0oo0o0oo0oo0oooooDoo (MIRU2012)0 20120 80

RGB-DOOODODOOODODDODOOOOOOOOO

00 of

ERERN

Ooooooooo ooooft

00 0 ft oo ooft

it

10000000000000000 0O 819-0395 000000 744
1100000000000 0000000 0O 819-0395 000000 744
E-mail: {{mizutani,omozos}@irvs.ait.kyushu-u.ac.jp, {1{kurazume,yumi,hasegawa}@ait.kyushu-u.ac.jp

0000 DO0O000OO0OKinectOO RGB-DOODDOOOOODOO RGBODODOOOOOODODOOODODODOODO
0o0oo0ooooooooDo00oDoO00ooO0U0DoO0oUooO0o0ooOoOOo0ooDoOO RGBOOODOOOO
000000 00o0ooo000oDoo000ooOo000oDooD000DoOo000DoOo0OooooOoDOooooDoDooon
0odooo00oooo0oUooooo0oooo0ooDooO0ooooooo0ooDoOooooooOooooDoooon
000o0oo000oooo000ooo00o0ooOo00o0oDoo000oooo00oo0oOo00ooooO0UooooooOooon
gbo0ooobOoO0oOo0obOOob0O00oDOO0bOO0obOO0CbOOU0OOobOO0 000D ObOOUODODbOODODbDOOOO
0000oo00oooo000ooo0o0oooo0ooo00o0oo0ooooo0oooooooon

00b0o00 DO0OO,0000,RGB-DO0OO, Local Binary Pattern

1. D000

gb00ddoobooooooooobooooooon
pgooooboooooooouoboooooooooo
gb0dddoobooboooooobbobooooooon
0000000000000 0D000ooooo 16100
gboodddoobooboodooooboooooooon
000000 (7800000000000 o0ooong
gooo [9—11]DDDDDDDDDDDDDDD

gbododooobobooooooboooooboooooogd
pgooooouooooboooooooooobooooo
gdoodoooobooboooouoobooboooooo
pgooodbooooobooouoboooobooooo
gb0dddoobooooooobooooobobooon
pgdooobooooobooouobooooooooo
12, 13)0

000 O000RGB-D 00 OO Microsoft Kinect [14]0
O0000d0dd0obooboddddoobbddddKinect
JO0O00O0ORGBOODOOOOOODODOOOOODOO
gootdouoboootdouobooouooouoouoo
00000000000 10 KinectOODOOOOOO
O0RGBOODOOOOOODOOOODO

01 Kinect 0O0O0OOO RGBOOOOOOOOOO

ocooo0oooooOooooooOoboOoooboOooon
O0000000000000000 200000 (Local
binary patterns) 0 0 000000000000 OO0O
0000000000 000000000 0RGB-DO
Ooooo0oooRrRGBOOOOOOOOOOOOOO
oooooooooOoOoOOOOOOO0OO0O0O00000
coooooooooOoOOOOOOOOOO0O000O0
oooooooooOoOoOOOOOOOOOOOOO0O
00000000000o0oonD (SVMs)Ooooo
00000 (RFs) 0000000 DODOODOOO 500
ocoooOoOOoooooooOoOoOoOoooooOO0oOoooon
000000000 00000000000 92%000
gooooooooOoOOOOOOOOOO0O0000O0
coooooooooOoOoOOOOOOOOOOOO0O0O
goooooooooooooOoOoODOOoo

cooooooooOoOOOOOOO0000 20000
oooooooooOoOoO3booooOooOooono0on
ocooooobo2000000000000000000
oooooooooO 400 5000000000000
RGB-DOOOO0O0O0O0O0O0O0O0O0OOOOOO

2. 0000

gbooboobOo0oooobobooobooobooooon
gogoobbbboooobobbbooooooobobooo
gooooooboobobooooooobooobooobon
goboooo2b00000b000b0oooobooooo
0000000000000 OMozos OO 2DOOODO
gooobbbboooobobbbboooooooobo
0 AdaBoost 0O0OOOOODO [1],[2]0 Friedman O O O
gbobooboboooboobooooboooooboon



