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Abstract— Inevitably, two formerly separated kinds of
communication networks – public switched telephone net-
works (PSTN)and packet data communication networks– are
meeting under the umbrella of IP telephony. In this paper
we present I2N (Intelligent Internet Telephony) as a novel
platform for IP telephony, which takes the best of the net-
work centric approach of PSTN and the edge centric ap-
proach of packet data networks. I2N provides various layers
of a comprehensive IP telephony system, from basic call sig-
nalling, via access to user directories and support of various
aspects of mobility, to the rapid integration of value-added
services. Together with the integrated AQUARIUS QoS
framework, I 2N is perfectly suited to realise user-tailored
communication applications with high quality media sup-
port. Interworking with related standards is provided by
multi-level gateway technology.

I. INTRODUCTION

One particular strength of the network centric approach
of the PSTN is excellent support ofsecurity, privacy, and
service quality. The edge centric approach, well-known
from the Internet, offers an enormous flexibility for quick
and easy development of new, possibly user-tailored ser-
vices, creating new business models. In this paper we
present I2N (Intelligent Internet Telephony) as a novel
platform for IP telephony, which perfectly integrates the
network centric and the edge centric approach, exploiting
the best of both. This platform provides various layers
of a comprehensive IP telephony system, from basic call
signalling, via access to user directories and the support
of various aspects of mobility, to the rapid integration of
value-added services.

Fundamental for the design layout was the decision to
rely on CORBA’s remote method invocation (RMI) mech-
anism. This highly abstract communication paradigm re-
sults in an architecture which is easy to understand, fast to
implement, and hence most cost-effective. Even in terms
of performance, we can show the competitiveness of our
approach. Our platform comprises a complete set of all
necessary components (see fig. 1).

Active Directories: These keep track of each user’s cur-
rent location. We have realised LDAP-like CORBA direc-
tories, which map personal addresses to device addresses,
store personal profile information, and refer to a user’s in-
dividual set of services.Call Signalling: The I2N platform
holds an instance of a signalling state component for every
registered user. A telephony application on top of I2N can
be implemented merely as a state-less collection of user
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Fig. 1. General overview of I2N platform components

interfaces. Running the signalling components under the
control of the platform supports secure execution of crit-
ical services and enables accounting & billing facilities.
QoS Support: The architecture includes a complete QoS
framework supporting the adaptive transmission of real-
time multimedia streams.Value-Added Services: We pro-
mote a combination of CORBA and Java. Each service
consists of a downloadable Java part (e.g. the GUI for ser-
vice configuration, or the modified call signalling state ma-
chine) and a stationary part at the provider’s site. Since
these parts communicate via CORBA IIOP, the latter one
can be implemented in any programming language pre-
ferred by the service provider.Telephony Application: For
demonstration and proof of concept we have built a thin
Java telephony client which can be downloaded through
the WWW.Gateways to other Technologies: A novel ap-
proach like this must not neglect interoperability. For this
purpose, we provide interworking with other IP telephony
protocols (e.g. H.323, SIP) on the three levels of media
transmission, call signalling, and name resolution.

There are a number of approaches existing or under de-
velopment which cover different aspects of IP telephony,
e.g. the IETF Session Initiation Protocol (SIP) [11], [7],
the ITU-T protocol suite H.323 [8] and the related ar-
chitecture of ETSI TIPHON [3], as well as some propri-
etary architectures, e.g. AT&T’s TOPS [2]. The main fo-
cus of most of these approaches is interoperability with
PSTN (through gateway technology). Consequently, the
forthcoming service integration concepts show a strong
similarity with the Intelligent Networks (IN) [9]. With-
out doubt, IN is very useful, proven and appropriate for
circuit switched, network centric technologies. However,



the Internet has completely different characteristics: it is
connection-less, open, programmable, edge-centric, and
offers transportable software through the Java program-
ming language. Hence, it is worthwhile re-thinking about
appropriate service platforms in the Internet.

