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Vision for Mobile Robots Considering Uncertaintiesand Its Planning

JUN MIURAt and YOSHIAKI SHIRAIt

This paper discusses vision for mobile robots. In constructing intelligent systems like robots operating in
the real world, we have to consider the following two issues: uncertainty in sensing and motion and limited
computational resources. Vision-based mobile robots, therefore, need visual recognition methods consider-
ing vision and motion uncertainties and vision planning methods for efficient visual data acquisition. This
paper first describes visual environment recognition considering the uncertainties and then describes plan-
ning methods for various levels of visual recognition in mobile robot navigation.
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Fig.1 A mobile robot.
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Fig.2 Result of omnidirectional stereo.

00D0000D000D000000
223 0DO0O0ODOODOOOOO
J0000000D0D00o0oooooooog
00000000000 00D0Dooooooooog
000000000000 00Occupancy grid® 00O
U0000000000o0ooDooDoooooog
000000000 000000000000000
000000000000000000000000
000000000000000000000 300
00000000000 0000000000000
0000000 000000000 O000O0oon
U0O00o0oO0ooDooooo
0000000000000 0000g EQOOOd
000000000000 000 P(E)DOODOO
U00D0000D0000o0oOooooooooog
Uoo0D0oooood
e 00 ODDDOOIDOUDODOODP(E|O)
e 00 0O0DDDODDODOOOODP(E|O)
000000000000

P(E|O) =

P(E|O) = —
P(O|E)
U000D0OO0OP(E)DOO
ooOoooDoDo0oooo
000000000000 0000000000O0
0000000000000 O0®oo0ooooo
P(O|E) = 1 — P(O|E)OP(O|E) = 1 — P(O|E)
OP(E) = 1-PE)0D0ODDOOOOOOODOO
ooooooooooooo
0000000000000 ooDoooooooo
0000000000000 0O0O00DDoooooo
0000000000000 0000Dooooooo
000000000000 D000O0D0000oooon

0ooooooooDo®o

224 200000000000000
200000000000000000000000
00 20000000000000 00 obstacledd O
0000 freespacedd 000 undecidedd O 30000
000000000D0000000000000o00n
000000D000000000D00D 00 undecided
with observationd 0O O O 0O 0O O O O OO undecided with-
out observationd 0 0 0000000000000 O0
000000000000 D00D000 0500000
0000000000000 D00D00D0000000
00000000000 0000000200000
000D000000D00D0000000000000
00000000000 00D00D000000000
0000000000000 D00000000000
0000000000000 00000000000
0000000000000

225 0DOOOOO

03000000000000000000000
00000000000 40000 Occupancy grid O
000000000 000000000000000
0000000000000 D00000000000
00D000000D0O002000000000000
00000000000 00000D000000n
23 00O00DOOOODOO

000000000000 00000000000
000000000 000000000000000
0000000000000 000000DO0DO
0000000000 000000000000000
0000000000000000000000on
00¥oooooooooooO0oooooooooo
0000000000000 0000DO000D0O00
000000000000 00000D0000O000



40 gooooooooOo0o0ooOoO0o0oO0o0oo0oOoOoOoooo00

03 0O0ooo
Fig.3 Anexample scene.
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Fig.4 Probabilistic maps and a free space map. Black and white
triangles indicate the robot position and orientation.
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Fig.6 Ego-motion estimation by comparison of rang€fifes.
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Fig.7 Effect of visual ego-motion estimation.
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Fig.8 Tracking result of moving objects by a mobile robot.
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Fig.9 Projection of detected moving objects shown in Fig. 8 onto
panoramic images.
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Fig.11 A mirror and its model for recognition.
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Fig.12 Determination of intersection type.

