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3| FIELDS x v =4 /1R (xyz)
4| SIZE 4 4 44 11 REEDTAZ (4)0A B)
S5 TMPEFFF /1 SREFDR (float)
AWA — B{COUNT 11 =
T WIDTH znma
8| HEIGHIT
il '.ranPn[MT 0001000
1 [J'/(‘ 1/ 8% ﬁsz (WIDTH x HEIGHT)
KD CE RIS nﬁiﬁb‘?’o‘é EHAIRE DTN, B o 7
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[Chen2007]
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VMAFERSRD D%

SEEAESHE ICP 7ILTUX A

Iterative Closest Point (ICP)

[Besl1992]
B S AEBETETILEEDNEERIMEEE [Kaneko2003]
B 5%
B BRAEROMTT
B SRS DA IROHETE
B FERRATYITORDRUICED T, MIBEDERENRNERD
AAZ/ S X —F %= H

q:[éR |ér]r

RE
P=1{p} L
f(@)= ]\TZ

jéi _R(éR)ﬁi _quz

p i=l

EF)L
X ={x}

B OREFEELT, MEECKDIMUEICO/ R MIM-ICPERSS.

SE3ZHR : P. J. Besl and N. D. Mckay, ”A Method for Registration of 3-D Shapes”, IEEE Trans. PAMI, vol.14, no.2, 1992.
S.Kaneko, T.Kondo, A.Miyamoto, Robust matching of 3D contours using iterative closest point algorithm improved EI
by M-estimation, PR, vol.36, pp.2041-2047, 2003.
x
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F—RA> MV F>T BFHEITYF D)

2RFTING—> (Ef) DiBE

12 4
H v
abcd 13 X
S ~ N EXE 21 24
F—RA > MR—ZYARBOBE : .
37 40
iR p1:1 & iR AE &
i,j (4 - #8) (RGB) ij (48 - ¥8) (RGB)
a 32,25 0,90 255,0,0 1 55,71 9,90 255,0,0
b 37,25 90,180  255,0,0 2 60,71 90,180 255,0,0
(1 80,25 135,180 255,0,0 4 103,71 90,180  255,0,0
é 32,85 270,0 255,0,0 \21 125,220 0,90 255,0,0
j 80,85 180,225 255,0,0 24 173,220 135,180 255,0,0
Y 27 251,265 0,90 0,0,255
EFREE T3 HE 30 299,265 135,180 0,0,255
=H#HE (NI ML) :
]
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TR MRV FUODER FHEYYF> V) EERO F—/R+1 > MEREFRHEEREDR R
3RTF—IALOIYF Y (RERAE] ;
EB&> —4 : Stanford models @ “"Dragon” TH&Rk
F—RA> b : SHORT AIC k> TR ENZmNS S >4 ATER :
S.Takei, S.Akizuki, M.Hashimoto, "SHORT: A Fast 3D Feature Description based N
on Estimating Occupancy in Spherical Shell Regions”, IVCNZ, 2015.
neF
[SRE&#ER] —
St T2 ABFT—24l
i DAUEY
=100 220 By
2290 Eh
L 200 28
S 70 SRp _/ i
3RFTETI ABS—> i 6 il 1?2 =
g —
3 140 —
ER (x,y,2) HHE (NIMLY) EiE (x,y,2) BHE (NI ML) ‘TE %8 '§'
a 43.5,50.2,73.6  5,2,6,---- 1 53.5,55.1,71.4 74,36,35, 19,76 - h: 10 120 §
b 37.0,25.3,43.1  45,2,4, 2 64.2,60.0,71.4 103,2,45, - -°1,34- - a0 100
: : : : 0 100 200 300 400 500
d 81.6,25.2,33.8  3,52,3,----11,4---- 10  101.6,35.3,71.8 5,2,6, 9,20 - — o o< 1 3
g 11.5,9.5,234.1  50,32,4,----3,13-- -~ 21 25.1,220.9,5.1 99,49,3, 20,4+ e
j 8.9,794.4,212.3 1,95,34,---13,5 - 24 734.7,5.4,20.1 8,34,24, 92,44 - +
: : 27 21.2,7.5,265.6 3,52,3,-'---11,4----
30 95.0,26.1,578.8  58,29,99,---45,320 -
RYFIIVZBRMETEBIEHICIE LVBRTIFHE DREDEE F—RA Y MDD LR ELST S,
e ]
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KERQ HFHEDIRITTE & FEkIERE

