanently connected to a room such as stairs or pillars are modeled
with interior BuldingInstallations.

City model Although buildings are an mportant part of a city environment,
there are other things to take into account when creating a virtual city. Objects
like lanterus. traflic lights, bus stops, benches can't be modeled as a building.
These iimnmovable objects are represeuted by CityFurniture, a subclass of City-
Olgect.

| ——
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Fig. 4. UML disgram of CivGML s Transportation model
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voad lanes, pedestrian zones, parking lots and sidewalks. Auwzdiary Traffic Areas
on the other hand describe more decorative elements of the TransportationCorn-

g}g(’:;é".

5.5 JenaZ

For the i )Imnrz ration of the knowledze base and reasoner the Jena? Semantic
Web Toolkis |

inference engine.

7 was usec. This Java library offers an OWEL APT and a rule-based

5.6 SPARQL

(ueries pc—%‘a‘fui‘i‘1ie—‘<l ort the knowledee base by the guery services are written iu
SPARQL. a protocol and query langnage for RDE. [t's a Semantic Web candidate
since Ei}{m. It consists of the syntax and semantics for asking andd answering
quieries against RDE graphs. Both the query language 23 and protocol jeit]
are currently i progress of standardization. SPARGL contains capabilities for

querving by triple patterns, conjunctions, disjunpctions and optional patterns,
[t also supports constraining queries by source RO sraph and extensible value
testing. Results of vi”dx(é? queries can be ordered, limited and ofiset in mnber,

and nresented in several different forms.

6 Description of Use Cases

6.1  Desk Sharing Office Use Case

Motivation This first use case s inrended for companies with desk sharing. In
such companies. emplovees do not have a fixed location anymore, When they
enter the Hoor or building, they choose an available desk ro sit down atd start

o

working. In this scenario, several problems can arise. Visitors who have an ap-

e do not know where to look. Even an employvee who

pointment with an employ

needs another eniplovee for a meeting is not always able to locate the other one.

The desk sharing office nse case is a web application consisting of several
sorvices, T6s maln function s ro allow employees or visitors to Jocate other 1sers
GBI i the name of the
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1]

| S——

Fig. 5. Screenshot of the web Interface showing the path to an en iployves

Stars represent known devices belonging to employees. Red dots however are
devices that are not known to the system and possibly belong to people that
should have 1o access to the company network.

Ontology For the different services offered by the web application, an ontology
for an office environment has been designed. This ontology is shown in figure 7.
A Person has a lot of properties containing mostly statie information relevant

to his job, like the Departement he belongs to, his emad address or his funciion.
es. Examples are a laptop, a PDA

or a wmobile phone, These devices can be tracked and this give an indication of

A Person also has one or more Personal De

the loeation of a Person. As a Person can have more than one Fersonol Dewvice

b

DDA ne-100atiot--

determination-of-h

Herenn hiave several-loentions: Fhe

by rules. as will be explained n section 6.1, Presence inlo

modeled by means of the stafus property of o Person. Apart fromn persons, the
. i 3 . F B .

7
s hailding, the currvent time and office devi

s like printers or projectors arve
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OIT

»was desienad from sorateh,
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Fig. 6. Sereenshor of the webpage for tracing unknown devices

Location Determination To detennine the location of o user. or more specif-
11" H‘gg ] i3

wion of a personal device of that user, wired and wireless technigies
were implemented. Portables can be tracked by the nefwork cables that connect
them with the company network. Such a network cable connects the portable
with a certain port of a switch. Each port corresponds with a specific location,
Via SNMP the mapping from this port number to the MAC address of the con-
nected device can be queried. Thus, by combining the mapplngs from the MAC
acldress of the portable to the switeh port munber and this port to a certain
location. the location of the portable can be determined.

