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Abstract— In this paper, a new technique for 3D acoustic
image segmentation and modelling is proposed. Especially, in
the underwater envir onment, in which optical sensorssuffer fr om
visibility problems, the acoustical devices may provide efficient
solutions, but, on the other hand, acoustic image interpretation
is surely more difficult for a human operator. The proposed
application involvesthe useof an acousticcamerawhich dir ectly
acquires images structur ed as a set of 3D points. Due to the
noisy nature of this type of data, the segmentation problem
becomesmore challengingand the standard algorithms for range
image segmentationare lik ely to fail. The proposedmethod is
basedon a simplified version of the so called recover and select
paradigm in which the seedareas,fr om which the segmentation
starts, are generated by adopting a robust approach based on
the RANSAC (RANdom Sample And Consensus)algorithm.
Superquadric primiti ves are dir ectly recovered fr om raw data
without any pre-segmentationprocessing. Experimental trials
using real acoustical imagesconfirm the goodnessof the method,
and a large robustness of the resulting segmented images,
associatedto a relatively low computational load.

I . INTRODUCTION

The image segmentationproblem hasbeenapproachedin
many ways in the literature,concerningall types of images
(optical, acoustical,etc.), but it hasnot beenyet solved. Fur-
thermore,oneof theprimaryissuesin thevision communityis
to extractprimitive modelsfrom imagesthatwould bridgethe
gapbetweenlow-level featuresandhigh-level symbolicstruc-
turesuseful for further processing(i.e., imageinterpretation).
In this paper, we focuson the segmentationandmodellingof
underwater acousticimagesfor which the problem becomes
morechallengingbecauseof thevery noisynatureof acquired
data.Classicalrangeimage segmentationalgorithms[1] are
basedon the extraction of local featuressuch as surface
normals,3D edges,gaussianandmeancurvatures,andothers
[2]. Unfortunately, these featuresare very sensitive to the
noise so that it is not possible to use these methodsfor
our particularapplication.To the bestof our knowledge,the
literaturedevoted to acousticimagesegmentationis focused
onquitecomplex techniquesbasedonprobabilisticapproaches
(e.g.,Markov RandomFields)[3], [4], which take into account
the type of noiseheavily affecting suchimages.For example,
in [3] the authorsproposedto considerthe intensity of the
acousticsignalasa reliability valuefrom which a confidence
map was also obtained. Then, the proposedMRF model
allowed to restoreboth the rangeand the confidenceimage

by permitting the reconstructionand the segmentationof the
sceneat the same time. In [4], a hierarchical Markovian
modellingapproachis described.Theoutputof theprocessing
chainis a two classsegmentationof thesonarimagein shadow
and sea-bottomreverberationregions. This Markov Random
Field model takes into accountthe phenomenonof speckle
noisemodelledthroughthe Rayleigh’s law aswell asa-priori
information on the geometricobject shadows. Although the
probabilisticapproachis effective for acousticdata,it is very
computationally demanding.Less computationalexpensive
solutionsarepreferred,especiallyfor on-line applications.

Regardingmodelsextraction,we considerthata specificset
of volumetricmodelscanbe directly recoveredfrom data[5].
This is in contrastto the commonbelief that the recovery of
volumetricmodelsis possibleonly aftera pre-segmentationof
the data.In particular, an interestingapproachis the so called
recover andselectparadigm,proposedby Leonardiset al. [5].
Therecoverandselectparadigmis basedon thefactthatas3D
dataareconsidered,it is possibleto castthe 3D segmentation
as a surface fitting problem,exploiting such information by
grouping points likely belongingto a single surface. In this
way, segmentationalsoleadsto estimatedshapemodelparam-
eters,so that the geometricmodelsof the partitionsare also
obtained.Startingfrom a set of randomlyselectedseeds,the
algorithmiteratively switchesbetweenthegrowing processby
searchingnew compatiblepoints (the recover phase)and the
processof discardingmodelsby solvingthequadraticboolean
problem[5] (the selectphase,i.e., modelselection).

As pointedout above, in orderto manipulateour noisydata
we needto exploit robust techniquesbasedon a conservative
approach.In particular, in our algorithm we proceedstep
by step by extracting from the images the most reliable
information. The proposedmethodis basedon a simplified
versionof the cited recover andselectparadigmin which the
seedsaregeneratedby usinga RANSAC-basedalgorithm.The
RANSAC (RANdom SampleAnd Consensus)is an algorithm
developedby Fischler and Bolles with the aim at reducing
the influenceof outliers (i.e., noise) for function fitting [6]
problems.Several initial small datasetof pointsare selected
randomlyon which a model is fitted; subsequently, thesesets
grabthe votesfrom consistentdatataken from the whole set.
The modelwhich is consistentwith the majority of the points
(i.e., that fits most of the points with respectto the other
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models) is the winner model. Using this approacha very
small set of highly reliable seedsis extracted from which,
after the growing phase(recovery), only the best model is
retained(selected).Pointscompatibleto the extractedmodel
arethendiscarded(i.e., they form a segment)from theoriginal
cloudof point andtheprocessis repeatedup to all modelscan
be identified.Superquadricmodelshave beenchosenbecause
of their compactrepresentationand their well-known good
properties[7].

