
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Sea bottom parameter estimation by inversion of underwater acoustic sonar
data

Snellen, M.

Publication date
2002

Link to publication

Citation for published version (APA):
Snellen, M. (2002). Sea bottom parameter estimation by inversion of underwater acoustic
sonar data. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/sea-bottom-parameter-estimation-by-inversion-of-underwater-acoustic-sonar-data(187eddd2-4c16-4adb-9bd4-c3c51887c20b).html


167 7 

Chapterr 9 

Bottomm classification capabilities of matched field 

inversion n 

9.11 Introductio n 

Inn the previous chapters the matched field inversion (MFI) technique has been applied to 
obtainn geo-acoustic bottom parameters. Two environments have been considered, being the 
areaa north of Elba (Chapter 5), and the Adventure bank (Chapter 6 to Chapter 8). In this 
chapterr we will apply MFI to a new set of data in order to investigate whether it is an 
appropriatee method for estimating seabed parameters for a range of bottom types. In Chapter 
1,, one of the applications of MFI was said to be bottom classification, and the work presented 
heree can be seen as a demonstration of the MFI bottom classification capabilities. Use is made 
off  data obtained during the MAPEX trial as carried out by SACLANT Centre in 
November/Decemberr 2000. (MAPEX is an acronym for 'Malta Plateau Experiments'). 

Severall  sets of experiments were carried out during MAPEX. The experiments considered 
heree are dedicated MFI experiments using the vertical line array (VA) as the receiving system. 
Inn order to obtain sets of data in environments with different bottom types, the array has been 
deployedd at several sites. The availability of data recorded at different sites with different 
bottomm types allows for assessing me robustness of MFI with respect to bottom type. In 
Sectionn 9.2 the MAPEX sites, three in total, are summarized and a brief description of 
informationn available on these sites, obtained from literature, is presented. This information is 
usedd as 'groundtruth', necessary when assessing the performance of MFI as a bottom 
classificationn technique. 

Inn Section 9.3 the inversion method is briefly described. Section 9.4 presents the results of 
thee inversions. Section 9.5 provides an overview of the inversion results, together with a 
comparisonn of the results with the information obtained from literature. Finally, Section 9.6 
illustratess the need for accurate bottom information by means of two applications, viz., source 
localizationn and sonar performance prediction models. 

9.22 The MAPEX experiment s 

AA summary of the VA deployments of the MFI experiments is given in Table I. The sound 
sourcee was towed by NRV Alliance at mid-water depths. The source transmitted, amongst 
otherr signals, multi-tones comprising the frequencies 200, 275, 350, 425, 500 and 575 Hz. 
Usee is made of these multi-tones only. 
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Figuree 1 shows the area of the experiment. Circles indicate the VA deployment positions. 
Alsoo indicated are the array positions of two previous experiments, i.e., En Verse 97 and 
ADVENT99. . 
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Fig.. 1 Area of MAPEX experiments. Circles indicate the MAPEX VA deployment positions. Also indicated 
aree the VA deployment positions (+) of two previous experiments, carried out on the Adventure 
Bank,, viz., EnVerse 97 and ADVENT99. 
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Tablee I Relevant VA deployments during the MAPEX trial. 

Site e 

Malta a 
platea u u 
Nort hh Elba 
Southeas t t 
Elba a 

Date e 

222 Novembe r 2000 

299 Novembe r 2000 
300 Novembe r 2000 

Julia nn day 

327 7 

334 4 
335 5 

VAA latitud e 
(degr ) ) 
36.44455 5 

42.95755 5 
42.63712 2 

VAA longitud e 
(degr ) ) 
14.776 6 

10.165 5 
10.699 9 

Waterr  dept h (m) 

130 0 

121 1 
126 6 

AA limited literature survey on available geo-acoustic information for the shallow water 
sitess mentioned above has been carried out. A total of 7 independent open sources of 
informationn were considered (see Table II). It should be noted that the geographical positions 
correspondingg to the geo-acoustic information presented in these references do not exactly 
coincidee with VA deployment positions given in Table I. 

Tablee II Summary of the literature considered. 

