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Abstract 
An approach to acquire geophysical information of seabed sediments as derrved from acoustic attenuation rs described. 
Using thefrequencies corresponding to the signal power spectrum maximum and a point 3 dB below, signal loss in the 
sediment is calculated. These results are compared to reference data for attenuatzon in sediments published by several 
authors. Data collected on the Grand Banks of Newfoundland during a controlled trawling experiment was processed 
using this technique, with results illustrating cbse agreement with the underpinning theory. Calculations offractal 
dimensions were performed to evaluate levels of roughness in the inner structure of the sediments. Since lower levels of 
the fractal dimensions represent less of a microfaunal presence [ I ]  only the lower fractal valued data were used in the 
dynamic attenuation extractions. Hence, the correlations were found to be more rellable and reflectrve of homogeneous 
sediment structures. 

1. Introduction 

Quantitative and reliable measurements of acoustic attenuation enable correlations between the acoustic responses and the 
properties of sediment to be forged. Geotechnical information such as consolidation characteristics and bulk density in 
marine sediments can be estimated through the acoustic attenuation assoc~ated w~th sound waves propagating into the 
subseabed sediments [2]. It is recognized in the literature that attenuation is linked to the physical aspects of the sediment 
such as porosity, particle shape and grain size. 

This paper exhibits an approach for rapid and objective computation of attenuation as perturbed by the properties of near 
surface sedrments. The application of the technique was performed on very high resolution acoustlc data using a new class 
of sonar called Benthic-DRUMSTM during a controlled set of trawling expenments conducted on the Grand Banks of 
Newfoundland [I]. Benthic-DRUMSM is a very high resolution 40-element non-linear acoustic array developed by 
Guigne International Ltd. to measure the small scale chaotic changes in a benthic habrtat caused by otter trawling. 
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2. Description of Model and Analysis Approach 

2.1 Model 

The approach is based on a dynamic (adaptive) model of attenuation first introduced by GuignC [2,3]. This model 
assumes non-linear dependence of signal loss on frequency as 

where k is the attenuation coefficient in d ~ / m / k ~ z ~  at an associated frequency f, and N is the exponent of frequency. 
Equation ( I )  expresses the compositive effects of intergranular and viscous losses; N values reflecting the combined 
effects of both. In the literature, a very wide range of both measured N values and models for the prediction of N have 
been exhibited and debated, starting from Urick, [4], Biot, [5.6], Shurnway, [7, 81, Nolle, 191, Hampton,[ 101, McCann and 
McCann, [ l l ,  121, Shirmer, [13], Stoll and Bryan, [14], Hamilton, [15], and GuignC, [2. 31. 

Since the B ~ ~ ~ ~ ~ c - D R u M s ~ ~  sonar is an application of non-linear acoustics, it relies on a matrix of terminated parametric 
arrays. A useful mode of operation of the parametric array is when the parametric source volume is terminated abruptly 
by, for example, the waterheabed interface, to give a truncated parametric array. Research performed by GuignB [16], 
Wingham [17], Pace and Ceen [18], and Muir [I91 on this mode of operation of the array has given insight on its 
characteristics and performance. The equation below represents a base approximation which accounts for the received 
spectral character of the terminated parametric array in the presence of attenuation losses: 

where: B, is a constant 
f squared is by the parametric generation 
p is equal to kR18.6859; whilst R is the penetration range 

The frequency at maximum pressure can be found by: 

Substituting: 

f max = ( 2  I ( N P ) )  ' I k  

We can express a normalized spectrum by: 

exp(2 1 N - x) 
P r n a x ( ~ )  

Setting the bandwidth of the received pressure at -3dB we receive: 

and 
I I N  

where x ,  is left as a root 



Combining expressions for the frequencies, we realize: 

2.2 Time Window Selection 

The signal processing logic as used to implement the dynamic loss model is introduced in Figure I. This adaptive 
attenuation model can be reliably applied to signal portions that compare to an ideal impulse shape. A Butterworth filter 
of the order of 6 with a cut off frequency of 280 kHz is used to prevent possible interference from residual parametric 
array carrier frequencies. A Hilbert transform is also applied to acquire an envelope shape. Figure 2 illustrates a typical 
signal as collected by the sonar with Figure 3 exhibiting the envelope. Figure 4 presents the filtered signal with envelope. 

