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Observation strategy of landmark selection for decision making of legged robot

based on information criterion

Noriaki Mitsunaga* and Minoru Asada*

This paper proposes a method for constructing a decision tree and prediction ones of the landmarks that enable

a robot with a limited visual angle to make decisions without self-localization in the environment.

Since global

positioning from the 3-D reconstruction of landmarks is generally time-consuming and prone to errors, the robot

makes decisions depending on the appearance of landmarks. By using the decision and the prediction trees based on

information criterion, the robot can achieve the task efficiently.
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Fig.1 The SONY legged robot for RoboCup 99 SONY legged
robot league.
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(a) Photo of the field.

(b) Size of the field

Fig.2 Experimental field (same as the one for RoboCup SONY
legged robot league). Cross and circle marks are for the
first experiment.
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Table 1 Example training data of ID3.
No. ‘ attribute A ‘ attribute B ‘ attribute C ‘ class

1 a b a X
2 a a b X
3 b a a y
4 b a b Z

a b
ﬁ

a b
Ldassy | [dassz]

Fig. 3 Example classificatoin tree by ID3.

Table 2 An example of teaching data.
Landmark A ‘ Landmark B ‘ Landmark C ‘ action

a a X
b a a y
¢ b a y
a c a z
a b b Z
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Fig.5 An example of a prediction tree for landmark A.
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(a) for landmarks (b) for the ball

Fig. 6 Quantization for landmarks and the ball.
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next action

i _05..05.

Fig.7 A part of the action decision tree (Experiment 1). F,
L, and R mean forward, left forward, and right forward
respectively.

Table 3 Depth of the prediction trees(Experiment 1).

tree | # of | min dep. | mean dep. | max dep.
for | leaves

ball 52 2 2 2
oG 13 1 4.23 8
TG 44 1 5.39 8
SE 6 1 2 3
SW 1 0 0 0
CE 28 2 4.69 8
CW 11 1 3.91 8
NE 51 1 5.96 8
NW 54 2 5.91 8

000000000ooooooD (edf)DOoOoOooDDoOoO
gooo0obOo0oOoOobOOo0obOo0obOOobOboOobooobooo
000000 Table300O 5000000000000000
0000 43000000 1000000 491000000 8
O00000Table300000000000000000 # of
leaves 0 00 00 00O O min dep., mean dep., max dep. 00O
gooodbOOo0obOOo0obOo0obOobDbOoDboOoboobooboo
00o00Dooooooooooooooog SW,SE0OO0
00000000D000000000D000 Table 4 (Table 5)
000000 (ooo0)b0D0oo0oooUooUooOOoobDOoo
gooobo0obOoolooboobooboooooboboboso
000000000000 00O0Table4,50ball000O0
00000000 0act 00000000O0OTG, OG, NW,
NE, CW, CE, SW, SE0000000O0000OOODODOO
gooDo0bOo0OoOoO0obOO0o0obOOo0obOOobObOOobooobooo
goooobobooboOobooobooboboboobooobooo
ObO0O0Figl8OODODO
go0oodoOO0o0obOo0obOOobOOoOobOOoobOobDoobooo
oo0oUoooOooOooOooO0obDOOoo0ooooOooOoUoY)
00-2)00-3)00-4)00000000000000D0
0TGOOOO0OO0O0OOOoO0O0Ooooooooooooooog

0o0O000000 XXOXXO

Table 4 The order of information for the action decision tree
(Experiment 1).

1 2 3 4 5 6 7 8
ball TG NE NW CW CE OG SE

Table 5 The order of information for prediction trees (Experi-

ment 1).
tree for 1 2 3 4 5 6 7 8
ball ball act
oG act NE TG NW CW CE OG SE
TG TG at NE NW CE OG CW SE
SE act CE NE OG NW TG CW SE
SW -
CE act NE TG CE NW CW OG SE
CWwW TG at NE NW CE CW OG SE
NE NE act NW TG CE CW OG SE
NW act NE TG NW CE OG SE CW

Fig.8 Robot movements with the action and decision trees.
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Fig. 9 Probability distribution in Experiment 1-1 (The gray level of each box indicates

the probability, black 1 and white 0)

Table 6 The number of needed observation (Experiment 1).

begin | # of # of total # of re-obser- rate of re-
from trials steps vations observation
center 12 35 18 .51
left 12 31 15 .48
right 16 64 38 .59
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Table 7 Depth and size of the action decision tree (Experiment
2).

# of leaves ‘ min dep. ‘ mean dep. ‘ max dep.
586 | 2 | 58 | 9

Table 8 Depth and size of the prediction trees (Experiment 2).

# of | min dep. | mean dep. | max dep.

leaves
ball 403 2 2 2
oG 958 2 7.58 9
TG 1050 2 7.67 9
SE 845 2 7.35 9
SW 901 2 7.41 9
CE 901 2 7.13 9
CW 873 2 7.37 9
NE 1031 2 7.60 9
NW | 980 2 7.55 9

Table 9 The order of information for the action decision
tree(Experiment 2).

1
ball

2 3 4 5 6 7 8 9
TG OG SW SE NW NE CE CW

Table 10 The order of information for prediction trees (Exper-

iment 2).
tree
for 1 2 3 4 5 6 7 8 9
ball | ball act
OG | OG SE SW TG NW CW NE CE act
TG | TG OG SE SW NW NE CW CE act
SE SE OG TG SW CE NE NW CW act
SW | SW OG CW SE TG NW NE CE act
CE CE SE OG TG NE SW NW act CW
CW|CW SW OG TG NW SE NE CE act
NE TG NE OG SE CE NW SW CW act
NW | NW TG OG SW CW SE NE CE act
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Fig.11 Probability distribution in Experiment 1-3.
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