Nowadays company networks often also have a wireless Wikl part, with

aecess points spread over the building. This allows to determine the location of

w user walking aronund with a Wikl enabled PDA. Therefore the signal strengths

ori

{uating from the access points have to be mensured and compared with a

el

adio propagation model or 2 radio map |

The latter i a database contalning
castired sienal strengths during an offiine pimw all over the building. An online

measurenent is €"(,3EE.E§.'}2_1§'E-?(£ with these stored values and the best match deter-

mines the most probable location, Just considering the measied signal strength
1

as an ncication for the distance to a certalln access poing is not acenrate at ad

03 ;n‘mu;;e:th Fading and reflections.

= location detery falion, we IS0 THe a user

GEer pro fainy move o




Marthias Strobbe ef al.

o o718 (BTG B

sl (i 7 gl FL £ 3 o
&ty {airiny i Benvice  tvuice it s 4 iy - s
S N e ey s RS
y sk st andil lenioe

osrcecsitnrs B
et g o

e Lt

A

& pevaspcn S 5 B % A Departmant
o aocussideenter &3, % . i W
i ] I SN boencen SR IS e

RS R
- Gavadl mpoen-{ ParsanaBence

e T S B A ey
faiongs T oF gayei

P = T AR Sy

o (e

£ i

S A S S By o o gt TR T
e ’

—XOHE (IR
e B
ot
PR s
Fe o0 i

Fig. 7. Ontology for an office environment

be identical at every moment. Think of an employee walking around with his
PDA, while his laptop is still on his desk. Moreover, wireless location deter-
mination techniques are not perfectly accurate. To determine the most prob-
able location of a user, some extra properties were added to the ontology. A
nearUserProbability property for a device indicates the chance that a device is
i1 the vicinity of a user. This chance will typically be higher for a PDA than for
a portable and even higher for a mobile phone. Furthermore a correctness roba-
bility property was added to every location entity, indicating the accuracy of the
location determination technique. The rules we defined take the values associ-

ated with these properties into account and choose the location with the highest
correctnessProbabiity of the device with the highest nearUserProbability.

As an lustration. the following rule adapts the location of o user when a

device with a higher nearUserProbobility is detected.

iupéate,locatioﬁ_pezscnwcozrectneﬁa_prababiiity:

(7x rdi:type ols:Perscon)

{72 ols:haslocation 7loct)

ol
(7% ols:hasPersonailevice 7y)

is:hasLocation 7loct}

{7y ols:nearUserProbability Tnupl)
{7z vlg:hasPersonallevice 7z)

i
Iz:hasglocation loc}
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= i

Rules are also used for presence information. When a user has o location. his

g. his stutus is antomaticallv

status becomes online. When lie leaves the buildh

i
chaneed to offline. This lTast rule is ibstrated below. When a user manunally

his location o busy or gway the rales will wssign the user o specific

change

default location associated with the stabus, Exaniples are a colleague or the

I e st IGHN

{offiine. status:

(?x rdf.type ols:Persan)

(7x ols:hasPersonallevice 7y}

(7% ols:bashocation 7loc)

(?y ols:hasLocation 7loc)

noValue(%loc ols:hasFloor) // Location entity doesn’t exist anymore
-> {ramovelLecation{?x 7loc))
{removelocation(?y 7iocl)]

6.2 Conference Use Case

e Lse (Uose

Motivation [na el we, the CARD plarfor
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John is able to request (touwrist) information to help him erplore Ins temporary
unknown environment,

I this use case, we provide a service towards the end-user that enables him
to get to know fellow invitees (of the conference} exploring the city, sharing the
same interests. Interests could be subdivided into many different branches. For
the purpose of this use case we specifically consider interests to be related to
what one would consider interesting while visiting a forelgn city, such as: finding
information about museums, getting to know the history of the city, looking
for some facilities related to sports, specific shops such as a gift shop or & shop
with infernet connectivity or just locking for a nice restaurant, a cosy bar or the
nearest beach.

To achieve this goal, a profile should be built up for each user of the service,
representing his interests. Location information is periodicaily provided by the
portable devices. This information, combined with other contextual factors such
as the current time and infuencing factors from the environment, are all gathered
into the CASP knowledge base.

