900806 Acoustic Sediment Tracking Array System

Response to MT Feedback

1) Who will be responsible for undertaking all of the data processing and data

management? This is a significant task.

Gene will work with Charlie and his group to define the signal processing data flow.  Once the basic methodology is established, the processing will be handled in Charlie’s group.  The data processing is straightforward and can be easily automated in a Matlab script.  We have benchmarked the computationally intensive part of the proposed processing algorithm (see below for algorithm details).  Processing on a current desktop PC runs about 100X real time, i.e. we can process 5 seconds of data taken each minute for 90 days in about 2 hours.  Data management is simplified by the homogenous nature of the data.  All the raw data can be stored as time stamped flat data files.  Each raw data file will have a corresponding processed data file.  In order to minimize the power hit of spinning up the disk on the in-situ logging hardware, about a day’s worth of data (~1 Gbyte) will be buffered before writing to a file.  It’s logical to use a separate file for each day and we’ll wind up with 90 raw data files and 90 processed data files per deployment.  Given the relative infrequency of sediment transport events, the actual volume of significant data that will need to be accessed frequently (i.e., stored locally) will be several orders of magnitude less than the volume of raw data.  The remainder of the raw data can be archived to tape.  Of course, additional time will be spent examining the data around each significant event.  Again, Gene will spend some time with Charlie and Bill to develop techniques for examining this data in greater detail but the production work of analyzing the data will be done by Bill and Charlie.

Data processing for this project is a straightforward application of power spectral data (PSD) estimation.  We will use the broadly accepted generalized framework for PSD estimation described by Carter, Nuttall and others (1, 2).  In this framework, the data record is divided into segments, each segment is multiplied by an appropriate weighting function, the segments are processed with a FFT, squared and time averaged over each fixed frequency bin.  This approach addresses the leakage and smearing deficiencies inherent in simple FFT processing and provides statistical confidence intervals that help in data quality control.  Each minutes worth of data will be processed in this way and plotted as a waterfall chart of PSD amplitude vs. frequency vs calendar time.  When an actual sediment transport event start time is detected by a STED (or other technique), the spectrums in the waterfall around that time will be examined to estimate the duration of the event.  A qualitative estimate of event intensity can be generated by comparing the PSD amplitude of several events.  Other parameters characterizing the event can also be qualitatively estimated.  For example, we should be able to gain some insight into the initiation of the event by looking at how the PSD builds from the background at the beginning of the event, i.e., does the PSD amplitude over a range of frequencies jump out of the background or does it slowly build over the life of the event.  In addition, examining the variability in the PSDs calculated over the life of an event will give some indication of the event’s nature, e.g. is it a continuous “roar” or does the intensity rise and fall during the lifetime of an event? 

2) What are the costs for keeping this system going?
We don’t see any significant operation or maintenance costs associated with this system outside of the labor and ship expense for deployment and recovery.  The hardware itself shouldn’t need to be replaced except in the case of accidents and the deployment site will be on the flanks of the canyon, out of harms way.
3) Other response comments

We would like to comment on the issues on the scoring sheets that received lower scores, as we strongly differ about these assessments:

Uniqueness –The application of the acoustic techniques proposed here is truly novel, as near-field acoustic techniques have never been utilized for this application. Developing new tools and techniques to address scientific problems is at the heart of MBARI’s mission and the study of what is going on within the canyon is a topic that has been endorsed by MBARI’s Strategic Plan. The proposed work provides critically needed data to the on-going Canyon Dynamics research effort that we can’t obtain in any other way.  We have an engineering and science team that are qualified and enthusiastic about  pursuing this topic. Thus, we believe this is both a unique and appropriate effort for MBARI to undertake.

Timeliness – The science drivers for this project are based upon discoveries that have all been made within the last five years.  These build on the realization that sediment transport events occur within upper Monterey Canyon sub-annually; huge wave-shaped structures exist on the floor of the canyon which move episodically, and these features are built out of gravity flow deposits and thus are not sand waves formed by current induced forces on the seafloor. What the processes are that produce these features is still poorly known. The origin of these events and waveforms on the canyon floor is becoming a ‘hot topic’ within the deep-water sediment transport community. At the moment we are in the lead in this field. Thus, this topic is arguably among the more timely efforts under consideration at MBARI. 


The potential for synergy with other projects (e.g., the redeployment of the MOOS mooring in 1,850 m depths, and the STEDs efforts [which is being deferred to 2009]) also makes this development effort very timely. This would provide the potential to make multiple independent measurements of the processes associated with canyon events in 2009. 

Prior Art –While the study of sound in the ocean is a huge and diverse field, acoustic techniques have been under utilized for sediment transport purposes. As outlined in the proposal, there are numerous indications of sound being produced by slumps and turbidity currents, but a very limited number of publications on this topic. The problem is that it is usually difficult to find an independent way to correlate far field sound with particular events and to quantify their significance.  In addition, the few studies that have been documented use data from acoustic systems never designed for monitoring sediment transport events.  However, the sub-annual recurrence interval, the existence of other on-going local efforts to study sediment transport events (e.g., coring, monitoring, repeat mapping, and  STEDs), and acoustic isolation that occurs within the canyon makes upper Monterey Canyon an idea place to develop the tools and techniques to study sediment transport events acoustically. 

Science Backing – The concept for undertaking this development originated from the Canyon Dynamics efforts. Paull and Ussler are committed to this effort as they see this as an attempt to collect much needed information using relatively simple technology to do cutting edge science of both local and global significance. Thus, while this is a development project, it was stimulated by a science pull. The plan is for this activity to be taken over and operated with science backing almost entirely after the first year of development.  
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