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SLAM with Visually Salient Line Features in Indoor Hallway
Environments

ot g zE oY ML

(Su-Yong An, Jeong-Gwan Kang, Lae-Kyeong Lee, and Se-Young Oh)

Abstract: This paper presents a simultaneous localization and mapping (SLAM) of an indoor hallway environment using Rao-
Blackwellized particle filter (RBPF) along with a line segment as a landmark. Based on the fact that fluent line features can be
extracted around the ceiling and side walls of hallway using vision sensor, a horizontal line segment is extracted from an edge image
using Hough transform and is also tracked continuously by an optical flow method. A successive observation of a line segment gives
initial state of the line in 3D space. For data association, registered feature and observed feature are matched in image space through
a degree of overlap, an orientation of line, and a distance between two lines. Experiments show that a compact environmental map
can be constructed with small number of horizontal line features in real-time.

Keywords: RBPF, SLAM, line features, mobile robot

1L A8

oy EXY FA XA 2 A=Y (SLAM:
Simultaneous Localization and Mapping)2 R 0] vjaje] 3
£ TS F9 8A4g QX8 I FA] W 24e
FUAE AAE BAll 43k Folth1] A 2067t
SLAM ¢aig]5el i o] 711 AEe) +3Ho] go
W, SLAM ¢l 52 229] X9} A xo) e(state)F o
Sk Yo R pre] B 4 Qi)

2R Az dEH 95 Uy 5, 3¢ 29 LEEKT
Extended Kalman Filter)& AH§-3H= W3o) 714 Ro] 75
Ror AF7HAE thre] o)F 2R 3-8l o]8¥a gl
et He g9 Ax e & o, dgee] ERH 55
o= QIFH AlLtge] Sk o] ook EKFY] B F
Edhe 2418 F 2R Murphy Rao-Blackwellized paticle filter
(RBPF) 218 ©]-83l= L Algkslgion o9 A7}
S 3] SLAM®] 3§53tk RBPF 717k SLAMS 215
55 F(posterior probability distibution)S 2 x|} A=
2 Falste] F Alele] JAEAE SIULEN 2] A
£ 7AEeE AREEE 29 4 9lon, AEH (resampling)
48 Fsle] BEE data associationo] HEE + U= FH
o] ArH34l wEtA W It AE el e74E o
RBPF 7|4ke] SLAM 71§ & o] &8k 7} gitsic)

2R o|% B 3 AR T2 2R Rarg A
AA (Laser, Sonar, IR AlX] 5)E °]83t9 P53 gz
vl AME o] 83sle 4t HEE Bl ARE g5

* 23] 2] 2 Corresponding Author)

ERAT2009.10.20, 44 2009.11.2,  A22HA: 2009, 1113,

g, R, oldlA, LMD T E SR AR A7 e

(grasshop@postech.ackrnarool @postech.ac kr/lacklee@postech.ac kr/syoh@

postech.ac.kr)

# E dre (et uFde i dTAEE S
AR U TY $EUIERARQTYAY Ao
2 YA

# A7) EEE KACC2009 Shetg]dlA] Zeto] MuFAEUTh

o] gtk A2l & 7Fed AR 7MY S9N
A AMET 948 7HE Al AXE 083 SLAM
=21

7EEe] gol AHa Yk

MonoSLAM 7198<& & 7HilEle ofgate] F& F1ioll
Aol FeE AT dzela fXE AAzem AT
[5]. 7HlEle olF ZRo RS R @il o= Ao
Hu, whg sifle} 24 Fel shoel AXE &HoR
AE3h= o] o

e Q. vds} SIFT EAH S 043 SLAMZ Y 97
ggsAd A8 YrHe, F FY FAolA Tz FEF
SIFT 543 e WAAH ez 5AHES 3D H3E AL

ot b

=

B Aol SEZA7Ic) SFTE o]galhd ool E4H &

Zo] 7V538H SLAM A% el =&& T Aol At
CV-SLAM7|H-& #74& Fshe g el 9 9
A& olg3te] FHo] EA8le BAFY HEE Axd §
E37). FHEE AgE &) Jdenz AW FhdlElelA
S G ALET JuEoR A EAoAM £
FE2HE A4S Mol A 4N EAF 5L 7}
A 4 9t

B E=RAE CV-SLAM 7|83} Zo] HAHGE ks 7
ZHE olgsld AU B dgexe sLaME d7Eisith
F o 743 Ax B8E A8 Aol 5FHe derkae]
FE Edo=H ALdEE AA S9%aL CVSLAMIE 2
A HolA FE25E £ ARTE 0]&¢ SLAM 7]
HE ARFSITHS].

