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Active Object Recognition Using Depth Sensor

HhE —&% Cuk)
iE ik EE k) iE

sl fE— (LK)
AN 5E (Juk)

O ®HW MY k)

Kazuki NAKAZATO, Kyushu University
Ken’ichi MOROOKA, Kyushu University, morooka@ait.kyushu-u.ac.jp

Syoko MIYAUCHI, Kyushu University

Tokuo TSUJI, Kyushu University

Ryo KURAZUME, Kyushu University

This paper presents a viewpoint planning method for an active object recognition by using
the shape information of objects. The proposed method uses the certainty that a given object
is classifed into one category. The certainty is represented by a probabilistic model. Moreover,
the categorization possibility of unknown objects are quantied by the entropy indicating the
ambiguity of the recognition. When an object is observed, the certainty is calculated by using
the measured data. For each viewpoint, the entropy is computed based on the certainty. We
choose as a next viewpoint the viewpoint with minimum entropy. From the experimental results
using real objects, the proposed method can achieve en efficient object recognition compared
with the method which selects viewpoints randomly.

Key Words: Active object recognition, viewpoint planning

1 #E

EEEEORY TS Y- AD—212, HEHOERRD
H5. ZOY—CAREHTL72DI21F, aRy bHRHDENZH
LYK E R T HHERED MR ETH S, TRy ME, \IDIAL, W7
AR EEAHONE - BEEEZX-0, MEEERKL, TOX
BAEEZDHIET, eha»roWkz2ETCE5. 2T,
TRy b, VAR AR A2 BRI B - RS B,
REENI IR RS RE A 5T 5 2 L T, ZE L -YIRERE A A &
na.

REBNAYMAZRI & BT 2 7200121, TR E R MmO
TV E HEIIZEHE T A AP BETH 5. WKTRIRZ R
RIZEHIT 2 720 O ETEEIE, ZhETE L OB Th
nNTWa (1, 2. —H, YWRRHEOZO OB SGHEIZE T 205
AW, ZOHT, EROBEEINYIEREEE LT, Hilc
BUIYHRDORHEHW L Uiz, EEED RGB 7 X 5 O AL
BB ERET S EDONH S, [3,4. LrL, H503
HESOTF—=ZDPHEFIZa Ry MGz oNnd IFES 2 W. L
10T, RAOWkMNEGZ 5NTEH, TOWKRLET S HT I
) BT BHERED, EETEORY Mo THRETHS.

Txld, 1600y S 2ET50 Ry F2HioT, BRY
KHIOHAMIZN U THRMMEE, HaFhmic 3o < gEahivy
RERBIERRE LT [5]. ZOFHETE, HRYORHEIEZ2T
vhov—TERMIL, FOZY VY- RLEDTEHEEE
BT B, YIal—varve LT, 6 208573 OYMKRE
RIEZ R, BEFEE, SURXLTHEEZEINT 3 FEE DM
BET-72. TOME, REFIENINRMIZYERT#BTEIZL
MR TE

AT, Y Y Ao TEBOHEMEZEHIL, 20
IRT — R 2Bl R & UEREZITV, ZTORRIZOWTHE
35,

2 HE&T—IX—2Z[5]

RETEZL, HESOREPLRIPRREE, FERTRE D
2 FEHOREEEZHWT, SAEEEZTS.

2.1 KEIBRFE

ARFETIE, BREAREE L U T, Clustered Viewpoint Fea-
ture Histogram (CVFH)[6] %\ 5. IRl > CEHEIL 721
WREDOFBET — X526 N5 L, £7, RIT iz, 25
F— R TOFERR T MIVIZHT 2, ZTOHRETOERRZ b
WVOMEE RO D, RIZ, 2EHET—XROEESEHX EIFze 2
NS LEERL, TOLANTTLOERENRT SVLL T
H£DN, CVFH TH 5. 1 DOHEROAT IV Z Iz, EHEK
DOYMED 3IRFTIIRET VAR HET 5. KFET IV E 80 HOFIN
(Fig.1) 2 SFHAIL 72 & D sRET — X AT L, S
Z iz CVFH %3k 5. KFEOHSFETIE, HAOAED
AEPEL, BERT -2, ETNVOEFS LHHAOMALGDE
AT

AEFETIE, FHET — XIHFELROWRIOWIED, ED7H
FAVIZET 20 %R T 5720, BEILZRAMEKD ST 3
SEEREMEE, EEMIZEHEIT 5. TNEFEBRT L2017, &7
TIAVDEETMIHUT, F—Hr o8l L7z & & ORIRE
BoOnfizERDD. K FEHOBR vp(k=1,2,---,80) o, 77
FIY ei(i=1,2,---,No; Ne:H17TVE) OHBED D IKE
CVFH g, WMEONIHER NG &, EBSMAEZHANT

I N 1 gk — par?
Nalgu e, 73) = g exp] 2t J e
LEBTH. NFT) ¢ EENE N HOEFVE Mij(j =
1,2, Ny v 2e, & (1) OFEHRY ML pi, 98K
oZ &, B1ICRT LD BERGM v &, T 3EHEDOHSD
3t 4 D CVFH Zffi> TR 5.

NG
L M
MHik = WZ Z Gijk’; (2)
4Nm' 53 k€L
N
| N
o = w2 D g — mal (3)

m’ =1 k'L,

gijk 1%, kK BEOBENSET N My; 2#BHIL 2R/ o3

No. 15-2 Proceedings of the 2015 JSME Conference on Robotics and Mechatronics, Kyoto, Japan, May 17-19, 2015
2A1-T05(1)



CVFH TH» 5. /=, L 1%, kBZBHOELE, TD 30EOH
HMOEETHS.

Fig.1 80 viewpoints used to generate CVFH feature.
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Fig.2 Our active object recognition.
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Fig.3 Measurement of daily necessities using VIVID910.

(a) (b)

Fig.4 Daily necessities used in our experiments: (a) pho-
tographic image; (b) 3D models.
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Table 1 Number of the models in each category.

[ NO. | =) [ FEHETVE
1 2= 11
2 NFF 15
3 ~Rw MR RV 13
4 Hy T 8
5 it 16
6 v 11
7 EEEsE (Av—F7xY) 12
8 AT— 14

Fig.5 Measurement viewpoints.

Table 2 Average and maximum number of observations.

TAN | FHBE £+ R PN S
), AFE | ERE | AFE [ 7ERE
)3 [ 2.06+0.28 [ 2.64+0.88 3 5
NFF | 2.15+£0.51 | 2.20+0.78 5 5
<y rERL | 1.7240.65 | 2.1840.49 4 5
J1v 7 | 1.6840.47 | 1.70+0.46 2 2
Ry 2.81+0.73 | 3.04+0.72 4 5
HEEEEaE | 1.55+0.84 | 1.54+0.65 4 4
A7 —v | 1.46+0.64 | 1.55+0.62 3 4

Table 3 Number of failed and recognition rate.

IR ATE
F AN AFE | WERE | AFE | Bk
HT Y
D=\ 0 18 1.00 0.96
NFF 1 2 0.96 0.85
Ry hER RV 1 1 0.98 0.84
Hy T 0 0 1.00 1.00
RV 0 2 0.88 0.87
B R 0 0 0.92 0.96
AT = 0 0 1.00 0.98

RO B 6 [P E & 7 > 725
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