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1 INTRODUCTION  

1.1 Scope of the document 

This Deliverable D3.2f describes the final stage of the development of the monitoring and adaptation 

modules of the MCMS (Multimedia Content Management System) which are  

¶ MSMM (Multimedia Service Monitoring Module) 

¶ MSAM (Multimedia Service Adaptation Module) 

¶ TNMM (Transport Network Monitoring Module) 

¶ TNAM (Transport Network Adaptation Module) 

¶ ANMM (Access Network Monitoring Module) 

¶ ANAM (Access Network Adaptation Module) 

At the end of the 2
nd

 project year, these modules have been developed in the ADAMANT IUM project 

and are subject to validation tests and demonstrations.  

  

1.2 Structure of the document 

This Deliverable D3.2f includes six sections.  

In this section 1 an overview of this document is given together with a description of the way the 

modules described in this deliverable interact in the central part of the ADAMANTIUM system, the 

MCMS. 

Section 2 describes the development aspects of the MSMM and MSAM. 

It includes a sub-section on the MSMM and MSAM functionalities corresponding to the IPTV Soft  

and VoIP Terminals in which the IPTV soft terminal interacts with the Media Server Resource 

Function (MSRF). The information provided by the IPTV Soft Terminal enable the MSRF to control 

the parameters per service at the play-out server.  

Another sub-section addresses the development of the MSMM-related functionalities in the IPTV Test 

Terminal. 

Section 3 and 4 describe the development aspects of the equivalent modules in the core transport 

network (TNMM, TNAM)  and the UMTS access network (ANMM, ANAM) . 

The respective monitoring and adaptation modules for VoIP terminals are described in Deliverable 

D3.3f. 

In section 5 a glossary with the used abbreviations can be found. 
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1.3 Multimedia Content Management System (MCMS) 

framework 

The following description is an up-dated version of the respective section in the intermediate 

deliverable D3.2i. 

 

The MCMS is designed to perform dynamic and content dependent cross layer adaptation techniques 

across the multimedia network delivery chain. 

 

 

Figure 1-1 ADAMANTIUM Multimedia Conten t Management System 

 

The MCMS is the central entity of the proposed ADAMANTIUM IMS architecture. It will be fully 

IMS compliant. Figure 1-1 depicts the overall architecture of the proposed MCMS within the IMS-

native components, the signalling links and interactions. 

 

For monitoring purposes the following modules are considered: 

- Multimedia Service Monitoring Module (MSMM) 

The MSMM performs monitoring of the service session through the P-CSCF and S-

CSCF modules of the IMS. It also monitors the PQoS and CNR (or other QoS 

parameters) at the end-user mobile terminal device and in addition at the service 

generation site the content dynamics and the encoding parameters. 

- Transport Network Monitoring Module (TNMM) 

The TNMM module is used during the dynamic cross layer adaptation procedure for 

monitoring at the DiffServ/MPLS core transport network. Towards this, the 

appropriate External Marking Modules (EMM) interface will be developed and 
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integrated at the egress edge router of the core transport network for enabling 

interaction and communication with the TNMM of the MCMS. 

- Access Network Monitoring Module (ANMM) 

The ANMM module monitors the UMTS access network statistics.  

 

For adaptation purposes, the following modules are implemented through which the optimal 

adaptation actions for PQoS optimization are applied: 

- Multimedia Service Adaptation Module (MSAM) 

The MSAM performs adaptation actions at the end-user terminal device and at the 

service generation entity (i.e. the MSRF for IPTV services or the end-user terminal for 

VoIP applications). 

- Transport Network Adaptation Module (TNAM) 

The TNAM applies the adaptation actions to the DiffServ/MPLS-enabled core 

transport network through the Internal Marking Module (IMM) at the ingress router of 

the core network. 

- Access Network Adaptation Module (ANAM) 

The ANAM applies the adaptation actions as decided by the AEM of the MCMS, to 

the UMTS access network through the IMS PDF module. The PDF in turn applies 

them at the GGSN by performing service bearer classification in order to improve its 

QoS characteristics and therefore enhance the delivered PQoS level. 

 

The AEM is designed to take QoS control decisions based on a set of rules taking into account 

multiple and interrelated PQoS theoretical models. 

Towards this, the communication and interaction of the AEM with the rest of the monitoring and 

adaptation modules of the MCMS is to a large extent based on present IMS protocols (e.g. SIP/SDP), 

in order to maintain compatibility with the NGN IMS infrastructure. 

