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Range-Dependent Geoacoustic Inversion: Results
From the Inversion Techniques Workshop

Peter L. Nielsen, Martin Siderius, and Peter Gerstditmber, IEEE

Abstract—Model-based geoacoustic inversion in range-depen- along the propagation track. A good match at one range does
dent underwgter environments is a challenging task cpnstralned not guarantee a good match at all ranges. Particularly, strongly
by data quality (synthetic or measured) and propagation-model ., oo jenendent environments requires full range-dependent
efficiency and accuracy. The Inversion Techniques Workshop . . .
(ITW), held in Gulfport, MS, May 15-18, 2001, was orga- modellpg in or.der to determmg the bottom proper'qes...Geo—
nized for the acoustics community to present state-of-the-art acoustic inversion for these environments becomes significantly
numerical geoacoustic inversion capabilities in range-depen- more computationally intensive than range-independent inver-

dent shallow-water environments. The organizers deflne_d five sion. The choice of a propagation model for the geoacoustic
range-dependent test cases (three synthetic and two experimental. L deoff b . | effici d
cases). Two of the synthetic cases were adopted for geoacoustidVersion Is a tradeoft between computational efficiency an

inversion in this paper. The first test case (TC1) is a monotonic accuracy. For instance, a fast and less-accurate adiabatic
down-slope bathymetry problem and the adiabatic normal-mode normal-mode model, compared to a computationally intensive
model PROSIM was applied for the inversion in this case. The 1,y 5ccyrate coupled normal-mode model is often sufficient for

second test case (TC3) is a flat-bottom case with an intrusion. L. - .
The forward model used in this case was RAMGEO. The global geoacoustic inversion of measured acoustic data. Further, the

optimization package SAGA was used for geoacoustic inversion @ priori information of the environment is usually the limiting
of the synthetically generated reference solutions for TC1 and factor in matching model results to experimental data. In the
TC3. In general, the geoacoustic inversion results are in good 556 of sparse environmental information, the match between

agreement with the true solutions provided by the organizers. del and data i t v i ina b Vi
The results obtained demonstrate the feasibility of performing MOC€! and data IS not necessarily iImproving by applying an

geoacoustic inversion in synthetic range-dependent shallow-water accurate propagation model.
environments. However, results show that the propagation model  The Inversion Techniques Workshop (ITW), held in Gulf-

choice in the inversi_on is strongly dependent on the specific port, MS, May 15-18, 2001, was organized for the acoustics
range-dependent environment. community to present state-of-the-art humerical geoacoustic
Index Terms—Geoacoustic inversion, PROSIM, RAMGEO, inversion capabilities in range-dependent shallow-water en-
range dependence, SAGA. vironments. This workshop is a natural continuation of the
successful Geoacoustic Inversion Workshop held in Van-
|. INTRODUCTION couver, BC, Canada, in 1997, where only range-independent
shallow-water environments were considered [1]. In the ITW,

OeU'\elE dg:]?%angzgg?b;n d sf;illc;vr\gév:ttler: rr:g;c:}r:s ésars;rc;r;g_ hé e synthetic test cases were defined with two-dimensional
o erges have been delt)err[;ine q .successfuI)I/ b, oda ) range-varying bathymetry and geoacoustic properties
Properte . . . y by 9 9] The acoustic data for the synthetic cases were given as
coustic inversion of acoustic data using search algorith So'm | | d . d i .
. . ; . gomplex pressure at selected frequencies and source-receiver

In geoacoustic inversion, input bottom properties to acoustic . ;
) . 1%%ometrles;. The reference solutions to these test cases were

propagation models are altered to obtain the best mal

! . generated by the full-field parabolic-equation (PE) model RAM
between modeled and measured acoustic data. The Optmfé A synthetic calibration case with a complete description
match defines the “true” bottom properties. Often, the modeling” y P P

is performed by assumina rande-independent environmer Sthe environment and the acoustic reference solution was
P y 9 9 P rgvided by the organizers. This calibration case (TCO) gave