(oooooo

gooooooooobobobobobooog
h( ,w) ==Y P(L| ,w)log P(I;| ,w) (4)

00000000 0000000000000000
0000000000000000000000000
00000000000000000000000
00 wOO0OO0OO00000000000000000
000000000000000000000000
000000000000000000000000
0 (00000)000000000000000
00000000000000000000 w*eW
0oooooo
012000000000000000000000
(0000000000000000000((b)00
000000000000000000000000
000000000000000000000000
000000000000000000000000
0 ()O0000000([Oo000000000nO
000000000000

5. DO00Ooobooooboooboobo

goboobooboooooooooobooooooon
goboboboooodoboooooooooooooboon
gbooobooobobooobooobooboobooo
gbooboooobooooboobooboooboo
gbooboobooooboboooobooboboo
gbooobooobobooobooobooboooboo
gboobooboobooboobooooboooboo



44 gooooooooOo0o0ooOoO0o0oO0o0oo0oOoOoOoooo00

00D0D0D00D00000000000000000
oooooo®ooooooon
013000000000000000000000
0000000000000000000000 (gate)
00000000000 0000000000o00o0
00000000D0O00000D0000000O000
00000000000 000D0000000000
0000000000000 00000000000
00000000000 0000000000o00o0
0000000000000 00000000000
O0gate0 000000000 00DOO0DOOO
000000000000000000000000
00000 Ogated0000000O00O0O0O00O
0O Ooooooooc*(, )Oooo o000 O
00000000000 0000000000000
0Oo00C,.(, )O 00 DOO0OO0O0O0O0OO0O0O0O0O0
C,0000000000000P()000 OO
0D0000000000D0O00000O
C*( 4, i)= min Cm( ki+1)+cv+ . )
i €X \ 30 P( i) ( i1, i)
000000000000 00000000000
00000000000 000D0000DO000®®g
0000000000000 ORODOOOOOOO
00000 ANDOOODOO AND/ORODOODOO

destination |

-
-~

table \‘ table |\

initial
. . position
013 0O000oo0o0ooooooooooooo
Fig.13 A viewpoint and route selection problem.

‘jGate “NGate
/ /

/
76.9%\ / 99.1%

/ <~
69.2% / 1.4%
0,
/ 30.8% ’ /IZI)g\\QZ% f Q%% )
.8% N ~
./4 T 16% 21.5% h

(a) Gate is narrow.  (b) Gate is broader. (c) Gate is much broader.
[0 observation point / observation direction
000000000000000
014 0000000000000000000
Fig.14 Simulation results.

Gatl
‘7 e
/

Dec. 2003

14000000000000000000 gated D
0000000000 (OO0 (@)QO0o0000000
0000000000000 0000D0000000
0000000000000000000 gated O
oDooooooo

000000000000 00000000000
00000000 (O0000D000D000O00o0
0D000000000)000000000000
0000000 oooooon®o
00000000000000000000000
00000000000 0000000000000
00000000000 0000000000000
00D0D00000000000000000000
0(00000)0000000000000000
00000000000 00D00D00D0000000
0Oo000000Doooooon®ooonoooo
00000000D00D00D00D0000000000
0 59)|:|

6. O0O0O00O00OODOO0O0O0ODOOOO00
gbobooood

0000000000 0000000000000
0000000000000 ooono®oooooo
0000000000000 00000000000
0000000000000 00000000000
0000000000000 0000000D000
61 0000DO0OOODOOODOOOOOO
RoyD®Y 00000000000 ODOOOOOOO
0000000000000 00000000000
00000000000 0000000000000
0000000000000 00000000000
00000000000 0000000000000
00000000000 0000000000000
000000000000000000000003%00
000000+ 000000000 L,O0OODOOO
000D000D00D00D0000000000000
00000 A000000000000000 0
00000000000 0000000000000
000000000000000 A()O

Ay = Y AT (FOV($)OOD)

1,EFOV (¢)
000000000 o0jA(w)|OOoOoooooO

0«*00000000000000000D0000
0000000000 DOOoDOooooooooo®®
ooooooo



Vol. 44 No. SIG 17(CVIM 8)