Hdc)x] Ao FEMASEY FHEE £3 A
S AAD) st £ AR f9] FEo] 7RE oA
Hedge otientation)2] £FZ |83t} 2D olv|A|o|A =&
AB-E 3DAEAR BES] HsirE £ A Fol

olo} 3, olF fYslo] ME Ao IIE FE £ A
22 FAL Bild ol dFdnh A4 =R AEY
Z]-

o2 i

APt ek oF M

2
bt
o
=2
olft
i
)
r}t
Hr
fo
2
o,
to
a*]
_?{_1‘
A
-
2
e
L.
£,
i
rlr



Journal of Institute of Control, Robotics and Systems Vol. 16, No.

IL A2 74
2 ATolM AMEE o5 2E ZNE2 Pioneer 3 DX (2L
H l@)elth AHeZRE oF 90em Folol| FHets Fatet
o] BE A8g 3Pt 150 o4 &2} (Field of View:
FOV)S 7HA = oStz E o]ﬁ.ﬂ_g;,q o A 3k
M 7ol 9 o] #5 7Heshes St aH 1b).
9 2& A gagEs %% ‘:}01011%1% LRt

L 59 MEe| £&5 ! F5
=z

1. =8 M2

oftA=E Fag 7 ]E}E—TH < e diFe] Al
3l7] wiZel o] FelA HEs F 0}— AL ot o
2, 9A FhdEr JIE gebu|E(ininsic parameter)2t $f 3

@ ®)
I3 1. (a) 25 EFHE.(b) o=
Fig. 1. (a) Mobile robot platform. (b} Fish eye lens.

@ Image sequence

<

‘ Line tracking
Remioveimage —®  using Optical
distortion Fow
Register
Canny edge honzontalline Odometry
detection featuremithe F:' Information
map
Line feature
extraction using Updaterchot
Hough - pose andthe map
Tranzform state

% 2. 1A €agE BF veloas
Fig. 2. Block diagram for overall algorithm.

1, January 2010 41

@ (b)
% 3. () A G0y FEE 5 2 ] AR
Fig. 3. (a) Edge image. (b) Horizontal and vertical line features.

@ ®
I 4. @) A G0 BAET 5 He) FE
Fig. 4. (a) Edge image. (b) Extraction of unstable horizontal line
feature.

A4 (distortion coefficientyE T3+ F /39 ol
el dashy, & =Rl 919 HHE ©l
S 2SItk

ol
e A9 A% 2o FEAAL
713

Ak AR

o
ox
= 1o
fT ol
>
mlo

T3] BEAo] glouR I3 49 7o)
= Bolde 2w HARSS AAT ¥arh YckHough
transformS ©]&-8F o]« Hx

Jo| o] ME 2E:e FA WA
0y

9‘ Voting®l] 715Vsl7] wiEol] o dahx] F3F FellA] Aol
Q A 0T7 ]' 2 ‘8“)

%ﬁﬂ?ﬂ' 3 ARES AAT] Yete] B =RAE

e e 79101]"191 o] 2] H}aKedge orientation)2] HEE o]

gagith 229 9 A% 99 Fe U4 0Hoz 4
G @ 3, 7 Aol oldlst B vhaag MRk

-1 01 -1 -1 -1

P=l-1 01, P=[0 0 0 )
10 1 1 11
K "o rtATE o] de *S A p, p ot B
o] Weke theat ol 7 4 lth
4, =tan™ [&] @
P

9 42 Bl oA 3NN AR 4 2 T, 2



42

Edgeorientation
~a

Mask /
1 3

Stable line Unstable line
(std. = 0.0328) (std. = 0.171)

9 5. MA% ART B AR oA e B
Fig. 5. Distribution of edge orientation for stable and unstable line

