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Abstract. The SONG project was formed in 2001, when research team of 
Mobile Communications and Computing Laboratory (MCL) at Budapest 
University of Technology and Economics (BUTE) joined the Inter-University 
Centre for Telecommunications and Informatics (ETIK). ETIK consists of 
academic research teams form BUTE and Eötvös Lóránd University of 
Sciences (ELTE) and industrial partners among the leaders of information 
technology in Hungary. Industrial members are: Ericsson Communications 
Systems Hungary Ltd., KFKI Computer Systems Sc., Hungarian 
Telecommunications Sc., Sun Microsystems Hungary Ltd., Westel Mobile 
Telecommunications Sc., Compaq Computer Hungary Ltd., Antenna Hungária 
Sc., Computer Science and Automation Research Institute of the Hungarian 
Academy of Sciences. 

1   Introduction 

The main mission of ETIK is to perform internationally recognised research and 
development activities in the area of Internet-based telecommunications and mobile 
telecommunication systems, which advance the operation of the Internet and high-
speed data-communication networks; and to integrate different communication 
technologies and services, like traditional telecommunications, Internet and wireless 
systems. In order to achieve these goals ETIK launches projects with 3 years of 
duration. Research activities of ETIK are in close connection with the Ph.D. Schools 
of BME and of ELTE, therefore Ph.D. and undergraduate students are involved into 
the R&D projects. The achievements of the projects are evaluated twice a year during 
the ETIK workshops where the projects hold scientific presentations and 
demonstrations of practical results (e.g. software tools, test beds, etc.). In this paper 
we present a short survey of the ETIK project entitled SONG. 

                                                           
*  The SONG project is powered by ETIK. 
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2   Goals and Research Areas 

The main goal of the SONG project is to explore solutions next generation mobile 
systems, analyse their performance by means of simulations and analytical 
calculations. Besides already known methods, our research team also develops new 
ideas and implements test beds in the following areas (see below).  

2.1   Hierarchical Mobility Management Optimisation: Optimal Network 
Topology and Agent Selection 

We reviewed the modifications introduced by HMIPv6 and RegReg6, along with their 
detailed protocol operations and special features. Then, a thorough comparative 
analysis of the two extensions was given, including the aspects of regional signalling 
differences, the process of registrations, the issues of distributing regional mobility 
agent functionality, modifications to MIPv6, etc. [1] 

HMIPv6 and RegReg6 were found obviously advantageous for mobile nodes that 
are roaming far away from their communication partners. Therefore, they are essential 
components for Mobile IPv6 networks, enabling more seamless mobility and a 
reduced signalling load outside the visited domains. However, the simulation results 
confirmed the suppositions that not only the approaches but also the performance of 
both protocols is comparatively equal. This similarity has probably historical roots in 
a common idea. The reason why this original idea parted in two separate but parallel 
directions might be that HMIPv6 and RegReg6 are related to different companies 
(Ericsson and Nokia). However, there is definitely no need for two separate protocols 
if the differences are minor – this might also be justified by the fact that the IP 
Routing for Wireless/Mobile Hosts Workgroup has recently removed RegReg6 from 
the list of managed protocols.  

Nevertheless, both HMIPv6 and RegReg6 possess some unique and useful 
features. [2] Therefore, the subsistent of the two extensions should not be either 
HMIPv6 or RegReg6, but a protocol that combines the conceptions of these. A 
feasible solution could take HMIPv6 as a basis and equip it with the Previous Access 
Router sub-option and a Binding Cache for each visited domain router to enable 
crossover router selection if large domain hierarchies are considered. Even more 
important, a mechanism for mobility agent selection should be worked out for domains 
with distributed agent functionality, according to the aspects listed previously [3]. 

2.2   Application of Different Mobility Models 

In case of several problems (like CAC, location update and paging strategies) the 
optimal solution can only be found, if the future number and bandwidth demand of 
mobile terminals can be predicted precisely for each radio cell. In the literature 
several mobility models can be found, but the suitability (e.g. what parameters should 
be measured in a real network, in order to determine the model’s parameters) and 
accuracy of these models are not examined. We have developed a new Markov 
mobility model especially appropriate for accurate prediction of the future number of 
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mobile users in an urban environment [4]. The other advantage of our model is its 
simplicity, making it useful for numerical analysis.  

