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A novel local feature descriptor using the
Mercator projection for 3D object recognition
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Abstract

The processing of point clouds is one of the growing areas in machine vision. With the advent of
inexpensive depth sensors, there has been a great interest in point clouds to detect three-dimensional
objects. In general, 3D object recognition methods are alienated into two classes: local and global
feature-based methods. In global feature-based methods, the entire shape of the model is described,
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while in local methods, the geometric properties of the local area around a point are used to obtain the
characteristic of the point. Unlike global methods, local methods do not entail any segmentation and
they are more robust to clutter and occlusion. The local feature-based methods extract some geometric
features from local surfaces around specific points named keypoints. The geometric features of a
keypoint are encoded into a feature descriptor. How to describe the environment around a keypoint is
the main challenge of these methods. The commonly used local feature-based methods often are sensitive
to noise, varying mesh resolution, and rigid transformation. To overcome such disadvantages, in this
paper, a new local feature descriptor based on the Mercator projection is proposed. The Mercator
projection is one of the most popular 3D to 2D projections that can preserve true distance, direction, and
relative longitude and latitude between any two points in point clouds. To evaluate, the proposed method
has been compared with several state-of-the-art descriptor methods. The superiority of this method over
other methods is shown by using the criteria of square Root Mean Square Error (RMSE), Recall versus
1-Precision Curve (RPC), and registration correction, rotation, and translation errors, and it is proved
that this method has good descriptiveness power and it is robust to noise and varying mesh resolution.

Introduction

In this paper, we propose a new local descriptor to provide robust and precise geometric features. The
geometric features are extracted using the Mercator projection of the neighborhood sphere.
Our contributions are as follows: (1) The proposed descriptor directly learns from the point clouds (2)
using the proposed method, there is only one representation for each point so the problem of multiple
representations of a point is addressed. Also, the Mercator projection has many properties that make it
appropriate for data representations in a point cloud. (3) It can accurately describe the geometric
properties around a point. (3) The Mercator projection is a conformal projection so it preserves true
distances, directions, and relative longitudes and latitudes. (4) It keeps small element geometry, which
means Mercator projection preserves the shapes of small regions.

The proposed method

Given a query point p, a sphere of radius r is centered at p for determining the neighbor points. Then
Mercator projection is used for mapping the sphere into a plane with considering the Local reference
frame (LRF) as previously suggested by Tombaret al. (2010b). The Mercator projection is a cylindrical
projection that was proposed by G. Mercator in 1569. In this projection, the surface of a sphere is
mapped into a plane. It preserves true distances, directions, and relative longitudes and latitudes. The
Mercator projection for each point is identified using two following equations:

X=A
¢ 7 )
=InttanZ +Z
y =Intan(Z + 7))
where A is the longitude and ¢ is the latitude of a point in the sphere, and (x, y) represents
corresponding point in the Cartesian map. For extracting images as the input of the Siamese network,
we need ranges for achieved x and y. The variable x is in the interval [-n, @] but range of y is different
for the Mercator projection of each keypoint. As a result, the minimum and maximum of the variable y
for all neighbor points are considered as the range of y, then a histogram 30 x 30 is measured. The
Mercator projections of all neighbors are defined and the number of points in each bin counted. Then

we normalize the histogram by dividing each bin by the total number of neighbor points, it causes more
robustness to noise and mesh resolution.

Results and discussion

The performance of the proposed method is evaluated on the Bologna (Tombari et al., 2010c) and John
Burkardt in terms of RMSE, RPC and registration correction rate, rotation and translation errors. The
proposed outperforms other methods in term of RPC also the results show that the method is robust to
noise, rigid transformation and varying mesh resolution.

Keywords: Point cloud, 3D object recognition, Local descriptor, Mercator projection.
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2 Random Sample Consensus (RANSAC)
3 Iterative Closest Point (ICP)
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8 Fast point Features Histograms (FPFH)

° Radius based Surface Descriptor (RSD)

10 Sjgnature of Histograms of OrienTations
11 Rotational Projection Statistics (RoPS)

12 | ocal Reference Frame (LRF)

13 | ocal Feature Statistics Histogram (LFSH)
14 L ocal Reference Axis (LRA)

(il Sl e goleiiion 29, )3 58 o OIS 5
33 Djgods plgie HP e Bl ) eslinal L
505 0 bl (F 0,8 g |, ala S Lol Laoea
T AT | SRt LU JN) [ UTIPLIN] BEWER OV-SLAAL S ¥}
3 SIS cnl cnlply 1S oo Bad> (rdge &g |,
53 2 o ) S (nl (oled Wl oo (slabais sl ]
|, SasS yolic duiin wcdlSs cpl (0 i85 Li> abais
SLbl pwaia Sloosas Wlg oo 974 g 03,5 s>
WS oy |y abals S

sloSciog 5l ol b oleidn b,
sl slaylns 5 'RPC loged (wlul 5 izslas (onoge
g f il las T S gl T ol e (o Sle i
a2 oo Hlis b el ool aslie Cs oS el
Pl 255 hrosi (Shy Al pedle (g, (nl &5
dddy G e Tady et g g A S S (o
RUIUWI ARV

Sy pl 4 Gl glise delsl o
leolass 2 5)9y0 pos ASu yo el ool (a3 lejle
O 53 g Sl pealsS (mdge Sihiog lahy,
OB )3 e b Bl 7 olas goleiiay By pom
dlie (rizmen 5 3lida ) Sl ol ml p)kx
g oxd odls plas Kos (rdge Siheos slaghs, b
sl 00 09,51 (6 S Az omty SR 5o Suledye

Oy, (S p09 =Y
lasla roge slo Scaiog 5l (S p (idu ol o
o> o Shes 4 4z g b by, (nl 09d oo 0ol g
loauds u.:l?r..u‘ caliss ‘_gLasy)Lw 5o Lbui

QT R W C)Ja.c #3DSC a9y Ve -f JL.: 5
Dgb oo a8 a3 j0 0,5 SO lais e (sakais b
g ool aid ) L 0 mhw Jloy 4 axg b Jld clad
Oyge g g C)}«..}] 9 Sl O g0t (Gopmmds
2 g 0 odyed S, a bl slaws [8] 0,5
Colpdys g 95 o0 O3y D> 4 azxg L S U
Sl Cwd 4 Siarog Sy olsied ol S e

S slon bl cax s sl YPRH s, 5o

eide dw [23] 0gd oo ad )T Jlai o WSels OB

! Recall versus 1-Precision Curve (RPC)
2 Root Mean Square Error (RMSE)

3 Rotation error

4 Translation Error

5 Correct Registration

6 3D Shape Context (3DSC)

7 Point Features Histograms (PFH)
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(Figure-1): Mercator projections of two corresponding

points, a keypoint in the model (a) and its Mercator
projection(b) a keypoint in the scene (c) and its Mercator
projection(d))
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! Local Surface Angles Histogram (LSAH)
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(Figure-2): The block diagram of the proposed method
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(Figure-3): Some point clouds of the Bologna dataset [28] (a) and the dataset of John Burkardt (b)
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(Figure-4): Registration steps for three pairs of model and scene
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(Table-1): Pairwise registration results on the Bologna dataset
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(Figure-5): The achieved features for a point in the model (a) and its corresponding point in the scene (b)
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(Figure-9): Achieved features for a point in the scene (a) and the simplified scenes with reduction factors 1/8 (b), 1/4 (c) and % (d)
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(Figure-10): RPC based evaluation of the descriptors with respect to different mesh resolutions (a) reduction factor 1/8 (b)

reduction factor 1/4 (c) reduction factor 1/2.
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