Range-independent modeling reduces computation time . . ) .
g P 9 P He opportunity to assess consistency in the solutions from

makes the geometry simpler. Using a range-independent prgﬁ(erent range-dependent propagation models used for the

agation model to match acoustic data from range-depende - . ) "
. . . eoacoustic inversion of the synthetic cases. An additional two
environments results in acoustically averaged bottom propertfes . ) . o
est cases consisted of field data provided as transmission loss

(TL), monostatic and bistatic reverberation with supporting
Manuscript received September 13, 2003; revised April 3, 2003. environmental data collected in two different areas. The field
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Fig. 1. Schematic of range- and depth-dependent environment for calibration test case TCO.
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Fig. 2. Comparison between different range-dependent propagation-model results for the calibration test case TCO at 25-m receiver depthamgeiekm
frequency of 25 (upper panels) and 500 Hz (lower panels). Solid curve: Reference solution; dotted curve: RAMGEO; dashed curve: C-SNAP; ddttadwelashe
PROSIM.

water depth and 2) flat bottom (TC3) with an unknown intruis fixed at 20 m for all the test cases. The reference solution is
sion in the sediment and an unknown water depth. The sougiden as complex pressure received on two horizontal arrays at
speed in the water column for all the test cases is given by receiver depths (RD) of 25 and 85 m in 5-m range steps from
5mto 5.0 km and on vertical arrays at depths from 20 to 80 min
1-mincrements located at ranges (R) of 0.5 to 5.0 km in 0.5-km
increments. The maximum range for the TCO is 3.0 km and
wherez is depth in meters from the sea surface and measutbé maximum range for TC1 and TC3 is 5.0 km. The complex
positive downward. The density and attenuation in the waterpsessure is calculated at frequencies from 25 to 199 Hz in 1-Hz
1.0g/cm® and 0.0dB/ ), respectively. The source depth (SDjncrements and from 200 to 500 Hz in 5-Hz increments [2].

cw(z) = 1495 — 0.04z 1)
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Fig. 3. Comparison between different range-dependent propagation-model results for the calibration test case TCO at 85-m receiver depthiangbZafekm
frequency of 25 (upper panels) and 500 Hz (lower panels). Solid curve: reference solution; dotted curve: RAMGEO; dashed curve: C-SNAP; ddttedvetashe
PROSIM.

[I. INVERSION PROCEDURE where Np is the number of depthsyr is the number of fre-
The general seismo-acoustic inversion package, SAGA, encies, andVy is the number of range points. The complex
‘essure vectors from observations (synthetic reference or mea-

was used for geoacoustic inversion of the synthetically gen dd d modeli ) d 4 d
ated acoustic data in TC1 and TC3. SAGA is a global optimiza~"® ata) and modeling are giverhy. andg;; an (") e
tes complex conjugate. The objective function is normalized

tion package based on a direct Monte Carlo (random) seaftfl . g
and genetic algorithms. The package can be used to infer %_the total energy in the observed and modeleq ac_oust|c f|glds
ometry in underwater scenarios (source/target localization) a dvalues bgtwegn 0 and l._The value of the obje_:ctlve fun(_:t|0n
geoacoustic properties of the sea bed. The determination of for two identical acoustic fields and the function value is 0

underwater environmental properties in SAGA is performed 9r orthogqnal acoustl-c fields. )
The environmental input data for the numerical models that

a systematic change of input parameters for numerical propar(rJa- .
tion models, where the results from the modeling are compa eeéult in the best match between modeled and observed data

with observed data, i.e. measured or synthetic data. The mgggximum of (2_)] is the final result frqm the inversioq. SAGA
sure of the mismatch between model and data (objective furﬁ‘@s be_en applied _SUCCGSSfu”y, to single .and multiirequency
tion) depends on the observed data, but SAGA includes a s ustic data recelved_ on vertical or horizontal hydrpphone
of objective functions allowing for inversion of a wide rang@"laysj cohert:fr.wt. and ]incohe;enthL, and hreverbelr atu;n hand
of observed data. The objective functions are derived from g#ecﬂon coefficients from the bottom. The resuilt of the

approach based on maximume-likelihood and additive Gauss@{ers'or_1 can be. a”a'Yzed n ter-msa)bosteno.nprobabmty
noise models [5]. istributions, which give an estimate of the importance and

