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Visual Attention Control based on Information Criterion for a Legged Mobile Robot that

Observes the Environment while Walking

Noriaki Mitsunaga* and Minoru Asada*

Visual attention is one of the most important issues for a vision guided mobile robot. Methods have been pro-

posed for visual attention control based on information criterion [3] [9]. However, the robot had to stop walking for

observation and decision. This paper presents a method which enables observation and decision more efficiently and

adaptively while it is walking. The method uses the expected information gain from future observations for attention

control and action decision. It also proposes an image compensation method to handle the image changes due to the

robot motion. Both are used to estimate observation probabilities from the observation while it is walking and then

action probabilities are estimated from a decision tree based on the information criterion. The method is applied to

a four legged robot. Discussions on the visual attention control in the method and the future issues are given.

Key Words: active perception, attention control, information criterion, sensor space segmentation, walking
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Table 1 Example training data
Data number ‘ Landmark A ‘ Landmark B ‘ Action

1 5 5 X
2 25 15 b'e
3 27 10 y
4 40 30 z

Table 2 Information gain and information gain per time cal-
culated from example training data (Info., Info./time
and Lm indicate information gain, information gain
per time and landmark respectively).

observation info. (I;) | info./time (Z;x)
0< (LmA) < 15 31 15
15 < (LmA) < 26 31 31
15 < (LmA) < 30 50 50
26 < (LmA) < 30 1.4 1.4
30 < (LmA) < 45 1.4 70

0< (LmB) <7 31 15
0< (LmB) < 15 50 25
7<(LmB) < 15 1.4 .70
15 < (LmB) < 30 31 31
30 < (LmB) < 45 1.4 70

Gaze [15, 30) then
if 26<=(Landmark A)<30

Gaze [0, 15)
if 0<=(Landmark B)<15

else

Fig. 1 The action decision tree constructed from example train-
ing data

gooooooocooooooboobocoooooooboboobooo
O0OFig. 1000000000000 O0OOCDODODOOOOOO
gboobooobooobooobooooboboobooboooo
ooooooo 200000000000000C0C0000
gboooooobooo

2.1 0O0OOOO0OO0O0O0

gbooobooobooboooooooboobooooo
gooooooocoooooobooocooooooooboboOooo
0o00obO0o0o0oOobOoOooO0oobDO0bOO0l)oooooDooo
2)000000000000O00bO0ODObOOoDOOODOOO
gooooooooooooOoOoOO0O0O0O0O0O0O0O0O0OOOOO
gboobooooboooooobooooboboOobooboooo
goooooooooooooobocoooooooobooboooo
gooooooooooooooocooooooooboooa
gbooboooobooboooobooooobooobooo

ooooooooooooooooboooooooobooo
gboobooooooobooooobobooboobooonoo
gbooboooooooboooobooboobooboooo
goooooooooooooobooooooooobobooOoOoo
gooooooobooooboooooboobooobbooboboooon
goooooooooooooobooooooooobooboooo

xx, 200x



gooooobooooooooooooooooon 3

ooooooooooooooooooooooobobooono
gooooooooooooooboOoOoOoooooboboOooo
oooo
oooooooooooooooooooooobooboono
ooooOoooooO0oooOoooOooOooooooooon o
goooooooooooooobooooooooObooboooo
0002)000000000000oOO0oDOUoooOOoOoD
gooooooooOooooooboo0oOooooobooooo
gooooooooooooooobooboooobooooboooon
Ho2)00000000000000oo0ooUooooooo
goooooooo0ooooooboo0ooooooOobooooo
gooooooooooooooboooooooobobooono
oo0oooO0ooo0o(Doo0)0DoooOoooooooooo
gooooooooooooooboooooooobobooboooo
000000000000 (ooO0)oooooUoooDOooo
gooooooooOoooooobooOoOooooobooooo
gooooooooooooooooooooboooon
2.2 00O0OOoOOoOooOOOCoOoOooo
gooooooboooobooooboooooooobogon
gooooooooooooooboooooooobooboooo
gooooooooooooooooOooooooboboooo
gooooooooOoooooobooooooooboooOoo
gooooooooooooooooboooboooooboooo
gooooooooOoooooobooOooooooboboOoOoo
0000000o0ooooo0oooooooooooooooo
goooooooooooooobooooooooboboOooo
gooooooooooooooboooooooooboOoOon
gooooooooooooooboooooooobooboooo
00000000000 (Coooob)ooooooooo
0(000ooooDO0O0o00oOooooD)0ooooooooo
gooooooooooooooboooooooobooboooo
gooooooooOooooooboOoooooooboboOoOoo
0D(OO0000D000)D0D000D00000D0DO0000O0n
goooooooooooooooooooOoOooOoOooOoboooon
goooooooooooooobooooo
oooooooooooooooooooOoOoOoOoOoOoOon
gooobOoooocooOoooooOoOooooOOoOoOoboooOoo
gooooooooOooooooboo0oOooooobooooo
oooooooooooooooooooooooboobooono
00000oo0ooooOooD (boooo)oooooooo
ooo

3. O O 0O O

goooooobooooboooooooooooobogn
ooooo
gioooooooooooooocoOoOooobooOoboOoOoooOoo
goooooooooooooooooooDboboOoOoo
ooooo
g200doooobocoooooobocboOoooooOoooOoboOoOn
goooooooooooooooooooDbobOoOoo
ooooooooo