62 0000000000 O0OO0OOOOOOO0O
oooo
0000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0D0000000000
0000000000000 0D00000000On
00 (QU0D0000)0000 (000000000
0)O0DOOoOOO0OO0O00Oo0oO0oDOoooYn
e 00I0DDODDONDOIOOODOONDOOOOO
00000000000000 (000000
00)00000000000000000000
000O00000000000
e 00IDODODDOODOONOOONOOODOODO
0000000000000000000000
0000000000 00ODn
0000000000000 0000 (Oo06?) o
0000000000000000D000D00000
0000000000000 00000000000
000000000000000000000000
(0 1500)0
00000000000000000000000
O (viewpoin) 0000000000000 O00O0O0O
0000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000

O goal

. obstacle
target trajectory

rob
} viewpoints
uncertainty
015 0000000000000
Fig.15 Adaptive speed control.

worst position

dangerous
trajectory

_ Obstacle
" region

target / / i
trajectory // predicted trajectory
constrained by

maximum distance

estimated

€ predicted
uncertainty

uncertainty

016 000000o0o0ooOooooooo
Fig.16 Viewpoint selection considering motion uncertainty.

goooooooOoboo0ooooooOoOoOboObOOoOoooooooo 45

0000000000 000000000000000
000D000000D00D000000000000
00000000000 0000000000000
0o00000DDoOooooooo®®g
00000000 160000000000000
0O ,000000000(@O00D000000)0
0o0O0000O00Oo0oOoOooOoO0 .. 00000
0000000000000 00000000000
000 ( ,)0000000000000D00000
0000000000000 D00000000000
000000000000 000000000000
000000000000000000000000
ooo

00000000000000 1700000000
0000000000000 D00D0D0O0000OO
0000000000000 00000000000
0000000 oOoooo0

00000000000 D00D00D00D000000
000000000000 00000DO000000
0000 20000000000000000000
000000000000 000000000000
000000000000 D00D0000000000
000000000000 000000000000
00000000 DoooDo®ooooooooon
0000000000000 D00000000000
oDoooooo

63 000D0D000DOOOOOOOOOODOO

ooog

000000000000 00000000000
000000000000 D000000000000
0000000000000 00D00D00D00D0oO
0000000000000000000000on
0000000000000 00D00D00D00D0oO
0000000000000 00000000000
00000000000 00D00D00D0000000
00000000000 00D00D000000000
0Doo®o
22000000000000000000000
000000000 000000000000000
0000000000000 00D000000000
00000000000 0500000000000
000000000 (D000000D00)00000
0000 180000000000000000000
0000000000000 0000DO000D0O00
00000000000 00D00D00D00000O00
000000000000 000000000000



46

g0o0o0o0oooOo0O0O00000ooooobob0o0oooooooon

Dec. 2003

Y[m]
planned  predicted
2.0 trajectory  uncertainty obstacle region
obstacle
0.0
estimated
20 landmarks uncertainty
= goal position
1.0 5.0 10.0 X[m]
(@0ooo (byoooo
017 O0O0O0OOoo
Fig.17 Experimental result of speed control.
[mm]
» goa
$
1000 | taple | -
moving N
direction N table
e .
robot 800 °
) undecided B
freeregion region °
600 O
018 OO0Oooooooo ° desk
Fig.18 Free and undecided regions. o S
° partition
400 o
o desks
[*
desks (o) “—(p
00 © (b
o—(a
0 8 desks
start goooooOooO00oO0oooooooooooooooag
2 goooooooooooooooooo
019 0oOOOd 020 oooo 021 000000OO0oOoOo0oooooooo

Fig.19 Experimental scene.

000000000000000000000000
oooooooooooOoO0
01900000000000000000000
00000 2000000000000000000
0000000000 (@dO0000000o0o0on
00000 (O00000000000000000
0)0000000 210000000000000
000000000000000000000000
0(®00)000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00 (hDOD)D0000000000000000

Fig.20 Navigation result.

Fig.21 Recognized free spaces and planned paths.
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