(% 5).
2. FEMES FH

2D GgelA g3 B AEE 5 T 3pAR A T
EA717] fisiA QA B5o] Pedith ey &%
T3 AEE FH3 e 3ol a7EHY, B = dAE &
H AR do #BEH € Hol optical flow 7IH¥} Random
sample consensus (RANSACYE A8l M F3& 7H3}

et
Y 6@l BXol, tIA-A 28 ARA dAG
NF0Z FEL WEYYPT) o)2A HEY A Mol optical

flow 7S Fg3le] ¢ A1) GAIN of= AXo] EA)
3 @ HUA SIS, RANSACE ol83to] HE Thefn)
Bg o, 5 P50l ARe olF=A FAUIY
66). t AR AR AR A AE Aol Az AR
of Fol YA o13E 7HHA HY AEe) FHo| Hsh
Aeg 71530} 0|37 RANSACO.Z AWte A% s
S Al GEoN £30 0 Aieis 489 o
A gomE FH YT olpoln g, ¢ 79 o
A9 Hough transform o] §:3fe] Th] 48k 53 1¥-2
2 ¥ 742 42 991 458 IO o)

A FHAT Qi 5B AR 57} 3t o 3
Aol A ool Hough ransform & o] §3e] AEE
},

o] Foll FHEHI YA W AEEL M=

gl
A 3

‘T“ﬁ

) mo gt

""" Estimated line using RANSAC

= Real fine
¢ ‘Rearranid peint

Sampled \p:int ¢

@ (b) ©
J¥ 6. (a) t1 FEelA 5 $9 A8 -?4—4 %‘%‘ % !
E. (b) RANSACS %ia ﬁ% Hl oA
7"512} 9 g 919 A iﬂ*é?ﬁ.
Fig. 6. (a) Sampled points from the line feature extracted at t-1 step.
(b} Line test using RANSAC. {c) Rearrangement of sampled
points for line tracking at t step.

Estimated point 9.~

2
<
HY
il
=
[>
By
o
tob
i

25 M 16 &, H 1 = 2010.1

A deR F5s1A Aok FH45 I e AR 571 370
& Zol7] st A F3 $A AEET

Iv. —’1‘—13 Mo Aef 0|5

S5A4717) S8 8 AR 3

o =(, p.r) & P} e 9 Wao] ole BSE
59 Ao A%HY FAL Foel 78 5 Uk B =
e dsdoz BEE S Avel slHg ol4d
27] A AN S S AR 59 AR B 37
2 FH AR PR TRV

1. 28 Mol Bs 2y

o (-r+x,cos0+y, sinqo)—’—i
h(x, (1), l){ 6} z ©)

n
-6, )

X, (0 =(x,,,0,) & AR 22| $x} B3 &
B Ve, 1=(r,0,2) & $% A8 2HE Yehdnt
(p.0) € 93l 539 £ dE M9 A=let ¥
g elvjalo, A oi%&l ARl 7). o] B
Wit 5 AR B3 dolelE ol gshd 43 Mol )
g w8 78 5 Ak
2. B Hlo[slE ol £+E Mo X7| Alej Al

A%l Ao 59 Aol mil FH Aegra s
A v, 59 4R 3D AW 1=(r,0.2) & TR o) 7
P4 gl
1L opE @A o8 ofeje} o) EHHoR ALt 7he
Ezd

it

:9,,,+6‘,.m+% @)

ot A m& nfl A5 Fo) FERE it
2. (r,z) ¥ ol #F HolE (p,,.6,,) o A2 M(east
square method) & ]88t Tha3t o] +& = glrk

f pl , (-xr] cos q)m - yrl Sin q)m)f
. . = H 5

f op,

/
3% 7.5 AR ¥ 24

Fig. 7. Observation model for horizontal line feature.



Journal of Institute of Control, Robotics and Systems Vol. 16, No. 1, January 2010 43

A9 A2 Ax=b 9 HHl2 el = glon webA fA
A3 (Pseudo-inverse matrix)S ©]-85HH x=(ATA)'A™b <

Ao (rz) & T F Uk
3. =8 R & ME9| WXHE 0[88 =H MEo| 7|

Alef AHlpH

2Xo] ¥5d ¢ AR FYsA S0l gluid ¢
o W oR 3 Ao 27| AJEHE Al 4% 2xge
AdE ds 7 Atk A G)elN d&Her AEHE 49
AR p kol TY3EZ Y A9 rankE 10] Hrh oA
< 59 AR A Aldel mge] HA @ ool Aw
€ 53T 2ie] Bk #A4e T u) 5 old Aot
L=

o] A, 77 B FH-F AR waHg AN
5 dAEH o FAs WA FolE T mAHY
< optical flowE ©|-&3}e] F43}7] 490 A2 o] &)
5}7] Hizol] Z1 EolE AR Fol2 7E = Adtha¥