2.3   Accuracy of Call Admission Control Algorithms in Mobile Environment 

The effectiveness of resource reservation based CAC algorithms depends highly on 
future user location and bandwidth predictions. We are trying to describe analytically 
the relationship between the optimal prediction distance and the user’s velocity [4]. 

2.4   Optimisation of IPv6 Address Autoconfiguration Methods 

We are focusing on probably the most time-consuming part of the handover process: 
if the mobile terminal has to obtain a new IP address, which will identify the given 
mobile node uniquely on the new subnetwork. IPv6 provides an easy way to obtain an 
IP address automatically: the address autoconfiguration feature in IPv6 is responsible 
for the IP address distribution. We are studying the performance of the two kinds of 
address autoconfiguration methods (stateful and stateless). We suggest carrying out 
Duplicate Address Detection (DAD) parallel with AAA and CAC procedures, so the 
handover process can be completed more rapidly. 

2.5   Mobility Support Based on IP Anycast Addresses 

The use of anycast addresses is not prevalent; however the use of such addresses 
inside a micromobility area can overcome the problem of frequent address changes. 
Currently we are developing a test bed to implement the details of a mobility 
supporting method based on anycast address utilisation. 

2.6   The Application of IP QoS Mechanisms in Mobile Wireless Environment 

The current trends and future visions of next generation infocom networks are all 
common in employing IP in the wireless access and in the backbone too, so the QoS 
provisioning techniques of wired IP networks have to be extended to mobile scenarios 
also. We compare different IP QoS techniques (eg. DiffServ and IntServ) from the 
viewpoint of mobile wireless environment [5]. 

2.7   Binding Cache Size and Lifetime Optimisation 

Every mobile device in IPv6 can always be addressed with its home address. When 
the mobile device is not attached to its home network, it obtains a temporary IP 
address – a care-of address – from the foreign network it is currently attached to. In 
order to be able to receive packages in this case the mobile always informs its home 
agent – a router in its home subnetwork – about its current care-of address. 
Correspondent nodes can send packages directly to the care-of address if they know 
it, otherwise they send them to the home address and the home agent forwards them 
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to the mobile. The association between the home address and the care-of address is 
called binding. In IPv6 networks, every node contains a so-called Binding Cache to 
store binding information about mobile devices.  

With the limited capability of mobiles and network overhead caused by triangle 
routing the optimisation of the binding cache’s size and the binding entries’ lifetimes 
is very important. Our simulation demonstrates this issue in different network 
scenarios. We investigate different statistics like end-to-end delay time, rate of 
packets sent via triangle routing, rate of packet loss, handover frequency, etc. 

We used our simulator to examine the Binding management methods of IPv6, 
which aim at optimising the network for less triangle routing (packets sent across 
Home Agent). First we examined the effect of the Binding Cache’s size on the rate of 
triangled packets, then the effect of the binding entries’ lifetimes on the rate of 
triangled packets. We traced only the data request and spontaneously sent packets, 
because these are the only packets in our network to cause triangling [6]. 

2.8   DSP Implementation of Independent Component Analysis Algorithm of 
Noisy Underdetermined Systems 

In wireless networks due to the parallel communication the interference load is heavy. 
Therefore the received signal streams could become not understandable for the 
receiver, which makes the interference filtering or cancelling very important. This 
task is much more difficult than for example the noise filtering because the 
parameters of interfering signals are equal or nearly equal. Because of the problem of 
data collision a question may arise: is it possible to offer a method, which is able to 
retrieve useful information form the data packages suffering from interference, and 
able to choose the required data stream from the received signal. In this situation it is 
conceivable that in case of two or more workstations transmit signals to the same 
receiver at the same time, the receiver could interpret all of the datastreams or a 
fraction of these at least. Should the new method be blind, none or minimal a-priori 
information about the source signals is necessary, it will be further advance. A 
method that only needs to fulfill the former requirements are independent component 
analysis (ICA) [10] and one of its important applications the blind source separation 
(BSS). 