A matehmaking algorithm determines the closest maiches to John's profile
and then suggests him to send a message to one of those persons. Initially the
meeting between John and his new buddy is purely virtual, but if both parties
agree they could arrange a physical rueeting. The contextual data could be used
as an aid to set up a meeting place (e.g. average distance from both current
locations and close to a museum).

s

Ountology The ontology we designed for this use case s presented in Figure 8.
A User has a Profile, which is linked to Interests. A User participates in some
kind of Fvent, such as the conference, which is organised by a Community, to
which the User belongs. Location information is provided by means of & Location
entity, which is modeled by means of CityGME (see section 5.4). A User can
see Condent on his PDA. for example a movie about a historical building. The

Clontent that is shown or suggested 1s dependent on the context of the User, the

Tirne of the dav, his Location, the Community he belougs to, his Inferests. ete.

Focation Dieterroinstion Ootdoor ther
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7 Ewvaluation

The Desk Sharing Office Use Case s completely implemented and allowed doing
sonte performance tests. Specificallv, response times for the web server and the
VWeb Service were measured and analvzed.

7.1 Web Server Request Throughput

I
“r

Successful web requestsis

P 3k 40 G

Attempted web requests/s

/5 tor the Web Server

Fig. 9. Artempred Trausactions/s vs. Successiul transactions

To evaluate the performance of the weh server. we emulated users using the
C)

Avalanche commander equipment. a hards and software platforin developed by

Spirent conmmnnications
CASP runs o a rack

mount PC with an AMID Athlon 32004 64-bit processor
(2 GHz) and 512 MB BAM. The Avalanche device constuntly sends H
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an average office enviromment. In comparison, the static home page of the web
application can be requested almost 1000 times per second.

As the shortest path between the two persons is caleulated (by applying
Uijkstra’s algorithm [33]) and has to be visualized, performance is dependent
on the distance between the two persons. For two persons located next to each
other, about 18 successful requests per second were measured, whereas a search
between users located on different Hoors resulted in 11 successful requests ner
second,

7.2 Web Service Throughput

300 .-

i
e
o

)

20083

1500

HOGG

Mumber of calls completed

340
0 g et g s S———
a 20 &0 £4 a0 136G 128 T4G Hatd) 180 200

Response time (ms}

Fig. 10. Response time distribution of the Web Service,

Service Platform via the web service APL This APIL allows third parties to

recuest the context Information they need. The response time for gerting this

information is measured. Figure 10 shows the response thne distribution after

performing 10000 consecutive calls.

ceentile s Zdms and

The average response time is 28ms whereas the 30th pe
the 95th percentile 3%ms. These are satisfying results, considering that no opti-
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according to a formal context model based on OWL, allowing easy sharing andd
reasoning on context information. By using uniform inrerfaces and standards, the
ase of conrext informarion is fransparent to the application develapers. More-
sver. for supporting a wide range of intelligent city services, Context tiformation
is modeled z'i(;m..':z‘a..?n]_g to CityGML. a standard for 3D objects In ity environ-

The possibilities offered by CASP were iii‘z?ﬁn’eﬂ'r-‘fi with fwo use casest a desk
<haring office web application for the retrieval of the locations of employees and
att add hoo conumunity service i a2 clty enviromnent.
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In Ubiquitous and Pervasive Communications novel information and communica-
tions management technology are required to support dynamic, integrated manage-
ment of participants, information appliances and smart space infrastructure.

Ubiquitous Communications, as evidenced in pervasive computing and smart
space applications, still present significant management challenges for the successful
delivery of highly adaptive services across heterogeneous networks, middieware,
applications and devices. Today’s management systems are still unable to cope with
the complexity, heterogeneity and automation required by the pervasive computing
vision. New paradigms, models and technology need to be developed (o allow com-
puter sysiems manage themselves in accordance with high-level guidance from
humans. This workshop proceedings explore the theoretic, technological and organi-
sational challenges in managing ubiquitous communications and application serv-
ices.

The Fourth International Workshop on Managing Ubiquitous Communications
and Services (MUCS 2007) was held in Munich, Germany, 25th May 2007, as part of
the IEEE Integrated Management conference, [M 2007.
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