000000000 Vol.28 No.3, pp.104, 2010 1

0 0

Jotbotdodogbogbogd

Ubiquitous Sensor Networks

o o o o

Shunsuke Saruwatari* and Hiroyuki Morikawa™*

O 0O 0O 0O* *oooooooooooooooo

*RCAST, The University of Tokyo

e = e O

1. J000oboobooboooooo

ooobooooooooobobooooooooboon
ooooOoooooorooooooooooooooo
gooooooboooooooboooobooboooooog
gobooooooooobooocoooocooooogon
goboooooboooobooocoooboooooooon
oooooo 70 0o0ooooooooo0ooooooo
goboooooboooobooocoOoobocoooooooon
oboooooooooocoOobOocOoooocOooono

cooboooooOoooobObocOoboOooboOoooboooo
OcCpUOUOOOOODOODOUOOOOODOOOOOOO
gobooooOooboooooooobocboooooooobooaoon
gobooooooboooobooocooobobooooooooon
gobooooooooobooocooobocoooooooon
ooboooooooooboooooobooooooooon
oobooooooooooooooooooboooooon
ooboooooooooooooboooobooooono

oooObOoooooooooobbooooooooonooDn
gooooooooooboobooooooooOoDDODDDO
gobooooooboooooooooooboooooogooon
goboooooobooooooooooboooooogooo
goooooooooDbDobOOoboobooboboooDDODD
ooboooooooooboooooooooooooon
goboooooboooobooocoooocooooooon
goboboooooooooooOooooOoooboOoon
uobobooodoooooooooboooooooooon
gobooooboooobooocooobocoooooooon
uobooocoobOoooobooocoOoobocOoooooooon
uobooooooOoooobooocoOoobocoooooooon
oobooocooooooooocoOoobocoooooooon
goooo

ooog
0 000 00 Ubiquitous Sensor Networks, Network Robots,
Cyber Physical Systems

‘00000000 4-6-1

*4-6-1 Komaba, Meguro-ku, Tokyo

oo0oo00o0000 280 30

coobooooooooooboooobooooooogn
gooooooooobooboooboboOo0oooooobooo
goboooobooboooooooooooboooooOoboo
OOoooooooolTSoooooooooooooooo
oboooooooooooooboobocooooboog
0000000000000 O0OO0 [12]0 Cyber Physical
Systems 8] 00000000000 OOOOOOOOOOO
oooooboooooobooooooooboooobooooo
gooooo

2. UO0bOoooboboooobooo

obodoooooooooboooooooboooooad
o0o00ooooooooUooooOoUoooooooooDog
0o0ooododoooouooooooooooggg
0000 oouooouoooooooooog
00000 1oooooooooooooooooog
ddddo0oooouooouooouoooouoooooog
0000000 oouooououooouoooooog
ddd00UdooUuoouooououoououooooogg
Jo0dUoggoodooo 20000000

2.1 OO0

godoooboooboooooooooooooon
0000000000000 0UAVO Unmanned Air Ve-
hicleDDO0OOO0OO0O0OO0O0OO00OO0O0OO0OOOOOOOOO
go0d0oboooooboooobooooobooooooa
god00ooboooooboooobooooobooooooa
godoo0ooooooooooooooooooooaoo
oo oooooooooogoogog
0000000 ooooooooooooooog
oooooooooooooooooooooooo

gdoo00O0oO0oO0oO0oOoO0oO0oOO0OO0OOOOOOOOOOOO
000 [ljo0o00O00O0O0 @BooDOoOoDoOooooo
02000000000 Allred00D0OO0ODOOOODO
odoooooOoooooooooooooooog GPS
0000000o0ooouoooou MAVO Micro Air
VehicleDOOOOOOOOOO 300000000000
DDDDDDDDDDD[l]DErikSSOnDDDDDDDD