0oo0oDooOoooooooooooooooooon
0000000000 000DOOBrunskill OO Spectral
Clustering0 000000000 2bO00O0OO0OO0OO
00 @B0000000000oo 20000000
0doooooooOoooooOOoO0oooOoooshiO
000oood0ooooDo0ooooooooooooon
0000000o0ooo0oooooooo 4o

godpoo0o0ooo0o0ooOooooooooooDoooo
O00O0OWul Rehg DO O OODOOOODOODOOO
000000 CENTRISTOOUOOOO 5000000
goboooboobouobouobooboooooon
O00OQjalad0000000D0DO0ODOOODOOODOODO
00 [6)00000Ranganathan 0000000000
PLISOOUOOOOOOOOO fJUOO0OO0OO0OOOo
goooDOo0o0ooooooooooooooooooo
00000000000 SIFT OO 00O Bag-of-features
0000Doooo0oooooTorralbaOOOOOODO
goodooooobuoooooobboooooon
00ooDooOooooooooDooooooooooon
00000000o0ooo0ooooUoo Eo

000oooO0ooooooooooooooogoo
000000000000 0Rottmann 00 2DO O OO
000oooooooooooooooooooooo
000000OO00oO0OO0O0OO0O0O0OOOo [9)0Pronobis
00o00o0oooooDooooooooooogod
gooboooOooooooooDooOooooooooo
000 [10]0

3. gdboboboooobbbbuoon

3.1 ODO0O0O0oObOOooooboooobooooooo
gooooo

000D 0O0O0OD0OdLocal Binary Patterns, LBPO O
oole,[11)o0000o00000o0oUoOOoOUooDO
00 QCjalaD0D00OD0OO0ODOODODOOODOODODOO
ooooooooooooooooooooooooon
ooooooooooooooooOooooooooon
go0ooooOoooooooooooooooo

0000000000000 00000 Kinectd OO
gooooDRGBOOODOODOOOOOOOODOOD
00 LBPOODOODOOOOOODOOOLBPOOODO
ooo0ooooo0ooooDOooooDoDOoooooogoo
00oo0ooDooo0o00ooooooDoooooOog
ooooooOoo0o0o0oooOogd+s000ooooooon
p(1) D00 8000000 p1(i),...,ps(z) € N(p(3)) O
00o000oU0ooooooUoooooooooo {o,1}
ooooooooooon

p(i) > p;(i)
otherwise

0000008000000 b(i)dj=1,...,800
00002000000000000000000 b;(4)
000000 {bk(i),...,bs()} 0000000000 3
000000000 25000000 oMPG) 0000
0000000000000 000W*BPG) 00000
O000O0OLBPODOOOOOOODOD Ty 0000
000

b | b; | by

b, | b, | b,

02 bj()0j=1,...,80000

8 |163|208 1 [

28 (100 35 | —| 1

— (11101100),=236

131| 62 | 51 0|1 1

O3 00000000 LBPOODOOODOODOODO 2360
oooooo

3.2 J0O0OO0O0O0ObOoO0obDbOOooooboooobon
googooo

000 Kineet 0000000000000 OLBP
0000000000 00000000000000
Kineet 00000000000000000000O0OO
O000nan0000000000000D0O0O0DOOO
00 LBPOODOOOODOOODODOOOOODO nanO
000000000000 LBPOOOOOOOOO nan
0O000000000LBPOOOO 26000000
O0LBPOOOOODOO0O00O00 Tyepn 0000
WBPH()) 0000000000000

bnan (P(7)) V Fbnan (N (p(7)))

2
,ULBP+ (’L) — 567 .
otherwise

,ULBP (’L),

(2)

000 6pan(.) 00000000 nan 00000000
000010000000 00000000000%BP(3)
0LBPOOOOODDOOOOOOOOOO 300
000000000000000000000000
000000000000040000

3.3 0000000 O0OO0O0ooooOooooooan
oad
3.103.200000000000000 TygayD Tacptn

00002000000000000000 XgrayHdXdepth
ooooog



04 0O00O0”laboratory”0000000O0DODODOOODOOO
gobooooboooboo

3.3.1 0000000000000

00000000 TO Ty 000 Tyepy 000000
000000 ([12/00000000000000000
00000 !0050000000000000000
00000 p=2'x2'00000000000000
0/00000000000000000000000
000000 H,00000000000000000
H,0O0O0O00O0O0O000000!0p0000000
00000000o00000000000000000
00 xr00000000D0D00O00O00O0DDOOO0
goooooooo

XT = {{H?}v{Hll»'"H211><21}7"'7{HfV"‘7H§Lx2L}}

(3)

level 0
05 300000000

level 1 level 2

3.4 OD0OO0O0OOOOOOOOO

00000000000 0000000000000
000000000 Xgray 0 Xaepes 000000000
000000 x000000000000x00000
00000000000

X = {Xgray, Xdepth | (4)