Referenc e e 
1 1 
2 2 

3 3 
4 4 
5 5 
6 6 

7 7 

Area a 
Maltaa platea u 
Maltaa platea u 

Northh Elba 
Northh Elba 
Northh Elba 
Southeas t t 
Elba a 
Southeas t t 
Elba a 

Position s s 

36  17.7' N, 14  42.6' E (cor e 255) 
36  18.0"  N, 14  53.3' E (cor e 257) 
36  24.8' N, 14  38.4' E (cor e 258) 
43  10'N , 10  7'E 
43  2.86' N, 10  10.01'E 
43  2.86'N, 10  10.01'E 
42  38.5'N , 10  47' E (cor e 8) 
42  36'N , 10  53'E (cor e 9) 
42  37.5' N, 10  42' E 

Metho d d 
Cores/grabs/seismi cc surve y 
Cores s 

Cores s 
Inversio nn resul t 
Inversio nn resul t 
Core e 

Inversio nn resul t 

Appendixx E provides the detailed results of the literature survey. A summary is presented in 
Tablee III , and gives an overview of the upper sediment (0-3 m into the sediment) sound speed 
valuess encountered. The reason for considering the upper sediment sound speeds is that, in 
general,, these can be used for bottom classification purposes. For the Malta Plateau a large 
spreadd of values for the sediment sound speed is found. Note, however, that the cores from 
whichh this information is partly derived (see Table II) are taken at large distances apart. 

Tablee III Summary of the different areas at which experiments have been carried out, the bottom type, and 
thee range of sediment sound speeds for each of the areas as obtained from literature. 

Site e 
Maltaa Plateau 
Nort hh of Elba 
Southeas tt  of Elba 

rang ee of sedimen t soun d speed s (m/s) 
1500-1700 0 
1450-1580 0 
1457-1485 5 

9.33 Acousti c inversio n metho d 

Forr the forward calculations the normal-mode model has been applied. The environment was 
takenn to be range-independent. The model for the ocean environment is taken equal to that of 
thee previous chapters (see e.g. Fig. 12 of Chapter 5), and results in 11 unknown parameters. 

Thee sound speed profile used in the inversions was measured by NRV Alliance while she 
wass towing the source at times close to the time of the transmissions. The energy function that 
iss minimized in the optimization is based on the multi-frequency Bartlett processor (see e.g. 
Chapterr 3), employing three frequencies, being 200, 275 and 425 Hz. The pressure fields at 
thesee frequencies were obtained by fast Fourier transformation of 0.5 seconds of data into the 
frequencyy domain. The snapshot length of 0.5 seconds was selected such that the effect of the 
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sourcee displacement on the received signals can be neglected. Data transmitted at 2-km range 
fromfrom the receiver has been used for the inversion. The optimization is carried out using the 
geneticc algorithm (GA), followed by the downhill simplex algorithm (DHS). DHS was 
applied,, using the best parameter set found by GA as input. The DHS algorithm was restarted 
threee times. 

AA difference with the inversions of the ADVENT99 data is that now only a relatively small 
amountt of inversions were carried out. Instead of the five independent runs, here the amount 
off  independent runs was increased until repeatability of, and thereby confidence in, the 
solutionn was obtained. This approach was selected in view of the bottom classification 
application,, where one is interested in obtaining a quick estimate for the bottom properties. 

9.44 Result s 

9.4.11 Malta Plateau 
Dataa transmitted at 2-km distance of the VA, were used for the inversions. Three independent 
inversionss have been carried out. Table IV presents the inversion results, i.e., the parameter 
estimatess obtained after applying both the GA and DHS. Also the corresponding values for 
thee energy function are given. 

Tablee IV Estimates for the unknown parameters obtained from the three independent runs after applying 
bothh GA and DHS, and the corresponding values for the energy function {last row). 