20100 40



2 o o0 o0 g

01 000b00o00b0o

odooov000ooocOoUooooouooo GpSsooOd
gobodoobooboobboobobooboobooon
gdboboooboboobboooboobobooboon
O [B0Bwke0000D00O0DOOODOOOODODOOO
goobobboooobobboooobobbooobooooo
goboooobooboobooooboobooooon
gooooobooboobooooooobooooon
0ooooo (2o
2.2 0O0O0OO0O
goboobooboobbooobuooboobboo
gdbobooobuoooboobbooboobboooo
gjdddoooouoooouoouooogbboboobobooboo
goboooboboobooboobobooboobooon
gdboodoboboobuoobbooboboobuoobooon
goooboboboboooooboboboooooboo
gobooooboobobuoobooobo
oobooboobboobboobuoobooooboo
000000 (7000000000 (400000000
gooooobooboobooboboobooooon
gooooobooboobbooboboobooooon
00 10000b00oooooooooooobooogo
godoooobooobooboboooooboooooo
goo0ooobooboobooobooobooooon
goddddooooooooooboobobobobooobobooo
000000o0o0oooD 1ps0DO000OO0O0OOODOODO
goddddooooooooooooboboboboooobooo
0000000000 DO0O00oO0DoOooo (7o
goboobooboobbooobuooboobboo
gobooobobooboobooboboobooboon
goboobobooboobbooboboobuoobooon
goboobboboooboboboooboboboooobooon
goboobobooboobbooboboobuoobooon
goboobobooboobbooboboobuoobooon
00000000000000 Silver Spring Networks O
gobooobooboobboobobooboobooon
gooboooboooboobooo
ooboobooboobobooboobooooboo
goooooboobooboooboobooooon
gobooooboobooboooboobooooon

JRSJ Vol. 28 No. 3

0o 0 o0 o

00000000000000000000000000
00000000000000000000000000
00000000000000000000000

2.3 0000000

000000000000000000010000 20
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
oooo

0000000000000000000000000
0000000000 [14)0Mainwaring 0 000000
00000000000000000000000000
000000000000000000000000000
00000 32000000000 Great Duck Island O
000000000000060000000000000
0000000000000 O0Werner-Allen 000000
0000000000000000000000 1600
0000000000000000000019000 229
000000D000000000000KimOOOD000O
00000000000000000000000000
0000000 6400000 1200000000000
0000000000000 46000000000000
00000000000000000000000000
0000000000 (50

3. DOobOoooooooo

cooboooooobooooboboooooooooooono
oobooobooooboobooobobooooooooooo
oobooooooboooobooooooooobobooooon
oobooooooooobooooooooobobooooon
gobooooooObooobooooooooobobooooon
gobooooooboooobooooobooooobooooo
uobooooooooboooooooooooooon
gooooooooooooOoOoOOOODOD 200000
gobooobooooboooooooood

3.1 000000
coobobooobooooooooobooooooooo
oboooooOooobooooOoooOoooOoobooooao
uobooooooOoooobooooooOoooOoobooooo
ooooooboooooooobooboooooooooa
oooOoocpPUODODOUODOODOUOOOOUOUODUOOO
ooboooooooobooooooooobooooo
0oOooooob0oOoobOoooOoooeooDooooOoD

Apr., 2010



oo0oooooooooooa 3

(1) Wake Up Packet
ﬁ > Receiver
Y Radio Wave

%o,
-Up
Wake _{Jp T Ccmm.
Module

Wake -Up
Module

Module

02 000000O000000O0C000

ogoooao

godoooboooooooood

dddddoooooooooooooooooooao
godobooobobooooboboooooboooooooa
gbdddddooooooooooooooooooon
opyWoOooooOooooooooobooogooooo
dod0o0doooodoo 20000000000o0oan
00 LANOOOOOOOOOoOoooooooooooon
gooooboooboooouooobobuoooboooo
goooboobobooooooobooooooooono
godoooboooboooooooooboooooaoo
goooobooobooooouooooboooooaoo
000000000000 Bloom Filter 0000 ID OO
O0000000oOoooLSIocooooooooooan
0 [11]0

dodddoooooooooooono

Joooooooooobooobobboooooooao
goddddooooooooooooboooboooooo
goddddoooooooooooobooooooooo
godddooooooooooooboooboooboooo
gooooooobooooboboooboboooboooa
goddddoooooooooooobooooooooo
00000000000Soelar Biscuitd D00 O0O0O0O0O
000 3dooddobObodoobooooooooooo
gbdddoooooooooooobooooooooo
0000000000000 0000000Solar Biscuit
gooobobooobuooobouooobbuooobouoo
goooobooobuooobouooobobuoooboooo
DDDDDDDDDDDDDDDDD[Q]D

