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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

y= In(tan(% + %)) )

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.

o) s A iyl sy sigh ses ol |, douio -
cds s glalimMe b L3l a5 55, 00 cows Sl T o @b 5o (bl Plas 5 (S5 gaman bl paseis
lais, ol oezmen o)l cnile gl lapn sl ol @ ok arg p3l slagle o o el tle
S W3 e® g ale (bl Sl 4 e e Gomgd pglal e slaghs) o el ol
ol s g 6slE i b atied e sl 2l 45 T 5l 0g s eslil glidl s
syl 5l oolaiul 4y gob; az g ololy il oo 5w Goe Sledbl (i dx 90 4 amdw slis culs

O 2le ) 5, VP Jle


http://dx.doi.org/10.52547/jsdp.19.1.111
http://jsdp.rcisp.ac.ir/article-1-1163-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 ]

[ DOI: 10.52547/jsdp.19.1.111 ]

G 3mdun lubl Yousuiis Hglaiody Hgsls o bl Hl oSl b 3333 Sudge )5 —wogs

Ot 45 0gh o 488 L 55 Gl ST whail S
[12,20] s 5T L 1, ol

Wish o e e o Jae axy dlye o
LB cnl &5 0950 aiS 4l Sl Joe (nl 4 a5
o] 5 plaS Lo slp g plowl ,blie bli 5l soliza
2 Sl e 09b e aie AL Ojgo fus
Bedee plml 3 SE ale e e 5 Jaegs)
Celyd oS Al e g0 4 glakail glapl oS eld
3l oolain] b cass Al o 10 098 oo el )b g
abaii pl 93 e R ) adsl e G Gblie bl
Lkl sl @yl (oSl e g Sy pualys
39 o0 ool (5 Al o 5l Jol> gl g0 9 fidin
797 adsl Il Sl pgs Al e )5 s )le 4
0354 sl 1y gy 9 005 ST (Cess Ay
[7] "RANSAC P9 [20] -‘-‘56" )‘)SJ Uas )L.c-’“ V)
TICP (g, 5 Cudyd (50,5 Cad gy (2 Fds,me (lsieay
T b oS Ed by it Olyea [3]
Dy s

@ o r90 S og slagbs; 5l gl
W pglie o £9dg 4O S g W95« owelBl Jpus
oy jshieds (o5l e SISl allae cpl H [12]
515 e ClS5 ylosS solitl bli  Kylues oo
Lo b oloml gl Y14 Jlo o bt sl
[22] sl 00 48,8 155 10 ol slBgs S S, 4,
CilSs 5l ookl b aS Sexfe slas 5l g, cpl 4o
Lo 5 Joe 4o bl bla gl wilosds sl [ g5l5 ye
Al Sy 90l sl sl nl s 5 005 ooli]
aSel leolaiul b colesyo sl ool 00y IS4y cobw
G YV (S5 o pgai j2 (slilay onds oaps bjgel
Sy shol 35 i eadoly alas ;o sl ouls 5l
@ alie ol o sl 03 o (g0l g cabw aSii
@S bl Carogs 5o )5l e CBIS S50 AR g,
Sl oals axZls

25 Olse @ Ol oleiag he) sbilie
Sl peiee Sygoa g, cnl O 0,5 6Ll
6olpiion g, 5l ool L (Y 0S8 oo oolaiul (glalags
el a5 il peales uled S whi e il
bl S lp saaie slaiale S92y JSie 09d o
ookl o9l Jo ploal aes )0 5 Dglaie slaays lslay

