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Cloud Networked Robotics s

Cloud Networked Robotics

Koji Kamei, Shuichi Nishio, and Norihiro Hagita, Advanced Telecommunications Research
Institute International (ATR)
Miki Sato, DENSO Corporation

Abstract

This article proposes a new fiald of research called Cloud Networked Robolics,
which tackles the issues for supperting daily octivity, especially for the elderdy and
the disabled, throughout various lacabions in a continuously and seamless manner
b}' absiracking robotic devices and providing @ means for ulizing them a: a clouvd
of robots. With recent advances in robotic development environments and in inte-
grated multircbot systems, robots are ocquiring richer functionalities and robetic
systems are becoming much easier to develop. However, such stand.clone robatic
services are not enough for continuously ancrseumlcssy supporting dai'y activity.
We axamine the requirements in typical daily supporting services through example
scenarics that target senior citizens and the Ju’sobcd. Based on these requirements,
we discuss the kay research issues in cloud network robetics. As a case study, o
field expariment in @ shopping mall shows how cur propesed profotype infrastruc.
ture of cloud networked robohcs enables multilecation robotic services for life sun.
port.

IEEE Network Magazine, vol. 26, no. 3, pp. 28-34, May 2012
Special Issue on Machine and Robotic Networking

http://dx.doi.org/10.1109/MNET.2012.6201213 12
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Example: Find a person and approach the person

[ Service App. 1 ] [Service App. 1’]
| | I I ] . . . .
find face move to find tag walk to Y—E Z77 \)g—avid
the position the position A< naRybtDiEREZE
— - ZOREIKET ST
guest name .
face position tag position H¥U\'I:E'T'Z gb\&’éo
\ 4 v =
face wheel RFID tag leg .
recognition | | control Detection | | control B AVIR—RRELAY
robot 1 robot2 -
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/Ry hDEFN
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\_ J

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



UNRT' S b T A —LRIBICHITD
o —E XFFETFS

AR

Advanced Telecommunications
Research Institute International

[ Service App. X J <C0mpatible> { Service App. X J

—————————————————————————————————————————————————

approach
the person

person ID
position

face
recognition

wheel
control

\_

HRI Engine 1

robot 1

Standard
\ Interfaces |

and

: Framework!

———————————————————————————————————————————————

approach
the person

person ID
position

RFID tag
Detection

leg

control

HRI Engine 2

H—EXT7T)I&
@< noRykELE(C
IKFELIELVEZT
BREEIE U,

1
1 g

AVR—RREED
FEHRIEAMERIZR B4,

i@ DFAT
B—EXT7TUD
BRI E L

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved




J I\I Bj 5 \\J I\ ? 7I- o AETI\ L/ 7:: Advanced Telecommunications
/_l_\ \\J I\-U-_ t X O) *% }ﬁ Research Institute International

18 < oty Mtk
SR CONCORCONCORPRP RO, = 5

=3 %FET5S

67/|~77r — L LAY
fr\/l\b“ Lz HEHUEE (S HIEHED) \

1]y
3 JiAeR (o—txrTuea )
KBS UIR—RUNEBIE
LI sHREELT.

J TTROEXRED
BiEET—ADPY

/

\ L B[~
T RGTT ﬁiﬂﬂ,,m7’7 y N7 x—L (H15B) ;ﬁﬁ;;i,iim
C O O O O Y yy—ze=m \_ Yy,
==l el A
Sesww| i
\ v, v,
g
N h \ \ h | A | BkmmoRyk
H—EXZRICET
@42 naRyk/N—
oz 7oV IkoT
TR TED,
- J
17

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



AR

N /_ I — A} W \ . )
1 ) — t E Advanced Telecommunications
i T 1/ ~ Research Institute International

ZE 4

| | |
oforal | | a—vam |

HLAOHAA ~ .
f{EAHD K, ¢Eli|;!Dr[10) u,—k\ybbl_{jﬁw
BTSN ! BEIRT72 &,

BB (L RTREAV !

AR ERT /T4
— BB

Eﬁliﬁlﬁﬁh\tﬁ !

IEAOOmE L,
E— Yy A

—C DIERE,
aA—H(X, HITAIREFAS,

ARy L, BEIFRIEE- - -

ERNGREEEFA.

BENHDE. BT OHRIZAF a— [ZIELCT=
HRONHHE! AOARO—7IZ JOvohH bk, O -E:EFEZ’&?E{#
HoTWB&, RLITENDH ! ™~ PR
SYBYTEDNG !

18

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



A
2T

FREFF 1R

=TS
REXE
H£HErEEN
A EREN
BIRERE
BREFEWME
mAEE
(2 855

Robovie-l|
BEMAEAR

Z#.oa—)24g
EWME:O
2. mFEIJOvy

EREE : x

160cm
75¢cm
X
A E : 3kg
X

X

0.6m/s
45 /s

Robovie-R3
BEMAEAR

Z#.oa—y24g
EWME:O
2. mFEIJOvy
EWME:O
X AIRE:0.6m/s
[El&5EE : 30/E /s

110cm
70cm

X
X
AR5
X
1.0m/s
60 /s

AR

B EORYE
AR i

ZF-oOo—)4g
EWME:O
2. mFEIJOvy
EWME:O
XAXEE:0.8m/s
[El&5E E : 30/E /s
120cm (ZFEEMFRL)
80cm