3.2 ODOODOOO

godooobooooboooooboooooboooon

03 O0ObOO0ooOooooooooboooono

ooO0o00o0000 280 30

phy phy

high
eemptior return
23 cycles 6 cycles
| mac mac

low ; >
preemption/ return

preemptiol
23 cycles

= 57
W

66 cycles 64 cycles

net ‘ net user task|
normal >

- <
‘ interrupt low ‘ ‘ interrupt high ‘ context switch interrupt high
92 cycles

04 ODOODOOODOOOOOOO OS

gogboooobooboobboobooboobboo
gogbooooboobooboboobooboobboo
gogboboboooboobobobooobobooooon
gogboooobooboobboobooboobboo
gogboooobooboobbooboobooboboo
googooooobooobooboobogoooooobooo
gboboboooobobobobooooooogo
gboboboooobobobobooooooobogo
goboooooooooooobooooobooboboooo
googboooboooboooooooboooooooooo
goobobobooobooboobobooooooogo
gooboobobo

O0ooooooooooo oS

TinyOSOOODOOOOOOOODOOOOOOOOOO
goobobobooobooboobobooooogoogoo
gooboobobboobooooobooooooooogoo
gbgooboooobobboobooboboobobo
Oooo0ooooooooOoooO 8pitooooooo
gogbooopoboobooboboobooboobboo
Oo0oooooooooooOooO 40ocpUuOOoOOOO
O000000O00DO0O00O0O0Oo0O0o0o0O0OTinyOSO
gogboooobooboobbooobooboobboo
0000000000000 [)ooooooooooo
ggboooobooboobbooboobooboboo
gogod

goobooooooon

gboooooobobobooooooboboobo
gbobobooooboobobobooooooobgo

®) o @\

controller  master \ slave actuator
~
AN

< 10ms

slave actuator

06 O000O0O000OoDOoOn

20100 40



4 o o0 o0 o

gohooboooboboobooboobooboboboon
goboobboobooboobboobooboon
goboobboobooboobboobooboon
0000 MACODOODOOOOOODOOOOODOOO 5000
00o0ooOTDD/TDMA OFDMOOOOOOOOOOO
gogboooboobooboobboobooboon
gogboooboobooboobboobooboon
0000000000000 00ooOoOOOoooOO 130

4. 00O 0ODOO

oooooooooooooooobooooooooon
goboooooboooobooocoOoobocoooooooon
o000oO00ooOoOooooooooooo Icroo
oOooOooOoooIcTooooOooOoooooooooa
oobooooooOoooobooocoOoobocOoooooooon
O00OocodooDooO0O00O0DOOOODOOODODO
oboooboooobooooooboooooobooboooon
gobooooooboooobooocooobooooooooon
goboooooobooooboooooooooobooooon
ooooOoooo ICTOoOOOoOOOooOOooooooooD
gobooooobooooboooooobooooooooon
oobooooooooobobooobooooooooon

oooboooooooooobooooooooboon
gobooooooboooooooooobooboooooogooon
ooboooooooooooOoooooooboooon
oooooooooooboooooooboooooogooon
ooo0oooooooOoooooooOoooooOooooD
gobooooooooobooocoooocooooogon
gdododooooooooooooooooooooo
gobooooboooobooocoOooocOoooooooon
goboooooboooobooocoOoobocoooooooon
ooo0o0o0oooooooOoOooooool1o000200050
oobooocoooOoooobooocoOoobocOoooooOooon
goboooobooooboooooooOooon

gooboooo

[1] J. Allred, A. Hasan, S. Panichsakul, W. Pisano, P. Gray, J.
Huang, R. Han, D. Lawrence, and K. Mohseni: “SensorFlock:
An airborne wireless sensor network of micro-air vehicles,” In
Proceedings of the 4th International Conference on Embedded
Networked Sensor Systems (SenSys’07), pp. 117-129, 2007.