Ci.sedCi.sed  (m/S) 
rtsedfm) rtsedfm) 
C2,sedC2,sed  (m/S) 

ccbb (m/s) 
PP (g/cm3) 
a(dBA) ) 
rrss(m) (m) 
zs(m) ) 
0(degr) ) 
Hw(m) ) 
h,(m) h,(m) 
E E 

#1 1 
1556 6 
23 3 
1563 3 
1704 4 
1.88 8 
0.10 0 
2137 7 
55 5 
-0.2 2 
127 7 
13 3 
0.16 6 

#2 2 
1556 6 
24 4 
1565 5 
1636 6 
2.30 0 
0.26 6 
2096 6 
55 5 
-0.4 4 
125 5 
13 3 
0.18 8 

#3 3 
1547 7 
21 1 
1551 1 
1766 6 
2.23 3 
0.08 8 
2067 7 
54 4 
-0.4 4 
124 4 
12 2 
0.17 7 

Inn order to get an indication of the accuracy of the parameters estimates, one could look for 
eachh parameter at the deviation between the three estimates #1, #2, and #3. A large deviation 
impliess that the parameter either has only a minor influence on the propagation, or that there 
aree several values for that parameter that correspond to low values for the energy function, 
i.e.,, there are local minima. However, this approach provides no overview of the parameter 
landscape,, and therefore we look at the a posteriori distributions. These show for each 
parameterr the values obtained after the optimization, weighted by the corresponding energy 
functionn value, and thereby give an overview of all parameter values (in the search domain) 
thatt correspond to low values for the energy function. The weighting is applied according to 
thee Boltzmann distribution, equal to the weighting applied in the GA optimization. Detailed 
informationn on these a posteriori distributions is provided in Chapter 3. 

Figuree 2 shows the a posteriori distributions corresponding to all GA inversion results. 
Thesee comprise all elements of the final populations for the three independent inversions, i.e., 
theyy are determined by accounting for 3x128=384 parameter combinations. The weighting 
wass chosen similar to that of Chapter 3, viz., T in Eq. (12) of Chapter 3 is taken as the lowest 
energyy function value. The x-axes of Fig. 2 indicate the search areas. It is seen that the upper 
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sedimentt sound speed is quite well determined, with values ranging from about 1530-1560 
m/s.. Also the lower sediment sound speed shows a small spread. The sub-bottom sound speed 
andd the density are not determined accurately. However, nearly all values are higher than 1.5 
g/cm3.. For the attenuation most values are below 0.5 dB/A.. Source depth and tilt are 
determinedd unambiguously. In the estimates for range and water depth two peaks are seen. 
Thee peaks at -2040 m source/receiver range and -123 m water depth correspond to higher 
valuess for the energy function than the peaks at -2120 m range and - 126 m depth, which are 
inn agreement with the DGPS and echosounder measurements. 

Ass in Chapter 7 also the sound speed gradient in the sediments has been determined. The 
lowest,, most right subplot shows the sound speed gradient in the sediment as obtained from 
thee inversions. The gradient is not obtained directly, but is calculated from the optimized 
sedimentt sound speeds and sediment thickness. The range of the x-axis for this parameter was 
selectedd such that it shows the majority of all results. The peak at the lowest gradient values 
correspondss to the lowest energy function values. The minimum in energy belongs to a 
sedimentt sound speed gradient of 0.33 s~ . 
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Fig.. 2 A posteriori distributions of GA solutions. 

Ass a further assessment of the quality of the inversion results, Fig. 3 shows the optimized 
andd measured pressure fields. The optimized pressure fields are calculated for the parameter 
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sett that corresponds to the lowest energy function value obtained, i.e., the #1 parameter set of 
Tablee IV. Cleary the optimization is capable of finding a parameter set that corresponds to 
pressuree fields that show good similarity with the measured pressure fields. 
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Fig.. 3 Optimized (dashed) and measured (solid) pressure fields. 

Thee resulting geo-acoustic model is shown in Fig. 4, and is taken as the environment of 
thatt parameter set that corresponds to the lowest value for the energy function (parameter set 
#11 of Table IV). The sound speed corresponds to a sand-silt-clay sediment (see Chapter 2), 
andd is similar to the sediment sound speed obtained for the ADVENT99 experiments. 

