
1 2 3 4

SWSN:

Sparse Wireless Sensor Network

SWSN Low Duty Cycle SWSN

10km/h 20 20km/h 10

1.

ICT

ICT

2

1

2

3 , Department of Knowl-
edge Management, German Research Center for Artificial
Intelligence, Kaiserslautern, Germany

4

ZigBee

[1][2]

[3][4][5]

700×500m2

3

400m

Sparse Wireless Sensor Network:

SWSN

SWSN LAN

LAN

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 1



( )

Data MULE(Mobile Ubiquitous LAN Extensions)[6]

Massage Ferry[7]

(Opportunistic Communication)[8]

1 Data MULE

Data MULE

3

AP MULE

MULE

MULE

1 MULE

[9]

1 Data MULE

Data MULE

Low Duty

Cycle LDC

Active Wakeup AW 2

LDC Data MULE

[10],[11] 2

MULE

3

LDC AW Data

MULE AW

�������

��������	
��

���

��
������

��

����� ���

���

	
���� ����

�����

�����

������� 

2 LDC

������

����	


����� 
������
消費電流����

システムがスリープ時でも消費する最⼩電⼒

��

�����

�� !�"�

#�$%

3 LDC

RF

RFID

RF RFID

AW

10km/h

20 20km/h 10

AW

2 3

4 5

2.

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 2



3

3 80cm 5m

50cm

4

4

3. AW

AW

RF RFID

3.1

[12]

5

�����������

	
��������

������

�	
�

�����

�����

���������	


���������������

5 AW

3.2 RF

RF

Ultra

Low-Power Wakeup Module RF

6

RF

ID

RF

RFID

RF

RF

Powercast P1110 RF

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 3



RF

0 DC

800 ∼ 900MHz

[13]

[14] 3G P1110

3G

����

����	
	��	����������

���	���

�����������

	
��������

���	��

������

���������	


���������������

6 RF AW

3.3 RFID

RFID NFC ID

RFID 2

1

NFC

NFC

RFID m

����

���	 
���	���

�����������

	
��������

������

������

���������	


���������������

7 RFID AW

3.4 3

RF RFID 3

1 RFID

RF

MULE

4.

AW

4.1

6m

2m 2m

6m

100ms

LDC

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 4



[μA]

O(104) Close

O(104) Close

RF O(101) Close

Active RFID 0 ( ) Medium

Passive RFID 0 Closer

1

4.2

MULE

SYN

MULE SYN

MULE

MULE SYN

ACK

MULE ACK

4.3

4.4

8

Sleep Detections Com-

munications 3

Detections Communications 2

Active Sleep

Active

9

Sleep&Detections

Communications 2

Sleep

Active

9

AW

Detections

Detections

����

�����

�����	

������
�����

���������

�����	

����
���
������

����������

������

��������������

�����	

����
����
������

�������
�������� 

�������
����!���� 

!����"


����

�����
#
���������

�����	
������
�����
���
�����
����������
���"���
������
��������������
$������

��������������

�����	

����
����
������!����"


�����
�������

������

������

8

����

����

消費電流��	


�����


消費電流��	


�����


����� ��

最⼩電流

�������	


�����	


9

5.

5.1

MULE

10

11

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 5



10

������

���	��

����������

���������	
����

������������

11

12

5.8m v

v 10km/h 20km/h

6m 30

θ θ 0 30 60

����� �

���	
���

�� �

	
��������	
�

��

���

����

���

����

12

13 13

θ 60

θ=0 13 θ

3

������

設置角度�	
��	�����

����	���������

�������	


 !"#

 !"#

�������

������

�������

$%&

$%&

13

5.1.1

MULE

( )

5.1.2

v=10 15 v=20

8

3

5

1 4B

10

1 30KB

ZigBee

250kbps

1

1

5.1.3

5.2

θ=0

200cm

600cm

400cm

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 6



5.3

5.3.1

θ=60

θ=0

10km/h 14 20km/h

15

�

���

���

���

���

���

���

���

	�� 	
 	� 	� 	� 	� 	� 	� 	� � � � � � � � � 
 ��

�
�
�
�
�
�
�
�	


�

超⾳波センサに対する超過距離���

��

���

���

14 10km/h

�

���

���

���

���

���

���

���

	�� 	
 	� 	� 	� 	� 	� 	� 	� � � � � � � � � 
 ��

�
�
�
�
�
�
�
�	


�

超⾳波センサに対する超過距離��

��

���

���

15 20km/h

v=10 θ 0

θ=30

v=20

400cm θ=60 v=20

500cm

v θ=0

LDC

v=10 20

100km/h

5.3.2

10km/h 20

20km/h 10

16

LDC

LDC

1

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 7



5.3.3

16

�

��

��

��

�� � � �� �� �� ��

�
�
�
�
�
�
�
�
	


�

��	
���������

�����������
������������
������������
�����������
������������

16

6.