Therestof thepaperis organizedasfollow. In SectionII, we
shortly describethe acousticimagingprocess,and in Section
III the superquadricmodelsaredefined.SectionIV describes
in detail the proposedalgorithm.Resultsof the algorithm on
real imagesareshown in SectionV, andfinally, in SectionVI
conclusionsaredrawn.

I I . THE ACOUSTIC IMAGING SENSOR

Three-dimensionalacousticdata are obtainedwith a high
resolutionacousticcamera,theEchoscope1600[8]. An acous-
tic signal is transmittedandthe echoesfrom the scenetargets
are collectedand processed.Acoustical intensitiesand range
informationareretrievedfor severalviewing directions(beam
directions). The camerahas a

���������
array of receiving

transducersandoperateson the pulse-echoprinciple [9]. The
acousticimageis formedby usinga sortof beamforming(BF)
technique.In short, it is a spatialfilter that combineslinearly
temporalsignalsspatiallysampledby a discreteantenna[10].
In this way, when a sceneis insonifiedby a coherentpulse,
thesignalsrepresentingtheechoesbackscatteredfrom objects
presentin a specificdirectioncontainattenuatedanddegraded
replicas of the transmittedpulse. The resulting 3D image
is formed by � ��� � � points orderedaccordingto a polar
referencesystem,as adjacentpoints correspondto adjacent
beam signals. A minimum and maximum detection range
valuesdefine the viewing volume of the underwater scene.
There is a trade-off betweenrangeresolution and the field
of view. The resolution dependson the frequency of the
acoustic signal (it is about 3 cm at 500 KHz): roughly
speaking,the higher the frequency, the higher the resolution,
and the narrower the field of view. The acoustic image is
also affectedby falsereflections,causedby secondarylobes,
and by acquisitionnoise,which is modelledas speckle[11].
Moreover, the intensity of the maximumpeakcan represents
the reliability of the associate3D measures,so that,generally
speaking,the higher the intensity, the safer the estimated
distance.A dramaticimprovementof the rangeimagequality
is obtainedby discardingpointswhoseassociatedintensity is
lower thana thresholddependingon the secondarylobes[3],
[11].

I I I . THE SUPERQUADRIC MODELS

The chosenbasicshapemodelsare representedby the su-
perquadrics[7], which arean extensionof the typical quadric
solids, particularly useful as 1) they have psycho-physical
justifications,2) aregeneral,and3) canbe usedaspart-based
modelsthat can be deformedto adaptto articulatedshapes.

Moreover, unlike the usual quadrics,they do not require to
changethe model when the error-of-fit measurebecomestoo
large. This is a very useful characteristicwhich supersedes
typical methodsfor acoustic imagessegmentationas those
proposedin [12].

A superquadricsurfaceis definedby the following implicit
equation:

	�
����������������� ���� �"!# !�$ � ���%��"!# !�& # !#(' $ � ��*)��+!#('-,/. �
(1)

where 0�1324065 27068 definethesuperquadricsize,and 9:1�279;5 define
a smoothlychangingfamily of shapes,from a roundedoneto
a square.Nevertheless,theimplicit functionfor a superquadric
in a generalposition is given by:	�
�������<�*=?>@� , 	�
�������?�*= ��� � ��% � �*) �<A � �BA % �<CD�<E �?FG�H6I��H�J��H�K:�7�

(2)
where LM2BN�27O define the orientation in space,and PRQ�2SPRT62UP�V
define the position in space. Given a set of points W�X ,
the superquadric’s parametersY are recovered applying the
Levenberg-Marquardt algorithm for least squaresestimation
of non-linearparameters[2].

In order to define a goodnessof fit measure,an effective
estimationof the Euclideandistanceof a generalpoint Z�[
from the the superquadricsurfaceis given by:\ , 
 ������%4�*) �?]_^3
(	a` ' 
��b =�>@�Dc . �

(3)

where dU0 1 0 5 0 8fe is relatedto the volumeof the boundingbox
of the superquadricsand g is an arbitrary parameter[13].
Although in [12] the authorsproposedto fix gih �kj l

, an
empiricalvaluederivedafterseveral trials on differentobjects,
we needto tune this coefficient becauseof the noisy data,
especiallyfor the growing phase.

IV. THE SEGMENTATION ALGORITHM

The proposedalgorithm is basedon the iteration between
two main phases.The first phaseis aimedat extracting very
reliable seeds.The secondphaseis focusedon the growing
andselectingmodels.Fromthesetwo phasesa singlemodelis
extractedandtheprocessis repeateduntil all thesuperquadrics
arerecovered.