1277 m 

233 m 
pp = 1.88g/cm 

aa =0.10dBA 15633 m/s 

pp = 1.88g/cm 

aa =0.10dB/X 

17044 m/s 

Fig.. 4 Geo-acoustic model obtained for the site visited during MAPEX on the Malta plateau. 

9.4.2 2 Northh of Elba 

Inn this section inversion results of data recorded in the area north of Elba are presented. 
Dataa transmitted at 2-km distance, at both sides from the VA, have been used in the 

inversions.. Five independent inversions have been carried out for each of the two positions. 
Thee two snapshots selected were transmitted when NRV Alliance was at 1.926 km south of 
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thee array, sailing towards it, when Alliance was at 1.911 km north of the array, sailing away 
fromfrom it. 

Tablee V presents the GA+DHS results. Considering the first five columns, it is concluded 
thatt the last two of these (S#4 and S#5) correspond to a local minimum, with a smaller 
sedimentt thickness, a lower density, a higher attenuation, a larger water depth, and higher 
energyy function values. Considering the results that correspond to inversion results for the 
snapshott that was transmitted north of the array (N), there also appears to be a local minimum 
(N#22 and N#5), now with a larger sediment thickness, a higher density, a lower attenuation, 
andd higher energy function values. 

Tablee V GA+DHS result s of 5 independen t inversion s for the two data snapshots , transmitte d at 12:29 UTC, 
i.e.,, sout h (S) of the VA, and at 13:00 UTC, i.e., nort h (N) of the VA. 

Ci,sed Ci,sed 

(m/s ) ) 
hsed hsed 

(m) ) 
C2,sed C2,sed 

(m/s ) ) 
Cb Cb 

(m/s ) ) 

PP 3 
(g/cm 3) ) 
a a 
(dBA. ) ) 

(m) ) 

(m) ) 
9 9 
(degr ) ) 

(m) ) 
hi hi 
(m) ) 
£ £ 

S#1 1 
1530 0 

21 1 

1625 5 

1713 3 

1.8 8 

0.2 0 0 

2015 5 

69 9 

1.0 0 

121 1 

14 4 

0.1 4 4 

S#2 2 
1525 5 

26 6 

1655 5 

1655 5 

1.7 7 

0.1 6 6 

2031 1 

69 9 

1.0 0 

121 1 

13 3 

0.1 4 4 

S#33 I 
1526 6 

26 6 

1650 0 

1679 9 

1.7 7 

0.1 6 6 

2031 1 

69 9 

1.0 0 

121 1 

13 3 

0.1 4 4 

|N# 3 3 
1152 3 3 

I 6 7 7 

11633 3 

11872 2 

I 1 8 8 

10.8 9 9 

1159 4 4 

163 3 

[-0. 9 9 

I 12 0 0 

114 4 

Io.1 8 8 

N#4 4 
151 9 9 

6.7 7 

1641 1 

186 4 4 

1.8 8 

0.9 1 1 

1589 9 

63 3 

-0. 9 9 

120 0 

14 4 

0.1 8 8 

Figs.. 5 and 6 show the a posteriori distributions corresponding to the GA inversion results 
off  the snapshot transmitted south (S) of the array and the snapshot transmitted north (N) of the 
array,, respectively. The local minima mentioned above can also be seen in these figures. From 
Fig.. 5 it is seen that for the south side of the array the upper sediment sound speed is 
determinedd quite accurately, with values in between 1510 and 1530 m/s. The sediment 
thicknesss shows two peaks, of which the peak at a sediment thickness of ~10 m corresponds 
too a higher energy, see Table V. Lower sediment sound speeds are in between 1620 and 1680 
m/s.. Density shows a large spread, with values > 1.5 g/cm3 corresponding to lower values for 
thee energy function than the densities < 1.5 g/cm3. The attenuation shows two peaks with the 
attenuationn constant of -0.25 dBA, corresponding to the lowest energy. Source depth and tilt 
aree determined unambiguously, whereas the a posteriori distribution for source/receiver range 
andd water depth show two peaks. The peaks at the highest values for these two parameters 
correspondd to the lowest values for the energy. The lowest, right-most subplot shows the a 
posterioriposteriori distribution for the sediment sound speed gradient that was calculated from the 
invertedd sediment sound speeds and the sediment thickness. For the area south of the array, 
thee minimum in energy is encountered for a sediment sound speed gradient of 4.4 s '. The 
correspondingg sediment thickness is ~22 m. The peaks in the a posteriori distribution for the 
sedimentt sound speed gradient at gradients > 10 s"1 correspond to sediment thicknesses of-
100 m, i.e., a local minimum. 
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Fig.. 5 A posteriori distributions of GA solutions obtained for the snapshot that was transmitted south of 
thee array. 

