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1 INTRODUCTION  

1.1 Purpose 

The main purpose of D5.1 is to describe the integration activities that have been performed within the 

framework of Task 5.1 by integrating all the systems, components, hardware and software modules 

that are necessary to build the projectôs small but fully operational platform. Towards building 

ADAMANTIUM pilot, partner VODAFONE has provided the necessary UMTS access for field trials, 

on which a fully operational small scale IMS has been integrated. In this fully operational IMS/UMTS 

access network environment, Task 5.1 has setup and install the external monitoring and adaptation 

modules/interfaces of the MCMS unit (e.g. IMM, EMM etc), a small scale but fully operational 

DiffServ/MPLS autonomous system, the UMTS/IMS pilot platform along with the developed MSRF 

unit.  

More specifically, the following integration activities and objectives are included in this deliverable: 

¶ Integration of the MCMS (especially focusing on the external interfaces) 

¶ Integration of all the prototype modules into the ADAMANTIUM pilot. More specifically: 

o Integration of the TAM at the end-user mobile terminals 

o Integration of the EMM and IMM at the edges of the DiffServ/MPLS core transport 

network 

o Integration of the UMTS IMM at the IMS/PDF and the UMTS EMM at the performance 

management system of the UMTS access network 

o Integration of the MMIF at the MSRF  

¶ Integration of the MSRF into the ADAMANTIUM pilot platform 

¶ Integration of the IMS infrastructure over the UMTS access network 

 

1.2 Audience 

This deliverable targets two different group of people: From the one hand the deliverable scope is to 

provide technical information on the installation and integration guidelines that must be followed by 

technical teams that are interested to build and ADAMANTIUM platform. On the other hand, the 

deliverables also aims at providing to the research community useful information on the added-value 

that ADAMANTIUM project offers on the IMS, by building an enhanced PQoS-aware IMS 

infrastructure. 

1.3 Scope of the document 

The scope of the document is to present the integration activities of ADAMANTIUM project that have 

been performed within Task 5.1 during M10 and M21 of the project lifetime.  

1.4 Structure of the document 

For consistency purposes the outline of his deliverables is the following: 

Chapter 1: Introduction.  The first chapter gives the key objectives and main items of this document. 

Chapter 2: The ADAMANTIUM prototype IMS. The second chapter describes the technical and 

hardware specifications of the ADAMANTIUM prototype IMS platform, on which the rest modules 

and interfaces have been integrated to. 

Chapter 3: Integration of the prototype modules on the ADAMANTIUM pilot . The third chapter 

presents the ADAMANTIUM integration activities concerning the prototypes modules of the 

distribution nodes and terminals. 

Chapter 4: Integration of the MSRF on the ADAMANTIUM pilot . The fourth chapter describes 

the integration of the MSRF into the IMS prototype of ADAMANTIUM, focusing especially on the 
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compatibility of it with the IMS framework. A limited description is provided, given that a detailed 

integration report for MSRF will be provided in D5.2. 

Chapter 5: Integration of the IMS over the UMTS access network. The fifth chapter gives an 

overview of the integration activities of IMS with the UMTS access network. 

Chapter 6: The integration of the MCMS. The sixth chapter describes the integration of the MCMS, 

focusing more on its external interfaces. 

Chapter 7: Conclusions. The seventh chapter includes the conclusions of the document. 
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2 A BRIEF OVERVIEW OF THE ADAMANTIUM IMS 

SMALL SCALE PROTOTYP E  

2.1 The Overall ADAMANTIUM Small -scale Prototype 

 

ADAMANTIUM small scale prototype has been built is Athens, Greece at N.C.S.R Demokritos 

premises. Towards this, the appropriate professional computer rack has been purchased, in order to 

host all the appropriate hardware rack-mounted devices, on which the various ADAMANTIUM 

modules, systems and subsystems have been installed, integrated and configured.  