3 The e AR Bashy) sk wabg F90e) o
"é ARE o]&slo olge] YHG FA7ITH

21 X,
w w
= 6
117 1
; Ty z j ( )

1,15 %, y5& 0] HAgre] alolg Jehy p a3}
A F99] 3 x 394 39S ofujaith flo] FY Mo af
U (eigenvalue) 4,4, 7} ool 2A& WS wapge
F4 7FssittaL ed

min(4, 4,) > 4, 0
ujz] A" ARkelty A& Ao FHY waAES
RS o8kl thEst o] FolE AR = gtk

L >
rlr

fsin@, —fcos8, u,—y X, fsing, -y, fcosb,

—feosh, —fsing, v,—v |/ —X,fcos6, -, fsin0,
: : : I |= :
fsin8,  —fcosO, wu,—u, || L x,fsing, —y, fcos6,
-fcos8, —fsing, v,—v, —x, fcosf, —y, fsing,
®

rizontal-Horizonlal
Lross point

ertical

O® 8 5HSY AE W 5954 HRo] thby olgk

Fig. 8. Cross points by horizontal-horizontal and horizontal-vertical
lines.

(1y,v,) & TH(principal point)©H, (u,,v,) < nHA F2H
G el wakge] FHgolth o]} o] FAIGAES o]
g3te] WA 3D AR (1,,1,.1) & T F 2o, L7t
Hhz 423 ] #ol7t "t

V.RBPF 7|2} SLAM

1. RBPF 7|2k SLAMS| 7H2

SLAM & 1% o3¢ 2% dugds2 A g5 &
E p(x,,L u,.z,) ol 719811 9L :
1747k 9] 23 4, HEE 49, AS5UE vehi, Le
|5l 558 HerlAg ouF) o] A 3E B¥
o] Rao-Blackwellization® Z-&3PH o} 2x} o] 2L 4
o} A=niaE A2 Pt Y 7bsdith

>~

N

N
p(xl:[’L i ul:/’Zl:t) = p(xlzt 1 ul:r’Zlit)H,— p(lz | xl:t’u]:ﬂz]:r) (9)

o) B st F 1wvAle] BEP) ARSEE, 1=
25 A 952 23 dEojH, N/l HEnta Ae oS
£ %13t "Eolth RBPF 7|8t SLAMAA] 23 Ae) o3
st} WElE FEE o) gstr] vl E A5E Hlg)
of 2 234y 2k YHE o] 43t
2. %™ ME HNSE D3 TES JESH Ak

A ndS Edlo] A28 22 gy AES HEd F

she| o] 1ENE T} o] ARk,

il target distribution
o =

proposal distribution = Kz, (10
n & Asl Aotk B =EeAE 7F SEEe] K=
9 AR AeE 3 1eslo JlERE Aktee i
S gatt AA 84 dAsH] de Axe A AxR
o % o AEE AL Jeug AR et A
2 e g ] & HAE Foste Folrk spAdo s,
g 7HAE Ho 2 HA VA AlolE ¢stsly] 918t
o g(*) T8 o83t} ThA] AlkErh

= (8" - B B =0l exp(-A" /52,
(x):l/(1+cl exp(—c,(x—0.5)) +¢;, (an
z} _ g(w[ﬂ/w )

BB, & T 1A T Ze] TME £ AR Aot
A HEE T 9 AR A Tl o2 A

A9 HEE AAF ] x|

HOE rldth e, 000 A
3. Time-stamp 7|2te| XM EZ gHH
ARZYe HEE RS Y3l =)
3 £33 gAlolck 7]£’“°] s E g s g
Al

ﬂF
S
%
o3

e Fe] A wmEkA ARERE SR 2
ML HEZ S Y F douE AuEH
15 AAste o] Fasith

L | K R H 7 AI7] el el 5 7EA] Wby
S olgshk=d A F71A1 AMELH time-stamp”] Rk
o] AMEH( tlme-stamp based resampling)®]CHZH 9). 5714

