 Bathymetric 3D Synthetic Aperture Sonar
Peter T Gough

Acoustics Research Group, Department of Electrical and Electronic Engineering, 

University of Canterbury, Private Bag 4800, 

Christchurch, New Zealand.

phone (+64) 3 3642297, fax (+64) 3 364 2761; email gough@elec.canterbury.ac.nz

Michael P Hayes

Acoustics Research Group, Department of Electrical and Electronic Engineering, 

University of Canterbury, Private Bag 4800, 

Christchurch, New Zealand.

phone (+64) 3 3642297, fax (+64) 3 364 2761; email michael.hayes@canterbury.ac.nz

Award number : not yet allocated

http://www.elec.canterbury.ac.nz/research/acoustics

LONG-TERM GOALS 

To produce “optical quality” 3-D images of the seafloor using a wide bandwidth, side-looking, synthetic aperture sonar capable of operating in shallow-water with possible applications in mine counter measures.

OBJECTIVES 

(1) To show the value of yaw estimation using Displaced Ping Imaging Autofocus (DPIA) on simulated and real data generated using the approximate specification of the  Northrop-Grumman slow-speed SAS

(2) To show the value of extending a standard multi-hydrophone array SAS to having true 3-D or bathymetric capability. 

APPROACH 

The two key academics in the Acoustics Reasearch Group at the University of Canterbury are Dr Michael Hayes and myself. Both of us have been in the SAS field for a very long time now and  have complementary skills. Dr Hayes is a specialist in electronic hardware, embedded software and software engineering. He plans and supervises all the work involving real-time data analysis and computer systems. My areas of expertise are in the mechanical design of the underwater towed bodies and pressure housings as well as MATLAB algorithm development for efficient image reconstruction.

We currently have a group of graduate students all with specific areas of responsibility.

The first two are involved in attempting to counteract the errors in the path trajectory. Since the SAS procedure assumes a perfectly straight flight-path, any departures from this assumption due to sway result in imaging errors.  Haden Callow continues to develop autofocussing  algorithms to calculate these sway errorrs based largely on the PGA approach of the spotlight SAR community. Steven Fortune also works on autofocussing approaching it as a global optimising problem. Given our measured data, what is the most likely image and the most likely path trajectory? Both have presented their work at the IGARS Symposium 2001 in Sydney and at the IEEE Oceans 2001 in Hawaii (Callow et al, 2001; Callow et al, 2001a; Fortune et al, 2001). 
WORK COMPLETED

The first pass of the MATLAB software package to estimate both yaw and sway errors from data at marginal D/2 sampling is now complete. Under a contract we have with CSS, a research assistant, Mark A. Miller, was employed to program a yaw estimation algorithm based on DPIA. This algorithm is somewhat similar to the yaw estimation algorithm based on image correleation (IC). 

This algorithm is designed for use when the SAS platform is travelling sufficiently rapidly to ensure there are no redundant phase centres. This in turn means that the “standard”  displaced phase centre antenna algorithm DPCA cannot be used. To date the the DPIA algorithms have worked sucessfully on simulated data generated ot the UoC by our own simuilation package and also worked sucessfully on a packaged designed elsewhere. Since our results are consistent no matter which simulation tool is used to generate the data, there is a high degree of confidence that the DPIA algorithm is not dependent on the specific algorithm used to create the simulated raw data.
PERSONNEL EXCHANGES AND TRAVEL COMPLETED 

So far no travel or exchange has been completed.

RESULTS
To demonstrate the efficiacy of the algorithm, a simulated data file is used which has 20 point reflectors imersed in noise as shown in figure 1. Note the noticeable amout of sway and the limited signal to reverberation ratio.
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                         Figure 1     Intensity of raw data hydrophone1
                      Figure 2  Reconstructed image using estimated yaw and sway errors
After the yaw and sway has been corrected, the image (now almost diffraction-limited) is shown in 
Figure 2. The point reflectors are so well imaged that it is hard to see all the targets unless the display is of high resolution.  Figure 3 and 4 show a comparison of the yaw and sway errors inserted (solid line) with the estimates from DPIA (dotted line). This result is about as good as it gets as the target a more or less even spread of point reflectors is optimal when it comes to motion estimation. Again the match is so near perfect that only careful inspection of figure 3 and 4 reveal any differences.
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             Figure 4 Yaw errors compared with yaw estimates                         Figure 5 Sway errors compared with sway estimates
IMPACT/APPLICATIONS 