[EB&F5E]

XB&5—4 : Stanford models & “Dragon” THERL

458 SHORT $IE 54 Xt (6 >TIL x9 ESDEXNISLA) hESUFAICESREHE
(FEDRTTE =524 LhtE)

EERQ F—IRA > MRETTE CSRHMRINERORE R

(RARTTE]
SHORT 3% :  EPRDMEGFEF—RA > b & LTI
SN L TYYLICF—RA T SR

[SRERFER]

[SRERFER]
100 Eﬂgg&ﬁklﬁg 220 100 BB —TRA > bWz ESE
x 8 0 e = 80
5 w0 R & o S8 F—RA Y MRV EE
'~ B 160 :"“ }:Q‘{. e A e — .
E 40 SR eAkB 140 'g' 2 40 ! A/
l’%é 20 120 3 ﬁ% 20 4
0 0 9 18 27 36 45 54 100 ° 0 50 100 150 200 250 300 350 400 450 500
R TTER EFILDF—RA1> MY
BUBORTENEREELET S D -
F—RA1 > bDEUV AN EREZELT S.
Henfiroic Leborsfory;, Crasaer Linfvarsly Feb. 2017 _45 Hasfimoico Leloratory, Chalgee Linhvarsilyy Feb. 2017 _46
(§fy nitgert g Lataraenry 2 DDA T D IRTHFHHE
F—RA O M EDLSREHR (IFHE) ZAMTIH?
&F—7K1> NADD
IR TTAS MR DT B | THEER
—_
7
(A) :
MEETIL
2~3{ED

. F—RA > MEDORFRE TR

—_

)

(B) ) .
s -
WERETIL ARF—4
_48
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IRTTHHHE DI 4548

HEEDRGE
(A) F—7A1 > NE D DIERET

(B) E# =B DEFREDH

5£'S|l=7?/\‘ ==
=S-SR | oL %@g%ﬁﬁ 2657 or 35508
=

SHOT, PFH, CSHOT,
B-SHOT, HONV

LSP, CCDON, NARF, | PP, ER, VC-PPF;, MPPF,

MHOG, PPF B2B or S2B or L2L,
Sl SSI, DA, FPFH, RoPS VPM
3DSC, SDLSD, USC DoN
PFH  : Point Feature Histogram SDLSD : Scale-Dependent Local PPF : Point Pair Feature
SHOT : Signature of Histograms Shape Descriptor ER : Efficient Ransac
of OrienTations FPFH : Fast PFH VC-PPF : Visibility Context PPF

CSHOT : Color SHOT DoN : Difference of Normals MPPF  : Multimodal PPF

B-SHOT: Binary SHOT LSP  : Local Surface Patches PPF B2B or S2B or L2L :

HONV : Histogram of CCDoN : Combination of Curvatures PPF Boundary-to-Boundary or
Oriented Normal Vector and Difference of Normals Surface to Boundary or Line to Line
SI : Spin Image NARF : Normal Aligned Radial Feature VPM  : Vector Pair Matching
SSI : Spherical Spin Image MHOG : Mesh HOG
DAl : Depth Aspect Image RoPS : Rotational Projection Statistics
3DSC : 3D Shape Contexts
USC  : Unique Shape Context X FHR(E PCL [CBERENTLB TR
Mt Leboretoryy, Ciadger Lkvarely Feb. 2017 49

a ﬁﬁﬁﬂ_i.g;!n- sy § afwersio

14T (A)
F—RA > FEAD DIERE TR

SHOT 4#¥4#= (Signature of Histograms of OrienTations)