N

ol

off o
o

(<3



44

3" periodic
resampling

2" neriodic
resampling

Current ’<-.\ v e,

time index h/ 1*ttime
e stamp-based
iy S resampling

1® periodic
resampling

Fig. 9. Periodic and time-stamp based resampling,

A AMEY(periodic resampling)S A ofUA|ut X9
ARro] A3 F F7]2 02 dofupn, o| AL miE|Fe
e e 98g ok weA We 39 F3 39 loop
cosingE & FFAA AUEL Wolgt B £ ok
Time-stamp” |¥+¢] A HEH-E loop closing®] Lot F 43}
o HolA [1019] Wi fA18ITE 28] A2 43
AL & A=l FFAZ |9t time stamp &7 o] F-03 5]
o, @A #58 8 Aol Axd FEH 9 viAE 4
< @A time stamp k9 5] A5 AR B9] 2lo)7) v)g
Aold kRl I loop closing & 7HEdte] ANSYL 4
Hop, 2%x] ofoW 9 ¥ AFZ(re-observation).O
T gt o] WHE 5383k loop closing B4 WY glo]
loop closing® A#AEES s TR, T3 US|
AA AxE A3,

1
3z
=2

VL 7Y M9 =25} i

2RS vAY] #4E TN FEI 3 AES A
Eol 553 "ok AN 2R AR sty FY
g AR Axd 352 ve ¢ MEes 529
7Fe7del AR 10). WA MZ gE2A 558 279
LS = Bske Fgol "esdith o] FNe
T A A =E FIss WEI} covariance intersec-
tions o83 £ A&l e Wl s vk
1. Data Asscciation

DA RS F AEe] 2DFAHBAR FFEH wHA

Horizontal line |
featuremap |

i { Robot /\ Projection

Prowected Hne

a3 10. Azl $5E 59 ¥ 2D I T
Fig. 10. Projection of registered line feature on 2D image plane.

HO - 2% - NAESS ==X M 16 &, H 1 = 2010. 1

I 11 F AR #Y A= A AL
Fig. 11. Overlapping factor and distance between two line features.

=7t AEh 2pgde s FYE AR [ ={p,a,p",
prpr.d} o FEMEHE 7T pLe v B4FANA A
7Y At MR Awol, pe p,pr & A &
B39 #HEet 1 FAARIY 4, & A HolE vE
ok 1A, F AR HIAEE 08 AR sl T
(reference line) L,2] T E & ofgfje} o] AAgict

_da+da, AR +d P

12
% avd, T 4, (12

F e % BUES AN AT 186 Fisiel o
& WBE AR L pT B0 p ol A, O ol

A A3 A AR & ok 1.

ED(p", bi*)+ ED(B}.P}’)
0= d

r

13)

42 71523¢] Zololo, EDE Fudlidean A2E A=
olt}. 9ish 2ol 0% B W ©, 2plele] % A
H, 12 7lEen T A% 4 AEE wuw ok T
Ao WolAgE Aol talE ARE FA Louz
et o] F AR Alle] AZE Tae.

ke nke ke ~ke
Dy :Z;ED(I’I' Bl") + ED(p". )

14

> (14)

9] F 27 MR ZkE FAEE o]gste] F Ao
)38 A3}

lai_aj|<axh’ 0<0,, D§<D’h (15

a,},a ch’ D/h }‘f— H]ﬂ ;gg% ?;74];‘(]0]\':[—

2. 324 WAKcovariance Intersection) 2HHE o|&st
=5 MZ ZX3)

T o] wWiAEAYH F AR A s o] 3
Lol Ao ekl A2 g F s Wis] $
st B =3oAe T uRpEE o8t F A
29 deiet TS A4 (1.3), (w,Zp T E W
HE dH9F FEARE o2 o] AlLEE 4 qlth

=l +(1-0)T)
; t(-o)X; 16

fi=2(0%; w1 - )2} 1))



Journal of Institute of Control, Robotics and Systems Vol. 16, No. 1, January 2010 45

w03} 14}019] ghE ZHAlE SEulE ], BE Sk
trace7} Havt & wo] gow ARG, Ty A &
8 7Y AEEL U3 AnHo A $on 0E 052

Fedl, ol 4 dasoA ¥E T e FHHe
Helw 2w 9H Sfulo|Es) dAR

VIL A¥ 25
AFe Bz Eﬂiuﬂa 1% AA#T} POSTECH LG &7
T 3% W= EAAA o] Fo A
1. MY zHH
o B3 15 MAIR: 44m x 28me] FZRoE FHAo)
AT A4 FHR Holglo] v AR 5AA] 2ol
7]—‘13}1:} Fhilglel A Alole] Al 20moln Bxodd
S¢sto] & AL AXRAM oA LA TR B0k

oA
B2E AYH $5 e B Bt 02mse] 5
s 125mE THHLH, T T A2 oA A
22517001 O3 12y 2Rl TR ) DARE
Aoz wojE.