 

Figure 2-1 ADAMANTIUM small scale prototype platform at NCSR Demokritos premises 

 

In this framework, Figure 2-1 depicts the overall ADAMANTIUM small scale prototype platform, 

which consists of 10 rack-mounted computers and a rack-mounted CISCO Catalyst 3550 switch that 

has taken the responsibility of interconnecting the aforementioned computers, forming by this way the 

media delivery chain that is proposed by ADAMANTIUM project. 
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From the overall number of the rack mounded computers, the following allocation has been performed 

to the nodes of ADAMANTIUM architecture: 

 

Number of Rack-mounted Computers ADAMANTIUM Node  

001 IMS Gateway 

002 IMS (HSS) 

003 IMS (P-CSCF) 

004 IMS (I-CSCF) 

005 IMS (S-CSCF) 

006 Transport Network (Ingress Router - IMM)  

007 Transport Network (Core Router) 

008 Transport Network (Egress Router - EMM) 

009 Access Network (PCRF-PCEF) 

010 Media Server (MSRF) 

Table 2-1 Correspondence between rack-mounted computers and ADAMANTIUM nodes 

Moreover, the ADAMANTIUM prototype consists of the following IPTV equipment: 

IPTV Equipment Role in the project 

Streaming server Signal source for IPTV video/ audio 

UMTS protocol analyser/ base station emulator 

(Type CMU200) 

Represents the UMTS access network 

Notebook with UMTS modem card Frontend of the test terminal 

IP/ TS protocol analyser (Type DVM400) Backend of the test terminal 

Table 2-2 IPTV  Equipment for ADAMANTIUM prototype  

The streaming server plays out a complete Transport Stream. This TS contains video, audio and PSI 

(Program Specific Information) i.e. the tables required for the further processing of the information in 

the Transport Stream. The complete TS is encapsulated in IP/ UDP/ RTP. 

The CMU200, although originally designed as a protocol analyser for WCDMA signals and other 3G 

standards, can also emulate a UMTS base station for the connection of one terminal. This feature is 

used for the needs of ADAMANTIUM project. 

The user terminal is equipped with a UMTS modem card and the DVM400 together form the 

ADAMANTIUM IPTV test terminal for evaluation purposes. The modem card connects through the 

base station emulator to the streaming server and receives the data stream. It maintains a normal 

UMTS connection and provides all the feedback for the base station as long as the UMTS connection 

is active. On the user terminal, an application forwards the data stream to the IP/ TS protocol analyser. 

The protocol analyser receives the IP data stream from the user terminal and analyses a set of protocol 

parameters at IP level as well as on the de-capsulated Transport Stream. It also carries out the 

measurements of the video quality related parameters. 
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Finally, the following user terminal phones are considered for VoIP demonstration and evaluation 

purposes of the ADAMANTIUM project added value. 

 

User Terminals Phones Role in the project 

G1 Mobile phone VoIP calls 

PQoS-aware IMS-Communicator soft phone VoIP calls 

Table 2-3 User Terminal Phones for VoIP calls 

 

G1 Mobile phone is used as an IMS compatible user terminal through UMTS access network. It can 

decode and encode AMR-NB, H263, G711 and H264 codecs. Through its open source SDK, it has 

been possible to port RTP and SIP stack in order to carryout ADAMANTIUM VoIP monitoring and 

adaptation. 

An enhanced PQoS-aware version of IMS-Communicator developed by ADAMANTIUM project is 

used as an IMS compatible soft phone. It supports major VoIP codecs such as G711, G723, GSM, 

G729 and H263. Based on JAVA, it is an open source, platform independent and has been ported with 

TAM in order to link up with ADAMANTIUM prototype. 

2.2 Overall Topology of ADAMANTIUM prototype  

The network topology of the ADAMANTIUM small scale prototype is depicted in the Figure 2-2 

below, where it is depicted the physical representation of the overall architecture, consisting of all the 

nodes that the ADAMANTIUM concept considers and the small scale prototype implements. 