000000000 xx0 xx O

03000000000000000000000000000
000000000000000000000000000
0000000000

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000

3.1 00000000 [3]

000000 r0000000000000 n 00000
000000000000 ;0000000 n,;, 000000
00 j=1,.,r00000 p; 00p; =n;/n 000000
00000000000000 HOOOOOO0OO0O0O0o0Oo

HOZ—ij10g2pj. 01d
j=1

000000 40000 [Or,0ux) 0OD0OOOOOOODO
00000000000000000000000000 40
[0rx,0vx) 0O00DD0DOO0O R,00000000000 4
0000000 nfy, ni, =y, ny,; 0000000000
000000000000000pj,; = ni;/niy, 00000
00000000000000000 0000000 nd,,
ng, =y _,n3;000000000000000000 pf;
O0000ng =nh+n5 000000000000000

gboooao

x

T
n;
Hiyp = — Z m: Z(Pfkj log, pix;) 020
z={I1,0}

Jj=1

oooboooooooooooooODo00Lg =Ho—Hy OO
gooooooooooooooob &, 000 kOO0OBDBOODO
oooooOoooooOoOoOooOoOoO0O0O0 Ork, By, DOOO
ooooo:0000000000000O0D0O0C0C0O00O00O
goooooocoooooooobooooooon

0000000000000 (COo0ooOooUooooooo
00)000000O0O00O0O0ODO000OUOoOooODOoD
oobooooooooboooooooboOoooooooboOoa
gboobooooboooboooboooobooboobooboooo
gooooooocooooooobocooooooooboboOooo
gbooboooooooboooooboboobooboooo
0700000000000000000(0D000 )40
goooooo

Lix

14+ kT b3t

Tk =

00D £0000000000k=00000%4 00000
gbooboooooooobooooboboobooboooo
oooooooboooooDooOOOO rTOooooooobooooo
oooooooooOo0obooOo0o0ooo0OO0 T'=00000000
gbooboooobooooooboooooboboOobooboooo
ooooooo

200x 0 xx O



4 o 0 0 O

Fig. 2 An example action decision tree.
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Fig. 3 A time sequence example. At time A, it starts walking.
A, B, C,... are the beginning of a walking period.
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Fig. 4 The SONY legged robot for the RoboCup SONY legged
robot league.

Fig. 5 Experimental field (half of the RoboCup 2002 SONY
legged robot league).
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Fig. 6 The images of the camera while the robot is moving forward. The images are
taken every 80[ms].

30 T T T T T T T T T 6 T T T T T T
Forward 1 —— Xs
Forward 2 - 4 b,
20 | i | X , Forward 3 -y :
A hooA lf i N j 2
10
0
w 0 7 2| ,
] 7 J
X X
& .10 8 -4r 1
6t 4
-20
i -8 [ 7
80y i ] 10 | |
40 . . . . . . . . . 12 . . . . . .
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10 12 14
ticks[x40ms] ticks[x40ms]
. t . . . Py . .
Fig. 7 The Ej:o Ay(7) of the forward motion. Fig. 10 The &g, and og of the left forward motion watching
at the front direction.
8 T T T T T T 30 T T T T T T
x: raw value

6 x: compensated --------

25 expected change of x by locomotion -~~~ 4

4 sigma’ys..# /

2 L TEING L : k| i
.0 , i
i)

o X 1
= L1 | 2
6 F | 4
-8 + 4 4
10 F i |
-12 L L L L L L
0 2 4 6 8 10 12 14 -10 . . . . - -
ticks[x40ms] 0 20 40 60 80 100 120 140

ticks[x40ms]
Fig. 8 The &g, and og of the forward motion watching at the

> ) Fig. 11 Image compensation to the x axis by the proposed
front direction.

method.
6 T T T T T T 5 T T T T T T
- y: raw value
y: compensated
4 expectéd change of y by locomotion -
) 0r i 1
2
0 5 1
% -2 -
7] o
x S I 1
o -4 é 10 F...
-6 -15 1
-8
-10 i -20 ]
12 : ‘ : : ‘ ‘ 25 L L L L L L
0 2 4 . 6 8 10 12 14 0 20 40 60 80 100 120 140
ticks[x40ms] ticks[x40ms]

Fig. 9 The &g, and og of the right forward motion watching Fig. 12 Image compensation to the y axis by the proposed
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Fig. 13 Created attention windows by the proposed method.
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Fig. 14 Changes of expected information gain, the highest action probability, and ac-

tions.

One of which has the highest action probability, and the other is the

one taken by the robot. The starting point of robot was the center of the field.
The action probability threshold was 0.4 and the information gain threshold

was not used.
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Fig. 15 Changes of expected information gain, the highest action probability, and ac-

tions.

One of which has the highest action probability, and the other is the

one taken by the robot. The starting point of robot was the center of the field.
The action probability threshold was 0.6 and the information gain threshold

was not used.
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Fig. 16 Changes of expected information gain, the highest action probability, and ac-

tions. One of which has the highest action probability, and the other is the
one taken by the robot. The starting point of robot was the center of the field.
The action probability threshold was 0.4 and the information gain threshold
was 0.4.
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