[2] J. Burke, D. Estrin, M. Hansen, A. Parker, N. Ramanathan,
S. Reddy, and M. B. Srivastava: “Participatory sensing,”
In ACM SenSys Workshop on World-Sensor-Web (WSW’06),
2006.

[3] J. Eriksson, L. Girod, B. Hull, R. Newton, S. Madden, and H.
Balakrishnan: “The pothole patrol: Using a mobile sensor net-

In Proceeding of the 6th
International Conference on Mobile Systems, Applications, and
Services (MobiSys’08), pp. 29-39, 2008.

[4] X. Jiang, M. V. Ly, J. Taneja, P. Dutta, and D. Culler:

work for road surface monitoring,”

“REx-

JRSJ Vol. 28 No. 3

0o 0 o0 o

periences with a high-fidelity wireless building energy auditing
network,” In Proceedings of the 7th ACM Conference on Em-
bedded Networked Sensor Systems (SenSys’09), 2009.

S. Kim, S. Pakzad, D. Culler, J. Demmel, G. Fenves, S. Glaser,
and M. Turon:

ing wireless sensor networks,” In Proceedings of the 6th Inter-

(5

“Health monitoring of civil infrastructures us-

national Synposium on Information Processing in Sensor Net-
works (IPSN’07), 2007.
A. Karalis, J. D. Joannopoulos, and M. Solja¢i¢:

[6 “Efficient

Annals of

wireless non-radiative mid-range energy transfer,”
Physics, vol. 323, no. 34, 2008.
N. Kurata, M. Suzuki, S. Saruwatari, and H. Morikawa: “Ac-

tual application of ubiquitous structural monitoring system us-

[7

ing wireless sensor networks,” In Proceedings of the 14th World
Conference on Earthquake Engineering (14WCEE), 2008.

[8] E. A. Lee: “Cyber physical systems: Design challenges,” Tech-
nical Report UCB/EECS-2008-8, Electrical Engineering and
Computer Sciences, University of California at Berkeley, 2008.

[9] M. Minami, T. Morito, H. Morikawa, and T. Aoyama: “Solar
biscuit: A battery-less wireless sensor network system for en-
vironmental monitoring applications,” In Proceedings of the
2nd International Workshop on Networked Sensing Systems
(INSS’05), 2005.

[10] S. Saruwatari, M. Suzuki, and H. Morikawa: “A compact hard

real-time operating system for wireless sensor networks,” In

Proceedings of the 6th International Conference on Networked

Sensing Systems (INSS’09), 2009.

T. Takiguchi, S. Saruwatari, T. Morito, S. Ishida, M. Minami,

and H. Morikawa:

energy-efficient ubiquitous networks,”

11

“A novel wireless wake-up mechanism for

In Proceedings of the
1st International Workshop on Green Communications (Green-
Comm’09), 2009.

[12] 00: 0000000000007, DOO0O0DOO0O0O0, vol. 91,
no. 5, pp. 356-352, 2008.

(13 00,00,00: “000000000000000O00OO0O0OOO0O
oooo0ooo», 00000000oooooooo, 2009.

[14) OO0, 00,0,00: “000000000000O000O0O0OOO0
0000oooooooo0”, 00000 0000000, no. 2008002,
2008.

00 000 Shunsuke Saruwataril]

200 0000000000000 00O2003
002040 IPAODDOOOOOOODODOOO
2006 002008 0000000000000
oooz20070020080000000000
oooooooooooooooobooooo
oo0O0o0o0oooooobooOoobooooooo
ooooooocoooooooooooboOoo

O 0 000 Hiroyuki Morikawal

19870 000oo0o00o0o0oo00ooooOon992
O00000000000199700199800
ooooooooooodz200200200600
oooooooooooooooobooooo
oooooooooooooooboooooon
ooooooooooooooooboOoooo
ooboooooooooocoOooOoooooOoOOOOoOoooOobOoOo
goooooooooooooooooooobooOoODDO?
oooo0o0o0ooooooooooooooooooooooo
oobooooooooboooooooooooocoooooo
O0O0O0O0OIEEEDACMOISOCOOOOOODOOOOOOO
ooooooooo

Apr., 2010



