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Development of an Android System Integrated with Sensor Networks
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TAKENOBU CHIKARAISHI, T TAKASHI MINATOT?
and HirosHI IsHIGUROTD 3

In order to develop a robot that has a humanlike presence, the robot must be given a very
humanlike appearance and behavior, and a sense of perception that enables it to communicate
with humans. We have developed an android robot called ” Repliee Q2” that closely resembles
human beings; however, sensors mounted on its body are not sufficient to allow humanlike
communication with respect to factors such as the sensing range and spatial resolution. To
overcome this issue, we endowed the environment surrounding the android with perceptive ca-
pabilities by embedding a variety of sensors into it. This sensor network provides the android
with humanlike perception by constantly and extensively monitoring human activities in a
less obvious manner. This paper reports on an android system that is integrated with a sen-
sor network system embedded in the environment. A human-android interaction experiment
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shows that the integrated system provides relatively humanlike interaction.
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Fig.1 Hardware composition of the developed system.
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Fig.2 Network architecture of the developed system.
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Fig.3 Android Repliee Q2.
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Fig.4 Floor tactile sensor unit.
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Fig.5 Software architecture of the developed system.
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" grammar="grammar_G004.xml">

nsor="UNUSE" motion="G013.dat">

06 XMLOODODOODOOOOOOOO
Fig.6 An example of scenario described in XML.
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(a) Demonstration place.

(b) Interviewer.

07 20000000000000000
Fig. 7 Demonstration at World Expo 2005 held in Aichi,
Japan.
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Fig.8 A control of the android based on a mental state.
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Fig.9 Observation of a waiting person.

ooooooooooosobooooooooooboo
gooboooooooooooooooobooobo
oooooooooooooboobobbObObOO0o0oo
goooooooooooobooboooooobonbo
ooooooooooobooboOooooooobooooo
goboboobooooooooooooooooood
gooboboooouoooooooocoooooboooa
goboboobodoooouoobooooooooooboa
gooooooouoooobooooooboobooboo
goooooooooooooooooboooboboo
gooooooboooooooooocoooooboooboo
gooooboooooooooooooooooboooboo
gooooooooooooobooooooboDboDbo
gooooobooo10b00000oooobobobo
ooooooboooobboOoOoboOooooobooboooo
gooboobooooooooooooooooooa
goobooooouoobooooooooboooooa
bobobooooooboooboooboooooboboo

goboooooooooooooooobooooobo
gooooboooooobooooooooooooboo
gooooooooooooooooooobooboo
gooooooboboooooboooboooboooo
goooooooooooboooooooooobobo
goooooooooooooobooooooobonbo
oboooooooooooooooooobooooo
gooboobooooooooooobooooooboooa
gooboobooobooooooooocoooooboooboo
gooboboooouoooooooocoooooboooboo
goooooooooooocooobooboobobo
gooooooooooobooocbobooooooboooboo
oobooooooooo

3.2 O000O0OO0O0OO0OOOO

goooobooooboooooooo 9boOoDn



1242 ooooooooo

@ Microphones and omni-cameras
° Pantilt/zoom cameras

[

] Fioor sensor units
r——
° [
F 2%ec.

<

o 1sec.
i °

p——

[ 20m [ ]

“\/ideo camera S“'b@”‘ B
3

Subject A was staring the
android in X second(s).

Curtain
m

Wall

010 000 AOO0OOO
Fig. 10 Example of a behavior of the subject A.

goboooooooooooooocooooobooo
gooooooboooooooooocoooooboooo
gobooooooooboboooooool1ooon
ooooooooob2o00ooooooooooo
goooooobooooBOODOOOD BOOO
gooooooooooobobooooooobooo
O0000000000000 Repliee Q20000
o000 (@3)UooooUooooooouooo
gotuobooboobb 2mx2mOOdOonO 200
00000 BOODOOOOOOOOOOOOOOO
000000000 ADDDODOOOO ADOOOO
gooooboooooooobooboooooooboooo
gbobobobD20mx2.0mO0000000000O0O
goooobooobooboooooboobooboooo
OO0 AD 200000000 200000 BO 20
gooobooooooooooboobo 20000000
000000000000 0oo0oo0O000 AOO
oooooooooooBOOoOoOoOoOoOOOODD
00000C0000000D0O0CODOOOOO
goood

3.3 ODO0OOOoOoOobOoOooooooooo
0100000 AODOOODOOOOOOO AOO
oo BOOOOoOoOODOOOOOOOO0O0O0OO0OO
b BOOOOOOOOOOODODODOOOODO
ooooooooboooOo200000 BOOODOO
goooooooooobooooooobooobo
debooooooobooooboooooooooa
goboboboooouoobooooobocooooobooa
gooooooooo

e 00 ADUDODODODOOUDDOO

e 00D DDOODOODUIODUIODOIDOO A
oobooooooo
000 A0O0DODDODOOOOO
000 AOD0DU0OoOoOoOoOoooooog

May 2007

Q Subject B

g
2l 12 11 10
g
e 9 8 7
g
(o]
g
gl 6 5 4
g
e 3 2 1
0.8 m 0.4 m 0.8 m
2.0m

011 000 AQOO IDOODOOOOOOOO0OOOOOOO B
ooooooooooo

Fig. 11 1ID of the position of the subjects A. Subject B was

later replaced with the android in the experiment.
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Table 1 Classification of the feelings of subjects B toward subjects A. Subject B

was later replaced with the android in the experiment.

Position ID of A Behavior of A Feeling of B towards A Mood of B
2,5 Stares at B Unpleasant
8 Stares at B Unpleasant + Oppressive Disgust
11 Stares at B Very unpleasant + Oppressive
1to6 Walks around without staring at B Not so concerned about the action of A | Acceptance
1,3,4,6 Stares at B Harassed Fear
7 to 12 Walks around without staring at B Anxiety
8,11 Looks at somewhere Anxiety Apprehension
1 to 12 Walks around with staring at B Anxiety
1 to 7,9,10,12 Looks at somewhere Worry about where A is looking Interest
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Fig.12 Procedure for recognizing a person’s behavior.
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Fig.13 Arrangement of sensor network.

oooogooon
goboooo bcoooocoooocoooooo
goboooboooboooboobooooo
gooooboooooooooooooob 3o
gooooo
goooo oOooobooooooooobooobooo
gobooooooboooobo 3sooboooon
gooooooooooooooooobobooobo
goooobooooooooboooboooooobono
gooooooooooooboboobooooobo
gobooooboooobooooobooooooz2n
gooboboooooooooooocoooooboooa
oooo-3~30 700000O0O0000000O0O0
goooobooooooooobooboooooooboooo
gbooooooooboooobooobooboooo
goboooooooooooooooobooobobonbo
gooooobooooooooo100ooooooboo
goooboooboboooooeob200000 14



Vol. 48 No. 5

014 0OOO0OO
Fig. 14 Experimental scene.
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Fig. 15 Evaluation of human-like nature of the android
(between-subject comparison).
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