&

2 Random Sample Consensus (RANSAC)
3 Iterative Closest Point (ICP)

O 2le ) 5Ll VP JLle

Cowl 0als Ll cgogame pl poade lp glabads
[2,12]
Slacgozme isles gl ,lsle o sols alaii
Slaits Z gy X ol j0 a5 cosl gaman bl )
b s roge Slabuw able S 0 bl owais

ul.w.a ;‘5‘» (5>)l> C.'a.w J}o.&a)}'at\.s dJa.qu.s‘ )‘ oolawl
6ol Gllim 093830 g 51 e Dyg0 40 g 0l odld
QS oo o2l Jase o Ll 3lo s ol (sunie Sl
.[34]
s g0 @ Ldl e sle g, IS s o
slaghy) o Nabos ped Gl 9 (2ose
Joe IS U (1, 4, 6, 14, 18, 21, 25, 29] (5 sl s
Dg g0 42,5 0ayol i Sl3 i g Cowl 00l Caogs
U5 4 wrn eyl saipank K aieil b s, ol
P Srolip lagis, e iyl Gl el
moye Sagby) 5 Wgh oo odlitul 52 oLk sl n
» Sne [8-10, 13, 15-17, 23, 24, 27, 28, 31-33]
Alod ‘):) ‘09‘»‘547 oolazwl (52..09,0 6L®w5) )l J........u.)
3 Jgemeysbd (izmen 5 eyl adsl ganaskad
Gody L 9 ..\J)Lb L,;»L.Jyp.tb 83> b slsl a5 @Yb
4 alics ol a5 ols vemg (SKSu e g Sl
@l (moge Slaghs; wadon onid Hededr (aBly sloo
35,15 (5 i Cungatme il )0 g ools &l (g e L
[12]
oo 8l (omdge Djgots LAl il
Gk (rdse Ty heosi wsalS bl ks
OO g Sy 0,5 CS sl bl (S
e Jdods [12] coul ond LSes ool g e b
Jolis Jgoreygbay a5 slabis glapl ol L
Jlesl oYL Slaslrs  Souzy caiws ahis b ygls
Oizmed g (Slesloe x> 18 (6l Gl plo S o
Al g Sledbl oS bly I golaws s als
Alwgy bl Slbl cwase Sledbl wb pgo d> o 4o
Ll G 0958 (el (o250 Sy oS oy
b S5y polie 4 4z L Jao 5 Jow jo bl

Al g Sl sl Joomejsbar 005 o0 ative

' Scene


http://dx.doi.org/10.52547/jsdp.19.1.111
http://jsdp.rcisp.ac.ir/article-1-1163-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 ]

[ DOI: 10.52547/jsdp.19.1.111 ]

5 S ol o b by 4 aiwls slagl;
G55 ) ol Son oz (w8l alold pien
sbwl sl plF s Lk ) e S e
MPPRH by, b plesl pal ol Sihoy
Sz 45 ol od yme PRH g, Sauge olsicas

s FPFH 5 [24] sese ials 1, o Slaslrs
A Rlees g oS bl G et LLS)
g0 4388

ol o as s @l Yere Jlo ,o 'RSD e,
wgly 5 abold luon SO L (gulS dhais ci> 2 6l
OV 3l o [17] 9sdee gxSoilail by o
iy ps5 glad aS 5 Aoy b (bl Lags T
S5 o5l 69,5 4Kl S FSHOT (g ) w05 o
5o 50 [28] 005 oo LSS ol dai e Slila
blly o agly & azg b pl S S oS )L
o5 Sl S s alod e 5 ol Cesoay
Sgd oo plesl les Sirogi JSiS glatea,

ol oals slgrin M'ROPS g, JFNY Lo o
855 slajlop 5l eolawl L LRF laml o] o as
(Sleod bl oles Gl )lsS g ilo 51 ol cemsay
Cewsdy LRF J10] 098 co apmlone (i bld Lssas
Feolie gy Sl 5 byl S g, cnl Sl ool
S oo oolainl  Sluws by solas 3l 1y !
2 Aleas Ll 5,2 el Ly ROPS ups
S5y 3 Slasserme g arlre LRE 0l slojsme (59,
S o oyl 1 syl (gl

i zyhae VTLFSH ol ay o5, Y18 Lo o
NSNS b rdge dwdin )l elS oy aS
5 abis JBa (rdge Ges o plilel Sleogas
Jleoy gy opl 5o [30] aiS oo ol by Jlo 5y a5
A SLbl s g 28)5 )3 0 TLRA (lgisay gl
goad ad Sl 0T glad 408 SHP sl sablais
L o,S LLRA 5 Joe ,0 0,5 cpl & wlos dmio
O pgas b s 1o soges Alols Jl> 545 o oauals
loloy o agly omdge Boe plyiea L azmio o
b pgal b abadi o pgal Aold 5 pgs (S olsea