 

Figure 2-2 The topology of the IMS ADAMANTIUM platform.  
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In the depicted picture, the IMSGW is actually implemented by a rack-mounted CISCO Catalyst 3550 

switch that has taken the responsibility of interconnecting the aforementioned computers. 

In the next sub sections, each part of the above topology is further analysed and presented. 

 

2.3 IMS 

ADAMANTIUM project small scale prototype has been built on the Open IMS Core infrastructure. 

The Open IMS Core is an Open Source implementation of IMS Call Session Control Functions 

(CSCFs) and Home Subscriber Server (HSS), which together form the core elements of all IMS/NGN 

architectures as specified today within 3GPP, 3GPP2, ETSI TISPAN and the PacketCable initiative. 

Therefore, Open IMS has been selected as the basis for the integration of all the ADAMANTIUM 

modules, systems and sub-systems, given that it satisfies all the functional and non-functional 

requirements of the IMS that is described in the ADAMANTIUM concept. 

The specific version of open IMS core that has been used for building the ADAMANTIUM prototype 

system is the release of September 2008. 

2.4 Operating Systems 

The Debian operating system has been chosen for the implementation of all the IMS systems and 

subsystems of ADAMANTIUM platform, due to its open source nature and its remarkable networking 

capabilities. The kernel version of the Debian GNU/Linux operating system that has been used for the 

small scale prototype is the 2.6.24-1-686. 

 

2.5 The Open IMS network 

The Open IMS Core is implemented within a 10.10.10.0/24 local network from a physical perspective.  

The Call Session Control Functions (CSCFs) and the Home Subscriber Server (HSS) are implemented 

within this network. 

The core IMS infrastructure necessary for the ADAMANTIUM overall architecture consists of four 

components, namely: HSS, I/P/S-CSCF. For consistency purposes we provide hereby a very brief 

summary of the role of each of the aforementioned IMS modules: 

¶ HSS (Home Subscriber Server) is the master user database that supports the IMS network 

entities that are actually exploited by the CSCF modules for handling the calls/sessions. The 

main data stored in HSS include the subscription related information (user profiles), 

registration information, access parameters and service-triggering information. More 

specifically, in ADAMANTIUM HSS contains IMS access parameters, which include 

parameters like user authentication and allocated S-CSCF names.  

¶ Call Session Control Functions (CSCF). The control layer of the IMS infrastructure consists 

of nodes for managing call establishment, management and release, which are called Call 

Session Control Functions (CSCF). The CSCF inspects each SIP/SDP message and 

determines if the signalling should traverse one or more application servers towards its final 

destination. More specifically, the CSCF is a distributed entity comprised of three different 

components, the Proxy CSCF, the Interrogating CSCF and the Serving CSCF, described 

below. 

¶ Proxy Call Session Control Function (P-CSCF) handles signalling between users and the 

IMS. P-CSCF acts as the entry point for any service invocation within IMS and grants 

appropriate access rights after successful user authentication. It validates the request, forwards 

it to selected destinations and processes and forwards the response. 

The P-CSCF is also the functional entity in charge of IMS session signalling and network QoS 

control, relaying session and media related info through Diameter protocol to the Policy and 
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Charging Rule Function (PCRF) when the operator wants to apply Policy and Charging 

Control (PCC). Based on the received information the PCRF is able to derive authorized 

NQoS information that will be passed to the PCEF within the GGSN.       

There can be one or more P-CSCFs within an operator's network, but in in ADAMANTIUM 

pilot only one is used. P-CSCF communicates with I-CSCF, S-CSCF and the user, so as to 

forward SIP requests and responses and add session related information. 

¶ Serving Call Session Control Function (S-CSCF) is located in the home network. It is 

responsible for key routing decisions as it receives all the User Equipment (UE)-originated 

and UE-terminated sessions and transactions. Therefore it is also responsible for handling 

registration processes, maintaining session states and storing the service profiles.  

