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Introduction

The authors visited the Physics and Electronics Laboratory (FEL) of TNO-FEL for overview presentations on the work of the Laboratory and to attend a one-day internal Signal Processing Open House.  The latter encourages researchers to demonstrate their work to their colleagues.  The authors were the only non-TNO employees in attendance.  

Mr. A. C. (Ton) van Koersel and Ms Simonette Lentze-Muller hosted the visit.  Mr. Wim Smith, Senior Business Development Manager presented a short overview of TNO.  There is not an equivalent US organization to TNO.  It is most analogous to Germany’s Fraunhofer Institutes and possibly QinetiQ in the UK.  There are 15 institutes within TNO and about 5500 total employees.  The employees are not government employed, but government is the largest customer and sponsor of work.  Defense R&D in The Netherlands is primarily done within three TNO divisions, FEL, the Prinz Maurits Institute where nuclear, biological and chemical defense (NBCD) work is done, and a small human factors institute.  These three institutes also do work outside the defense sector, but MOD is their largest customer.   The mission of TNO includes the remit to strengthen and promote the competitive capacity of small and medium sized enterprises (SMEs) in the Netherlands.  

FEL is engaged in radar, sonar, information technology, marine mammal, video surveillance, and other sensor and simulation based R&D.  TNO is allowed to enter into partnering and joint ventures with industry both within The Netherlands with international partners.  Overall, the business model appears to be more open and less concerned with conflict of interest when compared to the US Department of the Navy laboratories.

Underwater Acoustics Group

Mr. Coen Orts, the director of this group made the overview presentation.  The group has about 30 personnel.  There is only a limited academic acoustics program in Holland hence, TNO tends to hire engineers and physicists and then task these employees with learning acoustics.  The group has active collaborations with SACLANTCEN, DGA (France), FWG (Germany), FFI and Simrad (Norway), DSTL and QinetiQ (UK), NUWC (US), DRDC (Canada) and several European universities.  

Mr. Orts discussed the NL’s Low Frequency Active Sonar (LFAS) program.  This sonar operates at about 850 Hz.  They have operated it in monostatic and multistatic configurations.  This sonar is still in the experimental stage and there is no operational LFAS system; although they have been active in the evaluation of Thales and STN Atlas LF sonars.  TNO-FEL has developed a triplet towed array receiver (CAPTAS) that can resolve L/R ambiguity.  The authors were surprised that an array of about 8 cm diameter could make this resolution for a transmitted signal of about 850 Hz.  Later discussion revealed that, not surprisingly, flow noise is the limiting factor in this capability.  Various conventional and adaptive beamforming techniques are used with this array.  

Mr. Orts also discussed the marine mammal program.  The Netherlands has developed a passive acoustic marine mammal detection system and contributes to a vocalization database.  They do not have any marine mammals but work in conjunction with a local Sea Life Park type of facility.  We observed this system later during the open house.  

Mr. Mathieu Colin discussed TNO’s work in a new program on passive synthetic aperture sonar.  The basic idea in PSAS is to coherently integrate a series of “snapshots”.  They use an algorithm called Extended Towed Array Measurement (ETAM) to autofocus or account for vehicle motion between snapshots.  ETAM appears to be similar to the more familiar Displaced Phase Center method.  They also use inverse beam forming to suppress own ship and interfering contact noise and the triplet array for L/R discrimination.  The results shown (based on trails data) all had very high signal to noise ratios (+10-+15 dB).  The next steps for this program are to work on array shape correction for a maneuvering array and to extend the method to lower S/N ratio data.  
Environmental Acoustics Research

Dr. Dick Simons leads this work.  He briefly covered work in matched field processing, matched field inversion, sonar performance modeling oceanographic modeling and high frequency sonar used to classify the ocean bottom.  Most of the talk focused on matched field inversion.  Dr Simmons works on matched field processing with Chris Harrison and Nick Pace at SACLANTCEN for determining sediment sound speed and others for rapid environmental assessment (REA).  Dr. Simons has published in JASA on this topic.  In separate papers (JASA 109 (2), February, 2001, pp 514-527 and JASA 112 (4), October 2002 pp 1317-1389) he and his co-authors considered an evaluation of the accuracy of shallow water matched field inversion using a classical projector and receiver pair and, in the second paper, a much simpler method that utilizes ambient noise as the signal source.  Both papers utilized experimental data from the SACLANTCEN.

Submarine Sonar Research
Mr. Ton van Koersel briefly discussed work on the WALRUS class diesel electric submarine.  The Netherlands is working to extend the life of these ships to 2025.  Most of the discussion centered on improved signal processing to extend the capability of the existing sensor arrays.  The WALRUS class has an ahead looking sonar, a 24 element single line flank array and a towed array.  It also has three hydrophones spaced along both the port and starboard sides for passive ranging.  There was discussion of conventional and adaptive beamforming, inverse beamforming, and synthetic aperture processing techniques.  The objective is to improve the performance of the flank array to that of the towed array, even at higher tow speeds.  The passive ranging system uses three single hydrophones spaced along the side of the submarine.  No performance data was presented for this system. I didn’t see anything here that is not being done in the US.  
Signal Processing Open House
Signal Processing Open House meeting are held annually at which researchers simply display their work and discuss it with they colleagues in a large open room.  Details from the 2002 open house are available from the authors of this report.  There were 23 projects presented at this year’s open house.  The topics shown are all listed below.  Comments are provided in italics for those projects that the authors personally observed:

1. Marine Mammal Detector.  A passive listening device that can discriminate which of eight sectors contains a vocalizing mammal.  There is a vocalization library planned in order to try to identify the mammal by species.