Low Duty Cycle

10km/h 20 20km/h

10

22700076,22300025

[1] D.Estrin, L.Girod, G.Pottie, and M.Srivastava, “Instru-
menting The World With Wireless Sensor Networks,
Proceedings of IEEE International Conference on Acous-
tics, Speech and Signal Processing (ICASSP ’01), vol.4,
pp.2033-2036, 2001.

[2] I.F.Akyildiz, W.Su, Y.Sankarasubramaniam, and
E.Cayirci, “Wireless sensor networks: a survey,” Com-
puter Networks: The International Journal of Computer
and Telecommunications Networking, v.38 n.4, pp.393-
422, 2002.

[3] K.Martinez, J.K.Hart, and R.Ong, “Environmental Sen-
sor Networks,” IEEE Computer, Vol.37, No.8, pp.50-56,
2004.

[4] J.Burrell, T.Brooke, and R.Beckwith, “Vineyard Comput-
ing: Sensor Networks in Agricultural Production,” IEEE
Pervasive Computing Vol.3, No.1, pp.38-45, 2004.

[5] P.Zhang, C.M.Sadler, S.A.Lyon, and M.Martonosi,
“Hardware Design Experiences in ZebraNet,” Proceed-
ings of the 2nd international conference on Embedded net-
worked sensor systems (SenSys 04), pp.227-238, 2004.

[6] R.C.Shah, S.Roy, S.Jain, and W.Brunette, “Data
MULEs: modeling a three-tier architecture for sparse sen-
sor networks,” Sensor Network Protocols and Applica-
tions, pp.30-41, 2003.

[7] M.M.B.Tariq, M.Ammar, and E.Zegura, “Message ferry
route design for sparse ad hoc networks with mobile
nodes,” MobiHoc ’06 Proceedings of the 7th ACM inter-
national symposium on Mobile ad hoc networking and
computing, pp.37-48, 2006.

[8] D.Hadaller, S.Keshav, T.Brecht, and S.Agarwal, “Vehicu-
lar opportunistic communication under the microscope,”
Proceedings of the 5th international conference on Mobile
systems, applications and services (MobiSys), pp.206-219,
2007.

[9] J.Lebrun, C.Chuah, D.Ghosal, and Michael Zhang,
“Knowledge-based opportunistic forwarding in vehicular
wireless ad hoc networks,” Vehicular Technology Confer-
ence, vol.4, pp.2289-2293, 2005.

[10] G.Anastasi, M.Conti, E.Monaldi, and A.Passarella, “An
Adaptive Data-transfer Protocol for Sensor Networks with
Data Mules,” WoWMoM 2007:Proceedings of the 8th
IEEE International Symposium on a World of Wireless,
Mobile and Multimedia Networks, pp.1-8, 2007.

[11] X.Wu, K.N.Brown, and C.J.Sreenan, “SNIP: A Sensor
Node-Initiated Probing mechanism for opportunistic data
collection in sparse wireless sensor networks ,” Proceed-
ings of Computer Communications Workshops (INFO-
COM WKSHPS), pp.726-731, 2011.

[12] S.Mathur, S.Kaul, M.Gruteser, and W.Trappe,
“ParkNet: a mobile sensor network for harvesting
real time vehicular parking information,” MobiHoc S3

’09 Proceedings of the 2009 MobiHoc S3 workshop on
MobiHoc S3, pp.25-28, 2009.

[13] Y.Yuanyuan, and W.Cong, “Adaptive Sensor Activation
and Mobile Energy Replenishment for Wireless Recharge-
able Sensor Networks,” STONY BROOK UNIVERSITY
CEAS Technical Report 834, 2011.

[14] X.Wu, K.N.Brown, and C.J.Sreenan, “Analysis of Smart
Phone User Mobility Traces for Opportunistic Data Col-
lection,” Nokia Mobile Data Challenge Newcastle, June
2012.

「マルチメディア通信と分散処理ワークショップ」 平成24年10月

ⓒ2012 Information Processing Society of Japan 8