During a session in ADAMANTIUM , S-CSCF maintains a session state and interacts with 

service platforms. There may be multiple S-CSCFs with (possibly) different functionalities 

within a network, but in ADAMANTIUM pilot is used only one. S-CSCF handles registration 

requests, gathers information about users and performs session control. 

¶ Interrogating Call Session Control Function (I-CSCF) acts as a topology-hiding gateway 

between the P-CSCF and the S-CSCF, by determining the S-CSCF or the AS (Application 

Server) to which an end-user should register. It has the role of a stateless proxy that, by using 

the indicated public identities of the caller or the called, queries the Home Subscriber Server 

(HSS) and based on responses routes the message to the correct S-CSCF. S-CSCF in 

ADAMANTIUM pilot implements the Cx interface 3GPP TS 29.228 of I-CSCF to the HSS. 

Therefore it supports the required Diameter commands to locate the user-assigned S-CSCF. 

Each one of the aforementioned IMS core modules have been physically implemented by a dedicated 

hardware-based system, which includes 4 standalone computers, namely number 002, 003, 004, 005 of 

Table 2-1. 

From a physical perspective, the connectivity between the computers, on which the IMS modules have 

been installed, is based on INTEL PRO Gigabit cards that support efficiently the communication 

demands of the platform.    

2.6 The Core Network 

The ADAMANTIUM core network is implemented as a 143.233.227.0/24 network and it contains a) 

the Ingress router/IMM which is responsible to forward all the incoming traffic and perform the 

adaptation decision taken by the MCMS module, b) the Core router which forwards the traffic from 

the Ingress to Egress Router, c) and the Egress router/EMM which receives the traffic and distributes 

it to the different access networks and also performs the overall Core network monitoring. The core 

network is also interconnected with the other networks via the IMS Gateway, which physically is 

implemented by a rack mounted Linux OS Server, featuring 4 virtual network interfaces, 4 GB RAM 

and plethora of routing  capabilities. Based on the aforementioned, technical specifications of the IMS 

Gateway, it can be guaranteed that it can satisfactorily handle the traffic load of ADAMANTIUM 

system, reassuring flawless functionality and operability.  

ADAMANTIUM core network architecture mixes the capabilities of Differential Services and 

Multiprotocol Label Switching technologies with final scope the best efficiency of a network which 

carrying video and greedy-bandwidth services. The configured system consists of four routers (Linux 

PC based, using kernel 2.6.9) of which two serve as ingress/egress LERôs and two are the LSR routers. 

2.7 The Access Network  

The Access Network of ADAMANTIUM small scale prototype consists of the actual access network 

of partner VODAFONE and the IMS PCRF module. ADAMANTIUM considers UMTS as the radio 

access technology for the mobile endpoint. Respectively, the PCRF has a double role: i) It is 

responsible for applying the appropriate UMTS policy on each session, based on the adaptation 

command that receives from the MCMS; ii) It acts as a gateway to the UMTS access network of 

partner VODAFONE, which is exploited for the demonstration and evaluation needs of 

ADAMANTIUM project. Physically, PCRF is implemented on a 10.10.14.0/24 network and upon a 
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user request, through the UMTS network, the requests are then routed to the Open IMS network via 

the IMS Gateway which interconnects the two networks.  

 

2.8 MCMS 

The MCMS (Multimedia Content Management System) is in charge of intervening in the media 

delivery process when PQoS degradation occurs at the end-user, by performing real time cross layer 

adaptation across the media delivery chain, aiming at enhancing and optimizing the delivered PQoS 

level of the degraded service session. From a physical perspective, the MSRF has been installed and 

properly configured on a discrete rack-mounted PC, featuring the appropriate hardware characteristics 

with adequate processing power. Its communication with the rest modules of the IMS and the network 

communication are performed again via gigabit Ethernet interfaces, which reassure a flawless 

communication. 