In the inversion of TC1 and TC3, only vertical array data alléniqueness of each of the environmental parameters searched

considered. The objective function in this case was chosenfgrs Thus, the uncertainty in the solution can be assessed by

the Bartlett processor, which correlates the complex pressHlséng these probability distributions [6].

received across the vertical array coherently for multiple rangesTW0 different propagation models were used to determine the

and frequencies. The objective function maximized in SAGA b ater depth and geoacoustic properties in TC1 and TC3: the adi-

searching for optimum environmental inputs to the propagati atic normal-mode model PR_OSIM [7] and the Wide-angle PE
model is given by model RAMGEO [3]. PROSIM is a range-dependent version of

the real-wavenumber ORCA model [8]. The RAMGEO model

is derived from the RAM model [3], allowing sediment layers
(2) to follow the variations in the bathymetry, i.e. constant sedi-

ment thickness in environments with range-varying bathymetry.

2
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RAMGEDO is a well-established wide-angle PE model and is TABLE |
often considered as an efficient benchmark model because of BARTLETT VALUE FOR TEST CASE TCO
these features [9], [10]. This PE model is probably the easiest RAMGE PROSIM SNAP
accessible range-dependent propagation model to the acoustics R=0.5km
community that is sufficiently accurate to solve TC3. gfggg{éz é-ggg g-ggg g-gig
The results from the geoacoustic inversion of the reference =km = = '
solutions presented in the following sections were obtained F=25THz 1.000 0.960 0.927
prior the ITW, i.e. no further inversions were carried out after F=500Hz 1.000 0.902 0.989
the workshop to refine the solutions. The bottom properties Il}_]?;ﬁlzm 1.000 0.810 0.830
used for generating the reference solutions were released at F=500Hz 1.000 0.922 0.926
the workshop [2]. The central processing unit (CPU) times for RD=85m ]
o i = . 4 .
the geoacoustic inversions refer to a dual-processor Compagq §=§‘3§I§z Lo o o

AlphaServer DS20E.

