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1.  Introduction
This document reports on PROGRESS Project " Quality of Service of In-home digital networks" (EES.5653, see http://www.win.tue.nl/~skozlov/projects/qos ). The aim is to apply for the (already reserved) funding needed to continue the project for the scheduled four years. In addition it serves as the progress report for the project meeting in September / October.

The project is managed as one of the projects of the group “System Architecture and Networking”, http://www.win.tue.nl/san in close collaboration with Philips Research. The project is currently led by dr. Peter van der Stok, from both Philips Research and Eindhoven University, and dr. Johan Lukkien from Eindhoven University. Final responsibilities are with prof. dr. ir. Emile Aarts who is also first promotor of the AIOs.
The direct funding through PROGRESS (STW) concerns two PhD positions (AIOs). In additions, TU/e has invested another AIO position and Philips Research supports the project through the industrial context and through supervision.  

The structure of this document is as follows. We give a historic overview of the project including important dates and facts, and the situation with respect to personnel. Then we highlight the work done and the current status in terms of achievements and plans. Here we assume that the text of the original proposal is known. Finally, we give an overview of the output of the project. 

2. Historic overview
People

Workers on the project are

M.Sc. Sergei Kozlov

-  joined January 1, 2003

M.Sc. Alina Albu MTD
-  joined July 1, 2003

M.Sc. Dmitri Jarnikov MTD
-  joined October 1, 2003 (TU/e funded)
The project started relatively late, roughly 18 months after the funding had been granted. After that the project has progressed fluently.
Project management
All three PhD students participate in relevant research groups and projects inside Philips and TU/e. Within Philips, they are part of the OASIS cluster (led by dr. Peter van der Stok) that again is part of the IPA group within the S&S sector at Philips Research, Natlab. They visit the cluster meetings and are associated with a Philips project: Sergei is associated with the QOSIH project (Quality of Service for In-Home networks), Alina is associated with the MRM project (Multiple Resource Management) and Dmitri is associated with the KISS project. This embedding enables them to actively participate inside the cluster and get more affinity with the questions raised by the in-home digital networks. The work of the three students is targeted at medium-term results. From Philips, their work is regarded as relevant alternatives to the ongoing work that allows the project to better motivate their final technical decisions. Actually, their results are being spread outside Research to the Product divisions.

Within the TU/e the students are part of the SAN expertise-area (System Architecture and Networking). One day a week is spent at the TU/e. Within SAN there is a weekly presentation of ongoing work on this day, so in this way they get to see work and people inside the group. Besides discussion with the two supervisors they get active feedback from other senior researchers within the group.
The user group has met two times; three progress reports have been delivered. Current composition of the usergroup is given below.
Prof.dr. E.H.L. Aarts

Eindhoven University of Technology / Philips Research
Prof.dr.ir. S.B. Luitjens
Philips Research Laboratories
J. van der Meer



Ericsson Telecommunications BV
Ir. J.J. de Waal



Twente Institute for Wireless and Mobile









Communication
Dr. H.H. Eggenhuisen

Philips Research Laboratories
J. Rous





Philips Digital Systems Lab Eindhoven
Prof.dr.ir. C.H. van Berkel
Philips Research Laboratories
Dr.ir. F.A. Karelse

Technologiestichting STW (secretary)

3. Work in the project

From the project description
The aim of this project is to analyze and optimize the quality of service in in-home digital networks, addressing the issue of how to optimally use distributed processing, communication, and storage resources in such a network of embedded systems, with a focus on streaming (video, audio) applications.....

..... The envisioned results of the project include mathematical models and their analysis of in-home digital networks and their components, giving insight into the problem area, rules for configuring in-home digital networks to obtain given quality-of-service levels, algorithms for load balancing of processing and storage over the nodes in a network, for scheduling processing tasks and disk accesses, and for communication flow control in a network, and implementation of the algorithms in simulation environments and prototype systems. 

General approach

The concept of quality of service addresses systems in which guarantees about quality are not given but rather the quality is varied according to circumstances. The system design aims at optimising the delivered quality given these circumstances. There are mainly two reasons for a QoS approach. First, there is a cost-performance trade-off. The performance requirements for the system may be much lower in the average case than in the worst case, rendering the worst-case approach too expensive. Second, the system resources may be unpredictable in nature as is the case, for example, in wireless transmissions. 