II. A CTIVE DIRECTORIES

For the support of user and service mobility,directo-
ries are the basic supporting technology. We have imple-
mented a network of LDAP-like CORBA directories, each
of which providing fully transparent access to the entire
distributed information base. Our performance measure-
ments show the competitiveness of CORBA’s general pur-
pose IIOP protocol compared with the dedicated LDAP
protocol [5], [6].

In I2N , we use the DNS hierarchy of the Internet to dis-
tribute the global naming space into admininstrative do-
mains. Each subscribed user belongs to a particular do-
main (home domain), for which one directory server is re-
sponsible, containing a personal entry for each subscriber
consisting of
� the subscriber’s current location, as described in sec-
tion III;
� user defined information about the subscriber, e.g. the
email address, a small picture of him, the profession, and
a cookie, i.e. some free text;
� a set of references to subscribed services. Each reference
to a service actually consists of two Java URLs pointing to
classes, one of which is downloaded to the subscriber’s
current end device on service configuration, and the other
one on service invocation (see section V).

Whenever an I2N user registers with the platform, the
registry of thehosting domaindelegates the registration
to its directory server (see section III). Through the dis-
tribution mechanisms of the directory service, a foreign,
mobile user will be registered with the directory server of
his home domain.

As can be seen, the directory is the core enabling tech-
nology foruseras well asservice mobility. Service mobil-
ity is crucial to provide anytime anywhere access to per-
sonalised services.

III. C ALL SIGNALLING

As already discused in section I, call signalling is run-
ning under the control of I2N to ensure security, and to
enable accounting & billing. To become more concrete,
a user’s signalling state machine (SSM) which is capable
of handling incoming and outgoing call requests, is run-
ning remotely on a distinguished signalling server. Two
peer SSMs as well as a user’s telephony application and
his SSM are communicating via CORBA RMI.

In fig.2 a mobile caller is dialling a callee, who hap-
pens to be logged in his home domain. When the caller
registers with the platform (1), the registry of the hosting
domain creates an SSM for his telephony application (2).
The object reference of the newly created SSM is stored
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Fig. 2. Call Setup using SSMs and the appropriate CORBA
interfaces

with the user’s home directory server (3). The registration
of thecalleeis done analogously.

All call requests to and call indications from other par-
ties go through the SSM, which acts as a signalling proxy
for the respective telephony application. An SSM provides
some remote methods to the telephony application as well
as some remote methods to other peer SSMs. The inter-
faceSSMcomprises the first set of methods, while the in-
terfacePeerSSM consists of the methods to be invoked
by peer SSMs. Each I2N telephony application must im-
plement the interfaceTelephonyApplication . This
ensures that the SSM is allowed to invoke the appropriate
call-back methods to indicate incoming requests or other
users’ responses to previously signalled call requests.

In the above example, the caller invokes a call request
through the SSM interface (4). The SSM looks for the right
object reference by a directory query (5) and forwards the
request to the remote SSM via thePeerSSM interface (6).
The callee’s SSM uses theTelephonyApplication
interface to indicate the call to the user (7). The response
is handled analogously (8, 9, 10).

IV. QOS SUPPORT

Due to the connection-less nature of IP-based networks,
no service qualities can be guaranteed. In wireless access
networks (e.g. GSM/GPRS, UMTS) there is even a signif-
icantly high loss of packets. Therefore QoS mechanisms
are mandatory for an acceptable provision of audio and
video services on the Internet.

AQUARIUS(AdaptiveQuality of ServiceAr chitecture
for Intelligent Universal Services) is a comprehensive
framework, consisting of distributed, hierarchically organ-
ised QoS components. AQUARIUS components are lo-
cated at end-systems as well as at intermediate nodes.
They provide adaptive scaling, filtering and transcoding
for a broad range of audio/video codecs from low band-
width speech codecs (e.g. GSM) to high quality video