frequencies. The solution obtained by RAMGEO is in excel-
lll. CALIBRATION CASE TCO lent agreement with the reference solution. The mode models
clearly have difficulties at 25 Hz compared to the PE solutions,
The calibration test case is applied to the propagation modelkich is attributed to the excitation of the continuous spec-
used in the geoacoustic inversion. The purpose of this intétam included in the PE model. The discrepancy between the
model comparison is to check model consistency, i.e. the refode models is caused by mode coupling handled by C-SNAP,
erence solution is generated on a particular workstation, thet excluded in the adiabatic model PROSIM. At 500 Hz, the
same propagation model is operated by different researchergreement between the PE and mode models is improved sig-
and range-dependent models based on different algorithms thifitantly. At higher frequencies, more propagating modes are
the model used for generating the reference solution are appliexcited in the water column and there are a sufficient number
The “true” solution to synthetically generated geoacoustic inf modes that carry the majority of the energy, which makes the
version problems cannot be achieved if significant differencesliabatic solution acceptable. The increase in mode numbers in
in the modeling results are present. However, the solution fraite down-slope propagation has only a minor effect on the total
less-accurate propagation models may be sufficient in the invacoustic field received down-range. In these cases, the contin-
sion of measured data. The complexity of running different nuous spectrum and mode coupling becomes less important. The
merical models by different researchers for the same underwatame conclusions were drawn for various propagation models
acoustic environment was illustrated by the SWAM’'99 workapplied to a variety of range-dependent shallow-water environ-
shop [11]. The results from SWAM'99 show 10 s of decibaments in [9] and [10].
difference in TL, obtained by using accurate range-dependenirpe vajue of the objective function used in the geoacoustic
models from various participants. The TCO environment defingg,ersion (2) depends solely on the phase difference between the
for ITW and used for intermodel comparison is shown in Fig. bpyserved and modeled acoustic field. Therefore, the objective
The propagation models used to calculate the acoustic figlghction is insensitive to a constant offset in TL levels and phase
for the environment in Fig. 1 are RAM, RAMGEO, PROSIMgbtained by the various models. The normalized Bartlett value
and C-SNAP [12]. The modeling results are compared Witletween the reference solution and the results from the applied
the reference solution provided by the organizers. The couple@dels are given in Table I.
normal-mode model C-SNAP is applied to assess the impor-The Bartlett value foRR = 0.5 and 3.0 km is calculated by
tance of the continuous spectrum and mode coupling agai{sf coherently in depthy» and Nz equal 1 andVp = 61 in
the PE model RAMGEO and the adiabatic normal-mode mod@)]. ForRD = 25 and 85 m, (2) has been applied coherently
PROSIM. The acoustic field is calculated at a frequency of 2k range by interchanging the summation over depth and range
and 500 Hz. The TL from the models is compared at depths[Q§,. and N}, equal 1 andVx = 1000 in (2)]. A good conver-
25 and 85 m out to a range of 3.0 km and across depths fromgéhce of model results was obtained by refining environmental
to 80 m at ranges of 0.5 and 3.0 km (see Figs. 2and 3).  djscretization and computational grid. Ideally, the Bartlett value
An average value of density and attenuation (&5#n> and  should become 1, correlating the RAMGEO result with the ref-
0.0775dB/ A, respectively) in the sediment layer has been use@ience solution. The fact that the value is not exactly 1 indi-
in the C-SNAP calculations, as this model does not support gtstes slight differences in the RAM and RAMGEO models, dif-
dients of density and attenuation. The gradients are included#fences in the environmental and computational discretization
the RAMGEO and PROSIM computations. It should be notagsed in generating the reference solution and the results shown
that it was necessary to compile and run RAMGEO in doubtgere, and that different workstations have been used to generate
precision to obtain convergence of the solution at 25 Hz.  the solutions. The mode models show a worse match with the
In general, there is a reasonable agreement in the meanr&ference solution than the RAMGEO results and C-SNAP has
between the range-dependent models at all depths, ranges,aslightly better performance than PROSIM, as expected.



418 IEEE JOURNAL OF OCEANIC ENGINEERING, VOL. 28, NO. 3, JULY 2003

0 m/s 1490 1491 1492 1493 1494 1495

Source @ 20 m

Depth (m)

149-151 P
2C, o
csub e p2
Osyp
psub
, Subbottom, \ | : |
0 1 2 3 4 5
Range (km)
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Fig. 5. Comparison between reference solution (solid line) and RAMGEO (dashed line) with inverted bottom properties at a receiver depth of 2§eand ran
0.5 km (upper left and mid panels) and at a receiver depth of 85 m and range of 5.0 km (lower left and mid panels). The TL is calculated at two frequencies: 25

(upper and right curves in the TL versus range) and 500 Hz with the 500-Hz results offset by 25-dB higher loss. The right panel shows the praofiaiiyist
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IV. TESTCASETC1