Figuree 6 shows that for many parameters resulting from inversions of data transmitted at 
thee north side of the array a distribution similar to that at the south side of the array is 
obtained.. However, for the attenuation somewhat higher values are found. In Fig. 6 three 
peakss are present in the plot showing the a posteriori distribution of the lower sediment sound 
speed.. Analysis (not shown here) indicates that each of these peaks correspond to one of the 
peakss in the sediment thickness. This results in the relatively peaked distribution for the 
sedimentt sound speed gradient. The sediment sound speed gradient corresponding to the 
lowestt energy amounts to 19 s" . 
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Fig.. 6 A posteriori distributions of GA solutions obtained for the snapshot transmitted north of the array. 

Figuree 7 shows for the frequencies used in the inversions, the pressure fields as measured 
southh of the array and the S#3 optimized pressure fields. Clearly the inversion has provided a 
parameterr set that results in an acceptable match between the two sets pressure fields. The 
agreementt between measured and optimized pressure fields north of the array is similar, and 
iss therefore not shown here. 
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Fig.. 7 Pressure fields as measured south of the array (solid) and corresponding optimized pressure fields 
(dashed). . 

Figuree 8 shows the resulting geo-acoustic model for this area. This geo-acoustic model is 
obtainedd by taking the mean of those GA+DHS solutions that correspond to the minimum 
withh the lowest values for the energy function, i.e., the mean of S#l, S#2, and S#3, and the 
meann of N#l, N#3, and N#4. 

121m m 1200 m 

Fig.. 8 Geo-acoustic model obtained from inversions of data transmitted at 2 km south of the array (left 
plot),, and 2 km north of the array (right plot). 

9.4.3 3 Southeastt of Elba 

Dataa transmitted at 2.01 km distance have been used for the inversions. 
Inn Table VI the inversion results are presented. Clearly, a low sound speed sediment is 

found.. Considering the results corresponding to the lowest values of the energy function, i.e., 
columnss #1 - #3, and #5, the values for the upper sediment sound speed range from 1422 to 
14444 m/s. 
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Tablee VI GA+DHS result s of 7 independen t inversion s for the data snapsho t transmitte d at 10:51 UTC, i.e., 
att  the left sid e of the VA. 

Cl,sed Cl,sed 

(m/s ) ) 
hsed hsed 

(m) ) 
C2.sed C2.sed 

(m/s ) ) 
Co o 
(m/s ) ) 

(g/cm 3) ) 
a a 
(dBA. ) ) 

(m) ) 

(m) ) 
6 6 
(degr ) ) 

