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Abstract

This paper presents a method for registration of unstructured point clouds. We firstly derive

intrinsic shape context descriptors for 3D data organizationeptace the Fas¢larching

method, averteo r i ent ed triangle propagation method is applied to ca
6radiusd in descriptor charting, so that the matching accur a
is significantly improved. Then, a 3D laydrical shape descriptor is proposed for registration

of unstructured point clouds. The chosen points are projected into the cylindrical coordinate

system to construct the descriptors. The projection parameters are respectively determined by

the distance from the chosen points to the reference normal vector, and the distances from

the chosen points to the reference tangent plane and the projection angle. Furthermore,

Fourier transform is adopted to deal with orientation ambiguity in descriptor matching.

Practical experiments demonstrate a satisfactory result in point cloud registration and notable

improvement on standard benchmarks.

1. Introduction

Point cloud registration is a fundamental task in compyriphics and machingsion. Two
kinds ofthreedimensional(3D) point cloud data can be obtained directly by sensing devices.
On one hand, there are structutigiht based sensors such as the Microsoft Kinect which
generate a structured poicibud, sampled on a regular gfit], and on the other hand, there
are many timeof-flight (TOF) sensors such as the MESA00TOF camerawhich yields an
unstructured poirtloud [2]. These pointlouds can be used 8D reconstructiorj3], object
detectionand recognitiorf4]. In these application cases, point clouds from different objects
or views need to be aligndry a praess which is often referred tegistration.Registration
algorithms are able to calculate the transformation that optimally maps twecfmidseach
other.

In the wide range of egistrationalgorithirs, featurebased methods have gained popularity
and good performance in many settings, including object recognition and 3D reconstruction.
The choice for one of tise algorithms generally depermls several important characteristics
such as accuracy, computationamplexity, ancconvergence rate, each of whidépends on
the application of interest. Moreovethe characteristic®f most registratin algorithms
heavily depend orthe data usedand most featurebasedapproaches are considered for
structured pointloud such as 3D meshes and curved surfaCéasssical works include the
integral volume descriptol®, 6], multiscale local featurelg’] andspin imageg4], just to
mentiona few of manySpin imagess a general shape representatiam be used favbject
recognition in complicated real scenemwever, thewo distances used for generating spin
images lack of angular distribution informaticuchshape representationdgficult to meet
high accuracy registration.

Over the past years, features designed for rigid registration like spin irhagesbeen
extended to nomigid deformations. Some of the classical rigid descriptoesextended to
the nonrigid case by replaci the Euclidean metric with its geodesic counteréyt9].
Moreover, there are isometry invariant features. The heat kernel sigriatki®) [10] which
is based on heat diffusion at a poBased on the fudamental solutions of the hesjudion,



a scaleinvariant version oHKS was developedtl1]. In recent years, variants 6fKS have
been proposedThe wave heat kernel signatuf@/HKS) is proposedas a solution to the
excessive sensitivity of thdKS to low-frequency informatiornin [12] which uses a quantum
mechanical approach to capture multiscdétails.By using volumetric distancé{KS was
extended to volumetric dafd3]. An another emergingmethod whichuse HKS as field
function to generate an intrinsibape contex{ISC) descriptor approach to curved surfaces
[14].

Early works about 3D shapemtext descriptoravereexplored in[15, 16] butthe descriptors
were affected by surface deformatibecause the descriptovgere not intrinsic. Awother
work which explored theexploitation of intrinsic geometry wd47], but there the authors
trivially deal with radial variation, by averaging oveiestations.The descriptors proposed
in [14] can retain and exploit the information contaimedheradial variation around a point,
howeverbecause of theugecurvature change abmeparticularpositiors on the surface, the
information contained in the radial variation around a point witindiguous.

Feature based descriptors have so fdriesed a more modest success in the analysis of
surfaces especially for surfaces represented by unstructured point cl@udfaces lack a

global system of coordinates and can be associated with only a local vector structure. Such a
systemof coordinatesholds only loally. Trying to use it globally like done in spin images
makes the descriptor sensitive to shape deformati®esed on the experimental analysis of
Spinimage methodand ISC descriptor, wéntegrate Spirimage with shape context into
cylindrical coordinate systeno generate 8D cylindricalshape descriptor.

The contribution of this papéras three aspectEirst,a VTPISC descriptoiis proposed to
represent the shape of mesh more accespecially at the twisting and foldinmpsitions on
the meshthe matching accuracy is obviously improv8eécond, we proposgD cylindrical

shape descriptsifor unstructured point cloud registrationThese3D descriptos arenot only

based on the distance distribution butoatie angle distribution ote points which are
allowed to contribute to thedescriptors compare to 2D descriptorgicher surface
information is includedFinally, we experimentally demonstrate that the propdsEe-ISC

descriptor and3D cylindrical shape descriptor showotable pgormance in point cloud
matching

2. VTP-ISC descriptor

ISC descriptoris anextension of original shape conteixt surface$14]. The authos chart the

surface by shooting geodesic outwards from the point being analyseck6 angl ed i s treat ed
as tantamount to geodesic shooting direction,emiuas geodesic distance.