The MCMS does not have direct access to the core network traffic mechanisms and its routers in order 

to apply the relative adaptation command per hop. On the contrary, the traffic marking and adaptation 

is performed only at the entry point of the core transport network which means that since the core 

transport network is DiffServ/MPLS enabled, its management mechanisms recognise the marked 

packets and classifies them accordingly. Similarly, the collection of the NQoS statistics through the 

EMM is performed indirectly by monitoring the traffic at the exit point of the network. 
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2 DEVELOPMENT ASPECTS OF MSMM AND MSAM 

RELATED TO IPTV  

 

2.1 The Multimedia Service Monitoring Module (MSMM)  

The MSMM performs monitoring of the service session through the P-CSCF and S-CSCF modules of 

the IMS. This is the only module of the MCMS that is activated when a service is requested; whilst all 

the rest remain in idle state until the active adaptation procedure starts. Then, the MSMM, except from 

simply informing the MCMS for the liability of the service, monitors the PQoS and other QoS 

parameters at the end-user terminals, while at the service generation site, the content dynamics and the 

encoding parameters are also monitored through the TAM of the IPTV Soft terminal.  

 

Concerning VoIP service, the TAM at the VoIP terminal side is responsible for monitoring PQoS 

values, sending session parameters, red and warning alarms to the MCMS via the MSMM.  It sends 

session parameters to the MSMM at the start of a session (INITSESSION) in XML format which are 

received by the MSMM SIP agent. At the end of the session it sends to MSMM the end of session 

parameters (ENDSESSION). When a session is ongoing and PQoS values drops to a predetermined 

threshold warning alarms are generated, subsequently if the PQoS continues to drop the TAM will 

send red alarm to MSMM for adaptation logic decision at the AEM. 

 

Concerning IPTV service, the MCMS requests the monitoring data related to the IPTV components, in 

order to use them as input for session adaptation decisions taking.  To achieve this, it uses the MSMM, 

that requests monitoring data from the MSRF, the IPTV Soft terminal and the IPTV Test terminal at 

the end-user site through the TAM. The MSRF returns the current video streaming properties such as 

the video bitrate and the video framerate. The test terminal is responsible for monitoring the PQoS 

value for the video the user is watching.  

 

Before any session monitoring process, the MCMS should be aware of session instantiation on its 

successful initiation between the terminal and the MSRF. In the similar way, the MCMS should also 

be aware of the session teardown (ending).  Finally, during the session streaming process, the 

monitoring operations are triggered at the MCMS on the reception of the ñwarning/ alarmò message 

coming from the TAM. The related communication between the MCMS, TAM and the MSRF are 

ensured through the MSMM module. 

This section presents the architecture, operations and implementation issues of the MSMM module.  

2.1.1 MSMM Architecture    

The MSMM is an interface between the MSRF in the case of IPTV services, the TAM in the case of 

both IPTV and VoIP services and the MCMS. On session initiation/alarm/teardown, the MSMM 

receives the corresponding information/command from the TAM, adapts (formats) and forwards it to 

the AEM. To take an adaptation decision, the AEM sends monitoring requests to the MSMM, which 
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adapts and forwards them to the MSRF in the case of IPTV services and the TAM in the case of IPTV 

test terminal  and VoIP terminals). The MSRF in the case of IPTV services and the TAM  in the case 

of both IPTV and VoIP services reply with monitoring data. The MSMM formats this data so that the 

AEM can understand it, and then forwards the data to the AEM. More specially, this last operation 

means that monitored data values are extracted from the received SDP via SIP messaging and 

encapsulated to the inter-process messaging used by the AEM (c.f., D3.1) for communication with 

interface modules. 

The MSMM communicates with (1) the MSRF in the case of IPTV service by exchanging SIP 

messages, and (2)  the TAM of the IPTV soft terminal (phone), the TAM of the IPTV Test terminal 

and the TAMs for for both VoIP soft phone and mobile handset. IPTV test terminal uses a direct 

Socket Communication through its Alarm Filter to process the information exchange with the MSMM 

while the rest use SIP messages. Please note that more details about the communication between the 

MSMM and the MSRF is described in D5.1, while more description of the communication between 

the MSMM and the TAMs for both IPTV and VoIP services can be found in D5.2. On the other side, 

it communicates with the AEM using inter-process communication (IPC) queuing messages. Thus, the 

MSMM is essentially composed of: 

¶ An internal (wrt to MCMS) communication agent, namely the InterProcess Communications  

Agent (IPC Agent) for request/response messages forwarding to/from the AEM. The IPC 

Agent allows creating and/or opening a Linux based messaging queue for data exchanging 

with the AEM as introduced above. It also provides means for IPC message encapsulation 

(e.g., through a message format class) and for listening (by a listener) the queue in order to be 

aware of incoming messages from the AEM. 