3.5 JOooobobooboobooooooooon
ugoogn

LBpOO0OOOO0OO0OOOOOOOOOOOOOOOO
gooooOooOooOODODOOOOOOOOOOOOOO
gooooooooooooooooo

0000000000000 00oooooooooon
Ojala0 [11]0000000O0OCOOOUOOOOOO
gooooooooOOoODODOOOOOOOO0OO0OOOO0
0 O Short Local Binary Patternd SLBPO OO OOODO
OOSLBPOOOOOOOOOOLBPOOOOOOO
gooooooooooo

0000000 LBPOOOOOOODOD (1)OOO
00oo0oooob()oo010000n0o0n UG oo
oooo

7
U (i) = [b1(8) = bs (@) + D 1b5()) = bja ()] (5)
j=1

000 0000000050 11111111,0 01010101, 00 0001
0000000 UO00000o000080000000
0000000000SLBPOO +SYBP() 000000
0o0oooo

oPP (i),

nan,

U(i) £ Ury
otherwise

ﬁan:{ (6)

00000000000000SLBP OO oSEBP+(4)
000000000000

ULBP(Z')’ U(’L) é UTh
WSEBPH(y = {956, Snan (P(i)) V Fbnan (N (p(4)))
nan, otherwise

(7)

U, 0 U()O0OO0OO0O0O0O00O0O0000U, =80
00000 LBPOOOOOOOOOOOOO CEN-
TRIST5| 000000000000 0O0O0O0OOOO0
obooooOoboooooboooobooooobooon
O0000OnanO000D00DOOOOOOODODOOOO
oboooboooo 3.303.400000000 LBPO
o0bD00o0o0bo0040000Um =2,406000
0 SLBPOOOODOOOO0OU, =2,400060
SLBpOOOOOOOOOOO26000 LBPOOOO
ooogssboglsuoo24n0dnooooooon
0000Un,=800000000000000O 22.7%
077.3% 099.2%0000000



3.6 0 0O0OO

000000000000000Support Vector Ma-
chine (SVM) [13],[14|] 00000000 0OOSVMOO M
000o0oooooooooooooooMOO mO
0000000 x; eR™@=1,...,M)0000000
Oy, €{1,-1}J000000000000O0O0OOOOO
ooooooooooosvMOoOooo 2000 {1,-1}
000oDoo00o0ooooooDooooooooooon
0o0o0oooDooooooDoooooon

M 1
. 2
min C;fi+§||w|| (8)
subject to  y; (W ep(x;) +b) 21— ¢ 9)

Jooo0coooooOoooooowOooOoOooOoon
000¢ =200x, 000000000O00O0O0O0OO0O0OO
qb(-)DDDDDDDbDDDDDDDDDDDDDDD
000000000000 (Radial Basis Function) O 0O
goooood

K(xi,x;) = exp (=9llxi =x;*), v >0 (10)

0000~00000000000000000000

00000D0000000000(15 00000
000 LIBSVMOOOOO[16000000000
0CcO00~00C € [27%,272,...,216]000 ~ €
[2-12)2-° . 23 000000000000000O00
0oooO0O0O0O0O0O0OoOOO0 (170

4. 0000

4.1 000000

goboobooobobooboobuooboobooo
gbobob0ooooobooobboOoboo 125emogn
Kinect 00 OO00OOO0DODOOODOOODOODOODO
OO0RGBOOOOODODDOOOOOOO"™'™MWMOoOooOod
0000000000000 “corridor”, “kitchen”, “lab-
oratory (lab.)”, “office’0 0 O “study room (study)” O
sddodoobooobbbobobbbbbobobbbn
0o000oodoooOo RGBOOOODOOOOOOO
00000O000OO0bOO0OO0100000d “laboratory”
0400000 laboratory OO O OOOOOOOODOO
gobobobooboooboobobobobooobooo
00000000 DO0ODOO0O0O0O0OO0b00O0D Kinect O
ooo0oodoo0ooOoooOoRGBOOOODOOOD
o0oDooooooooooo RGBOODOOOOOD
0000000000 DO0DOo0oooDg RGBOOO
ggodobbbo1l1gooobbbbooooooboobo
ORGBOOOODOOODOODOOODODDOODODOODO
00000bOO00O0ObOODODO RGBOOOOOOOO
gobgenOood

0 O 100 http://robotics.ait.kyushu-u.ac.jp/“kurazume/r-cv-j.html#

cl0

ag
01 000000 RGBOOOOOOOODDO

category place number of image sets
corridor 1 68
. corridor 2 42
corridor -
corridor 3 70
corridor 4 99
kitchen 1 73
kitchen kitchen 2 65
kitchen 3 53
laboratory 1 99
laboratory 2 99
laboratory
laboratory 3 81
laboratory 4 78
study room 1 71
study room 2 70
study room
study room 3 49
study room 4 62
office 1 57
office office 2 45
office 3 47