L {0 ERRU
1. F—IRA>NED (UR— bEKA) 20892 (BREERZFA) .
xy FET 2 98], BkAZHROEBEBEDERC 2 938, =512,
zEhFEDD 8 DA, (—>2x2x8 = 3278
2. BEQOERr &, DEISNIZ32HEDAR—ANDERNT NILEE n;
CONREZSTEL, mE>OERXNS LR (cosofE) . (m=11)

AR cosf=r-n

v
REDEA RIS A x 11E> = 352 Rt [HHE
(HOG U= BB — RODAFHERD TEBZEL(CAE)
=
B RTENBEVDT, FHEDT AT 2T 1 T+ (FLERIEL.
(—REBA(EARD)
SEXB : F.Tombari, S.Salti, L.D.Stefano ,” Unique Signatures of Histograms for Local Surface Description ”, ECCV, pp.356-369, 2010.
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PFH %5#= (Point Feature Histograms)

EE7E
B F—RA> NEDDOBREHAD k IEEERNSSHD 2 Sz EIR.
B 282050, 6, 9, pop, ZETEL, EXRMIS AL (=%#E)
&I\SA—FEWEUEL, 125 RTTER (PCL)
v=(p-p) X u E#R n,
SERR n=u X :

Pig .pis " Pu
P2

Puoo
L : ———

.
py P s OPe

)
Py OP w=uXvy

F—RA1 > FOEIRS &
B HIHHEN, TFIILADFIFHHE L DRSS ITNEEE S UTRE.
B BROFFEEZEI LN SERDTEZS R, Z<OFENSHFIN
. TlrfimE, RENRF—RA2 b EUTRIRTS.

B EXANISLAFROT, ZO0ONELICEER.
B RS IRESLDT, EFI/ILOXRRDESL.

BEXH : R. B. Rusu, et al., ”Aligning Point Cloud Views using Persistent Feature Histograms”, IEEE Proc. IROS, pp.3384-3391, 2008.
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52




FPFH 4¥(&2 (Fast Point Feature Histograms)

B PFH ORIR (1FEECRDEAHENDEEZHIR)
B 2 SHHOBRIRE F—RA > b & AESE ORAEDEICEE
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BE3Z : R. B. Rusu, et al., "Fast Point Feature Histograms(FPFH) for 3D Registration”, IEEE Proc. ICRA, pp.3212-3217, 2009.
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88 : C. Choi, el al., "Voting-Based Pose Estimation for Robotic Assembly Using a 3D Sensor”, IEEE Proc. ICRA, pp.1724-1731, 2012
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[1] A.Mian, et al., “On the Repeatability and Quality of Keypoints for Local Feature-based 3D Object Retrieval from Cluttered Scenes”, 1JCV, Vol.89, Issue 2-3, pp348-361, 2010.
[2] F. Tombari, et al., “Unique Signatures of Histograms for Local Surface Description”, Proc. ECCV, pp.356-369, 2010.
[3] Y-Guo, et al., Rotational Projection Statistics for 3 Local Surface Description and Object Recognition, 1JCV Vol.105, Issue 1, pp.63-86, 2013.

[4] A.Petrelli, et al., On the Repeatability of the Local Reference Frame for Partial Shape Matching, ICCV, pp.2244-2251, 2011.

[5] A-Zaharescu, et al., Surface Feature Detection and Description with Applications to Mesh Matching, CVPR, pp.373-380, 2009.
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OUR-CVFH (Oriented, Unique and Repeatable CVFH)

S
CVFH: Clustered Viewpoint Feature Histogram [Aldoma2012]
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Hi#4 : A. Aldoma, F. Tombari, R. B. Rusu, M. Vincze,”OUR-CVFH —Oriented, Unique and Repeatable Clustered Viewpaint Feature
Histogram for Object Recognition and 6DOF Pose Estimation”, DAGM-OAGMPRS, pp.113-122, 2012.
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[1] J. Redmon, et al., “You Only Look Once: Unfied”, Real-Time Object Detection”, CVPR, (2016).
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Proc. IECON, pp.5266-5271, Oct, 2014.
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