In the past the Acoustics Research Group (ARG) at the University of Canterbury has done collaborative research with Hughes Maritime (now Raytheon Electronic Systems) and the Coastal Systems Station, NSWC. Now as part of the proposed NICOP contract, a formal agreement with Northrop Grumman at Annapolis is a possibility. I believe they can see an obvious benefit in having us involved in the signal processing aspects of their slow speed SAS project. Since CSS is also involved, there appears to be a CSS/Northrop/ARG cooperative effort to ensure that this new SAS will deliver all that it promises. 
TRANSITIONS 

One of the major contributions the ARG can make to the slow speed SAS project is to provide independent simulations of both the data collection process and the image reconstruction process. So far the ARG has provided Northrop and CSS with efficient image reconstruction software as well as software to simulate the data collection process. Since these are written completely independently of the software teams at CSS and Northrop, these programs function as a perfect “sanity check”. If our image reconstruction software works perfectly on their simulated data (generated via SWAT), then we will all have a great deal of confidence that both sets of software works as intended. 

In the ARG we have always made our non-specific software available to anyone who requests it at no charge in a similar way to the GNU Public Licence  or Berkley Software Distribution protocols. We would continue to use this method of disseminating useful software to the SAS community at large.
RELATED PROJECTS 

There are several related SAS projects currently under way in the ARG.  Unless otherwise d=stated, all personnel are current graduate students.
Edward Pilbrow designs and programmes our electronic navigation package inside the KiwiSAS towfish.  Alan Hunter attempts to model the statistics of the seafloor to get a more realistic SAS simultor (Hunter et al, 2002).  The electronics of the new  bathymetic SAS is the prime responsibility of Philip Barclay (Barclay et al, 2001). This will be the major area of our work for the next few years so we will be augmenting his particular contribution with more graduate students next year. This aspect of our work here is unique as we believe we had the first sea-going free-towed bathymetric SAS in existance. Once again this is a development first shown feasible by our SAR colleagues but they of course have it easier thus us with the better instrumented path trajectory and the greater stability of their medium. Our basic approach is to increase the number of images recorded. We intend to form six different images of every scene. Firstly we have a high and low frequency band: one covering   20-40kHz and one  95-115kHz . Secondly, we  have three rows of  hydrophones each forming an image from a different height off the seafloor see Figure 5. The difference between any two images at the same frequency is enough to show a phase structure that overlays the image. By phase unwrapping (the same process as in SAR interferometry), we can get an estimate of the 3-D structure of targets in the field of view. The ambiguity problems normally associated with phase unwrapping can be solved by the multiple frequency-band, multiple view images produced by our SAS (Lanari et al, 1996).  We would anticipate this being a long-term goal that may take several years to perfect. Currently we deploy only the vertical receiver array. The horizonal receiver array shown in Figure 5 is currently being fitted.

[image: image5.wmf]
Figure 5 The new KiwiSAS with the bathymnetic hydrophone array
We have a one-man project (Loic Sibeaud) looking at effective ways to multiplex the data up the cable. We currently have a four twisted-pair wire system which we can use in a straightforward manner with four hydrophones. When we go a to a 3-D bathymetric SAS with an along fish hydrophone array (see Figure 1) we will need to either change our cable to many more pairs of wire or use some form of  (probably digital) multiplexed system. 

My colleague Dr Michael Hayes has a project planned to investigate ways of using our Beowolf cluster of LINUX boxes running a MOSIX modified kernel to increase our real time computing ability. Our cluster currently comprises 22 Dual Pentium III  computers and MOSIX would designate a “head node” to do all the house-keeping and parcel out the calculations to the other processors.  We anticipate one or two processors doing nothing but estimating the yaw and sway corrections needed while the bulk of the processors work on the data from each individual hydrophone and a few processors doing nothing more than a final imaging mosaic and display. At this stage we have no idea if the fast 100Mb/s Ethernet link between processors will have enough bandwidth to handle to data flows without constipation.

www.elec.canterbury.ac.nz/research/acoustics
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