8 Fast point Features Histograms (FPFH)

% Radius based Surface Descriptor (RSD)

19 Signature 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)

(¥ iy ol dde (golgiin (g, 50,955 o OIS
33 Ojgeds Ol P e S ) eslinal L
515 o bS5 (F 05 Ciogs |, abait Sy Ol Laoes
Sz g agly Al pl sl s COIS S
53 SIS cnl cnlply 1S oo Bad (adge Ojgo |
90 2 o |y Sy (nl (oles Wl oo slabais sla
I, S>o5 polic dwain S p) (0 .08 lads alads
Slbl cwaie Slsgas Wil o 095 g 00,5 Laas
S oy | alals Sy

sl Shoy 5l golas b ool by
@l slojlne 5 'RPC Jlogas Gull yy izslas (onge
5 fJal slas TSz gl Tl e (0 Ske i
Qs co i zull .l ol anslie P s (0,5 S
w2l (o9 (rosi Sy AShl pedle by, cnl &S
Ay G5 (e Tdg s g Mg 4 Camd (S (o0
JORIRENN

Sogo ol 4 Gl glisn sl o
hesolass »(5)9,0 P9 LiSu y0 el 0ol (a3 lejle
O 0 g Sl mealeS (oadge Saros slaghs,
SR 5O e 18 SalS ke (oleidy (g pgm
dslio Grizmen 5 (3l by, 5l ol @l o)k
g ond ool Glad Kus (ordge Schnog lagts, b
el 00 03,51 (5 S azd 2y i 50 Calgi)d

Oy, 59, =Y
Jlasla roge o Siaos 5l (S piu ol o
9> 0 8les 4 4z b lahy) (nl 09d sa ool by
Siloass Sl alises (slags L ,o Loy

QT 50 a8 A 7yl *3DSC oogy Voo ¥ Jlo o
dadie 45,8 L 0 oS Ky L0 gdlas il
g ot ab s L o e Jlojg 4 azsi b Jlod lad
Oy @il 5 Dseil g bl Djpo Galpead
52 g 0dd ooy Sl e bla olaws [8] 0,5
Slei)d g 9pSe Uiy e 4 a2y b S)U
Wl Cans 4 Fliiog S lyie ol Sotn

S slaon bl cax o gl YPRH g, 50

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

3 Rotation error

4 Translation Error

3 Correct Registration

6 3D Shape Context (3DSC)

7 Point Features Histograms (PFH)

O 2le ) 5, VP Jle


http://dx.doi.org/10.52547/jsdp.19.1.111
http://jsdp.rcisp.ac.ir/article-1-1163-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-04-29 ]

[ DOI: 10.52547/jsdp.19.1.111 ]

G 3mdun lubl Yousuiis Hglaiody Hgsls o bl Hl oSl b 3333 Sudge )5 —wogs

%

50 oo sl 1y Jae jo ahss pl jgl5 e cllS
g dis ;o alais ol Blite 0lS alai (£) <) Ceand
50 5 odwl Cewdsas LRF 5 Sluwa 5,5 s
oles aladi pl 4 baye (g5l e O (5) -) o
cilSs sgyme Ll 45 jsboles Casl odd eols
ol LSS (o8 9boas (bl abali g slp ;555 50
olis |y alai oo BLbl wsin Sl gl |y
L Koo beds wiply pab clo &)g0t 45 ains o
il s il Edate o2y (cwsa Bl Lod SO Jlesl
3 Pl gl Syin Sy S e SIS o

(2) (@

S99 3 eoliiul b ool Cawddy ygilS yo il 1 (- JS)
Joe 53 (souls alais () (Bloo aladli 99 (6l goleiniin
(@) < Joso 3o (5ol alali 43 by o ;9515 0 SIS () 3
2P o LSS (9) g Ao 53 gunlS alaii
Lo §0 (golS akais
(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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(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-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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