In the process of outwa ray shootingthe propagation of the directions outwards from the 1

ring is done using the standard unfolding procedeNever,the propagation of direction

will intersect at the twisting and foldingositiors on the meshOn the premise that all the | commented [HY1]: ~ Geodesic fies from the same source shou
parameters of the descriptor are determittieel,propagation direction of the vertex at right | "°tinersect each other.

armpitis intersecéd obviouslyasshown in Fig & It makes thevertices whichcontribute to Check itwith referenceagain!

thedescriptorsare ambiguouslgssigned to the angular bins.
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Figure 1 propagation directiomtersecs atthe twisting and folding areas on the mesh

Ambiguousassignmerg cause errarin constructing descriprs, then defective descriptors
lead mesh mismatch |As is demonstrated in Fig, 2ccording to the outward ray shooting
method[14], V is a vertex on a nsh. The red lines are the centpabpagation directions of
the angular binsNumbers mark different angular binghe vertices will be assigned to
angular bins based on thegke valuebetween the centrdine of the angular bins andhe
path toV on the propagation triangles. For examjplg,will be assigned to bin 1 or ii2
(Fig. 2c). However, withthe deformation of the megir the increasement of the radius of the
descriptorsthe propagation directions intersegt, will be assigned tdin 1 or bin 2 or bin 4
(Fig. 2d). The unreasonabkmbiguousassignmenvill cause/erticesmismatchind.

Commented [HY2]:  ISGdescription is not clear here.

Use formula and figures to illustrate ISC instead of text descripti

(© (d)

Figure 2 Propagation of direction outwards fronrifhg using the unfolding procedur&hetriangles
unfolded along thepropagation directiongthick red lines botton) are in colour (bottom).The
verticesassignmenis determinedby the anglebetween thgropagation directiomnd the path of the



verticeson the propagation triangledgshed black lines, bottgn{c) V,, will be assigned to bin 1 or
bin 2; (d) V., will be assigned to bin 1 or bin 2 or bin 4.

There are still wo drawbacksxposedn this surface charting approach. First, the geodesic
distance calculated by fast marching method (FMM) will be incorrect, when there are skinny
triangles on the calculation pa(ﬁecond, the propagation of direction Ivifitersect at some

twisting and foldingarea on the meshThese two disadvantages affect the two parameters| Commented [HY3]:  See the above question!

that generate the shape context descriptors respectively.

Based on the above two defects, derive the surface charting method in descriptor
gereration proces$.:or exact geodesic distance calculation, we use verierted triangle
propagation(VTP) [18] to calculate theexactshortest pths from thechosenverticesto the

central vertex being analysethe shortest geodesic distance and angthexthoservertices Commented [HY4]:  Itis not cleawhy you use VTP here, only
: ; . for exact geodesics?

can be uniquely determinedence, the shape context descriptors can be chMt th_e e o e e B ey

oher procedure, we foll oworkfldle descr i pt i 0 n | appoximategeodesics donotwork wel.

3. 3D cyIindricaI descriptor You need to evidence thenportanceof using VTP here!

3.1 Cylindrical shapedescriptor

In our representain, each point in the 3D poimfoud is associated with a 3D cylindrical
descriptor which encodeglobal properties of thesurface by using the objeaenter
coordinate.The correspondences betweemo point-clouds can be established by matching
the cylindrical descriptorsFigure 3 shows thecylinder descriptor and 3D histograms of
descriptors statistider three points on humanmodel.

Figure 3 3D cylinder descriptar of three points on a mesh thfehuman model.

A 3D cylinder descriptoris createdfor a point in the pointcloud as follows. A 3D
accumulator indexed Ly, B and®6 is createdThe coordinats (a, 3, 8) are computed for a
point in the poinicloud that is within the support of the descriptor. The box indexe,t; (
0) in the accumulator is then increment&the resulting accumulator can be thought ohas



descriptor. Dark areas in the descriptor correspond to boxesdhtain many projected
points.3D cylinder descriptors are constructed for every pinpoint cloudregistration To
compare the 3D descripgrthe linearcorrelation coefficient canebused. The descriptor
similarity can be measured by usitg correlation coefficierietween two 3D descripter

3.2 Descriptor generation parameters

[There are three parameters need to be determined based on tH.eSuppert areaizeR is
the radiusof sphereareawhich is centered on thanalysedpoint Points within theR range
around the analysed point aaflowed to create descriptoBy setting the spport area size
the amount of global information in descriptorcan be cotrolled. For a fixeddescriptor
resolution, decreasingsupport area sizewill decrease the descriptiveness ofcginder
descriptor because the amountgbdbal shape included in thdescriptorwill be reduced.
However, @creasingcylinder descriptor will alsareduce the chams of clutter corrupting a
descriptor Figure 4 showsylinder descriptorfor a singlepoint on the human modek the
support area sizés increased This figure shows that asupport area sizelecreases, the
descriptivenesef thedescriptos decreases.
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Figure 4The effect of support area size 8D cylinder descriptor. As support area size increases, the

descriptiveness of the descriptors decreases. By varying the support aregisder, descriptors can
vary smoothly from global to local represeidas

Descriptors for all points in the model are created for a particular support are&asibe.

descriptor is compared to all tife otherdescriptors from model, and the Euclidean distances
between the point and the points correspontbrifpe best nmahing descriptors are computed.

Commented [HY5]:  What is correlation coefficient?

Your descriptoindeedtakesinto account FFT in section 3.3. Thus
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any potential guessAnd hen introduce 3 parametensgspectivelyY
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After repeating this matching for all descriptors on the model, the median Euclidean distance

(match distance) is computeBy repeating this procedure for multiple support area size