¶ External (wrt to MCMS) communication agents, which are the SIP Agent and the Socket 

Communication, for request/response messages forwarding to/from the MSRF and the TAMs. 

For instance, the MSRF and the TAM can communicate with the MSMM using the SIP 

protocol. In this case, the SIP Agent listens for incoming requests and forwards them for 

further handling. The SIP Agent is also used for sending responses to the MSRF and the 

TAMs. More details about the SIP Agent can be found in D3.3.  

¶ Message Adaptor, for request/response messages adaptation (formatting) between the above 

mentioned interfaces. Indeed, the incoming AEM requests are retrieved from the listener of 

IPC Agent and are translated to SDP messages before sending via the SIP protocol. In other 

side, SDP messages are retrieved from the SIP Agent and translated to IPC messages before 

sending to the AEM via the queue. 

The Figure 2-1 depicts the architecture of the MSMM and its relations with the AEM, the MSRF and 

the TAMs. 
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Figure 2-1  Architecture of the MSMM and it s relations with the AEM the MSRF and 

the TAM s 

The Terminal Adaptation Module (TAM) in the IPTV Test terminal is only carrying out monitoring 

tasks. The actual adaptation that can be introduced by the MSRF, e.g. frame rate adaptation, bit rate 

adaptation, etc. is processed by the video decoder of the IPTV Test terminal automatically. TAM in 

the VoIP terminals is doing both monitoring and adaptation function, for which the detailed 

development and integration can be found in D3.3f and D5.2, respectively. 

2.1.2 MSMM operations 

This section describes the role of the MSMM in session monitoring operations identified in 

ADAMANTIUM.  We distinguish four monitoring and related operations carried out by the MSMM 

for IPTV and VoIP services as depicted in Figure 2-2 and Figure 2-3, rescpectively : 

1. The session Initiation command forwarding, when the SIP Agent receives (through the CSCF) in 

SDP or SIP messages the session initiation at MCMS command with the session parameters to be 

extracted, formatted and forwarded to the AEM by the Message Adaptor via the IPC Agent; 

2. The Session Monitoring triggering and enforcement command forwarding, when the SIP Agent 

receives the warning alarm to be delivered to the AEM by the Message Adaptor via the IPC 

Agent. The AEM, via the IPC Agent, requests for the monitoring data at the MSRF in the case of 

IPTV service and the TAM in the case of both IPTV and VoIP services. These requests are 

encapsulated in SDP/SIP message/Socket Communication messages and sent to the MSRF in the 

case of IPTV service and the TAM in the case of both IPTV and VoIP services via the SIP 

Agent/Socket Communication; 

3. The Session Adaptation triggering command forwarding, when the SIP Agent receives the red 
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alarm to be delivered to the AEM by the Message Adaptor via the IPC Agent; 

4. The session Teardown at the MCMS, when the SIP Agent receives in SDP or SIP message the 

session termination at MCMS command with the session id to be extracted formatted and 

forwarded to the AEM by the Message Adaptor via the IPC Agent. 

 

 

Figure 2-2 MSMM operations with SIP communication in IPTV services 
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Figure 2-3 MSMM operations with SIP communication in VoIP services 
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The communication between the IPTV Test terminal and the AEM through the MSMM is shown in 

the Message Sequence Chart (MSC) in Figure 2-4. The IPTV Test terminal comprises a notebook (on 

which e.g. the Alarm Filter is resident) and a protocol analyser that provides a set of QoS parameters. 

MCMSAlarm Filter TAM

IPTV Test terminal

MSMM AEM

SIP Agent/

Socket

communication

Message

Adaptor IPC Agent

Session Initiation

End Session

Polling request

Polling response

Polling request

Polling response

Warning Warning_Request

Warning_Request(parameter)

Warning_Request(IPC message)

Montoring_Request(IPC message)

Monitoring_Request(parameter)

Monitoring_Request
Monitoring_Request

Polling request

Polling response

Polling request

Polling response
Monitoring_Response

Monitoring_Response

Monitoring_Response(parameter)

Monitoring_Response(IPC message)

Polling continued

Polling and Monitoring continued

Alarm Alarm_Request

Alarm_Request(parameter)

Alarm_Request(IPC message)

Adaptation_Request

Adaptation_Response

Alarm_Warning_cancel

Alarm_Warning_cancelRequest

Alarm_Warning_cancelRequest(parameter)

Alarm_Warning_cancelRequest(IPC message)

Polling request

Polling response

Polling request

Polling response

Polling request

Polling response

Polling request

Polling response

Polling continued

Alarm_Cancellation

 

Figure 2-4 MSC for Warning/ Alarm me ssages and the related monitoring requests and 

responses 
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Immediately after the initiation of the session, the Alarm Filter of the IPTV Test terminal starts polling 

the Test terminal's protocol analyser for QoS parameters. The parameters can be determined through 

the configuration of the Alarm Filter. Combinations of parameters are also possible. More details on 

the Alarm Filter implementation are described in deliverable D.3.3f. 

