Joooboobooooboon
gooobugoobouooooboago

Obstacle recognition in a humanoid walking
by using a small range image sensor
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Abstract—This paper deals with a target that a humanoid with a small range image sensor recognizes
obstacles and avoid them autonomously while walking. Planar regions, on which the humanoid can walk,
and obstacles are distinguished by using a relative disparity image obtained by a small range image sensor.
In addition, an integrated system that can feed back obtained obstacle information to the humanoid is
constructed. Experiments show that the humanoid can recognize obstacles and stop walking autonomously
by the proposed system.

Key Words: Small range image sensor, Relative disparity image, HumanoidO Obstacle recognition

1. OO

ooboboboooooooooooooooboooooog
obooooooooobooobooobooooobOOooOoDbOooo
00000000000 00000000O0O0oOO ooo
obobobooobooboobooboobooooooboOooooDoooo
oboooooboooooooooboooobooobooboobOobo
coooooboboooooooooboOooobocoooboobooo
00 [2] 3000000000000 00O0O0O0O0OOOOO
obooooooOooobooooOoboooobOOooOoDbOooo
obooooooooobooobooOooooboooooOoDboDo
oooooooooobooooooooo

2, JOOOoOoOOoooo

FiglO0OOOODOOOOOOOOOOOOooooooo
000000000000 000D000000 (MORITEX
SNF-519X) 0000000000 670nm]019x 1900
ooooobo0oooooooooOooooOoooooooon
CCD OO0 (TOSHIBA IK-M41IMR) 0000000 DODO
00000 15mm|00000000000O000OOOOO
0OR640000 (HOYA)ODODOODOODOCCDOODO
000000000000 0000 23mm)000000O0O
0000000000000 00 (HITACHI IP-5000) OO
coooobobooooooooooooooOoooboooo
oooooOoOoOoooooOooo ccbooOooooooo
cooooboOooooOoooboOooooboooobooooo
cooooboOoooboooooooooooOoOooboooo
gooooooooooooooooooo

Fig.1 Small range image sensor and humanoid
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Fig.2 Position and orientation of a small range image

sensor for the floor

Table 1 Experimental conditions
| condition [ 0 [deg] | ¢ [deg] | h[mm] |
reference 45 0 470
451
457
464
470
476
482
488

O TR W N
'S
ot
SO0 OOoOO

3.1.2 000000

0(1)00000000000000000000000
000000000000000000000000 Table
1000000000000000000000Fig3000
00000000(), (b)000D00001,7000000
(c)0D0DOO0D0 (025 50x 25(mm]00) 0000
000000D0000Fig3(a), (b)00000000000
0000000D00000000000000D0000000
00000D00D00000000000000000 Fig4
0000Fig4000000000000000000000
0000D00000D000000D00000000

Table2 00000000000000000000000
00000000000000000000006, Ah000
00000 + 3.2[deg], + 13[mm] 00000000000
000600000+ 13[deg) 00000000000 D00
00O0CCDOODOO0O00O0D00000000000000
0o0Oooo0oooo0

3.2 0O0OO0OOOOOOOOOOOo
oooobooooooooo

Fig500000000000000000000OOOO
0000000000000 0000 FUJITSU HOAP-20O
0O0O0O0PCO DELL Dimension1100 (Pentium4 2.8GHz)0O
OS O RT-Linux(Kernel2.4.18-prel) 0000000000
O0oo0ooooooooUooooooooPpPCOOODOO
RT-LinuxO0000O000O0O0C0O0OOOO

3.3 0OO0OO0OOOOOOOOOOoOoo

3.3.1 0O0O0OOO

ooobOoOoO0o0ooooobooobobobOoooooo
goooooooboboooobobooooooooooo
00D Fig6a) 0000000000000 00 (b)0D
O0000O00POSIXthread [5) 00000000000
O (ImageProcess thread) 00 000000000000
(Socket thread) 00 000 00O O Socket thread 00 0O
00000000000 Do0o00o0o00 (NueROMA Op-
tionLibrary) 00 0000000000000 O0OOOIm-

FEF[pixel- pixell

BE—

120

100

80

60

40

20

Disparity pixel

Disparity pixel

Disparity pixel

AT L]
G

N D>
H=Se sy,

LTS
oL ANL [ RIS

- = s
e - a4 s SO aa~ve|
J.ﬁ...&.kﬁ =2
NN AL LT TS
4.3*.-» t.;:g

(c) With an obstacle
Fig.3 Relative disparity map
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Fig.4 Residuals of plane fitting



Table 2 Measurement results of plane parameters

H

| condition | 9 [deg] | ¢ [deg] [ h [mm] | Linux
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standard deviation(10 times) | 0.304 0.363 1.541 _| Socket 4_»-4__> mageProces
2 real value 55 0 457 Socke | thread | thread
experiment 53.48 8.08 456.70 . A
standard deviation(10 times) | 0.289 0.205 1.722
3 real value 50 0 464 Shared
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standard deviation(10 times) | 0.285 0.146 1.999 J
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5 real value 40 0 476 RT_LInUXV
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Fig.5 Integrated system
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Fig.6 Flowchart of processing
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Fig.7 Comaparison of processing time
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Fig.8 Change of residuals
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Fig.9 Experimental scene