A. Reliableseedsselection

The initial seedsare generatedby randomly selecting m
subsetsof points nporq/s from thewhole3D dataset s . Then,
a superquadricis fitted on eachseed.Sincesuperquadricsare
definedby t*t parameterseachseedareamust be composed
of at least t�t points. To face numerical problemsand by
carrying out empirical experiments,we definethe cardinality
of eachsubsetas u:dvn o e hxw � . We also introducea distance
constrainton therandomlychosenpointsin orderto avoid the
generationof largeseeds.Furthermore,thenumberof seedsm
canrangefrom somehundredsto ten thousands.Accordingto
theRANSAC approach,themethodfor selectinggoodseedsis
basedon a consensusprocessing.Thereis a trade-off between
computationalload and the quality of seeds.By generating
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more starting seedwe are more likely to obtain good seeds
but we increasethe computationalload. In order to avoid
the estimationof the tolerancethreshold[6], we reversethe
voting scheme:insteadof fixing the modelandcountingtheir
compatiblepoints (i.e., the points for which their distanceto
the model is closerthan the tolerance),we definea scoreof
themostcompatiblemodelsfor eachpoint.Thedistancesfrom
the point to eachsuperquadricarecalculatedby usingeq.(3),
so that the closest y superquadricsreceive a vote. After this
step,for all the superquadrics,we calculatea) the numberof
compatiblepoints,andb) themeanvalueof thedistancesfrom
eachcompatiblepoint to the superquadric(meanerror).

The best superquadricsare selectedin two stages.In the
first selection, only the 10% of superquadricshaving the
majority of the votessurvive. In the secondselection,the z
superquadricshaving the leastmeanerror arechosen.

The selectedsuperquadricsn|{ o ( }Gh~t�2 j�j�j 27z ) are usedas
seedsin the successive expandingprocedure.

B. Expandingand segmentation

After the seedsselectionprocessis completed,the growing
phaseproceedsas follows:

Let n|{�[ be a superquadricseed,n�[ the setof compatible
points,and m���[ the meanerror. The methodfor expanding
seedsuperquadricsis describedas follows:

1) For all of the points Z�o@�+s :
a) calculatethe distance � betweeneachpoint andn�{ [ usingeq.(3).
b) if ����dS��n��Dm�� [�e the point Z�o is joined ton�[ . ��n is a parameterthat controlsthe expanding

speed.
2) Re-fit n�{�[ on n�[ .
3) Repeatstep1 and2 until thereareno morepoints that

canbe joined to the superquadrics.
All of theseedsuperquadricsn�{�o areexpandedby employing
the above procedure.The best superquadricn�{��[ , i.e., that
having the leastmeanerror, survives,and the final set nG�[ is
the extracted3D segment.

C. Summaryof the algorithm

Finally, the overall segmentation and models extraction
algorithmcanbe summarizedas following:

1) Set s���o���h�s .
2) find n�{ o 24n o 24m�� o d(}�h�t*2 j�j�j 24z e from s ��o�� .If thereare

no moreseedsthenSTOP.
3) find n�{ �[ , n �[ andstorethem.
4) Set s ��o�� h���s ��o��p� n �[�� .
5) goto � .

V. EXPERIMENTAL RESULTS

In this section,we show someresultson real images.The
sceneis composedof a oil rig composedby pipesconverging
in a joint. Figure 1 shows the image as it appearsfrom the
acousticcamera.Dataarestructuredasunorganizedsetof 3D
points.The imagesare very noisy and it is quite difficult for
a userto understandthe observed scene.

Fig. 1. 3D acousticimage

The initial subsetsare randomlychosenand the consensus
processis carried out. We verify empirically that the free
parameters m and y described in section IV-A are not
very sensitive for the algorithm performances,but they only
influencethe speed.After the seedselection,the beststarting
superquadricsare chosen(Figure 2.a). For this experiment,
we retained only z h�w models. The growing phase is
carriedout andthefirst superquadricis recovered(Figure2.a).
We deducedfrom experimentsthat introducingan expanding
criterion basedon mean error is more reliable than fixing
a global threshold,even if an arbitrary parameter��n must
be estimated.Proceedingwith the algorithm, all the models
arerecoveredand the final segmentation(Figure3.a) and the
modelling (Figure 3.a) of the sceneare obtained.Regarding
performanceaspects,we verifiedthat thealgorithmtakesonly
a few secondson a PC PentiumIV 1.6Gbhaving a memory
of � l ��m�� for aboutone thousand3D points.

VI . CONCLUSIONS

In this paper, a new technique for 3D acoustic image
segmentationand modeling is proposed.Due to the very
noisy natureof the imagesthe segmentationis mademore
challengingthanfor optical3D images,anda robustapproach
is necessary, aiming at extracting more reliable information
from the observed data. The describedalgorithm is able to
extract both segments and models at the same time from
a set of unorganized 3D points acquired by an acoustic
camera.The performancearecomputationallyacceptableand
it is very simple to estimatethe best valuesof the few free
parameters.The resultsshow the effectivenessof the obtained
partitions and models,allowing the extraction of interesting
information which is useful for improving the understanding
of an underwaterscene.
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(b)

Fig. 2. Bestseeds(a) andextractedsuperquadric(b)
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