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Chapterr 1 

Generall  introduction 

Knowledgee about parameters of the sea bottom is of great interest in the field of underwater 
acoustics.. These bottom parameters comprise, amongst others, the density, die attenuation, the 
porosity,, the sound speeds, and die layering of the sea bottom. The applications requiring sea 
bottomm information, or sea bottom classification, are manifold, and include for example the 
acousticc propagation models that are used on board of navy ships for sonar performance 
prediction,, which need sea bottom parameters as input. Also in the area of mine hunting 
bottomm information is essential, since for each type of bottom mines behave different. In a soft 
bottomm mines get buried in the bottom, whereas they will stay on top of hard sea bottoms. 
Anotherr application lies in the field of source localization. A promising method for source 
localizationn is a technique called 'matched field processing', which is capable of localizing 
sourcess in both range and depth. However, for a successful application of this technique 
accuratee information on bottom type is essential. Also for dredging, investigating the sea 
bottomm for off-shore activities, e.g. when considering an airport in sea, or tracing the sea 
bottomm for certain types of material, bottom information is requisite. 

Obtainingg information about the sea bottom is not trivial. Often use is made of samples of 
thee sea bottom. However, these samples are point measurements and therefore are not 
representativee for large areas. For this, an extremely large number of samples are needed. 
Obtainingg such a large amount of sea bottom samples is a very time consuming and costly 
operation,, since a dedicated large ship is required for obtaining the samples, which then have 
too be analyzed either on board or in a laboratory. Seismic surveys can be carried out for 
determiningg the sea bottom layering. For bottoms with high sound speeds, roughly 
correspondingg to rock type of bottoms, these seismic surveys can also provide information on 
thee sea bottom sound speeds. It should be noted that, besides taking bottom samples, the only 
wayy to obtain sea bottom information is through acoustic means since all other kinds of 
radiationn are attenuated too much. 

Inn this thesis a bottom parameter estimation technique denoted by 'matched field 
inversion'' is investigated. With this technique an acoustic field that is measured on a sonar 
arrayy is compared with an acoustic field that is calculated by a propagation model. The model 
calculationss are carried out for trial sets of the unknown parameters. The trial set that provides 
thee maximum match between both acoustic fields should correspond to the true values of the 
unknownn parameters. Clearly only those parameters that indeed influence the received signals 
cann be estimated. Since the amount of possible combinations of the unknown parameters can 
bee huge, and since the function that quantifies the match can contain a large number of local 
optima,, global optimization methods are required for guiding the search for the set of 
unknownn parameters that gives the maximum match. 

Thee different chapters of this thesis and their cohesion are as follows. Since this thesis is 
madee up mainly of articles that appeared in journals dedicated to the subject of (underwater) 
acoustics,, in none of these articles basic knowledge on underwater acoustics is presented, as 
thee readers of the before-mentioned journals are assumed to be familiar with the subject. 
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Chapterr 2 provides this basic knowledge. The ocean environment and its essential parameters 
aree discussed. The equations governing the propagation of sound are presented, and the 
influencee of some of these parameters on the acoustic propagation is illustrated through the 
usee of two bottoms with different properties. Note that if there is an effect of bottom type on 
thee acoustic propagation, this implies mat bottom parameters can be estimated through 
acousticc means. This is demonstrated by a model validation exercise at the end of Chapter 2, 
wheree a study is carried out for estimating the influence of the different model input 
parameterss on the match between measured and modeled signals by considering a large 
amountt of realistic input parameter sets. Since for some of the input parameters no 
informationn was available, the values corresponding to the maximum data/model match have 
beenn employed in the final data/model comparison. Only a limited amount of parameter 
valuess and parameter combinations were considered. Instead of this exhaustive search, more 
sophisticatedd global search, or optimization, methods can be applied. 

Inn Chapter 3 these global optimization methods are applied with the goal to find the set of 
parameterss that results in an optimal match between measured and modeled underwater 
acousticc data. These global optimization methods carry out a guided search through all 
possiblee combinations of the unknown parameters, and are especially applicable in problems 
withh many unknowns and many local optima. Two global optimization methods are 
consideredd in Chapter 3, viz., simulated annealing and the genetic algorithm, and the 
performancee of both methods is assessed. 

Inn Chapter 4 the genetic algorithm is used for inversion of data that were supplied within a 
benchmark.. The goal of this benchmarking exercise was to compare the various methods 
employedd for matched field inversion during a dedicated workshop. The matched field 
inversionn results presented in Chapter 4 indicate good performance in estimating the values 
forr the unknown sea bottom parameters. When comparing the results of all workshop 
participants,, 16 in total, the organizers of the workshop mention the following about the 
Chapterr 4 results: "Their approach is exceptionally accurate and efficient for nearly all 
parameters.". . 

Chapterr 5 presents the results of inversions of experimental acoustic data obtained during 
ann experiment conducted south of Sicily on the Adventure Bank in October 1997. The sound 
sourcee was towed behind a ship and, therefore, this chapter can be seen as the first 
demonstrationn of the practical applicability of matched field inversion. The inversion results 
showw good agreement with results from independent measurements. 

Chapterr 6 presents results of inversions of experimental data obtained during an 
experimentt carried out in April/May 1999 on the Adventure Bank as well. The sound source 
usedd during these experiments was mounted on a tower construction that was put at the sea 
bottom,, to keep it at a fixed position. This configuration allows for assessing the effects of the 
varyingg ocean on the matched field inversion results. Use was made of data transmitted at a 2-
kmm range from the receiver. Many snapshots of data, recorded over a period spanning 8 h, are 
usedd in the inversion in order to assess the variability in the inversion results. For this, it is 
assumedd that all variation in the inversion results should be due to both the imperfect 
optimizationn method, and the temporal oceanographic variability. Inversions for synthetic 
dataa reveal the uncertainty that is due to the optimization method. It is found that the 
optimizationn method itself is a large contributor to parameter uncertainty. Inversions of 
syntheticc data that also include oceanographic variability show uncertainties comparable to 
thatt of the inversions of experimental data. Consequently, it is concluded that the origins of 
uncertaintyy have been revealed. 

Inn an effort to reduce the uncertainties due to the imperfect optimization method, a local 
optimizationn method is applied after the global optimization in Chapter 7, using the genetic 
algorithmm results of Chapter 6. Inversions of synthetic data indicate that this approach almost 
completelyy eliminates the contribution of the optimization method to the parameter 
uncertainty. . 
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Inn Chapter 8 the capability of the matched field inversion method to also estimate 
parameterss of the water column is demonstrated. Use is made of the same data as in the 
previouss two chapters. 

Chapterr 9 presents results of inversions of data obtained at several sites during an 
experimentt carried out in November 2000. The goal of this experiment was to obtain data in 
environmentss that differ with respect to their bottom properties, in order to demonstrate the 
generall  applicability of matched field inversion for bottom classification purposes. The source 
wass towed behind a ship, thereby providing acoustic data over a large area. When using such 
aa set of acoustic data for the matched field inversion analysis, information on bottom 
parameterss is obtained that is representative for the area in between source and receiver, 
therebyy providing information on large regions (several km), contrary to bottom samples. At 
thee end of Chapter 9, the importance of having a bottom classification technique is illustrated 
throughh the means of two applications, viz., source localization and a sonar performance 
model. . 

Finally,, Chapter 10 presents the summary and conclusions. 
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