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1. Executive Summary

This third annual report should be read in conjunction with the second annual and 2007 AG reports.

2. JRI Members
The key research areas in the JRI are

	Areas
	Illustrative Example

	· Metamaterials
	Photonic crystal materials

	· Detectors
	Next generation bolometers for astronomical applications

	· Microsystems
	Magnetic components directly integrated with CMOS

	· Photonics
	Femtosecond lasers for non-linear phenomena

	· Laser materials processing
	LTCC material machining for electronic and MEMS applications

	· Optics
	Miniature integrated spectrometers

	· Bio-medical
	Biosensor platforms


The Director is Prof Anthony Walton (Edinburgh) and the Deputy Directors are Prof Alan Greenaway (Heriot-Watt) and Prof Colin Cunningham (UKATC).  At Edinburgh JRI members are in the Institute for Integrated Micro and Nano Systems, at Heriot-Watt in the School of Engineering and Physical Sciences and the UKATC
2.1 Academic Staff (with ERP funded staff in bold)
Edinburgh

· Prof
Tughrul
     Arslan
· Dr
Khaled
     Benkrid
· Dr
Andrew
     Bunting
· Prof
Rebecca    Cheung
· Dr
Ahmet
     Erdogan
· Dr
Peter
     Ewen
· Dr
Brian
     Flynn
· Dr
Alister
     Hamilton
· Dr
Leslie
     Haworth
· Dr       Robert      Henderson
· Prof     Joe
          McGeough
· Prof     Alan
  Murray
· Prof     Ron          Pethig
· Dr        Martin
  Reekie
· Dr        David
  Renshaw
· Mr        Alan
  Ross
· Der       Anthony  Snell
· Dr         Tom
  Stevenson
· Prof       Ian
  Underwood
· Prof       Anthony  Walton
Heriot-Watt
· Dr
Yaxiong
Zhang

· Dr
Eitan
Abraham

· Dr
Erika
Andersson

· Prof
Gerald
Buller

· Prof
Marc
Desmulliez

· Dr
Resham
Dhariwal

· Dr 
Jens 
Ebbecke

· Prof
Ingo
Fischer

· Prof
Ian
Galbraith

· Dr
Brain
Gerardot

· Dr
George
Goussetis

· Prof
Alan H 
Greenaway

· Dr
Robert
Hadfield

· Prof
Denis
Hall

· Prof
Duncan
Hand

· Dr
Andrew
Harvey

· Dr
Jason
Hong

· Prof
Julian
Jones

· Prof
Mats
Jonson

· Dr
Ajoy
Kar

· Mr
Mark
Leonard

· Dr
Weiping
Lu

· Dr
William
MacPherson

· Prof
Andrew
Moore

· Dr
Patrick
Ohberg

· Dr
Lynn
Paterson

· Dr
Kevin
Prior

· Dr
Paul
Record

· Prof
Derryck
Reid

· Prof
Robert
Reuben

· Prof
Alan
Sangster

· Dr 
John 
Shephard

· Dr
John
Snowdon

· Dr
Mo
Taghizadeh

· Dr
Dave
Townsend
· Dr
Misha
Titov

· Dr
Fransisco
Villarreal

· Prof
Andrew
Walker

· Dr
Changhai
Wang

· Dr
Xu
Wang

· Prof
Richard
Warburton

UK Astronomy Technology Centre

· Prof   Colin
Cunningham

· Dr
   Bill

Dent

· Dr
  Julian
Dines

· Mr
   Eli
Atad-Ettedgui
· Dr
   Wayne
Holland

· Mr
   Derek
Ives

· Dr
Andy
Longmore

· Mr
David
Montgomery

· Dr
Suzie
Ramsay Howard

· Mr
Mel

Strachan

· Dr
Adam
Woodcraft

The following gives details of activities resulting from ERP Funded staff

ERP-funded STAFF PORTRAITS

Dr Xu Wang

Dr George Goussetis
Dr Khaled Benkrid

Prof Ingo Fischer

Prof Pethig



Prof Mike Davies was appointed to the JRI in August 2006. He has been awarded 1 grant from the MoD competition of Ideas and has a joint proposal with Medical Physics at Edinburgh under consideration by EPSRC.

Prof. Davies' current research focus is on the theory and application of non-Gaussian and sparse representation signal models in signal processing (e.g. de-reverberation, signal separation), source coding and signal acquisition (compressed sensing). Application domains include: audio, image (MRI) and biomedical (ECG, EEG). Most recently Prof. Davies have been interested in the potential for sparse and structured signal models to enable signal and image reconstruction from reduced sampling: an emerging new discipline that has become known as Compressed Sensing.

Compressed Sensing provides the framework for practical and robust solutions to the sub-Nyquist sampling problem. Research at Edinburgh has contributed to both the theory and application (new algorithms) in this emerging field (many of our contributions can be found at the compressed sensing paper resource at Rice University: www.dsp.ece.rice.edu/cs). This includes some very recent extensions of the concept beyond sparsity to more general signal models (work that nicely brings together the research in sparse reconstruction and Prof. Davies' PhD work in dynamical systems embedding).

