Additional Sidescan data QC figures

The proposed figures are following two approaches. The first one is a statistical method while the second one is based on feature detection and comparison.

Statistical modeling

The sidescan sonar data exhibits specific statistical properties stemming from the physical principle underlying its acquisition. The Weibull distribution provides the flexibility that can be used to model the histogram of the seabed return energy. A statistical fitness between the model and the observed histogram provides a measure of the quality of the data.

Proposed work:

· Design of a multi-modal model

· Selection of the fitness measure

· Design of an auto-calibration process for the tool

· Experimental validation of the system

Feature detection

Sidescan sonar data provides at least two types of information. It gives an image of the objects on the seabed. Those objects can be either natural like rocks on a sandy bottom or man-made like lost container, anchors… The second type of information deals with the seabed surface roughness. A sandy bottom and a rocky one exhibit different texture in the image. A data quality measure consists in looking for such information in the image. This technique can be applied more efficiently on known area. In this case the automatic detection process results are compared with a priori knowledge of the area. It can also be applied in new area by taking into account the overlapping of the data. In the second case the quality measure is only relative. It does account for any discrepancy in the sonar behavior between the imaging times of the same seabed area. Sample data for both type of information can be send back for inspection at a low rate since it concerns only a limited amount of data compared to the raw data rate. 

Proposed work:

· Definition of reliable objects for QC purpose

· Design on an automatic detection process dedicated to those objects

· Design of a seabed texture analyzer

· Design of a reporting process that select pertinent information

Combined approach

It should be noted that a combined approach would provide more robust information. Any large object on the bottom like a wreck will create a statistical anomaly in the data. On the other hand the first step of the object detection process (i.e. segmentation0 is based on the statistical distribution of the energy.

Proposed work:

· Study of the cross-effect between the two processes

· Design of a knowledge sharing engine

Image compression

Sending data back for visual inspection will always be an efficient method. It is even more true if the data sent back is already known to have a high information content. This could be the case if the object detection process is to choose the snippet to be sent back.

This sub-sampling approach dramatically reduces the data rate. However image compression provides another step of data rate reduction. While existing techniques like JPEG provides significant compression ration when applied to picture style images, other techniques are more appropriate for sonar images. Wavelet coding is well suited for sonar image compression. However wavelets must be selected carefully.

Proposed work:

· Selection of the wavelet according to their fitness to sidescan sonar image

· Design of the quantizer for coefficient transmission

· Evaluation of the process on real data

Sub-bottom profiler

The sub-bottom profiler data is considered as a separate channel of sidescan data with its own specific statistics. 

Proposed work:

· Statistical modeling of the SBP data

· Feature definitions (e.g. sand layer, rocks, gas)

· Feature extractions

· Reporting process

Multibeam QC figures

Two sets of figures can be computed for online QC on the MBES. The first set deals with one ping at a time, the second is based on s surface analysis.

Ping processing

The SeaBat systems provide a set of quality flags for each of the beams.  Statistical figures can be computed from those flags and reported back as a straight forward QC for bathymetry. Additional information can provide an insight of the sonar state. For  example, bottom detection at a relative depth twice the actual one shows wrong power settings, a large number of flyers on the outer beams may indicates too short a range. An overall statistical analysis including all sensors (motion, heading, MBES) can provides for each beams information about the horizontal and vertical resolution and accuracy of the soundings. Those figures could be summarized and reported back.

Surface processing

The seabed is assumed to be “somewhat” continuous. Monitoring the rate of change of a DTM built on-the-fly provides an insight of the quality of this DTM. An analysis technique would consists in fitting the measured DTM with a mathematical surface  known for its smoothing capacity (e.g. 2D splines) and estimate the standard deviation between the actual DTM and the model. The roughness of the seabed is a parameter that mst be taken into account when tuning the spline fitting. This parameter could be extracted from the texture analysis process applied to the sidescan data. The DTM matching technique can also be applied to overlapping areas. On these areas, a direct comparison between actual DTM from different tracks represents the relative consistency of the data. Another step of the process can be added if a priori knowledge of the bottom is available. In this case the comparison can be achieved between this a priori knowledge and the data from the current mission.

Proposed work:

· Study of the known wrong setting consequences (e.g. second return detection when too much power)

· Design of a MBES monitoring system to detect wrong settings

· Resolution and accuracy estimation

· Expert system design to tune the MBES according to the monitoring system findings

· On-the-fly DTM building and analysis

· Correlation between the DTM monitoring and the sidescan texture analysis

Reporting 

Most of the proposed features require human interpretation. It is proposed to develop a computer-aided decision scheme that would help the operator to incorporate his own knowledge into the system so the number of figures to monitor could be reduced. For example an expert system dealing with fuzzy rules could be tuned to provide realistic boundaries for certain parameters (e.g. the average level of backscatter from a sandy bottom is 128, the realistic figures lie between 90 and 150, everything that is beyond that is definitively wrong and require the immediate attention of the operator). A set of fuzzy rules is an intuitive mean of coding expert knowledge. It can be built up while operating. It would be delivered with default values.

Proposed work

· Design of a fuzzy expert system engine for QC assessment

· Definition of a default set of rules

· Design of “knowledge transfer” tool to help the operator tune the expert system

· Implement an auto-learning tool to automatically incorporate the operator knowledge into the system