Selected parts of the signal are chosen (using MATLAB) for processing, based on three criteria: i) shape similar to ideal 
impulse, ii) length of about 50 points, which represents about I cm of depth, iii) belonging to one portion of the 
envelope signal. 

Signal Processing Logic for the 
Dynamic Attenuation Model 

Figure 1: Signal processing flowchart leading to signal loss values 
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Original signal 

Figure 2: Signal as used in analysis 
(Vertical axis in dB; horizontal axis represents collected data points) 

Envelope 

Figure 3: Hilbert Transform envelope of signal 
(Vertical axis in dB; horizontal axis represents collected data points) 

Filtered signal and envelope, Fc(MHz) = 0.28 

Figure 4: Filtered signal (cut off frequency 280 kHz) and its envelope 
(Vertical axis in dB; horizontal axis represents collected data points) 



Figures 5 and 6 present portions of the signal selected to conform to these criteria which meet the theoretical requirements 
for inputting into our dynamic signal loss model. 

The data collected was held to the first 15 cm of the seabed, with fractal analysis conducted on the initial near surface 
zones (approx. 4 - 5 cm) conforming to the active zones of a benthic habitat. 

Filtered signal and envelope, Fc(MHz) = 0.28 

Figure 5: Upper Curve represents chosen time window of envelope superimposed on lower curve, which 
represents signal, real part. 
Shape of envelope suitable for inputting into the Signal Loss Model 
(Vertical axis in dB; horizontal axis represents collected data points) 

Filtered signal and envelope, Fc(MHz) = 0.28 

Upper curve represents chosen time window of envelope superimposed on lower curve 
which represents signal, real part. 
Shape of envelope suitable for inputting into the Signal Loss Model 
(Vertical axis in dB; horizontal axis represents collected data points) 

2.3 Fractal Analysis 

The B ~ ~ ~ ~ ~ c - D R u M s ~ ~  data can be analysed in terms of fractal dimensions associated with the signal's "roughness" [I] .  
From the past research by Schwinghamer and Guignd [I] ,  the Hilbert-uansformed acoustic signals occupy I-dimensional 
topological space; however, they are more complex than a simple straight line, and they fill 2-dimensional space to a 
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degree that depends on the frequencies and amplitudes of peaks and undulations which make them complex. The extent to 
which they fill 2-dimensional space is measured by a non-integer dimension between 1 and 2, called a fractal. By 
analysing the time series data as fractal curves, the complexity of the acoustic s~gnals In response to structural complexity 
in the sediment can be quantified. 

A modified box counting method by Malinverno [20] was used to determ~ne the tractal d~mens~on for the H~lbert tlme 
series from each depth stratum k of each acoustic element M,, of the acoustlc array In t h ~ s  method, the data M,,, were first 
fully enclosed in a square; thus 1 box contamed the whole line. Then the box was d ~ v ~ d e d  Into quarters and the number of 
these smaller boxes that contalned parts of the l ~ n e  was counted. Each of these smaller boxes was then s~m~larly d ~ v ~ d e d  
and the number contaming parts of the l ~ n e  counted and so on unt~l an arb~trar~ly small box sue  was reached 

The number of boxes, M, containing the line is a function, I, of the size, t, of the boxes: 

The function, Iij,k is the fractal dimension for each depth stratum of each element. It can be calculated as: 

log III(M) 
Ii, 1 ,  k = - 

log lll(t) 