2. Model Based Acoustic Seabed Classification.  Techniques are being developed for classifying the seabed using data obtained from traditional echo sounding systems and in particular ahead-looking sonars.  Work is also being conducted on detecting objects on the seabed including large rocks and boulders to support the dredging industry.  Ref: P A van Walree et al. Seabed Discrimination with Downward and Forward-Looking Sonars. Proc. 6th European Conf. on Underwater Acoustics 2002, Gdansk, Poland.

3. Synthetic Aperture Sonar.  The chief SAS scientist, Dr. Jan C. Sabel presented the work.  Unlike the PSAS described earlier in this report, this SAS was an active system.  The same signal process algorithms mentioned earlier (ETAM, ABF, L/R discrimination, and autofocus are also used here).  Dr Sabel has published SAS results in the proceedings of the 6th European Conference on Underwater Acoustics, ECUA 2002, 24-27 June, Gdansk, Poland.  Much of their analysis is based upon data obtained elsewhere, including from the rail experiments at SACLANTCEN.
4. Detection of Small Targets and Current Measurements Using Navigation Radar (SHIRA).  Phillipe Steeghs is the investigator for this effort.  He is also an investigator in Bill Miceli’s Time Frequency radar processing NICOP.  The use of the standard NL navigation radar for current and object detection is based on averaging successive looks.  The object detector, which was initially described as a periscope detection radar, is based on looking for the Kelvin wake of the small object.  The system is called “Sea Darq”.  Output data includes vector plots of surface tidal flow, or surface waves.  In both cases the data could be applied to mine burial prediction models, particularly as many area of interest have established radar systems.
5. SAR with PC Cluster.  Linked computers are used to process SAR data and relate the results to map projections in order to aid object and feature recognition.  Processing techniques include FFT (both in range and azimuth), Phase Gradient Autofocus, Repeat Pass Interferometry and Moving Target Indication algorithms.

6. Sensor Fusion.  A single fusion-tracker is used so that air controllers can monitor data from two long range surveillance radars, giving better track accuracy and track continuity.  In addition, the high angular accuracy Infra-Red Search & Track (IRST) radar can further improve track accuracy.  When the fusion-tracker is active, the antenna does not necessarily need to transmit on each revolution.
7. EUCLID RTP 9.8 on-board and on-ground processing and handling of satellite data.  Sequential SAR images are processed and geo-coded to detect scene changes ie: movement of aircraft or vehicles in a specified area.
8. Automatic Infrastructure Extraction from Aerial Photographs.  Hierarchical algorithms are used to extract lines, corners and rectangles in order to recognize feature from aerial photography.  Future work will include spectral and textural analysis.
9. Image enhancement in infrared images using scene based non-uniformity correction.  Algorithms have been developed for improving the clarity of infrared data.  These include ‘Dynamic Super Resolution’ which increases the effective number of pixels and the risks of aliasing, scene based non-uniformity correction and contrast enhancement.
10. Intelligent Video Surveillance. Software systems have been developed to support video surveillance.  In this case a particular vehicle in a car park can be selected and any subsequent movement of people leaving the vehicle can be tracked while they remain in the network of surveillance cameras.
11. High Speed 3-D Kinematics.  Retro-reflective targets are fixed to dummies and their trajectories tracked following impact using high-speed video systems (1000 frames per second).
12. Camera system for intelligent control of air cleaning equipment.

13. Automatic Video Analysis and Compilation System (AVACS).  Automated techniques are being developed to overcome human error and staff effort in analyzing surveillance data.
14. Atmospheric research using an optical radar system.  A scanning backscatter Lidar has been used to measure the depth and structure of the coastal atmospheric boundary layer and the evolution of primary aerosol (sea spray) plumes produced by breaking waves (ref: the PARFARCE campaign at the Mace Head Atmospheric Research Station, Ireland).
15. Performance prediction of electro-optical sensors for maritime use.  This work is sponsored by the Royal Netherlands Navy and the US Office of Naval Research.  The ONR work is managed by SPAWARSYTEMS CENTER and has been active for many years.  The objective is to provide predictions for electro-optical system performance in varying atmospheric conditions.  There are two models:  EOSTAR (Electro-Optical Signal Transmission and Ranging) used primarily by the scientific community and ARTEAM (Advanced Ray Tracing in the earth’s Atmosphere) which is intended for operational use.  The effort is led at TNO-FEL by Prof. Dr A. M. J. van Eijk.  He is a TNO staff scientist and a faculty member at the French University of Nantes.
16. Sensor fusion of FMWC radar and stereovision.

17. Video Intrusion Alarm.  Software has been developed to recognize individuals and track their movement and as necessary alert alarm systems. 

18. Manus Vision System. A robotic arm has been developed to aid handicapped people.  Using a video system the robotic arm can recognize and manipulate specified objects.

19. Data Processing in Crash Tests.  As with High speed 3-D kinematics (11 above) different parts of a vehicle are marked and their relative positions assessed after impact in order to quantify the nature of damage to the structure.

20.  Design of a Quadrature Amplitude Modulator (QAM).

21. Frequency planning for cable television networks.

22. Oil-film thickness measurement for heavy engines.  Sensors are built into combustion cylinders in order to measure oil film thickness and cylinder to piston spacing.  The sensors have been especially designed to work in the high pressure, temperature & vibration environment in the presence of oil based liquids. 
23. Application Specific DSPs.

Summary
TNO-FEL is involved in extensive sensor and data processing activities.  They rely heavily on SACLANTCEN and other external source for experimental data sets.  Most of the work we saw was similar to activities observed in US and UK laboratories.  The passive synthetic aperture and passive marine mammal detection work were new to the authors and deserve further review.
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