Through three recently awarded research contracts from EPSRC, Competition of Ideas (MOD) and EU Framework 7 (future and emerging technologies) worth in total £1.3M, we are now taking these ideas forward. We have begun to apply these techniques to rapid dynamic MRI imaging (joint with Medical Physics), and novel coding strategies for Synthetic Aperture Radar, as well as developing extensions to the framework (joint with Jared Tanner in Mathematics and our EU partners).

On a related topic, we are also working with Dr. James (ISVR University of Southampton) on blind source separation for biomedical data (EEG, ECG) using limited number of electrodes. Further advances in this direction are also expected to benefit from the emerging Compressed Sensing framework.

Other potential applications of this technology still waiting to be explored include: "Analogue-to-Information" converters, wavefield reconstruction from seismic surveys and the single pixel terahertz camera. This research also opens the door to potentially new yet-to-be-conceived of sensing modalities that completely circumvent the classical sampling constraints.

PhD students currently supervised:

· Xu Zhao, PhD, working on Blind Channel Estimation for MIMO wireless communications

· Mehrdad Yaghoobi-Vaighan, PhD, working on sparse signal representations for audio coding

· Mohammad Dmour, PhD, working on audio source separation using nonlinear beamformers

· Ed Dunnachie, EngD, working on low power (key word) speech recognition systems

· Max Tonelli, PhD (part time), working on single and multi microphone blind de-reverberation

RAs currently supervised:

· Thomas Blumensath, working on the theory and algorithmic solutions for sparse representations. 

· Gabriel Rilling, working on the application of Compressed Sensing theory to Synthetic Aperture Radar (SAR) imaging.
Publications

Since last year I have had 3 new journal papers reach press [9-11] , two new papers be accepted for publication [7,8], a further one submitted [3], and five new preprints (appropriate journals under consideration) [1,2,4-6]. I have also edited a Lecture Notes in Computer Science [12] and produced 11 further conference papers (two invited).
 Journal papers

1. T. Blumensath and M. E. Davies, 2008, Iterative Hard Thresholding for Compressed Sensing. Preprint, 2008, available at http://www.dsp.ece.rice.edu/cs/.
2. X. Zhou and M. E. Davies, 2008, A Hybrid approach to Blind Channel Estimation. Preprint.
3. M. E. Davies and R. Gribonval, 2008, Restricted Isometry Constants where sparse recovery can fail. Submitted to  IEEE Trans. Information Theory..
4. T. Blumensath and M. E. Davies, 2008, Stagewise Weak Gradient Pursuits, Part I: Fundamentals and Numerical Studies. Preprint, 2008, available at: http://www.dsp.ece.rice.edu/cs/.
5. T. Blumensath and M. E. Davies, 2008, Stagewise Weak Gradient Pursuits, Part II: Theoretical Properties. Preprint, available at: http://www.dsp.ece.rice.edu/cs/.
6. M. Yaghoobi, T. Blumensath and M. E. Davies, Dictionary Learning for Sparse Approximations with the Majorization Method. Preprint.
7. T. Blumensath and M. E. Davies, 2008, Sampling theorems for Signals from the Union of Linear Subspaces. To appear in IEEE Trans. Information Theory.

8. T. Blumensath and M. E. Davies, 2008, Iterative thresholding for Sparse Representations. To appear in Journal of Fourier Analysis and Applications - Special Issue on Sparsity.

9. T. Blumensath and M. E. Davies, 2008, Gradient Pursuits. IEEE Trans. Signal Processing, vol 56, no. 6, pp2370-2382..

10. M. G. Jafari, E. Vincent, S. A. Abdallah, M. D. Plumbley and M. E. Davies, 2008, An adaptive stereo basis method for convolutive blind audio source separation. Neurocomputing, [image: image3.png]


doi:10.1016/j.neucom.2007.08.029  

11. M. E. Davies, 2008. On the efficiency of embedding information in the compressed domain, IEEE Trans. Information Theory, vol 54 no. 2 pp 853-860.

Books 

12. M. E. Davies, C. James, M Plumbley and S. Abdallah (eds.), 2007 Proceedings of the seventh international conference on source separation and independent component analysi, Lecture Notes in Computer Science 4666, Springer-Verlag.

Conference papers

13. C. J. James and M. E. Davies, Contrasting Spatial, Temporal and Spatio-temporal ICA applied to ictal EEG recordings. EMBC 2008.

14. S. Bhattacharya, T. Blumensath, B. Mulgrew and M. E. Davies, “Synthetic Aperture Radar Raw Data Encoding using Compressed Sensing”, RADAR 2008, Rome, Italy, May, 2008.
15. [Invited Paper] M. E. Davies and T. Blumensath, Faster & Greedier: algorithms for sparse reconstruction of large datasets. ISCCSP 2008, Malta.

16. T. Blumensath and M. E. Davies, Gradient Pursuit for Non-Linear Sparse Signal Modelling. European Conference on Signal Processing (EUSIPCO) 2008.

