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A View-Based Outdoor Localization

Using Object and Location Recognition Based on Support Vector Learning

Jun Miura*!, Hideo Morita*?, Michael Hild*3 and Yoshiaki Shirai*4

This paper describes a view-based localization method using support vector machines in outdoor environments.

We have been developing a two-phase vision-based navigation method. In the training phase, the robot acquires

image sequences along the desired route and automatically learns the route visually. In the subsequent autonomous

navigation phase, the robot moves by localizing itself based on the comparison between input images and the learned

route representation. Our previous localization method uses an object recognition method which is robust to changes

of weather and the seasons; however it has many parameters and threshold values to be manually adjusted. This

paper, therefore, applies a support vector machine (SVM) algorithm to this object recognition problem. SVM is also

applied to discriminating locations based on the recognition results. In addition, to cope with image shifts caused by

the variation of the robot’s heading, we use a panoramic camera; we search the panoramic image for the region which

matches the model image best. This two-stage SVM-based localization approach with a panoramic camera exhibits

a considerable localization performacne for real outdoor image data without any manual adjustment of parameters

and threshold values.
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(a) An input image

(b) Object recognition result

Fig.2 An input panoramic image and the recognition result
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Table 1 Objects, region names, and image features used

object

region name

image features used
(Tyg7b) | fdensity ‘ fdistrib ‘ fhough

trees with leaves tree region Vv V4
trees without leaves tree region Vv V4 V4 VA

sky, building side walls uniform region v v
building windows and boundaries | artifact region Vv VA VA VA

LCWAD, RO T NIVIERE—D LD (“tree”) LT 5.
—fEI, XV ELOEMEHCLZESLT LY L) Ll
MREZDLZOTERERL AWV, 22T, W O20EHEOM
HEDLEIIN LRBEER ATV, ROBERIEG 226
e a BEIR L7,

ZHEIEBII DT O & ) 15T 5.

* (r.9,b)

CORBUIEBLL 2 TH Y, HIZI1Tr=R/(R+G+B)
(R, G, Bi3# 59— ANHEDY 7 L)ViE) DX IEHET 5.
K7 VOEHL L aDfEEZ Y A > Py T LI L7
bOEIHET S, FEROMOHMIL [0,1] TH5.

L4 fdensity

ZOFHIITy VBEETHY, Y4 Y OOy VOHEY
A4V FoOEBTEH-> CRHET L. Ty JidVy -t XL —
FCEMELZARMES 3D LEOEET A, 2oL EWEIdfEH
THEHNATTHEKAHEGETAILICLoTREL 72/ A XL
NWNZHED LB DT, FRME L IMTICAEL LD TE
LHATOREINT A= THY, MERHRDIZODINT X —
7 Tl 7%\,

L4 fdistrib

COFBUE Ty DHRDGHTH Y, FremFRADOI Yy Tk
FoRELAROEBICENTH S, Ty VHMIZRBE %0
T, A0S HIIERRSRT (circular statistics) [22] # WV C,
UTOEIIEIETL. 914 Y Ry n lHOT Yy VW o7
L, 2OHMERESEZNEN ¢1,... dn & a1,...,an
L35, 7, KHAMELHEAME LoSICERL, RicEn
50, £y VOMETEADT LIZFYME (z,7) 2k T
Do

(z,9) = ZNI <z”: a; cos 2¢;, Xn:ai sin 2¢i> .

i=1 %\ =1 i=1

(1)

ZIT, d= @ +7)Y? kFELDE, ddTy VAN
5o TWnaE XIS LY, ZOMO#HFIZ 0,1 Th
b, 2T, S=1—d 2z hRoOG5EE LTHWS, Tabb,
faistriv =S TH 5.

® fhough

COBIE, BYA Y FTICR LT T EREB L2 &
D, NTEMIZBITAEEORKMETH D, 74 ¥ FINITHE
WEAL Y YHPFEAETH L EI2IE, ZOEIKREL DL 2D
BZEEZ, £ OS2 0L TS RAME R, 300) ©
HoTIEHMAL-ELZEHEE LTHYA, 228, /X 7 ~<H
GHRTIZZERNOERIIEATHEEENLDS, NTEHRIINE
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A Y R ZEIAT) 12, FOFEBIITIEALR WV,

A Y FII L LEOARODDERELNE DT, AJIHE
BRI DROMD 19 x 8 DELFNIEMI NS, OV % 4F
WEG L O, W SVM ~D AN L %5 (Fig. 1 21).
YRR SVM (&, Table 1 125> T, A2#Mobholu>dH %
WIEAOOHE =T 5.