The Polling request is issued once per second and the associated Polling response provides the 

information on the selected parameters with the same periodicity. 

In case that one of the pre-defined thresholds is violated, the Alarm filter sends a Warning message per 

Socket communication directly to the external interface of the MSMM. The MSMM forwards this 

Warning message to the AEM which typically reacts with a Monitoring_Request to the MSMM which 

is then sent to the IPTV Test terminal. 

The parameter values received by the Alarm Filter as a Pooling response from the IPTV Test terminal 

are then periodically sent to the AEM via the MSMM. This process continues until terminated, either 

by termination of the session, by the cancellation of the Warning or by an ALARM message. 

If the Alarm Filter registers a violation of the second threshold (i.e. the Alarm threshold) for one of the 

parameters, it sends the Alarm_Request to the MSMM which forwards it to the AEM. The AEM takes 

immediate action based on the monitoring data it has received by then from the TAM of the IPTV Test 

terminal, the TNMM and the ANMM.  

The IPTV Test terminal continues monitoring regularly the QoS parameters and sends the Polling 

response to the Alarm Filter. As soon as the Alarm Filter registers that the faulty parameter is back 

into the permissible range, it sends a Alarm_Warning_cancel information to the MSMM. The AEM 

which receives this information from the MSMM, can then terminate further adaptation steps since the 

terminal receives the service with the expected quality. 

The Polling of the QoS parameters by the Alarm Filter continues through all these phases. It is stopped 

when the session  ends. 

2.1.3 MSMM  Implementation 

2.1.3.1 Implementation Tools 

The implementation of the MSMM was done under the written in Python 2.6 and Twisted 8.2.0 

framework. The Netbeans Version 6.7 and 6.8 platforms were used to provide programming 

environment under Linux Ubuntu 9.04. The implementation for the SIP UA part was based on the 

modified DivMod Sine 0.2.0. The choice of these tools is discussed in D3.3. Figure 2-3 depicts the 

outline of ADAMANTIUM MCMS Modules application project consisting of the common (with the 

MSAM) packages (ipcagent, adaptor, sipagent and sdp) and the MSMM packages. Note that the 

sipagent and sdp packages are described in the D3.3, so here we focus only on the ipcagent and 

adaptor packages. The MSMM packages are presented more in detail in Figure 2-4. 

¶ ipcagent:  The ipcagent package includes the Liniux IPC messaging queue encapsulation 

module (queue), the message format class module (message) and the queue messages listener 
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base class module (listener). These modules are for IPC queue creating/opening and retrieving 

requests from the AEM. These modules then encapsulate the Queue, Message and the base 

Listener classes. 

¶ adaptor: This package provides the adaptor module that includes the base class of the 

message adaption class (Adaptor), which is for message translation between IPC and SDP. 

 

Figure 2-5   MCMS modules packages (common package details) 

 

¶ msmm:  The ipcagent package includes the MSMM related queue messages listener module 

(listener) and adaptor module. Theses modules extend the corresponding one provided in the 
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common package in order to handle the MSMM specifics requests, e.g., (1) the messages 

retrieving from the AEM, and (2) SIP and AEM messages translation between SDP and IPC. 

This package also includes the the msmm module that encapsulates the MSMMMain class 

respectively for the launching of the MSMM application. 

 

Figure 2-6   MSMM packages details. 

2.1.3.2 Installation, setup and running 

The installation and running of the MSMM is done one in Linux Ubuntu environment and is detailed 

in the related readme file. Here we provide a short walkthrough and a picture of MSMM with SIP 

settings.  

1. Install the application using the provided readme file; 

2. Be sure sure that the AEM is running; 

3. Configure the SIP settings if necessary using the SIP-> óSIP Preferencesô menu; 

4. Register the application at IMS using the  SIP->Register menu (when applicable); 

5. MSMM is ready for IPTV soft phone (TAM) requests. 

 

The Figure 2-7 shows the application and the SIP menu windows of the MSMM module.  
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Figure 2-7   MSMM application and SIP menu windows 

2.1.3.3 Achievements 

In this section we present achievements of the MSMM implementation. 

