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Abstract 

Analysis of Roxann seabed classification data, at 24 kHz and 200 kHz, using co-located echosounders is 
presented. Timeseries backscater data gathered at the same time as the Roxann data has also been anal~sed  
using variations on the integration schemes used. Variation due to both the ,frequencj difference, depth 
dependancy and processing scheme are discussed 

1. Introduction 
During February 1995 a major international data gathering exercise was conducted off the Florida Keys in the 
region called Dry Tortugas. The overall experiment included contributions from 6 nations who all provided data 
gathering systems or ground truthing of the area where the acoustic experiments were being conducted. The 
Defence Research Agency provided two Roxann seabed classification systems and a Datasonics sub-bottom 
profiler. The Roxann systems were modified so that the band-shifted time-series data could be recorded and later 
used for a detailed analysis of how the first and second backscatter from the sea bed relates to sediment type. A 
description of the theory related to Roxann processing is given in [I]. In order to investigate the effect of 
penetration into the sea-bed each Roxann system was used to gather data at different frequencies. The time- 
series data has been analysed using schemes that are representative of the Roxann processing and additional 
analysis techniques have been applied in order to investigate their effect on sediment discrimination. A 24 kHz 
and 200 kHz echo sounder was used. The analysis described here is still in progress so conclusions are not 
drawn. 

2. Data Gathering 

2.1 The tr ials  a r e a  
The output from the Roxann was ava~lable for t h ~ s  project both as b~nary coded f ~ l e s  (contaln~ng navlgatlon, E l  
and E2 ~nformatlon, water depth, and tlme) and as t ~ m e  serles data. A plot ot the Roxann El and E2 output 
across the trlal area IS shown In figure I The area covered by the Roxann d u r ~ n g  the Key West survey Includes 
the Dry Tortugas area whlch 1s a reglon of geological Interest due to the presence o t  an anclent coral reef The 
tracks surveyed In thls area are shown In F~gure  2 Also shown are the polnts where some ground truth data IS 
available 

The ground truth data (collected by several organisations) is in the form of sediment core analysis, grain size 
histograms and percentage sand, silt, clay, etc. which show predon~inantly sand. Sidescan sonar, diver 
observations and sub-bottom profiles show the presence of a reef of highly reflective material across the south 
east corner of this area. This is clearly shown on the Roxann outputs given in figure I. 
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Figure 1. Plot of the El and E2 values taken from the Roxann system across the survey area 

Figure 2. Tracks in the Tortugas area where the Roxann was deployed. 
Solid squares show points where ground truth samples were taken. 

Unfilled squares show track portions where the time series signals were digitised. 



2.2 Digitisation and analysis of time series signals. 
The signals from the 2OOkHz and 24kHz sonars were taken from the head amplifier of the Roxann, bandshifted 
to 1SkHz and recorded onto VHS tapes, together with the transmit trigger pulse and the navigation. The output 
from this was in analogue form and was redigitised using a standard 12-bit AID board installed in a PC 
computer. The board was controlled by a 'C' program to give lOOkHz sampling, the samples being streamed to 
disk. 
The large amount of data available from the survey was reduced on the basis of the known ground truth data. 
Twenty positions on the ship's track, where sediment core results were available, were chosen for initial 
analysis, mostly in the Tortugas area. Signal sample lengths of one or two minutes were digitised. This was 
further reduced by discarding signals beyond the second echo. It was then digitally filtered about 1SkHz and 
rectified nsing a Hilbert transform. Typical filtered envelopes for the first echoes at both frequencies are shown 
in Figure 3, plotted against time(sec.). 
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A 200kH~ signal first echo . unfiltered 

Figure 3. Digitised first echoes before and after being filtered and rectified . 

The data was further reduced by broadly windowing the envelopes, starting at the bottom detection point for the 
first echo and twice this arrival time for the second echo. The envelopes were averaged over several pings using 
a sliding boxcar approach. The start and finish of each echo was estimated using a background noise criterion. 
These points were then used in the definition of integrals to calculate the parameters E l  and E2 by the four 
methods described below. The integrals were normalised by the energy under the first echo. 

Integral 1: The first echo envelope from the peak to the end point(E1-1). 
Integral 2: The first echo envelope from the -3dB point past the peak to the end point(E1-2), i.e. the 'tail'. 
Integral 3: The whole of the first echo envelope(E1-3). 
Integral 4: The whole of the second echo envelope(E2). 



142 High Frequency Acoustics in Shallow Water, NATO SACLANTCEN, Lerici, Italy 30 June - 4 July 1997 

Integral 2 is thought to be most like the Roxann integral for El ;  it is believed that the first return is saturated 
therefore the peak point cannot be determined. 

3. Results. 

The E l  and E2 integrals from two different survey areas are shown in Figures 4-7 for high and low frequency 
systems, for the Roxann output and that obtained from the above methods. The portions of output shown 
correspond to exactly the same seabed for both frequencies in each area. The 2OOkHz and 24kHz systems 
transmitted about 80 and 120 times per minute respectively. The values of method 2 may be compared with 
Roxann output. The Roxann method contains some threshold smoothing which has not been incorporated in this 
analysis as the details are not known. The threshold smoothing is applied to remove transmissions where the 
transducer is grossly off normal incidence due to boat motion. This technique is applied automatically using 
peak level of the backscatter and needs to be applied to the time-series before a direct comparison can be made. 

4. Conclusions 

The difference between the 24 kHz and 200 kHz requires further investigation to establish if the variation is due 
to sea-bed penetration or the difference in beamwidth (22' at 24 KHz and 7Oat 200kHz). A comparison of the 
data with the output from the sub-bottom profiler is not yet done and should give an indication of the variation in 
the sub-surface layers. 

It is clear from figure 1 that the Roxann system indicates the different backscatter from the coral reef and the 
sandy region of the trial site. The effect of sand wave region, where most of the ground truth data was gathered, 
can be seen in figures 1, 6 and 7. This variation may, of course, be due to the change in depth although there is 
evidence that the sediment at the peaks of the sand waves differs from the sediment in the troughs. A 
normalization for changes due to depth and ensonified area should be conducted. It is unfortunate that the 
experiment site did not contain a wider range of sediment types so that their effect could be observed. 
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Figure 4. An example of high and low frequency Roxann output from a flat sandy area in the Tortugas region, 
digitised sample 1,  track 7. 
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Figure 5a: E l  and E2 calculated from the integrals indicated, high frequency, at sample 1, track 7. 
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Figure 5b. El and E2 calculated from the integrals indicated, low frequency, at sample 1 ,  track 7. 
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Figure 6. An example of high and low frequency Roxann output from a sandwave region, sample 9b, track 78, 
to the east of the Tortugas region . 
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Figure 7a. El and E2 calculated from the integrals indicated, high frequency sample 9b, sandwave region, to 
the east of the Tortugas area. 

Figure 7b. El and E2 calculated from the integrals indicated, low frequency, sandwave region. 