3.2 AR SVM NDEH & 33

BWEY SAZTEIZ—DD SVM ZHW5, H2WKkr 52D
TODFEF— T IIRD LI IERT 5. ST, REOD
& CHUE L2 gD 5, ZOWERs T AR T 57 LV DA
57594 Y K% 300 fE#EIR LIEF] (positive sample) & 7§
b, Flo, FOWERI I AT oK GEE VI Y NIRRT UF
LR L EB] (negative sample) &9 5. WIEEEERICIE,
RBF % — AV (K(x1,2z2) = exp(—y||z1 — x2||?), v = 50)
ZHW2 SVM I L7-.

£ SVM IZHE#fE0ME AT L L, IEO%A (ALDeT 5
Wik 9 2 BT 5 LRI S NBEA) 12IE1 %, £9Thw
BEIZ 02 M5, HEEGEOREZIF 198 DT, £
WG SVM O JIZE s #3572 152 RITD 0-1 X2 b
V(7 PV) b (Fig 1 B8). 72721, Eodbsbk
EIEDZWRO ORI AIZoWTIE, EH5Hh® SVM
B1EHDTAEEIZE1L %2, 2)THRVWEAIZIZI02HEET
B, —DODFHNT PV EAERT 5.

3.3 MRERHEER

Fig. 2 (b) 2, Fig. 2 (a) ® AJJHERIZH§ 5 5234ER (701
DUHER) #7RT. K74 ¥ K7 EOBEEE T NV (tree, uni-
form, artifact) Z/R9. EEOLWVWT LV Foi, DIV
DO oNLno72bDERT. T2, HED T U HSFEEFIC
DUFSENTTA Y FyIZ2nTiE, SVM OHIENL - &
KEVT LT ATV,

MR Y AT L2400 > TV EBERL, FhieloD s
V=TG50, FDHIHbD 3 7IV—7F (300 %~ 7NV) % SVM
DOFFH, YD1 7 V—7 (100 %> 7)) OTFH;T A b
%, 4B NATo 7RO ORRHEL KD, ZOHR, D
B HARITH 92.5%, FEDRWKRIGH 77.5%, —FEEBUE 94.5%,
B EIZIE 84.5% DRERES R O NIz, 4B, BITRTALEHE
EDFRERDPE, IO DWEREROKRIIFAETEZELDTH
5 EHMTE S,

4. IEH#E SVM

82 BBy T, 51 B oMK ORI EHEE SVM
AT 2 (Fig. 1 ). WK SVM 26 =20 7 X
(tree, uniform, artifact) ZNZFIUIHTT 5 152 KIED 0-1 N

2007 £ 7 H



796

[

i L (- P OIS

7 NV ENLDT, ZN56EFEA L7 456 KITD 0-1 N
7 MIVERALEEE SVM OATJE LTHWA.

4.1 UBHTE SVM D=0 NFEETF— 24/

ZEMBICHEENRE Lo, MEHEEEZITIOHET LI
SVM %2 HEd 5. S EHE SVM ISH L, FOMEDTE
TS L7 — % 2166, ZNDANOGIcids L7 —% %
BBlL LTEE TS 2 ERT 5. EOERNLFIRILTO
£ THs (Fig.3 ).

WEEITIMBERLETIHLESOMHEBEE 2, Ry
N SFOFEBNICHEET L ZOMEICWDLHDE L, ZDH
BN THAS L7z n, MOWEI{EEIEFI &3 5. BEASEHAY 4
b32L35E, ZOEBOTEHEIIHTE LTV I2WAE &7
FSRTH LMD EH. 22T, ZOHEBORKZICHALES
D% W& (buffer zone) & L TREL (WK y FHi—
ERETHL LT DL, ny =np), TNOFRWAE T
55 5 EMECHE{E % n, BB LAJIE T 2.

DT (4.2 #i) TliR2ZFEETIE, BEE 1.5 8T L ICHE
L aRy b 2B 0.8 [m/s] THBEIS 7. EFlOm
B¥in, =6 & L7z (ZIUIH 7[m] OBBEICHLT ). F
7z, ABIOWEEE n, =50 & L7z, &b, ZOWE, BNy
FVORTE (= 456) & 0¥ > T VED D 7% BB T
HLZENS, A=V M)y EHVERW, #BESVM = H
w5,

4.2 WVEHTEER

4.2.1 W{HEOWE

Fig. 412, EBRIZHW/ KA DF v S 2ZAO K 4 350 [m]
DORFHwRT. PO Start 2°5 Goal T TRy hxBES
&, 1 BlOEFTTH 300 o2 IE L.

FEHHET A MHO 2 MOERE Ly 2 HUR L. FEHED
{1 2005 £ 11 B 12 BA5 11 B A (REERFNR) 12, 1

n, gog]

start

negative —— T

samples \
tive

samples

—

n, p
frames

o~ buffer zone

n
frames P
frames

Fig.3 Making training data for localization SVM

_- image taken at a location
between (f) and (g)

Fig.4 The route used for experiment
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LIVE by H o R W

Ay PEFTHLEZYSEH2 L THIE L. 7 A MHOMmEIZ

2005 4E 12 A 28 HFf 4 22 (RfE&Y) 12, uRy b %

VaA AT Ay 7 TEPLEPSEE L7z, 2 MlOBEOE N %

FEOHLELTODL)ICRB.