TABL

E Il

419

GEOMETRY AND GEOACOUSTICSFROM PROSIMFORTC1

This test case is defined as an environment with a mono-

tonic down-slope bathymetry out to a range of 5.0 km. Tr— =0°£2km R=05é20km Search interval
water depth is provided as an interval between 89-91 m at ZTayer 1 - -
range and 149-151 m at 5 km({.7° down-slope). The layering b1 (m) 4.5 4.3 0.1-10.0
structure and range depepdence of the bottom properties are Z‘l ((rg]/;/),\) 15(?3'8 1501_}'4 1%?8:;%’0
known. The environment is denoted as weakly range depend p; (g/cm?) 1.7 - 1.5-2.5
and it is assumed that the broad-band adiabatic normal-mc iayer 2 028 20.8 L0-50.0
model PROSII\/! is sufficiently accurate for geoacoustic inve c: ((fnn/)s) 1768.5 1730.9 1651-1850
sion of this environment. The description of the bottom strur a2 (dB/Ag 0.4 0.7 0.0-2.0
ture is based on SAGA “trial runs” with a continuous moni fs’iﬂ()g_{)c::tlm 1.7 - 1.5-2.5
toring of the objective function value and sensitivity to change ¢, ., (m/s) 2112.6 2169.3 1900-2500
of the individual bottom parameters. Only a certain degree of ¢ @sus (dB//\g L4 0.3 0.0-2.5
tails in the bottom properties can be extracted from the acous gﬁ;:téf/;‘:pzh 2.0 - 1.5-2.5
reference solution provided by the workshop organizers. T h,, 0.0km (m) 90.5 88.0-92.0
complexity of the bottom description is increased from an inf 7w 0.5km (m) 95.3 94.0-98.0
) : . . .. hy 0.0km (m) 90.2 (89.7) 88.0-92.0
nite half-space to several sediment layers overlying an infini ;5 0km (m) 150.0 (150.0) 148.0-151.0
half-space searching for thickness, sound speed, density, ~CPU-time (h) 42 28.0
attenuation for each layer. The bottom discretization based on
these SAGA trial runs was found to be a two-layer sediment
overlying an infinite half-space to be used in the final geoa TC3: RD=85m

coustic inversion (Fig. 4).

The bottom properties are assumed to be range independ 49
and the search parameters are depth-independent sound sp3
density, and attenuation in each layer. The density is assumg
to be the same for the two sediment layers. The geoacoustic ™ 51|

version was performed by using the reference complex presst
over depth at the ranges of 0.5 and 5.0 km (independent SAC
inversion for each range). The geoacoustic inversion result w.
the bottom parameters corresponding to the best match betwe
the reference solution and the PROSIM result from 40 000 fou

ward-modeling runs (2000 iterations and 20 populations in tha se
genetic algorithm). The sloping bottom was approximated bg ss|
a range-independent sector every 100 m and the complex pre gol

sure was calculated in the frequency band from 30 to 500 Hz
10-Hz increments (48 frequency components). The match of T

between the reference solution and the geoacoustic inversion .

52
0.

52—
541

62

2.5 2.6

sult for selected source—receiver combinations and frequencies

is shown in Fig. 5.

The probability distributions of the search parameters (Fig. 5)
show unigueness in the inversion except for the attenuation in
the sub-bottom and the density in sediment and sub-bottom.
The geoacoustic properties determined from TC1 (both 0.5-2) The adiabatic approximation is less accurate for down-

and 5-km vertical array inversion) using the adiabatic PROSIM

2.8

2.9 3

Range (km)

Fig. 6. Transmission loss (reference solution) at two-range intervals, receiver
depth 85 m and selected frequencies for test case TC3.

slope than for up-slope propagation [10].

model is given in Table II, together with the search interval ofhe water depths in parenthesis are determined by the exhaus-

the individual inversion parameters.

tive search using RAMGEO with the bottom properties found in

The sediment and sub-bottom density found by inversion gfe PROSIM inversion. The water depth found by the two prop-
the 0.5-km data was used in the inversion of the 5.0-km datgyation models is consistent.