17. M. Yaghoobi, T. Blumensath and M. E. Davies, Regularized Dictionary Learning for Sparse Approximation. European Conference on Signal Processing (EUSIPCO) 2008.
18. M. Dmour and M. E. Davies, Under-determined speech separation using GMM-based non-linear beamforming. European Conference on Signal Processing (EUSIPCO) 2008. 
19. M. G. Jafari, M. D. Plumbley and M. E. Davies, Speech separation using an adaptive sparse dictionary algorithm. HSCMA, 2008.

20. [Invited Paper] M. Dmour and M. E. Davies, A nonlinear frequency-domain beamformer for underdetermined speech mixtures. Acoustics 08 

21. C. J. James and M. E. Davies, A Fast Algorithm for automated independent process separation from single channel biomedical signal recordings: FastIPA, MEDSIP2008.
22. X. Zhou and M. E. Davies, 2008, A Feasible Blind Equalization Scheme in Large Constellation MIMO Systems. ICASSP 2008.

23. B. Mulgrew and M. E. Davies, Approximate Lower Bounds for rate-distortion in compressive sensing systems. ICASSP 2008.

Esteem

· Technical Programme Committee for SPARS'09, April, 2009, France.
· Co-organiser (with Kingsbury, Olhede and Dragotti) for "Workshop on Sparsity and its application to large inverse problems", Cambridge, December 2008.

· Technical Committee for IEEE Workshop on Statistical Signal Processing, 2009

· Invited to talks at special session on sparse signal processing at ISCCSP 2008, Bayesian signal processing at Acoustics '08 and UK sparse approximation workshop, 2007 .
· Invited research visit + presentation at INRIA, France (Remi Gribonval)

· Area chair for EUSIPCO 2008.

· Paper chair, proceedings, editor and member of organising committee for International Workshop on Independent Component Analysis 2007.
· Member of IET Microelectronics, Embedded Systems and Signal Processing PTN 
· Organising Committee for EUSPCO 2009.

· Reviewer for Radcliffe Institute of Advanced Study, Harvard University.

· EPSRC review college.

· Co-organised UK sparse approximation day at Maxwell Institute, Nov 2007.

Contracts & Proposals

This year I have been awarded roughly £1.3M of research funding with further applications for roughly another £2.1M under review.
· “Compressed Sensing SAR”, Davies (PI), Mulgrew and Goertz, £324k, Competition of Ideas (MOD), June 2008-2011.

· “Extensions to Compressed Sensing theory with application to dynamic MRI”, Davies (PI) and Marshall, £624k, EPSRC, October 2008-2011.
· "Distributed analysis of networks", Agilent Foundation award with S. McLaughlin (PI) and J. Hopgood, $35k.

· EU FET-open project,  "Sparse Models, Algorithms, and Learning for Large Scale Data" with Gribonval (INRIA), Plumbley (QMUL), Vanderghynst (EPFL) and Elad (Techion), Edinburgh component €391k (£320k), February 2009-2012.
· MOD University Defence Research Centre proposal, with B. Mulgrew (PI), A. Wallace (HW) and D. Lane (HW), through the JRI SIP, £2.1M, Shortlisted (awaiting decision).

He is also in discussion with Prof. McLaughlin regarding a large interdisciplinary research grant on "sensing information" (i.e. extensions of compressed sensing), to cover aspects from the previously unsuccessful EPSRC platform grant and the KAUST bid.

2.2 Jointly Supervised Students

Ran Zhang   


Subject;
“3D Integration for detector applications”, 

Supervisors: 
Anthony Walton (UoE), Colin Cunningham (UKATC) 

Started 
Sept 2007

Ms. Carolina Mateo-Segura
Subject;
“Analysis of multilayer frequency selective surfaces for metamaterial enabled devices”
Supervisors: 
George Goussetis (HWU),   Rebecca Cheung (UoE), 

Started:
2006

Mr. Struan Brydone, 

Subject;
“Frequency selective surface”

Supervisors: 
Rebecca Cheung (UoE), George Goussetis (HWU)

Started:
2006

Graham Craik, 

Subject;
“High-dynamic range imaging” 
Supervisors: 
Alan Greenaway (HWU); Andy Longmore (UKATC)  

Started:
2006

Amaresh Bej  

Subject;
“Optical nonlinearities”
Supervisors: 
Ajoy Kar (HWU),   Peter Ewen (UoE), 

Started:
July 07.
Thomas Berkvens

Subject;
“Dynamical Emission Behaviour of Delay-Coupled Semiconductor Lasers”
Supervisors: 
 Ingo Fischer (HWU), TBD (UoE), Irina Veretennicoff (Vrije Univ. Brussel) 

Started:
July 2007.
3. Objectives

4.1 Summary of all joint research achievements and activities

Joint Projects Completed

Joint Projects Awarded and in Progress

Joint Proposals Submitted and Pending

Joint Project Discussions Initiated

Joint Proposals Declined

4.2 Highlights of significant research achievements of other academics and students

Individual Projects Awarded and in Progress

Individual Proposals Submitted and Pending

Individual Project Discussions Initiated

Individual Proposals Declined
5. Knowledge Transfer

6. Education and Training

The JRI offersXX  taught Masters.

MSc 1

MSc 2 ……

�Input needed from all of you – see Mike davies input for guidance.


�Insert details and /or new students
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