The environment considered within the project consists of delivering digital video in a networked home environment. Since the perceived quality of a video depends on the quality of the network, the quality of the video-rendering CPU and the quality of the rendered video, delivering a certain quality of service involves in principle cooperation of all system components, viz., source, network and destination. We assume this system to be dynamic with mobile components and changing topology. The approach we choose is to develop an adaptive system. This leads to self-monitoring of the system and subsequent adaptation. 

Changes in the delivered quality are caused through interactions with the system and through autonomous changes in the available resources. These things play on different timescales and, as a result, the monitoring and feedback loops play at different layers of the design. For example, packet loss in a wireless link is initially dealt with in the transport and data-link protocols that run on top of it. If the loss is structural then the system needs to re-assign bandwidth to applications.
Typical elements of a QoS system are applications or algorithms that admit tuning quality and resource use (so-called scalable algorithms) and system components that support resource allocation and enforcement. In order to let the system work smoothly, admission tests are needed for newly started applications in order to predict the new situation. To that end, it must be possible specify resource requirements in a similar way as we do with functional properties.

Within the project we have allocated three points of attention: scalable video algorithms, adaptive transport protocols and prediction of extra-functional properties. 
Current Status and plans
Sergei works on communication protocols for video at the transport and the link layers. Work done includes the development of a packet scheduling algorithm is able to respond rapidly to bandwidth changes by dynamically deciding which packets to drop in case of bandwidth fluctuations as they occur typically in wireless links. This algorithm has been tested at the network and the transport levels. In addition, an access points capable of supporting this scheduling technique has been built. Results are transferred to both the Semiconductor and the Consumer Electronics department of Philips.

Plans for the future, working towards the PhD thesis is outlined as follows.

· define a limited scope with respect to some variables of the domain by choosing abstractions or discrete classes rather than the entire continuous range. Examples are the quality of the video, the behavior of a wireless link, the considered topologies, network load fluctiations and video stream variability. 
· Aim for high-level parameterization of those properties [e.g. network connections in terms of loss rate, delay and throughput] and validate these.

· Setup a simulation environment based on standard network simulation tools to

· investigate the relationship between lower-layer behavior and video quality;

· investigate video scheduling policies, like the one developed in the first years;
· validate the abstractions, e.g. by comparing detailed simulations with high-level simulations.

Dmitri is working on adaptive video algorithms, based on multi-layered video streams. Video quality is changed by basing the displayed video on different numbers of layers. The work includes the following aspects:

· Evaluating the “best” decrease of quality as function of the user’s perception. This work indicates that the number of quality changes should be minimal.

· Finding strategies that take the decision at the receiver as to which quality level to choose given the current state of the system. This state includes the processor load, the relative progress of the decoding process and, recently added, the network state.

· Investigation how to deal with long-term changes in resources. The research shows that this needs a change in the configurations of the layers, as a maximization of the base-layer size yields the best performance.
Plans for the future for working towards the PhD thesis:
Dmitri is actually finalizing his research activities meaning that he is writing down the above as he is expected to graduate the first half of 2006. Currently, the following point are being studied.
· A complete system architecture to deliver layered video; this system architecture includes the transcoding needed for the layer reconfiguraton as well as the feedback loops needed for the control.
· A combination of the approach by Sergei and the work of Dmitri in a common demonstrator.
Alina works on the construction of models for systems that consists of communicating buffered components. These systems represent stream-processing tasks as they occur in multimedia processing. The intent is to understand the resource requirements of these systems as well as to steer the behavior such as to control the resource consumption. Work done includes:

· the development of a model that gives insight in a simple example system of a straight-line of streaming components;
· clarify the relationship between system behavior and priority settings;

· identify the assumptions needed for the analysis to work and to provide a mathematical proof of the approach based on the assumptions;

· establish collaborations with researchers abroad to validate the ideas (e.g. a short stay in Malardaelen Hochskoele and discussions with the Software Engineering Institute at Carnegy Mellon).

Plans for the future, also for organizing her PhD work include:

· The construction of a good foundation for the work, viz. the computational model used;

· extend the work to more advanced sample systems;

· obtain feedback from existing system to evaluate the approach.