» POSTECH LGHTE 35 =X 54m x 36me] TN He
o] F& m, HEE AWEEFE 26 m BAAAT AT
HEE APl 17m delAglE). BRE 5 24 F3

e rfr =2 2

o] 04~0.5m/s 9 £EF & 280 mE Tl en, 3 =
de oujx|g Al 3840700tk I 12(h)s BEo] F
B3 A DAEE HoFr
2. A 21|

o H3DE 15 MAIR MY Z3E 39 132 B =5
A AR S 1%6}01 Az 4L st 2D
o Yehd Asfolr} T4 ML odometerE 93 24
9 A=Y AFEE o|FX ¥u WilskE A& & 5 3
o} w7 HAe AokE darg]EE ofdste] 2R A2
& d5T Aoy, 2 AEA =AY 9A7F dAFH=
AL e & gt} o]ZL dSd 2R H=e AA)
27} dAFE ofulgtet gk e AdS AR 55
3 AE-S vehdck

Start
Goal

(b)
. (b) POSTECH

9 12 (@) A HA=RA 15 AN A
LG 7% 3% 5% A%
Fig. 12 () Simplified 2D map of Bucheon Technopark. (b)

Simplified 2D map of 3 floor of POSTECH LG research
center.

v ()
FE poreanecenn g annns aes R qrrennneans .
1) TOUO S e i | o = Egtimated trajectory
H j wmonaroras Tyt by By odormetny
7] SO EORRS - o e Rragistored fine fole
20 femmeme e B LT
15 brwnmcrromcans i N .; ............. i
—t
171 SO SR %E"—}
Tl 3
Tt :
B hremennsmocns 2 R SOREE 1
I SO b ) I e U
-1 i : : ‘
-10 0 10 20 30
{m})

I3 13 HAxTE AY 23 - 454
453 4% 2D BA.

Fig. 13. Experimental result at technopark - Estimated robot trajec-
tory and 2D representation of registered horizontal line

features.
L] A
[-11] TR LOSU— T E
2 : :
RS ] N S PY 1 or . R e
b !
= H ;
i;; K R R Rl i ,
2) :
™ >
A o] SRR 0¥ S A OO PP PPTSOTY SIS e
e (General cage
: e | i@ opAiMIZ aYON
L11) St puseseenans @ Apoint whers line
: nptimization ocourred
il i i : -
1] 500 HEN 1500 2000
step

a7 14 4% HH5E Q8 S5 AR e s
Fig. 14. Number of registered line features by line optimization.

Aol AHEE F sEZe

A 9 5L A el 2

= GOTNEA, o)L AXTE
clo Z ] oL‘—E} 223 A

0 fu

;

s o] Adel A% 3 se7lel el S5l o
Rov] A7 BAS 712 AR 1309 ARl | B
o, melA S2E A% AN HPL AN D AR
% 9 dole] AT e 29U don F 9 1HE A
£o) Edo| %om H3A9 94 oF (@wEs =2

el 94X Aoy B 0.5m oHE FHHITE

+ POSTECH LGAT= %?:1 o o

A% AR @ Aztolck, AXA ARF A A5T
BEE HFIE °]T—T’~ Qom, 2R AR dFon 59
MEo] 2E5]o] 9] =25 A
S Apels, wuel 4 F35E 4



46

¥ (m)
50 T T T T T T T T e T e T T T Ty
40 -,r ~~~~~~~~ v --------------------
30p-snee bl - f - 3
20-m--e O b R e ;
(SRR st IR |
T\ SESRE. K z
T T e | = = stimated rajestory ||
: e T raipctory by odometiy | |
50 : ——=Registared inefeature | |
20 : ; ; ;
-40 -20 0 20
% (m)

T3 15. POSTECH 28 A3} -
&7 ARl 2D EA.

Fig. 15. Experimental result at POSTECH - Estimated robot trajec-
tory and 2D representation of registered horizontal line

458 2% Jze 55

features.

B0p------p------ [ A

] S R S S S - ;
E |
pafic 1| EEREEE TEPRRS
T
5
E 20p----- L e S SESEER SEEEEE
= :

General case

10F--pof gl o ooreeee T {#=== Line optimization
‘| m Apoint where line
g ' ! op1|m|zatmn occurred :
D 1 1 :
0 500 1000 1500 2EIDEI 25E|E| SDDEI 3500

step
a3 16 A HHFE T TFE AR e Wk
Fig. 16. Number of registered line features by line optimization.