There is a slight difference in the solution for the inverted bottom There is a reasonable agreement between the determined
properties, depending on the propagation range of the acougtigind speed, density, and attenuation profiles and the true
field. The discrepancy between the solutions is most likely dl@oacoustic profiles, although the accuracy of the applied
to the propagation model applied in the inversion. propagation model is limited. The sound speed, density, and
1) PROSIM does not include the continuous spectruraitenuation profiles found in the inversion of TC1 represent
which may be important in calculating the acoustic fieldverage-like properties within each layer, compared to the true
at close range (0.5 km). profiles [2].
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Fig. 8. Comparison between reference solution (solid line) and RAMGEO (dashed line) with inverted bottom properties at a receiver depth of 2:igeand a ra
of 0.5 and 2.5 km (upper panels), and at a receiver depth of 85 m and range of 1.5 and 3.0 km (lower panels). The TL is calculated at two frequendies: 25 (uppe
and right curves in the TL versus range) and 500 Hz with the 500-Hz results offset by 25-dB higher loss.

V. TESTCASETC3 lution. These abrupt changes in the TL in range are particularly

Test case TC3 is characterized by a flat bathymetry withcéear at the receiver depth BfD = 85 m and at lower frequen-
water depth between 99 and 101 m. The bottom properties ares (Fig. 6). At ranges around 1.1 and 2.9 km, a clear distor-
range dependent, caused by an intrusion with unknown positition of the otherwise smooth varying TL in range appears and
size, and shape. It is possible to identify ranges where abrtipé distortion indicates abrupt changes in the bottom properties
changes in the TL appear by simply inspecting the reference sbthese ranges. The distortion of the TL at higher frequencies
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is not obvious as the changes in the TL by the range-dependeripagating the acoustic field in sector 1 with known bottom
bottom is masked by the strong interference of the acoustic figitbperties out to a range of 1.0 km only once. The subsequent
atthese frequencies. Further processing of the reference solutimrdel runs in the search for the bottom properties in sector 2
also indicates abrupt changes in the acoustic field at the rangeigse and propagate the acoustic field from the 1-km range. The
mentioned above [13]. However, the exact ranges of the chan{gstion of the other boundary of the intrusion was determined
in bottom properties are unknown. by the acoustic field from the remaining five vertical arrays
The discretization of the environment for TC3 (Fig. 7) idocated in sector 3. A search for the range to the intrusion
based on the behavior of the TL shown in Fig. 6 and initidloundary was performed using the same bottom properties in
SAGA trial runs. The bottom properties are divided intghis sector, as determined in sector 1.
three range-independent sectors. The first and third sector ar@he inversion results were obtained from 40000 forward-
assumed to have similar properties with a two-layer sedimenbdeling runs (2000 iterations and 20 populations in the ge-
overlying an infinite half-space. The second sector simulatestic algorithm) for each sector including the six frequencies:
the intrusion assuming an infinite half-space with the interfa&®, 150, 250, 350, 450, and 500 Hz. The run parameters for
between sectors 1 and 2 appearing after 1.0-km range and RFEeMGEO were as follows: Depth grid spacing of 0.1 m, range
interface between sectors 2 and 3 before 3.0-km range. Tdr& spacing of 5.0 m, maximum depth to false bottom was 300
reference acoustic data are available from two vertical arraywith a linear increase of the attenuation from 1 todI®¥)/ A
locations within the first sector and the data from both of the$er the last 100 m, and the number of Padé terms was 5. Com-
arrays were used simultaneously in inferring water depth apdrison between the TL reference solution and the geoacoustic
bottom properties for sector 1. Hereafter, acoustic referenogersion result for selected source—receiver combinations and
data from three vertical arrays located within sector 2 wefeequencies is shown in Fig. 8. The TL obtained by the inver-
used simultaneously to invert for the bottom properties and th®n result is in good agreement with the reference solution. The
range of the intrusion boundary. The computation time requiradreement becomes worse at longer ranges, which may be due
for the inversion of sector 2 using RAMGEO was decreased by the procedure by marching the inversion result out in range.
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TABLE Il