The project has output a significant number of research papers, conference contributions and research talks. There was a good presennce at the workshop on resource-constrained embedded systems, organized in February 2005 by the SAN group. Current state of the project is further maintained on the website www.win.tue.nl/~skozlov/projects/qos. Technical reports, presentations and articles are available from there. 

Output

The following is copied from the website. It may be a little outdated therefore.
Relevant output so far

PROGRESS meetings

· First progress report in October 2003
· Review on May 28, 2004

1. Second progress report in May 2004
2. Agenda and slides from the meeting on 28-5-2004.

3. Alina’s presentation
4. Sergei’s presentation
5. Minutes
· Review on December 10, 2004

1. Third progress report in November 2004
2. Agenda and slides from the meeting on 10-12-2004
3. Alina’s presentation
4. Sergei’s presentation
5. Dmitri’s presentation
Posters and presentations 

· Poster: S. Kozlov, Peter v.d. Stok, Johan Lukkien, TCP-MM – a real-time transport protocol 
for multimedia in in-home networks, 4th PROGRESS Symposium on Embedded Systems, October 2003.
· Poster: M.A. Weffers-Albu, P.v.d.Stok, J.J. Lukkien, "A Characterization of Streaming Apllications Execution", 5th PROGRESS Symposium on Embedded Systems, October 2004
· Presentations by Alina on QoS papers

1. Prediction-based policy adaptation for QoS management in wireless networks - 23.10.2003

2. Cooperative Run-Time Management of Adaptive Applications and Distributed Resources. - 7.11.2003

3. An Architecture for QoS guarrantees and routing wireless/mobile networks. - 03.12.2003

· Presentation by Sergei: TCP-FCW – transport protocol for real-time transmissions on high-loss networks, at Philips Research on 23-2-2004.
· Presentation by Alina: overview of NCS calculation method, at SAN meeting on 12-11-2004

Publications and reports
· Paper: M.A. Weffers-Albu, P.v.d.Stok, J.J. Lukkien, "NCS Calculation Method for Streaming Applications", Proceedings of the 5th PROGRESS Symposium on Embedded Systems.

· Paper: M.A. Weffers-Albu, P.v.d.Stok, J.J. Lukkien, "A Characterization of Streaming Apllications Execution", presented at ECRTS, mallorca, 2005

· Paper: Sergei Kozlov, Peter van der Stok, Johan Lukkien, Adaptive scheduling of MPEG video frames during real-time wireless video streaming, presented at the poster session at WoWMoM2005, Cecily
· Paper: Dmitri Jarnikov, Peter van der Stok, Clemens C. Wust, Predictive Control of Video Quality under Fluctuating Bandwidth Conditions. Published at ICME2004.

· Paper: Dmitri Jarnikov, Peter van der Stok, Johan Lukkien, Timely wireless streaming based on a scalability scheme using legacy MPEG2 decoders. Presented IASTED IMSA 2005, Hawaii
· Draft report: M.A. Weffers-Albu, P.v.d.Stok, J.J. Lukkien, "Quality of Service Overview"

· Report: H. de Groot (editor), I. Nitescu, I.C. Kang, D. Jarnikov, P. D.V. van der Stok, Robust scalable video over wireless networks (KISS demonstrator). PR-TN-2004/00160 (Philips Restricted)

· Report P.D.V. van der Stok, D. Jarnikov, S. Kozlov, I.C. Kang, Techniques for robust video streaming over perturbed wireless network segments, PR-TN-2004/00605, 2005.
· Book chapter Jeffrey Kang, Harmke de Groot, Peter van der Stok, Dmitri Jarnikov, Iulian Nitescu, and Felix Ogg, Robust video streaming over wireless in-home networks, in Dynamic and Robust Streaming in and between Connected Consumer-Electronic Devices, Peter van der Stok editor, pp 193-212, Kluwer, 2005. 
· Book chapter Reinder Haakma, Dmitri Jarnikov, and Peter van der Stok, Perceived quality of wirelessly transported videos, in Dynamic and Robust Streaming in and between Connected Consumer-Electronic Devices, Peter van der Stok editor, pp 213-239, Kluwer, 2005.
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