2.9 MSRF 

At the server side of the ADAMANTIUM overall architecture, the essential module is the MSRF 

(Multimedia Server and Resource Function). The MSRF has all the functionalities that can be found in 

an IMS-based MRF module and also includes the IMS Application Servers for IPTV. The MSRF, 

besides being a media server, provides mechanisms for bearer-related services such as bearer 

transcoding, through a controller and a processor, and these tasks are performed in compliance with 

the MCMS decisions. Its communication with the rest modules of the IMS and the network 

communication are performed again via gigabit Ethernet interfaces, which reassure a flawless 

communication. 
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3 INTEGRATION OF THE P ROTOTYPE MODULES INT O 

THE ADAMANTIUM PILOT  

3.1 Integration of the EMM and IMM at the edges of the 

DiffServ/MPLS core transport network 

 

ADAMANTIUM enhances the typical DiffServ/MPLS network architecture by integrating them with 

the MCMS/IMS adaptation procedures in order to further enhance the policy decision mechanisms by 

adding PQoS-awareness. Therefore, the core network of ADAMANTIUM project does not contain 

any advanced or specially configured for the project policy enforcer or monitoring system that should 

interact with IMS infrastructure directly. Therefore its integration within the IMS environment does 

not require special configuration activities and performed without any unexpected risk. 

The only point of interaction of the core network with the rest ADAMANTIUM architecture is the 

EMM/IMM modules with the respective external TNMM/TNAM interfaces of the MCMS. Therefore, 

concerning the core network, the integration effort was focused on the development of the appropriate 

interfaces between the IMM/EMM and the TNMM/TNAM in order to provide flawless and seamless 

communication. 

Following this explanatory part, the rest Section 3.1 describes exactly the procedure that was 

performed towards a successful integration of the IMM/EMM and the TNMM/TNAM. Detailed 

description on the functionality of the core modules, its features and characteristics is out of the scope 

of the specific document. Therefore, for more technical details on the functionality of the core network 

the reader is requested to read the D3.2F deliverable of WP3. 

The following Figure 3-1 describes the topology of the Core Network Monitoring and Adaptation 

system that has been implemented in ADAMANTIUM prototype platform. The ADAMANTIUM 

systemôs main modules that have been developed and integrated on the rest core network are the EMM 

(External Monitoring Module) and the IMM (Internal Marking Module). The EMM sends the 

monitored data to the MCMS, whereas the IMM translates the MCMS data to network-understandable 

QoS commands.  

 

Figure 3-1 The IMM and EMM interfaces with MCMS.  
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According to Figure 3-1, the Core Network consists of three routers (INGRESS, EGRESS and CORE) 

each of them has a monitoring module which performs monitoring and is further discussed and 

presented in deliverable D3.2F (grey area of Figure 3-1). For consistency purposes, it is only stated in 

this deliverable that the Monitoring module at EMM collects the monitored data from the all routers 

across the core network and then produces the final monitored data. Afterwards, EMM sends the total 

monitored data to the MCMS/TNMM.  For the communication needs between the MCMS, the IMM, 

the EMM and the distributed EMM sub-modules, sockets are exploited. 

The next flow diagram describes the interaction between the monitoring and adaptation modules of the 

core network and the ADAMANTIUM MCMS, which have been actually developed for the 

integration needs of the project. 

 

Figure 3-2 The IMM and EMM interfaces with MCMS.  

 

 

The green arrows, which are the topic of discussion of this section, represent the monitored data 

transfer process between the Egress Router and the MCMS. The blue one represents the adaptation 

action part which concerns the interaction between the Egress router and the MCMS. The rest of the 

arrows will be discussed in D3.2F. 

Concerning the integration signalling needs, between the MCMS and the IMM/EMM, network sockets 

have been used as the endpoint of the bidirectional inter-process communication flow across the 

ADAMANTIUM small scale prototype.  