GEOMETRY AND GEOACOUSTICSFROM RAMGEO FORTC3

Sector 1 (and 3) | Search interval
Bartlett value 0.991
Layer 1
Ry (m) 1.7 0.1-10.0
c1 (m/s) 1541.4 1480-1600
o1 (dB/A) 1.3 0.0-2.0
p1 (g/cm®) 1.7 1.0-2.5
Layer 2 ’
h2 (m) 18.6 1.0-30.0
c2 (m/s) 1627.2 1550-1750
as (dB/'\3) 0.7 0.0-2.0
p2 (g/cm?) 1.8 1.0-2.5
Sub-bottom
Csup (m/8) 1838.6 1700-2100
Qsub (dB/A.') 0.7 0.0-2.0
Peup (g/cm®) 2.0 1.0-2.5
Sector length
R; (m) 1105. 1001-1200
Water depth
R (m) 100.9 99-101
CPU-time (h) 8.8

Sector 2 Search interval

Bartlett value 0.987
Intrusion
Cint (m/8) 1834.7 1650-2000
aint (dB/Y) 0.8 0.0-2.0
Pint (g/cm®) 2.7 1.0-3.5
Sector length
Ry (m) 2820.0 2800-2995
CPU-time (h) 13.2
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results from inversion of these synthetic generated reference
solutions demonstrate the feasibility of extracting bottom
properties from synthetic acoustic data in range-dependent en-
vironments. The results presented were obtained before the true
solution was known, i.e. no “after-workshop” inversion runs
with a priori knowledge of the right environment. In general,
good agreement between the inverted bottom properties and the
true solution was achieved using the inversion package SAGA.

The choice of range-dependent propagation model depends
strongly on the “expected” properties of the range-dependent
environment. In TC1, both the high-fidelity RAMGEOQO and the
fast-adiabatic PROSIM are applicable. The environment in TC1
is characterized as weakly range-dependent, which allows the
use of the less-accurate adiabatic model. This is not the case in
TC3, where the adiabatic approach fails as the intrusion in the
bottom causes significant mode coupling. The PE model was
applied with confidence in this case. However, the efficient adi-
abatic model is more suitable for practical applications, whereas
the PE model, in most cases, requires prohibitively long com-
putation times.

The comparison of efficiency between the two propagation
models in geoacoustic inversion depends on the actual range-
dependent environment, to what accuracy the bottom properties
have to be determined, optimum number of frequencies in the

modeling, and convergence criteria applied in the modeling.

An error in the inverted environmental parameters for sector 1
may accumulate in range and this error affects the inversion re-
sults for sectors 2 and 3. (1]
The a posteriori probability distributions of the inverted
bottom parameters for sectors 1 and 2 are shown in Figs. 9(ajp]
and (b), respectively. The probability distributions have a peak
at the optimum value of the individual inversion parameters
for both sectors, except for density and attenuation for the
infinite half-space in sector 1 (not shown). This behavior of the [4]
probability distributions indicates uniqueness in the inversion
results for both sectors. 5]
The inversion results for sector 1 and 2, together with the
search interval used in the inversion, are given in Table Ill. The 6]
results found by inversion of TC3 are in reasonable agreemen{
with the true geoacoustic parameters. The geoacoustic profiles
found here represent average-like properties within each Iayer{,7]
compared to the true profiles as for the inversion of TC1[2]. The
adiabatic PROSIM model was also applied to this test case angB]
good inversion results were obtained for the first sector. How-
ever, the search for bottom properties in sector 2 failed com-rg;
pletely. This failure is most likely due to a strong mode cou-
pling caused by the abrupt change in bottom properties or an
inaccurate interpolation of eigenvalues and mode functions é&o]
the intrusion boundaries. [11]

[12]
VI. CONCLUSION

Test cases TC1 and TC3 defined for the ITW were seIecteH 3]
in this paper for range-dependent geoacoustic inversion. The
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