(1) TAMNEBRTIEIZL L DOKRTEEL TV, FEHEIE T
FOLEIBKIZTFZEAE LT,

(2) KL BHAFRL D720, WEORZ PR S,

(3) FHBEGEHAERIZIZO Ry hEFTHL2720, BE)ThE
FEBCXTS 2 0 R Y OIS TRE L TWizh, 7
A FEGEEERCIEY a4 AT Ay 2 AW 200Ky
FOFMIIHLIREDIXSDE RSN

Fig. 5 (2, (ZIZF CALECHUS LB & 7 2 M HOBEIE
DB L ENENOWREBIERERT. R2ZOEIIL»hb
L3R L TIPSRl BN T L 2 e, Wik
HE SVM OB MEDRENRTWAS, Lo L, mEzfird R
% & BHAEROERPEMTRZITONE, RUFFETIE, 0
19 RBEBOARED 1T 5 U MEE MBS SVM 12
Lo THEHEL TS,

4.2.2 ArEHEE SVM O k5

R 112 50 DM R R, FRENICOWTEE WG T —
¥ h5 6 MOIEFIEE, 50 OABIEIRAIY B LT, EH
E SVM 258 872, kI, #5300 Ko7 A WG E Z1n
5 50 OfTEHEE SVM IZ AT & LTH 272,

Fig. 4 (f)~(g) Lo & A (£ OALiE THUIS L 72 1% % [F
HOAEIRT) (ST AMEHEE SVM o iz, 3XTo
7 A MERIIR L CEHRE L7k R % Fig. 6 (ORT. 7T 71345
7 A MHERICAT 5 SVM EOZE LKL, Oz RAL %
BALE TR L2 W8 B L O ORAMEE S hTcoy 1
YR OMERZEO FEIRYT. FA MO Ry MIFEAE
o TWADT, 75 713 2 i CHMERIEDE %
TAHEE A TWAE, T2 Ehs, ZOMEBELRIEL LS
TETWE I EWGD5.

HEo7-012, 2B SVM 2 #@E0 5 x5 (B 50 )
W CRBOERZ T 2B ORKE % Fig. 7 1RT. FHU
PR % AT S DY BUE L 724 12,000 B %5 % B L,
Fig. 4 OWRIR L 72 E I A 0w SVM ~AJJ & L

(b) A test image taken on 2005/12/28 at 4 pm (cloudy)

Fig.5 A training and a test image with object recognition re-
sults taken at a same location
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Fig.7 Localization failure when using a conventional camera

TH 27, SVM fEIZIE LWiLEOfHE (Mo A B LU B)
TEHWEZRLTIEWL 00D, ZOMHEIZATHY, MEOH
FIZRMBL T2,

4.2.3 Ni{EHEE RS O FHf

NEHEER 23 M 512470, UTOZo0a%#% 2

5. bL, BRY MEINTTOBBBELH-> T, BX

FOMEEZM>TNWDLDT, BAED AT WG L FHl S D AE

(B BHVIZZFDERE) (i AL EHEE SVM ICATIL, 20

BRPEIC L2089 PERAUTE V. —F, 0Ky FOBE

MEICET 2 FHIA R WIBEI2IE, TXTOMEICHT 2 SVM

EEHAL, WOPIEC R0 E ) DERRDLENH L. ZFL

T, BHDO SVM EASIEIZ % o 728561218, FOHO KR E Wi

BIZWAIREUENEWEHTESL, NS DDA EZ

T, UTOMEIE%E SVM (2 X A EHEFHEOFMICH WA,

(1) B (success ratio) © 1F L { MLEHEE DT 2 7200 E DL
ETRTOMBOKDIL., MEDO TGS LREATZ 55
A OVERERHE ST 5.

(2) WBE5EE (highest-score ratio) . 15 L L HEED AT 2, B
DR KD SVM ER BB L TRTOMBEOKD .
Pl DO F AT E B WA OVERERHM XS IL T 5.

DLEOFHIEEICED VT, (1) 2 BRFO SVM % v /-

EfEETEE N I<EBICEE L0 (RETE), 2) %

DFFEZEFBEDON AT LTHW b0 23], (3) FHITH

IS A= F IR MRT TN & W 9] D=2 DTk

BB, FOE, SAMEICH LT, FEHI{GE R UAE D

LB L7 R 5M%8% 7 A MEE,S FETEIRL, £

Nox APE LTBEHE /T 7.
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Table 2 Comparison of localization methods

‘ ‘ Success ratio | Highest-score ratio ‘

SVM (panoramic) 96% 96% ‘
SVM (conventional) [23] 88% 78% ‘
Hand-crafted models [9] 95% 57% ‘
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