(m) ) 
h, h, 
(m) ) 
E E 

#1 1 
1434 4 

11 1 

1477 7 

1610 0 

2. 3 3 

0.4 3 3 

1542 2 

31 1 

0.09 1 1 

121 1 

11 1 

0.2 1 1 

#2 2 
1422 2 

8. 2 2 

1428 8 

1608 8 

2. 0 0 

0.3 7 7 

1527 7 

31 1 

-0.08 2 2 

121 1 

11 1 

0.1 9 9 

#3 3 
1427 7 

11 1 

1487 7 

1589 9 

2. 2 2 

0.1 6 6 

1593 3 

31 1 

0.07 5 5 

122 2 

11 1 

0.2 2 2 

#4 4 
1437 7 

8. 2 2 

1437 7 

1606 6 

1. 5 5 

0.4 3 3 

1576 6 

31 1 

0.4 5 5 

124 4 

12 2 

0.2 8 8 

#5 5 
1444 4 

8. 8 8 

1444 4 

1592 2 

1. 9 9 

0.2 6 6 

1574 4 

31 1 

-0.4 3 3 

123 3 

12 2 

0.2 0 0 

#6 6 
1395 5 

8. 1 1 

1439 9 

1631 1 

2. 2 2 

0.5 9 9 

1484 4 

30 0 

0.3 8 8 

120 0 

11 1 

0.2 3 3 

#7 7 
1459 9 

25 5 

1659 9 

1659 9 

1.1 1 

0.1 1 1 

1844 4 

31 1 

1. 0 0 

121 1 

13 3 

0.3 2 2 

Figuree 9 shows the a posteriori distributions, employing all inversion results. All upper 
sedimentt sound speed values are less than 1500 m/s, indicating a clayey silt (or mud) bottom, 
seee Chapter 2. Both the sediment thickness and the lower sediment sound speed show two 
peaks.. Analysis shows that these two peaks correspond to each other, such that a smaller 
sedimentt thickness corresponds to a lower sound speed at the bottom of the sediment. 
However,, this coupling does not result in one value for the sediment sound speed gradient. 
Thee small thickness, low sediment sound speed at the bottom of the sediment combination 
resultss in a gradient of ~2 s"\ whereas the thick sediment with a higher sound speed at the 
bottomm of the sediment corresponds to a gradient of - 12 s"1. The sediment sound speed 
gradientt corresponding to the minimum energy amounts to 2 s'. Both the density and the 
attenuationn show a large spread. Therefore, the values presented in the table above should be 
interpretedd with care. 
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Fig.. 9 A posteriori distributions of GA solutions obtained for Julian day 335. 

Figuree 10 shows for the frequencies used in the inversions, the measured pressure fields 
andd the optimized pressure fields. The optimized pressure fields are calculated for the 
parameterr set that correspond to the lowest energy. 
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Fig.. 10 Optimized (dashed) and measured (solid) pressure fields. 

Figuree 11 shows the resulting geo-acoustic model, taking into account results #1 to #3 and 
#5,, since these correspond to the lowest values for the energy function. 
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Fig.. 11 Geo-acoustic model obtained from inversions of data transmitted at 2 km from the array. 

Clearlyy the sound speed is low, in accordance with the results of the literature survey, 
presentedd in Section E.3. The density, and also, but to a lesser extent, the attenuation are too 
highh for a mud sediment. However, from Fig. 9 it is seen that these two parameters are not 
welll  determined. 

9.5 5 Assessmentt of the inversion results 

Ass mentioned in the introduction, the goal of the analysis presented in this chapter is to 
demonstratee the applicability of MFI for bottom classification purposes. Clearly the 
inversionss come up with different results for the three different areas that were surveyed 
duringg MAPEX. To see whether these differences are also present in the independent 
measurements,, the inversion results are compared with the results obtained from the literature 
survey,, see Section 9.2. For this comparison we have selected the sound speed at the top of 
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thee sediment, because experience has learned that this parameter can be determined quite 
accuratelyy through inversion, and this parameter directly relates with bottom type. In Fig. 12 
thesee sound speeds are plotted together with the range of sediment sound speed values found 
inn the literature, see Table III . Although, no independent information was available exactly at 
thee MAPEX positions, clearly a similar trend is seen both in the inversion results, and in the 
independentt information, indicating the lowest values for the sound speeds in the area 
southeastt of Elba, and the highest values on the Malta Plateau. From this it is inferred that 
MFII  techniques can be applied for bottom classification purposes. Another important 
conclusionn that can be drawn from Fig. 12 is that inversions provide geo-acoustic parameters 
significantlyy more accurate than obtained from independent information, which in the current 
casee consists mainly of core results. 
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Fig.. 12 Sound speed values as found in literature and those obtained from the inversions for the three 
areass surveyed during MAPEX. 

9.66 Applications 

Inn this section the importance of having available a bottom classification technique is 
demonstratedd by two applications, being the source localization problem and the use of sonar 
performancee prediction models. 