streaming (e.g. H.261/H.263). The network administra-
tive static, globalQoS policies are stored in the CORBA
Directory Servers (in accordance with the IETF QoS Pol-
icy Framework [4]). The user’sdynamic, localQoS wishes
are mapped to appropriate network parameters within dis-
tributed QoS Brokers. With his knowledge about the un-
derlying network layer, available codecs, etc., the QoS
Broker chooses the appropriate QoS strategy and config-
ures all other AQUARIUS QoS components. Through the
usage of Java Media Technology (JMF [12]) AQUARIUS
is able to download, install and maintain QoS components
on demand to react to changing network characteristics.
AQUARIUS is perfectly able to use underlying network
QoS technologies, like the IETFIntServ[10] andDiffServ
[1] architectures. The AQUARIUS QoS Brokers support
all kind of multimedia requirements by choosing an ap-
propriate compromise between resource reservations (via
RSVP; mainly in corporate managed LANs), appropriate
Classes of Service (CoS) (via DiffServ Codepoints; mainly
in the backbone) and adaptive scaling mechanisms.

V. VALUE-ADDED SERVICES

The rapid and easy introduction of new, user-tailored
intelligent services will be the key issue for the market ac-
ceptance of IP telephony. We tackle this goal by splitting
a service into astationarypart andtwo movableparts. The
stationary part runs at the service provider’s site and exe-
cutes the essential computations of the service. Examples
are databases or Web server with product information for
e-commerce services. One movable service part is used
for theconfigurationof a service, e.g. to specify the trigger
conditions for services running on the callee site (e.g.call
distribution), or to choose the personal ’look & feel’ of
the service. One illustrative example for a configuration
service part is a GUI for the user’s preselection of some
frequently-called persons for anabbreviated diallingser-
vice. This list is transmitted to, and stored within, a server
in the provider’s domain. The second movable service part
allows for the actualinvocationof a service. To continue
theabbreviated diallingexample, the invocation of the ser-
vice causes
� the list of preselected persons to be displayed as buttons
on the screen;
� the basic functionalitycall request(see section III) to be
bound to these buttons.

Both movable service parts (service configuration and
invocation) must be implemented in Java, whereas the sta-
tionary part can be implemented in an arbitrary language.
Either part of a service can be missing; e.g. acall forward-
ing service does not need an invocation part because this
service is invoked passively when a request indication ar-
rives.

A service is described through itsinput and itsoutput.
We have defined some standard types, such asPerson or
PersonalAddress . If a certain service (component)s2
requires, e.g.input of type t2, and service (component)s1

producesoutputof type t1 which is a subtype oft2, then
s1 ands2 can be concatenated to a new complex service
(s1; s2). For instance, the abbreviated dialling service de-
livers the personal address of the selected person, which
can be used to configure the call forwarding service.

VI. T ELEPHONY APPLICATION

Since the I2N architecture provides all necessary sig-
nalling and media facilities, applications using I2N can be
built as state-less collections of graphical user interfaces,
either for the active request of a call or as call-back meth-
ods for incoming indications. As a prototype we have de-
velopedHiTel (HeidelbergintelligentTelephony)as a Java
applet which can be downloaded from the Web.
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Fig. 3. HiTel telephony client

In the default version, HiTel supports only basic call
signalling. On the other hand, by subscribing additional
value-added and AQUARIUS QoS services, HiTel can be
seen as a virtually user-tailored telephony client, which is
perfectly suited for the demands of the user without chang-
ing one single line of code in the applet itself.

As indicated in section V, additional intelligent services
can be provided by arbitrary service providers. HiTel pro-
vides mechanisms tosubscribe, configure, maintainand
invoke these services from within the telephony client.
The subscription of a servicecan be invoked through the
provider’s HTML page. After subscription the download-
able parts of the service will be transported to and evalu-
ated within HiTel. Toconfigure a service, HiTel provides
mechanisms to invoke the configuration interface of the
service. Tomaintain services, the list of currently sub-
scribed services can be viewed and modified. Toinvoke
a servicefrom within HiTel, HiTel provides an appropri-
ate interface in its service management interface, as well
as service invocation buttons on the main window of the
client to allow direct access to frequently used services
(see fig.3). The configuration of these buttons will be
stored with the user’s personal entry at his home directory
server (see section II).