3. Experimental Setting and Application of the Dynamic Loss Model 

3.1 Data Collection 

An in situ experiment to determine the impacts of otter trawls on the sandy seabed, which covers large areas of the Grand 
Banks and Scotia Shelf, has been underway since 1993. It was initiated as part of the Northern Cod Science and Atlantic 
Fisheries Adjustment Programs in response to debate regarding the role of fishing technology in the collapse of the 
northern cod stock [I]. The experiment allowed for B ~ ~ ~ ~ ~ c - D R u M s ~ ~  data to be collected in 1994 and 1995. The 40- 
element array (10 x 4) was reduced to 28 elements (7 x 4) due to structural blockage of the acoustics by the sampling 
frame. The average water depth in the area was reported to be approximately 135 metres. The bottom sediment was 
mostly sand with typical grain sizes of approximately 200Qm and registering a water content of 20 V 3%. The overall 
experimental equipment and field operation 1 setting are described in detail along with sampling procedures in 
Schwinghamer and Guignes work [I] .  

The data collected was held to the first 15 cm of the seabed, with fractal analysis conducted on the initial near surface 
zones (approximately 4 - 5 cm) conforming to the active zones of a benthic h a b'  tat. 

3.2 Calculations 

Power spectra of chosen intervals were calculated using a zero-padded Fast Fourier Transform (FFT). Figures 7 and 8 
illustrate shapes of the power spectra used, while Figures 9 and 10 depict values for the frequencies associated with peak 
pressure levels (A,,,) and with the lower frequencies (3 dB less (f,)),)). 
Altogether, more than 2500 calculations were performed using the collected data. Distribution ofj,,,,, is shown in Figure 
11. 

The calculations of fractal dimensions were used to establish an acceptance level for the data to,be considered valid before 
making the attenuation loss calculations (refer to Figure I). Signals of low values (below 1.5) were allowed to be analysed 
for their attenuation; higher values were removed as these indicate strong benthic fauna activity in the sediment. 



Spectrum of filtered signal, points 64 
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Figure 7: Response in the Frequency Domain 
(Vertical axis in dB) 

Spectrum of filtered signal, points 64 
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Figure 8: Spectrum of the Second Impulse 
(Vertical axis in dB) 

Spectrum of filtered signal, points 64 
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Figure 9: Frequencies at Maximum and -3 dB Pressure 
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Spectrum of filtered signal, points 64 

Figure 10: Frequencies at  Maximum and -3dB Pressure 

Figure 11: Distribution of Maximum Response Frequency (percentage) 

4. Results 

The results of the adaptive model's signal loss calculations were assessed by comparing them with published attenuation 
data. As it is clear from Figure 12, mean values of signal loss for associated frequencies in this research are in agreement 
with published attenuation data. 

Water content data from samples collected on the Grand Banks in 1993 were used and found to be representative of 
seabed conditions for the Grand Banks (provided by Schwinghamer). Mean values for water content were 21.6% with a 
standard deviation of 1.8%. Assuming a density of dry soil (mostly sand) as 2.65 g/cm3, this translates into a porosity of 
around 43%. Figure 13 represents a relative position of mean value of a calculated signal loss against published data. The 
results of the dynamic attenuation model losses seem to concur with porosity values. 



Figure 12: Signal loss values against frequency using the Dynamic Attenuation Model for the Grand Banks 
data (signal loss*) and against published data 

Figure 13: Signal loss values against porosity using the Dynamic Attenuation Model for the Grand Banks 
data (signal loss*) and against published data 
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5. Conclusions 

A dynamic approach to acquire attenuation In sediment was demonstrated w~th good agreement between the results of the 
model as used on Grand Banks data wlth that seen for published data (related to sands). Thls analysls approach ~ntroduces 
a potentially rapid and rel~able technique to extract attenuatlon from the wave shape of parametric arrays used as 
subbottom profilers. The introduction of fractal dimensions as a filter cut off, allowed for the chaot~c effects of a benthlc 
habitat to be excluded from the computations, thereby removmg a potentlal source of error in the resultant s~gnal loss 
values. 
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