AT AR 44 B2 A8D e S % 607)
o 528 A¥e st RAoltk 1Y 162 52E 4
3 A%l 992 Jd wIE naEt

VI 28
B =FoAE, 3 gt el g gakddlA
B ARE FE3 o] HES o8ty AxE A s
daEEo]l AFEHAT HHY HETE A 26 55
sl oA S o]gse] B AES AABIH
optical flows o|-&3le] FE2H HES FFsGT J2As
HE o83 271 Wiz AR V) AHE 9535,
A7) AR T RS T aA o e Wkl &
o S AE A4S IR BH o HAxgIe
POSTECH LGAT-Fo\A A APE 8315 Pentium

HO - 22 - AlAgs3

1.8GHz 7o) AArzt

==A M 16 2, W1 Z 2010. 1

=

A% ZAjo) 7yedt

94 Q4 B

& Byt

(1]

[2]

(3]

(51

(6]

[10]

[11]

i
S. Thrun, W. Burgard, and D. Fox, “Probabilistic robotics,” MIT
Press, Cambridge, 2005.
A. Doucet, N. Freitas, K. Murphy, and S. Russell, “Rao-
blackwellized particle filtering for dynamic bayesian network,”
Proceedings of the 16" conference on Unceriainty in Artificial
Intelligence, pp. 176-183, 2000.
M. Montemerlo, S. Thrun, D. Koller, and B. wegbreit, “Fast-
SLAM 2.0: An improved particle filtering algorithm for
simultaneous  localization and mapping that provably
converges,” in Proc. Int. Joint Conf. Artif” Intell., vol. 18, pp.
1151-1156, 2003.
G. Grisetti, C. Stachniss, and W. Burgard, “Improving grid-
based slam with Rao-Blackwellized particle filters by adaptive
proposals and selective resampling,” In Proc. of the IEEE Int.
Conf’ on Robotics & Automation (ICRA), pp. 2432-2437, April,
2005.
A. Davison et al, “MonoSLAM: Real-time single camera
SLAM,” IEEE. Trans. PAMI, vol. 29, no. 6, pp. 1052-1067, June
2007.
R. Sim, P. Elinas, M. Griffin, and I. Little, “Vision-based SLAM
using the Rao-Blackwellised particle filter,” LICAI Workshop
reasoning with Uncertainty in Robotics, 2005.
W. Jeong and K. Lee, “Visual SLAM with line and corner
features,” IROS, pp. 2570-2575, 2006.
g, AT, oA, SAY, e A I 5
g ARE ol§ AN A % AXAY,
32 A5A|o1 53] 9] (KACC 2009), pp. 263-268, 2009.
Z. Zhengyou, “Flexible camera calibration by viewing a plane
from unknown orientations,” ICCV, pp. 666-673, 1999.
C. Kim and W. Chung, “Delayed resampling in a Rao-
Blackwellized particle filtering SLAM for consistent loop
closure,” IROS, pp. 2084-2090, 2008.
S. Julier and J. Uhlmann, “Using covariance intersection for
SLAM,” Robotics and Autonomous system, vol. 55, no. 1, pp. 3-
20, Jan. 2007.

ot g

20063 EIFHNEW AR )8
29, 2006'3~-8A FIEIY S gt
A Axpd7 gst g4 At F
FA RO o] F 2 SLAM.

4y

20028 AEOEEA dAEet £49
20048 IS ek WAF
813} EAFEAAD. 2004 3~EA] T3
Faew AR Esk vk
g = BA o= AA} o]%ii
A5t



Journal of Institute of Control, Robotics and Systems Vol. 16, No. 1, January 2010

o=
1999 FAkoistw  dv|gsln 29

ZAEFEHAY. 20009~8 A FEEH
et AxpA7)geky) wiakaA A st
Z. IAEoEE o] E2% HRI, #|5H|o].

47

Mg

1974 Mt AA-g sl F AN,
19783 Case Western Reserve Univ. A4}
+8al(5-8F4AD. 1981 Case Western
Reserve Univ. ARZ-8(F AR,
198113~1984d Univ. of Illinois =37,
1985%1~1988d Univ. of Florida ZFxl<=

Fahetn Qx| e Aud B
A, o[ FRR, ASAEAL, A5 25,