Wee start of with the problem of localizing a source in both range and depth. It should be 
mentionedd that conventional active sonar systems are capable of localizing a source, or a 
target,, in range and in bearing, whereas conventional passive sonar systems can localize 
sourcess in bearing only. In all previous chapters a search was performed for a (large) set of 
unknownn parameters. When this set of unknowns is decreased to two, being the source depth 
andd the source range, the technique is no longer denoted by MFI, but by matched field 
processingg (MFP). MFP, therefore, allows for passively localizing a source in both range and 
depth.. The MFP results are presented as so-called 'range-depth ambiguity surfaces' in which 
thee match, or similarity, between measured and calculated signals is presented as a function of 
rangee and depth. Note that thereby the target is also classified as being either a surface ship, or 
aa submarine. Experience has learned that for applying the MFP technique the environment 
needss to be known accurately. In the preceding chapters the applicability of MFI for this 
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problemm was demonstrated. For source localization in unknown areas the approach might 
thereforee be to first use MFI for obtaining information on the geo-acoustics and on the 
geometry,, and to then apply MFP for localizing sources in the area. For illustrating this 
approachh we use data acquired during the ADVENT99 experiment, see Chapter 6. In Chapter 
66 results of inversions are presented for data that were collected during experiments with the 
sourcee at a 2-km distance from the vertical receiving array. During these experiments the 
Italiann navy ship (INS) Ciclope was sailing back and forth along the acoustic track, collecting 
CTD-chainn data. The aim now is to localize with MFP the INS Ciclope by its radiated noise. 
Thee geo-acoustic model employed in the forward model calculations consists of the above-
mentionedd Chapter 6 inversion results. Several snapshots of noise data in the band 550-650 
Hz,, radiated by INS Ciclope were selected, spanning the total period needed for INS Ciclope 
too sail back and forth along the acoustic track. It should be noted that the geo-acoustic (and 
geometric)) parameters were estimated using acoustic data that were collected for a 
source/receivedd distance of 2 km. Figure 13 shows the resulting range-depth ambiguity 
surfaces,, showing the position of the INS Ciclope along the track. These results clearly 
illustratee that the estimates for the unknown parameters, as obtained through MFI, are also 
accuratee enough for localizing sources at those positions of the track of which no data were 
usedd in the inversions, i.e., at distances larger than 2 km. 
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Fig.. 13 Range-depth ambiguity surfaces, with range along the x-axis (in km) and depth along the y-axis (in 
m).. Note the difference in scale between the x- and y-axis, with the total depth span being only 100 
m,, and the total range span 10 km. 

Ass a second example, illustrating the need for accurate information on bottom parameters, 
wee consider the sonar performance prediction models as used on board of navy vessels. The 
situationn is that of passive detection in a narrow band, also called 'line detection', and we 
considerr the detection probability for the two environments of Chapter 2. The two 
environmentss differ with respect to their bottom type, viz., a sand-silt-clay bottom, and a mud 
bottom.. Sonar performance prediction models solve the 'sonar equations', and estimate the 
probabilityy on detection of a signal against noise. The sonar equation for passive sonar and an 
omnidirectional-hydrophonee can be written as 

SL-TL-NLSL-TL-NL = DT (1) ) 
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withh SL the source level, TL transmission loss, NL the noise level and DT the detection 
threshold.. All terms are in dB. Based on DT, which is actually signal-to-noise-ratio, the 
probabilityy of detection is calculated. Figure 14 shows for the two environments the 
probabilityy of detection, as a function of target range and depth, for a receiving omni-
directionall  hydrophone at 20 m depth. In this example, the model calculates the 
environmentallyy dependent noise level NL for a wind speed of 8 m/s. The source level SL of 
thee line to be detected, for which we selected 500 Hz, amounted to 130 dB. Note the striking 
differencee in detection range for the two bottoms. For the sand-silt-clay bottom the detection 
probabilityy is 100 % up to 8-9 km, whereas it is close to zero after 5 km range for the mud 
bottom.. Again, the importance of having available detailed information about the seabed is 
illustrated. . 
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Fig.. 14 Probability of detection as a function of target position for the two environments of Chapter 2 (sand-
silt-clayy bottom and mud bottom) as calculated by a the sonar performance prediction model. 
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