HiTel also provides mechanisms to chain services. Ser-
vices can be concatenated dynamically, if their respective
input and output types fit match, see section V. For in-
stance, as soon as a certain name within a phonebook is



chosen, the user is provided with a list of all services which
get a parameter of typePerson as input (e.g. call for-
warding configuration, info page invocation, abbreviated
dialling configuration, etc).

For the integration of QoS configuration and media ren-
der interfaces, HiTel is able to use the AQUARIUS system
via the respective APIs. The AQUARIUS Media API can
be used for example to capture audio or stream RTP/RTCP
flows, but also to aquire a panel to render received video
data. However, the provision of QoS can be envisaged as
one particular value-added service, which can be provided
by different competing QoS providers.

With the mechanisms described above, users can arbi-
trarily configure the HiTel system according to their per-
sonal preferences.

VII. G ATEWAYS TO OTHER TECHNOLOGIES

I2N is designed as an integrated IP telephony system
comprising various aspects of telephony systems. Individ-
ual aspects are also covered in some way by other existing
IP telephony systems. The aimed flexibility requires us to
provide inter-working facilities to those systems as well.
Moreover, we do not intend to provide all desirable func-
tionality within I2N itself, but to rely on existing services.
Inter-working or direct access is achieved by connecting
the different systems via gateways. Therefore, gateways
on four levels of inter-operability are under development.
1. Call signalling gateways, providing inter-working be-
tween I2N call signalling and signalling of other IP tele-
phony systems, such as H.323 or SIP.
2. IP telephony service controlgateways. These provide
I2N service access to other IP telephony systems, and ac-
cess to foreign services from within I2N .
3. PSTN service accessgateways. These gateways di-
rectly inter-connect I2N services and PSTN service enti-
ties on a peer-to-peer level.
4. Value-added servicegateways. Similar to the previ-
ous category, these connect I2N service entities with Non-
PSTN (e.g. Web based) services.

The reader may have noticed that no gateways between
PSTN signalling and I2N signalling are planned. However,
placing a call from I2N to PSTN and vice versa can be per-
formed over a slight detour using an I2N /H.323 as well as
an H.323/PSTN gateway. This technique avoids the provi-
sion of own signalling gateways to PSTN.

VIII. C ONCLUSION

In this paper we have presented a novel integrated archi-
tecture for IP telephony services. Our approach covers the
complete set of necessary functionality, ranging from basic
call signalling, to the support of mobility via active direc-
tories and mechanisms for the subscription of user-tailored
value-added services. The architecture also includes the
AQUARIUS QoS framework for the support of adaptive
media transmission.

Through the usage of the CORBA communication
paradigm, the I2N architecture combines network layer
and programming language independence. With the pro-
vision of the Java based HiTel telephony client we demon-
strated the ability to use downloadable value-added ser-
vices to enhance the overall functionality on demand.
Gateways allow for interoperability with other telephony
architectures, like H.323, SIP, and PSTN.

The future deployment of IP based telephony systems
will mainly depend on the availability of services, which
are not possible or not seen so far in the traditional tele-
phone networks. By providing mechanisms to download
new value-added service on demand, new business models
can be identified for service providers. The same argu-
ment holds for the provision of Quality of Service, which
can be interpreted as one special instance of such a value-
added service. An open question remains in the automatic
detection of service incompatibilities (e.g. conflicts in the
necessary modification of signalling state machines).

Future research activities can be identified in the area of
accounting and billing. Through the introduction of new
business roles for value-added service and QoS providers,
appropriate mechanisms are essential to handle the ne-
gotiation of prices and to control the registration of ac-
tual service usage. Another very important aspect is se-
curity. To protect the privacy of users from unsocial be-
haviour of other users’ applications and to protect the ser-
vice providers from illegal use of resources, appropriate
mechanisms are needed. The analysis of the possibilities
and restrictions of small end devices, e.g. embedded sys-
tems or stand-alone IP-Phones without operating systems,
is also a challenging open issue.
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