4.2 0000

0000 RGBOODOODODOOODOODODODOOO
doooooooooooooog

0 O 0 0 O leave-one out cross-validation 00 N OO
J0o000DdDoo0ooOoooUooDOoUooOooDoooon
000000 ooooooooooooooooooon
0000000000 NODOODOODOODOO
do0dooooooDoooooooooDooooon
J0o0000dDo0o0ooOooooooDooooooooon
0oooooo0oooooooooooooooooon
J0o0000d0o0o0o0oooooooooooooooon
0doo00ooooooooooooooooooon
0000000000000 0o0ooOoooooooon
doo0do0DO0oo0ooooooooooOoooon
0000000000000 00o0oooooooooon
oo0ooobOOo N=100000000000000o0
O0ooooooOooOo (lo)opobooooooooo
svMOOODOODODOODOOooOOoOooOOoooo SVvVM
doooooooooood
4.2.1 SLBpPOOOOOOODOOODOODOO

0dod0ooooooooo SLBPOOOOOoOOO
doodoodooo0boOooDOoooooooooo1oOoOon
oo0oDuUDoO0 U, 020406000 8000000
000U, =80000000 LBPOOOOODODOO
00000 CENTRIST 5|0 000000000000
Jddddodooo L=000000000 200
0o0o0o0o000oUn, =400000000000000
O CENTRISTOOODOOOOOOOOOOOOOOO

070000000000000O0DOOODOOOO



corridor 1 corridor 2 corridor 3 corridor 4

corridor

kitchen 1 kitchen 2 kitchen 3

kitchen

laboratory

laboratory 1 laboratory 2 laboratory 3 laboratory 4

study room

study room 1 study room 2 study room 3 study room 4

office 1 office 2 office 3

office

0 6 0O 0O 00 O0corridord kitchen laboratory[ office(
study room0 00 RGBOOOOODOOOO

ooooo0ooooooUn, =4000000000
gooboboobbobooboobouobooboon
000000000 0o0ooooooooo0 “kitchen”
0 “study room”0 000000000

oo
02 UnDOO0OO0OO0O0OO (%)

Urn =4 Urn =6

Ur, =2 Urn =8
(CENTRIST)

89.37 £ 8.85

87.27 £10.71 | 92.61 = 4.78 | 89.71 £ 9.92

4.2.2 O000O0O0OO0OOOOOOOO
obooooboooooboboboooobooooon
gbobooooooooboobooobooobobooooo
otib0goooooououo0ob U, 020406000 8
ooooooOo0o0oob0 L=0000000000D0
gUboboobooboobooboooboboobooon
gboooobooobooboboooboobooooobo
gbooooooooooobobooooobooo
4.2.3 0O00OO0OOOOOOOOO
gboooooboooboobobboooobooogoo
oooooooooOoob 30b0L=0;1,20000

07 Unn00000000O0OOOO (%)

08 000DO0O0D00O0O0 (%)

oo
03 00000000000 oooooo (%)
L SVMs RFs
0 92.61 +4.78 85.74 +11.82
1 88.10 & 15.76 87.57 +14.23
2 88.95 + 14.18 88.43 +12.79

oooooooooooob U, =4000000000
00300000000000000D0000 L=0
obooobooboooboobooooboooooboon
00 ([12]00000000000000000O00O0
ooooog
4.2.4 000OO0OO0OO0OOOOOODOOOOO
SvMsOOOQODOOOoOoOooOoOoooooooooo
OOORFsOOOOOSLBPOOOOOOOOOOOO
obooooobooobooboooobooooobooo
Oo0o0oo00ooU,040000SVMsO RFsOODO
oboo30bo0oooboboooooobobooon
O SVMsO RFsOOOOOODOOOOODOOOODOOO
SVMsOOOOOOOORFsOOOOOOOOOOOO
oboooooooo



4.2.5 Bag-of-Features 0O DO 0000

0000 0 0OBag-of-Features (BoF) 00O O [18]00 O
0o0o0o00o0oo0oDOoDoooOoooo SIFrTrooooo
0000o0O0O0000oO0oU0ooOoOooooooooOo
000 20000 Visual vocabulary 0 O O O Codebook
000000000000O00o0oooooooog SIET
0000000 00oOooooosvMsOoooooood
000000000000 64.764+£18.96%000000
gooooobobobbobbbbuooooooooboobo
0000000000000 oo0oooooooooo
O000o00O0o0oooo0ooono 50.69419.93%0 000
000000 53.19+10.61%00000