2.9   Dynamic Subchannel Allocation in OFDM Systems 

The Orthogonal Frequency DivisionMultiplexing (OFDM) is a multicarrier 
modulation technique (MCM) which is the principle of transmitting data by dividing 
the stream into several parallel bit streams, each of which has a much lower bit rate, 
and by using these substreams to modulate several carriers. One subcarrier is used 
only by one user at pure OFDM systems so the subchannels are shared between the 
subscribers. The dynamic allocation provides facilities that the base station reserves 
the best subchannels to the users at downlink transmission. This method is based on 
observation of the channel characteristics, the number of bits to be transmitted and the 
transmission power in each subcarrier. In a TDD system the base station (BS) can 
estimate the instantaneous channel characteristics of all downlinks based on the 
beforehand uplink transmission. 
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3   Project Outputs 

New, internationally published efficient algorithms and methods for the above listed 
problems are the scientific output of the project (see reference list below and 
www.mcl.hu). 

The most important practical output of SONG is the complete IP mobility 
simulator program suite. Our goal was to create a flexible simulator for optimising 
and developing new IP mobility solutions. The simulator is capable of studying 
various kinds of IP mobility problems and proposals and can be used to study realistic 
IP implementation plans, to study the performance of versatile IP mobility 
management proposals and for academic purposes. Most of our already published 
results are achieved with the help of this simulator. 

The simulations were created using the OMNeT++ simulation environment [7]. 
OMNeT++ (Objective Modular Network Testbed in C++) is an object-oriented, 
modular, discrete event simulator. It can be used for various simulation purposes such 
as modelling the behaviour of communication protocols, computer networks, 
distributed systems, etc. It is an open-source tool and can be paralleled with other 
open-source tools like Parsec, NS, Ptolemy, as well as with commercial products like 
OPNET or COMNET III.  

An OMNeT++ model consists of hierarchically nested modules, with an arbitrary 
depth of nesting level. This allows simulating entities in various resolutions, for 
instance, simulating a network that consists of nodes, where each node contains 
layers, each layer has processes, etc. Entities of the simulation are referred to as 
modules. A module can be either compound or simple. A compound module is a 
larger building block since it can contain several other modules, which can be 
compound and simple as well. Simple modules implement the actual functionality of 
an entity. The user programs the actual algorithm in C++. All features of the object-
oriented concept can be utilized, like polymorphism, inheritance, etc. Component 
libraries containing reusable modules are also available. 

Modules are interconnected with parametric connections. They communicate with 
each other by sending messages, either through a path defined by their connections or 
directly. A module can also send a message directly to itself - this functionality is 
used to implement timers. Messages can carry arbitrary complex data structures. 

The topology of the simulated network is described in a simple textual file with 
the help of the NED (Network Description) language. NED files can be created in 
various ways: edited by the user, generated with drag-and-drop method using the 
graphical GNED tool of OMNeT++, or generated with a text-processing tool like perl 
or awk; or with a combination of the above. The created topology can be changed 
even during the simulation by way of dynamic module and connection creation. 

We have also developed a user friendly Graphical User Interface (GUI) connected 
to the IP mobility Simulator. In the beginning, the handling of the simulator was 
difficult, like setting parameters was not easy, because the values could only be 
modified in the source NED and C++ code, and, of course, it assumed the knowledge 
of both languages.  

The main requirements for the GUI were as follows. To enable users to make test 
scenarios easily, components (base station, mobile station) and walls should be placed 
in a planning field and should restrict movements of the mobile stations. Furthermore, 
users should be able to assign arbitrarily routers to base stations and make any kind of 



212         S. Imre et al. 

 

router network topology. We developed the GUI in JAVA 2 because this language 
supports well the development of graphical user interfaces (with java.awt pack), it is 
quite robust and platform free. 

The simulator is also used for education purposes at BUTE.  
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