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ODbjective
Obtaina 3D modelof ananobjectfrom multiple
rangeviews.

Assumethatthereare M overlappingviews (or

L4

pointsets)V!' ... V¥ eachtakenfrom adifferent
viewpoint.

Theobjectve s to find the bestrigid
transformation€a! . . . G to applyto eachset,
bringingtheminto acommonreferencdrame
wherethey areseamlessaligned.

Compostitionof rigid transformationyields
sub-optimakesults:a global approachs needed.

Context

Thefinal goalis to displaya 3D scenanodelto
thehumanoperator(spf anunderwater
RemotelyOperated/ehicle(ROV), in orderto
facilitatethe navigationandthe understandingf
the surroundingenvironment.

Rangedatacomedrom a high frequeng acoustic

3D cameracalledEchoscopewhich outputsa
64 x 64 rangeimage.Resolutions about3 cm at
500KHz. Specklenoiseaffectimages.

Robust pairwise registration
Firstwe calculatetheregistrationmatrix G/
betweerevery pair of overlappingviews V* V7

(1)

Thelteratve ClosestPoint (ICP) algorithmcan
give very accurataesultswhenasetis asubset
of the other, but resultsdeterioratevith outliers,
createdby non-overlappingareadetweerthe
two sets.

V= G"VI

Goodcorrespondencasnbediscriminatedoy
usinganoutlier rejectionrule on thedistribution
of closestpointdistances;.
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Distances histograms. Zhangs (left) andX84’s.

The X84rejectionrule usesrobustestimatedor
locationandscaleof a corruptedGaussian
distributionto setarejectionthreshold.

The medianis arobustlocationestimatorand
the MedianAbsoluteDeviation

MAD = med{|e; — med €| }

J

(2)
IS arobustestimatorof thescale.

Valuesthataremorethan5.2 MADs away from
themedianarerejected.

X84 hasa breakdowrpoint of 50%: any majority
of thedatacanoverruleany minority.

Registration. An exampleof two point setsthat
|ICP failedto align, but ICP+X84 succeded.

Chaining pairwise transfor mations
Thenwe computea startingguesdor theglobal
registrationG?, thatmapV* into the spacehe
referenceview, V! by chainingpairwise
transformationdetweerconsecutie frames
Gt G

G = 1] G/, (3)

j=2

Thecombinationof pairwiseregistrationdoes
notyield theoptimalresult.
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For example,if G** andG*’ areoptimalonthe
sensdhatthey minimizethe meansquareerror
distancebetweertherespectre setsthen

GF = GG doesnot necessarilyninimizes
themeansquaresrrorbetweerviews V7 andV*.

Global transfor mations adjustment
Theaim of theglobalregistrationis to improve
the quality of themosaic by usingthe
Informationcomingfrom everyoverlappingview
pairs,notjustconsecutie.

Key idea: obtaintheglobalregistrationby
Introducingalgebraicconstrainionthe
transformationsinsteadof datapoints.

By consideringall the G/ matriceswe canwrite
anumberof equationsas

G’ = G'G". (4)

wherethe G*’ areknown, and
G'= G (2 <i < N) arethesought
unknowvns.
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This non-lineareastsquareproblemcanbe cast

astheminimizationof the following objectve

function:
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where/(-) is anoperatorthattakesarotation
matrix andreturnsthe angleof rotationarounda

suitableaxis, o, ando; arenormalizationfactors.

Startingfrom the globalregistrationobtainedoy
chainingpairwisetransformationa
Least-Squaresolutionis iteratvely sought,
usingGauss-Neton algorithm.

Thecompl«ity of the proposedalgorithmis
iIndependenfromthe numberof pointsinvolved

As theobjectve functionincludesonly the
matrix componentsthe compleity depend®nly
onthenumberof (overlapping)views.
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Dealing with rotations
Rotationsarerepresentedvith unit quaternions,
which areparticularlywell suitedto the
requirement®f aniterative searchalgorithm,
namelythata smallincrementof the parameters
corresponds$o a smallincrementof therotation.

Insteadof requiringthe quaterniong to beaunit
vector we enforcethe constrainthatthe
correspondingotationmatrix is orthonormal:

R(q) = — R.(q)

q-9
whereR,(q) is therotationmatrix associatedo
the quaternion.

(6)

Algorithm: global registration

Step 1. computepairwiseregistration between
everyview pair usinglCP algorithm,with X84
rejectionrule;

Step 2. if the pairwiseregistration is good(i.e.
viewsare overlapping),accepttheregistration
matrix G*/;

Step 3. computea startingguesdor theglobal
registration by chaining pairwise
transformationEq. (3));

Step 4. minimizethe objectivefunctiondefinedn
Eq. (5) with a Gauss-Neton method
(MATLABI sgnonl I n function); At eah
stepenfoice orthogonality of rotationmatrix
with Eq. (6)

Step 5. applythetransformdefinedby G* to the
viewV?!, (2<:<N).

Reagisteredsetsof pointsmustbefusedin order
to getasingle3D model. We usedthe public
domainimplementatiorof HoppeandDe Rose
algorithm.

Results
Syntheticexp. to comparghe averagerotation
errorandits varianceover theviews.

Pairwise Global % diff.
avg error 0.0463 0.0381 17.7%
variance 0.002430.0010855.6%

Synthetic views. Surfacereconstructedbefore
(left) andafter(right) the globalregistration.

Mosaic. Cloudsof points(left) andreconstructed
surface(right).

Conlusions
Compleity doesnot dependon the numberof
pointsinvolved, but only onthe numberof views.

Erroris only spreacamongtheviews, but does
not getreducedsignificantly

Thistechniquas well suitedfor all the
applicationwherespeedcanbetradedfor
accurag.

L‘ (AugmentecReality for RemotelyOperated/ehiclesbasecon 3D acousticabndopticalsensorgor undervaterinspectionandsurey). Echoscopémagesarecourtesyof Dr. R.K. Hanserof OmnitechA/S (Norway).