5. Jugoboboodao

O00O0OO0OKineet JO0O0O0O0ODOOOORGBOOOO
oboooobobooobooooooboooooobn
oO0ooooOo0oooO0oooO LBPOOO SLBP
gbooooboboobooboboooboobooooDbo
OO0OooooOooooo SvMsOOO RrsOOOOO
gooooopooooOoooooooooOg SsLBpPODO
gboooooogosobooboobobobooooon
gboooooobooooooo

obobooooooooobooobooobooooooa
goboooobooooobooooooboooooDbo
gboooogoo

go
goooooooobooooooooobbOonooon
Oo00oO0ooooooooooooooOo (B)oooOo
0 2336011500000000000000000000
gbooboobooobooboooobobooooobo
oboooobobooog

O O

[1] O.M. Mozos, C. Stachniss and W. Burgard: “Super-
vised learning of places from range data using Ad-
aBoost”, IEEE International Conference on Robotics
and Automation(ICRA) (2005). Barcelona, Spain.

[2] O. M. Mozos and W. Burgard: “Supervised learn-
ing of topological maps using semantic informa-
tion extracted from range data”, IEEE/RSJ Interna-
tional Conference on Intelligent Robots and Systems
(ICRA) (2006). Beijing, China.

[3] E. Brunskill, T. Kollar and N. Roy: “Topological
mapping using spectral clustering and classification”,
Proceedings of the IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems (IROS) (Oc-
tober 2007). San Diego.

[4] L. Shi, S. Kodagoda and G. Dissanayake: “Laser
range data based semantic labeling of places”, Pro-
ceedings of the IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS) (October
2010). Taipei, Taiwan.

[5] J. Wu, H. I. Christensen and J. M. Rehg: “Visual
place categorization: Problem, dataset, and algo-
rithm”, Proc of the IEEE/RSJ International Con-
ference on Intelligent Robots and Systems (IROS)

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

(2009.). St. Louis, MO, USA.

T. Ojala, M. Pietikdinen and D. Harwood: “A com-
parative study of texture measures with classification
based on featured distributions”, Pattern Recogni-
tion, 29, 1, pp. 51-59 (1996).

A. Ranganathan: “Pliss: Detecting and labeling
places using online change-point detection”, Robotics:
Science and Systems VI (2010).

A. Torralba, K. P. Murphy, W. T. Freeman and
M. A. Rubin: “Context-based vision system for place
and object recognition”, International Conference on
Computer Vision (ICCV) (2003). Nice, France.

A. Rottmann, O. M. Mozos, C. Stachniss and W. Bur-
gard: “Semantic place classification of indoor environ-
ments with mobile robots using boosting”, National
Conference on Artificial Intelligence (AAAI) (2005).
Pittsburgh, PA, USA.

A. Pronobis, O. M. Mozos, B. Caputo and P. Jens-
felt: “Multi-modal semantic place classification”, In-
ternational Journal of Robotics Research, 29, 2-3, pp.
298-320 (2010). February-March.

T. Ojala, M. Pietikédinen and T. Méaenpaa: “Multires-
olution gray-scale and rotation invariant texture clas-
sification with local binary patterns”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, 24, 7, pp.
971-987 (2002).

S. Lazebnik, C. Schmid and J. Ponce: “Beyond bags
of features: Spatial pyramid matching for recogniz-
ing natural scene categories”, IEEE Computer Society
Conference on Computer Vision and Pattern Recog-
nition (2006).

C. Cortes and V. Vapnik: “Support-vector network”,
Machine Learning, 20, pp. 273-297 (1995).

C. M. Bishop: “Pattern Recognition and Machine
Learning”, Springer (2006).

S. Knerr, L. Personnaz and G. Dreyfus: “Single-layer
learning revisited: a stepwise procedure for building
and training a neural network”, Neurocomputing: Al-
gorithms, Architectures and Applications (1990). J.
Fogelman, Ed., Springer-Verlag.

C.-C. Chang and C.-J. Lin: “Libsvm: A library for
support vector machines”, ACM Transactions on In-
telligent Systems and Technology, 2, pp. 27:1-27:27
(2011). software available at http://www.csie.ntu.
edu.tw/~cjlin/libsvm.

C.-W. Hsu, C.-C. Chang and C.-J. Lin: “A practical
guide to support vector classification” (2010). http:

//www.csie.ntu.edu.tw/~cjlin/papers/guide/guide.

pdf.

G. Csurka, C. Bray, C. Dance and L. Fan: “Visual
categorization with bags of keypoints”, Workshop on
Statistical Learning in Computer Vision, European
Conference on Computer Vision, pp. 1-22 (2004).