According to aforementioned operations, we implemented the SIP Agent, the Message Adaptor and 

the IPC Agent of the MSMM. The implementation status of the related elementary procedures is: 

- The IMS-compliant Session initiation forwarding procedure: implemented.  

- The RTSP compliant monitoring forwarding procedure: implemented. 

- The IMS-compliant adaptation forwarding monitoring procedure: implemented. 

- The IMS-compliant teardown forwarding procedure: implemented.  
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The following Table 1 summarises the actual MSMM progress status. 

Component Implementation status Requirements 

SIP Agent implemented    Linux, Python, Twisted 

Message Adaptor implemented    Linux, Python, Twisted 

IPC Agent implemented    Linux, Python, Twisted, Gcc 

Table 1: MSMM  progress status 

 

MSMM VoIP SIP agent In the case of VoIP service, the MSMM SIP agent was developed using 

liboSip2and libexoSip2 SIP libraries within the trim lined UCT IMS Client. It was developed under C 

language compiled in GNU/Linux operating system. The major functions used from eXosip library are 

eXosip_init, eXosip_listen_addr, eXosip_register_send_register, and eXosip_event_wait for 

initilizing, listen to port, IMS registration and waiting for SIP messages events, respectively.  

The agent is compiled by running the make files in the designated SIP agent folder, the compilation 

will be successfully only if the following libraries are installed in the GNU/LINUX libosip2, libosip2-

dev, libexosip2,  libexosip2-dev, libgtk2-0, libgtk2.0-dev, libxml2, libxml2-dev, libcurl3, libcurl3-dev. 

 

The generate binary msmm-sip-agent is used to run the program, the sip agent will first register itself 

to the IMS when its executed  waiting for SIP events from the VOIP TAM. 

 The SIP agent receives the INITSESSION and ENDSESSION parameters from the TAM,  its output 

is exemplified in  a-b.  
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(a)        (b) 

Figure 2-8 INITSESSION and ENDSESSION Parameters 

The  warning and red alarms are depicted in Figure 2-9 a-b. 

 

 

 

 

 

 

(a)                     (b) 

Figure 2-9 Warning and red alarms at MSMM 
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2.2 The Multimedia Service Adaptation Module (MSAM)  

In the case of IPTV service the MCMS requests the session parameters adaptation at the MSRF 

through the MSAM in order to ensure the better possible QoE of the end users.  In the case of VoIP 

service, the MSAM sends adaptation actions to the TAM. This section presents the architecture, 

operations and implementation issues of the MSAM module.  

2.2.1 MSAM Architecture    

The MSAM is an interface between the MSRF in the case of IPTV service , TAM for VoIP service 

and the MCMS. On session red alarm the MSAM receives the adaptation commands from the AEM, 

formats and forwards them to the MSRF in the case of IPTV service and  to the TAM in the case of 

VoIP service. 

 The MSAM communicates with (1) the MSRF in the case of IPTV service and TAM in the case of o 

VoIP service by exchanging SIP messages and (2) the AEM using the IPC mechanism. Thus, similarly 

to the MSMM section, the MSAM is essentially composed of (1) an IPC Agent for request/response 

messages forwarding to/from the AEM, (2) a SIP Agent, for request/response messages forwarding 

to/from the MSRF in the case of IPTV service and TAM in the case of VOIP service, and (3) Message 

Adaptor, for request/response messages adaptation (formatting) between the above mentioned 

interfaces. 

The Figure 2-10  depicts the architecture of the MSAM and its relations with the AEM and the MSRF 

in the case of IPV service and TAM in the case of VoIP service. 

 

 

 

Figure 2-10 Architecture of the MSAM and its relations with the AEM,  the MSRF and TAM in 

VoIP terminals 
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2.2.2 MSAM operations 

The role of the MSAM in session adaptation operation identified in ADAMANTIUM  is to forward the 

adaptation enforcement commands, when the AEM sends them to the IPC Agent. Then, these requests 

are encapsulated in SDP/SIP messages and sent to the MSRF in the case of IPTV service and TAM in 

the case of VoIP service via the SIP Agent. The adaptation forwarding operation scenario is presented 

in Figure 2-12 and Figure 2-11 for VoIP and IPTV services, respectively. 

 

 

Figure 2-11 MSAM operations with SIP communication  for IPTV services 

 

 

Figure 2-12 MSAM operations with SIP communication for VoIP services 

 
































