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Chapterr 10 

Summaryy and conclusions 

Inn this thesis the bottom classification technique 'matched field inversion' (MFI) has been 
investigated.. MFI can be applied for determining unknown sea bottom parameters, such as 
sedimentt density and sediment sound speed, and other parameters that influence the 
propagationn of sound under water. The applications requiring bottom information are 
manifold.. They include topics such as mine hunting, both with regards to the effectiveness of 
minee hunting operations and the extent to which mines get buried in the sea bottom. Other 
topicss include source localization, employing sonar performance models, dredging, fisheries, 
andd off-shore applications. This is illustrated at the end of the previous chapter for the source 
localizationn and sonar performance model application. 

Withh MFI the unknown parameter values are estimating by maximizing the match between 
measuredd under water acoustic signals and modeled acoustic signals. The latter are a function 
off  the unknown parameters. Since the amount of unknown parameters is often large (in the 
orderr of at least ten) and since there can be local optima, a global optimization method is 
requiredd for finding the set of unknown parameters corresponding to the maximum match. For 
thiss application, two global optimization methods have been considered, being the genetic 
algorithmm and simulated annealing. The two methods have been applied to a typical 
underwaterr acoustic inversion problem, favoring the genetic algorithm with regards to its 
performancee in rapidly finding the global optimum with a high success rate. As a second step 
forr assessing the optimization method, an internationally recognized benchmark problem is 
usedd for comparing the resulting matched field inversion tool with other approaches, clearly 
indicatingg its good performance. 

Severall  experiments have been carried out with the goal to further assess and validate the 
technique.. It is clearly demonstrated that also in the case of practical situations the technique 
iss capable of determining the unknown parameters, as long as they indeed influence the 
acousticc propagation. Parameters that are strongly correlated can not be determined 
themselves.. Employing data at multiple frequencies is found to result in more accurate and 
realisticc parameter estimates. However, since the scales of features influencing the acoustic 
propagationn depend on the frequency, results obtained at one frequency are not always 
applicablee at other frequencies. 

Ann important item when searching for the unknown parameter values is the accuracy of the 
resultingg parameter estimates. A dedicated experiment has been conducted for investigating 
thee different origins of the parameter uncertainty. These origins comprise the optimization 
methodd itself, the influence of variations in the water column sound speed profile as a 
functionn of time, resulting from e.g. internal waves, and the noise in the data. The global 
optimizationn method itself was found to be a large contributor to the parameter uncertainty. 
Byy applying a local optimization method after the global search the influence of the 
optimizationn method could, however, be almost completely eliminated. Two local 
optimizationn methods are considered, being both the downhill simplex methods, and the 
Levenberg-Marquardtt method. Downhill simplex is more robust, but time consuming. 
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Levenberg-Marquardtt is efficient in locating the optimum. However, contrary to the downhill 
simplexx method, Levenberg-Marquardt does not always result in an optimized parameter 
estimate.. In addition to the optimization method also the oceanographic variability was found 
too give a large contribution to the uncertainty in the parameter estimates. 

Besidess geo-acoustic parameters, matched field inversion has also been applied for 
determiningg parameters of the water column sound speed. The sound speed profile was not 
determinedd directly, but through the use of empirical orthogonal functions, thereby limiting 
thee amount of unknowns. In addition to this tomographic application, where the goal is to 
estimatee parameters of the water column, the ability to estimate parameters of the water 
columnn sound speed profile can also be used for reducing the influence of the oceanographic 
variabilityy on the uncertainty of the parameter estimates: When also estimating the water 
columnn sound speed as a function of time, the effect of the variation of the water column 
soundd speed on the other parameter estimates is eliminated. Since this effect is not seen in the 
resultss presented in this thesis more research is needed. A reason for this might be that also 
thee range-dependency of the water column sound speed profile has to be accounted for. 

MFII  has been applied for estimating bottom parameters for a wide range of bottom types, 
rangingg from clay to sand-silt types of bottom. For all these bottom type, the method was 
foundd to be capable of accurately predicting the bottom type over large areas. The effect of 
bottomm type on the accuracy of the inversion results has not been investigated. However, it is 
expectedd that for longer ranges, due to the attenuation of the sound, it is more difficult to 
estimatee bottom properties for clay type bottoms, than for sand type bottoms. It should be 
notedd that no rock bottoms have been considered. It is expected that when applying matched 
fieldfield inversion for these types of bottoms, additional parameters, such as scattering strengths, 
havee to be included in the inversion. On the other hand, probably any bottom layering can be 
neglected. . 

Thee standard bottom classification technique that is currently operationally available is to 
takee samples of the sea bottom, a costly and time-consuming operation as information over 
largee areas is normally required. MFI is shown to be an accurate alternative for obtaining 
bottomm information over large areas (several km). It requires a sound source and a receiving 
system.. For the work described in the thesis the receiving system consists of a sonar array of 
hydrophones,, placed vertically in the water column. Since this system is not very easily 
handledd in operational circumstances, future research is needed for developing approaches 
thatt allow for the application of MFI using operational sonar systems, such as drifting air-
deployedd sonobuoys, containing a single hydrophone, and horizontally towed arrays. This 
latterr system is typically available on board of navy frigates. 