More specifically, when the AEM decides that monitoring procedure should take place, the following 

steps take place: 

a. The AEM calls the TNMMôs function for data collection. 

b. The TNMM gets the data from the EMM 

The TNMM executes a script which starts the MCMS socket client. The MCMS socket 

client is executed only once (i.e. not in a loop) and stores the received data locally. 

Afterwards, TNMM reads the stored data and creates the related TNMonitoredData object 

which contains all the needed information. 
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c. The TNMM returns the data to the AEM through the functionôs result. 

Detailed description of the implementation that has been performed for steps a and c will be further 

discussed in D3.2F. 

In order to perform adaptation, concerning the integration signalling needs, the following actions take 

place: 

1. AEM (after decision according to the last version of the monitored data) communicates with 

the IMM. 

a. AEM calls the TNAM function to perform adaptation. 

b. TNAM communicates with the IMM. 

In this step the TNAM executes the shell script which starts the MCMS Socket Client. 

The MCMS Socket Client sends its content to the IMM through the appropriate 

socket. 

2. The CoreNetwork Adaptation Module performs adaptation. 

Detailed description of the implementation that has been performed for steps 1a and 2 will be further 

discussed in D3.2F. 

 

3.2 Integration of the the Access EMM  and Access IMM at the 

IMS/PCF  

At the access network, ADAMANTIUM project considers a UMTS access network, which is capable 

of applying UMTS classesô policy on the outgoing traffic and be totally controllable by the MCMS 

central management system. Therefore, in order to satisfy this requirement within an IMS 

environment, the PCRF entity has been specified in WP2 that it should be included as the main entity 

that will enforce that appropriate UMTS classification on the outgoing traffic flows. Respectively, for 

the needs of the monitoring purposes of ADAMANTIUM project, WP2 has specified the 

characteristics of the UMTS EMM, which will feed NQoS data the ANMM module of the MCMS, as 

a part of the whole cross layer adaptation procedure that ADAMANTIUM project proposes. 

Therefore, concerning the integration of the IMM/ PCRF and the EMM, the first one should be fully 

integrated within the IMS environment in order to be aware of the active sessions and the ANAM for 

receiving adaptation commands, while the second one must be interacted with the ANMM for 

providing monitoring information. 

Thus, this section focuses on the integration efforts of these two modules with the aforementioned 

MCMS and IMS modules, in order to get a fully IMS and PQoS-aware UMTS access network, which 

is compatible with ADAMANTIUM requirements. The rest technical details, concerning the 

development and functionality of each module, are referred to D3.2F. 

The following picture depicts the actual system on which the monitoring and adaptation modules of 

the Access network have been properly installed and configured. 

 

Figure 3-3 The IMM/ PCRF and Access EMM at the ADAMANTIUM prototype rack. 
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The following picture describes the topology of the Access Network Monitoring and Adaptation 

system. The main modules of this system are the PCF (located on the edge of the Core Network) and 

the MCMS. The PCF contains the PCRF, the ADAMANTIUM -Based PCEF (i.e. Access IMM) and 

the PCF Adaptation module. The PCEF collects the monitored data and sends them to the MCMS, 

whereas the PCF Adaptation Module receives the adaptation command from the MCMS and performs 

the adaptation actions.  

 

Figure 3-4 Access Network Monitoring and Adaptation system topology. 

 

The next flow diagram describes the interaction between the monitoring and adaptation modules and 

the ADAMANTIUM MCMS, providing a more detailed view on Figure 3-4. 

 

Figure 3-5 Access Network Monitoring and Adaptation flow diagram. 

 

The orange arrows represent actions that take place during the session initiation. The green arrows 

describe the interaction of the modules with the MCMS during the monitoring process, whereas the 

blue arrows represent the aforementioned interaction during the adaptation process. For the signalling 










































