X

RAfTE : 100kg
AR5
RAEZE :5cm
0.8m/s

30fEls 9

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



2 mA B

7Ry NOOFSENEES & AR

Advanced Telecommunications
Research Institute International

CEALET

v

REE

(1) BITAIRETIH G :

il

-U-_E\XEI

BHACEALEY

(2) BITAAIRESI5 5
BITAIREZR AR Y A D
H—ER5|EHE

+ /4=

e T

ROAYOT,

OOMNEBFLHLET
A e 4
a e AR

(3) BITAAIRERIG & -
BT gEZARYREI T D
H—E XEE

20

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



AR

o “'LA vanced Telecommunications
_ﬂ__ j D I-I]E ggsearcl?lfwsltitute Intemattional
71D 13 ERTRIAROBA
a1—+ID: 14 ZLWLVELVWIXE
a1—4ID: 15 g
A—H4&: ASA > ' &
A—HNDREEESN: ORVEOBE Y —EXTHA .
BESKEE: 1.2 M/ N p 0
ERTAAOEE: & KIEd SHA b o
BEBOHE: & T Y—EXDYYERX smnrnmEsoss
A—HDORERES: ORYLEDFES—E X TR A ::j\$ RIS IR
A—H DR AEEHR: 0.5 .- :
A—HDHREFR: 10°~ 190°(Z )
A—HYDRERREN: ARV EDOXEEY—EXTHHA

A—HDHEFEEH: 30db

21

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserved



AHOANE

AR

Advanced Telecommunications
Research Institute International

BRIEFAHARFRY ND—D

R S(UNR)FA

mpES mm—%’ft(c_mw't_/—é@]'lklﬂ

O

22

Copyright (C) 2013 ATR, Kyoto, JAPAN All rights reserve



| A SEE & Al

Advanced Telecommunications

;?\ Y, I\ |j 0 /—l—\ Y, I\ j -7+ — 5 A Research Institute International

7
[ A ge==  hittp://www.scat.or.jp/nrf/

NRF
@ Network Robot Forum
NRF i 4 & ’
@‘ SIS PN

THak R
| | | |

|
fr R wpstgsg |20 TN | sy

_ il N5y Ko+ —Ls _
F&E ATR & B 2 NTT F&E ATR

I 1 I 1
Cowomo |[ oo [ mr [ e

5—77 v HR# LK

UNF: Ubiquitous Networking Forum JARA: Japan Robot Association

RSi: Robot Services Initiative OMG : Object Management Group

ISO :International Organization for Standardization

IEEE: Institute of Electrical and Electronics Engineers OGC: Open Geospatial Consortium 23

ITU-T: International Telecommunication Union Telecommunication Standardization Sector
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B OGC: Open Geospatial Consortium
m CityGML: City Geography Markup Language
0 3DEHZERIMDIDET IV ZEE /T DIsHD
XML RIBEREERIT DA —T RT—FEFTIL
o CityGML 1.0 (2008/08) — CityGML 2.0 (2012/04)

LOD3 1;1“111

T V —3 Y .
oy f|
iy &

Fig. 2: The five levels of detail (LOD) defined by CityGML (source: IGG Uni Bonn)

24
from http://portal.opengeospatial.org/files/?artifact_id=47842
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® OMG: Object Management Group

® RLS: Robotic Localization Service
o Oy MHIWME &9 BUEIFHROKRIRAE
BRI BEZEE
0O RLS 1.0 (2010/02) — RLS 1.1 (2012/08)

|am Cam1, | see 3 entities
person: ID=14,pos=(34,21)
robot: ID=25,pos=(58,55)
sofa: ID=134,pos=(93,42

| am Cam2, | see 3 entities
table: ID=23, pos=(10,20)
table: ID=73, pos=(-23,72)
table: ID=12, pos=(-53,56)

R Where is my
| am Robot32, my Laser Phone?
detected 3 entities: Robot21, bring it to
| am RFID reader1 on a table: d=32, a=40 L me A
table, | feel the phone table: d=67, a=123 (-
ID=823 is within my range robot: d=99, a=187

| am RFID reader2 on a
table, | fee the phone
ID=123 is within my range

26
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m Robotic Interaction Service (RolS) Framework
O NEY—EXICEDLZ Yy RPIEREEHEL

0 Human Robot Interaction TihEE 7515 BEOEANERE

EFH

o RolS 1.0 (2013/02) #1T — RolS 1.1 &EI1EEFR (2014/12)

Logical Layer

[HRI engine (main)]

QEJ -Robot1
2 -RoboticRoom1
A - -Robot2
B
S
: I
— [HRI engine (sub)] [HRI engine (sub)] [HRI engine (sub)]
Robot1 RoboticRoom1 Robot2
IS - person detection -person detection - person detection
i - person identification -person identification - person identification
29 - face detection - navigation
a N
o - navigation - speech
a - sound localization l
[HRI Comp.] [HRI Comp.] [HRI Comp.] [HRI Comp.] [HRI Comp.] [HRI Comp.]
person detection navigation person detection person identification person detection navigation
«n
c
o
5 4 [HRI Comp.] [HRI Comp.] [HRI Comp.] [HRI Comp.]
S person identification sound localization person identification speech
[rs
[HRI Comp.]
face detection
[Sensor] [sensor] [Sensor] [Sensor] [Actuator]
camera LRF camera RFID Tag Reader loudspeaker
[Sensor] N
microphone [Actuator]
[Actuator] Leg
wheel
Robot 1 Robotic Room 1 Robot 2

Implementation Layer

- face recognition

- direction of arrival estimation

- wheel control

- LRF object detection
- monitoring camera

-RFID tag detection
- voice synthesis
- leg control

27
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