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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*® 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.

Key Words: Outdoor mobile robot, View-based localization, Support vector machine.
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Fig.1 Two-stage localization using SVMs.
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Fig.2 An input panoramic image and the recognition result.

0o00000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
ooo0o00O0O00000O00000000000000
SVMOO0O0O0O0O0O0O00000000000000000
0000000oOosSvVMOOO0OOOOOOoOO0 SVMY™ (2110
oooo

2.2 20000000

Fig. 100000000000SVMOOOOO0O0O0O0
0000000000000 20000000000 1000
00000000000000000000000000000
0000000000000000000000000000
0o00000000000000000000000000
000000000000000000 SVM(OOOO SVM
000)000000000000000000000000
0000000000000000 100000000000
0000000000000000000000000000
000000000 (000000000)000000000
0o00000000000000000000000000
0000000000000

02000000 10000000 (Q0O0O000)000
0o0000000000000O0000000000000
00000000000000000000000 SVM(OO
00 SVMOOO)0000000000000000000
0000000000000000000000000000
00000000000000000000
000000000000000000000000000
00000000 SVMOOOOOO0O0O0O0O00000000
0000000000 SVMOO0O0000000000000
0o00000000000000000000000000
00000000000 SVMOO0000000000000
00000000000000010(000000)0000
0OsvMOO0OOO0OOOOOO

0000002000 SVMO00000O000O00000
00000000000000000000 SVMOOOO0O
00000100000000000000000000000

000000000 xxO xx O

O0o0o00oo00oOo0oooO0oooooooooOooonoon
0000 2000000000100 sVMUOOOO (OO
000)000000O0O00DO0O0U0O0DOOD 200 SVMO
Oo0o0o00oo00oOo0oooO0oooooooooooonoo
goobobooboboboboboboboboboboo

2.3 JO00O0O0OO0OO0OOOOO

OO0O0o0O0o0C0C0O0O0d PointGrey 00O LadyBug2 O OO
OO0Fig. 2(a) 0000000 (D000 1800x256 000 0)
000o0o0o0o0oo0oo0oooOoooOoooOoooonoon
oooo0oo0oo0oOooo0oOooOoooOooOooooooo
goooooobobobobbobuooboboboboobo
00o000o0o0o00oo0o0ooO0oooooooOooooooo
googoobooboo 1800 x 128 0000ogooOoooa
googooooo

oooosvMOOO0OO0OoO0OO0ooooooooooooo
goboOoooD0oOoboOooDOoobboOonoD 304 x 1280
0000000000000 0000o0oO00Ooooooo
O0o00o0o0oo0oooO0oOooOoooU0oooOooooooo
ooooooooogoosvMOoooooooooooood
o0ooOooosSvMUOOOOooOooooooooooooo
gobobobobobobobooboboboboboboo

3. 0000 SVM

3.1 OoUobOouooboooooboooboo
ooooooooooooobob 400000DOODDOOO
gboooboobooobooobooboobooooboaon
eJO0O00O: O0UOOOLOOOCOOOOOOOOODOOOO
gbooooobooooboo
eJ0000U (DOCLOL): 00DODOLUDODOOD
gooooocooooooo
el00D00O0OO:DDOODOOOOUDLOODLOOODO
eJ0O0O0OOO: DOOOOOOCOOOOOOOCOO
gbodoo20000000bo0booboboobooono
gboobooooboobooboobooboooboobooonbo
gooooobooooooooooboooooooboooo
gbooboboobboooboooDb 1ex1e00booOooOO

200x O xx O



4 0o 0O 0o 0 0 0 O

ooo oOoooo

0o 0o o 0o

Table 1 Objects, region names, and image features used.

object

region name

image features used

(Trgab) ‘ fdensity | fdistrib | fhough
trees with leaves tree region Vv v
trees without leaves tree region V4 Vv Vv V4
sky, building side walls uniform region V4 Vv
building windows and boundaries | artifact region V4 V4 V4 V4
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Fig.3 Making training data for localization SVM.
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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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