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Data Collection Protocols
for Energy Harvesting Sensor Networks

MASAYA YosHIDA,! Tomoya Krtant, 2
MASAKI BANDAI™? and TAKASHI WATANABE

Energy harvesting technologies have been studied for the next generation
wireless sensor networks. The technologies can harvest electric power from
ambient energy sources including solar, vibration, heat and wind. However,
sensor nodes with such energy harvesting devices cannot always communicate
with other nodes because the devices supply power unstably. In this paper,
we propose two redundant data collecting protocols with parity checking (PPT
and APT) and a retransimitting method based on communication success rate
(ERT). The simulation result shows that the proposed protocols achieve higher
delivery ratio comparing with conventional protocols.

1. 0000

000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000 0000000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 000000D0000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0D000O000O0DOoooooooY?g
000000000000000000000000000000000000000
0000000000000®Y00000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000

t1 0000000000000

Graduate School of Informatics, Shizuoka University
t200000000000000000000OO0

Division of Global Research Leaders, Shizuoka University
f3gooooooooooooo

Faculty of Science and Technology, Sophia University
t4 0000000000000

Graduate School of Science and Technology, Shizuoka University

(© 2011 Information Processing Society of Japan



998 O0O00O0OO0OO00000O0O0OOOOOOO000O0O0O0OOO0OOO0O000

gbooboooooooooboboboobooboooooboboboboobooooooob
gbobogooooooooboobobooboboboboobooo

2. 0000

gooooboooooooboobcoooooOoooOooboboobooobocOoOooOoOooDoboo
gooooooooooooooooobooboOooooooboobOooOooOooboooboobo
goooooooooooooooboooooboOoboOooobobooOobobobOobOOOoOoDboObo
gooooooooooooooooboOoboOoboOooobooooooOobocOoOooooooboo
gboboboooooooobooobooooocooboooooooboooobooobobor0000DOo
0000000000000000000000%0

goooooooooboooooooooboOooOooooOooooobooboOooooobooo
gooboooooooooooooboooooooboooooooooocoobooooooboo
gooooooooooooooboooooooooooboooooobooboooooobo
gooooooooooooooooboooooooobooboooboooooooooboo
gooooooooooooobooooooooooooooooooooooooDoonoo
goooobooobooooobooobobooooobooooboooooboboOobobooOo
gooooooooooooooooooooobooooooboboooooooooDoo
gobooooboooooooboooobooooobooooo

goooooboooooooobooooobooboobooboboboobOobobOoDo
0000000 6)0000000000000000000000O00UO000O0O0O0OO

Energy

................... Battery
Energy Harvesting

Time
01 00ooOoooooooooooooo
Fig.1 Remaining energy lavel of each energy model.

0o0oooooog Vol 52 No. 3 997-1009 (Mar. 2011)

goooobooooboooooboooobooboooooooooboboOboooDOoDo
goooooooooooboooooobooooooobobooooDboooooDbobooo
000020000000000 700000000000 0O0ODOOO0DOOOOOODOO
o0oo0oooOooOoooU0o0oooOoUOo0oO0o0ooOoUoOULOOOOooUoD 8O
ooooooboooooooooooooobooooooOoboOoooooboooOoooDbonoo
o0ooO0o0o9ooooooUoOooooboUoUooooUoUoOooooooo
oooooooobboz200obod0oboboooboooooooooooooboo 30oooDooOoo
gobooooooobooobooobooo
00oo0oooU0oUoU0oUoOoDOoUOUOO0bLOOLO YYyoUoULOoooooooo
oboooobooooooobooobobooooo

3. 0O0OooOooo

009 0000000000000 00000D000U00O0DO0DLOO0UDUOO0OOO
gooobooooooooooooooooooooooooooboobobooooDbonOo
ooooooon

goooooooooooooooooooboooooobooooobooooDboboo
goboooboooooobOooobooobOoobOobObooboboobobOOobobO0 200000
gobooooboooobo sboood

gooooobos3sbobooooooooooo3ooboobooooooboooooDoD 4
goboooooboooooon

ooobOi1oo0oo0oob11001000000b0 100000000 EfOD0OOOOO
goooboooooooboooooobobooooobooooooooooooooooo

Transmit Transmit

Energy &

Charge  Receive Charge Receive .
Time

02 0JOooOoooooooooooooboo
Fig.2 Energy model.

(© 2011 Information Processing Society of Japan



999 0O000O0OO0OO00000O0O0OO0OO0OO0OO0000O0O0O0OOO0O0O0O000

03 ooooooooo
Fig.3 State transition diagram of each node.

5 l

N

[Send data in top of queue l

04 0O0OD0O0OOO
Fig.4 Behavior of nodes.

goooooooooboboooodoooooboboobooooobobbobobboobooo .., 000aa
t» 0200000000000 ¢, 0000000 «00O00O00O0O0O sOO0O0 s/al
oooooooboOoooOooO0ooooooOoobo00 P0P,.00000Ff = Pratre+ Pistiz
goooobobooooooooooboooboooooooobooooocooboboooooboo
gobobooboooooooooboooooobooooooooooooooboOooooboonoo
goboobooooooobooooooobooooooooboooooooooooooooooDooboo
gobobooooooooooooobooboooooboooboooooooooooboooboo

0o0oooooog Vol 52 No. 3 997-1009 (Mar. 2011)

0000000000000 D0000000000D00000000000000000
0000000000000 D0000000000000000D000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000 MICAzOODOODOOO'Y 0OODODOODOOOOO0OOO0OO0OO0OO0O00O
090000000000000000000 10mWOOOOODODOOO 800bitOO0O
0000000000000 0000000 64ms000000 3.2ms00000000
000 7ms 0000000000000000O0O0O0D00000000O0O0OOOO0
00000000000000000000000000000000000000000
000000000000 0000000000000O0O0O0000ACKOODODOOO0O
000000000D000D0O0OOoOOooootYo

3.1 0000000000000
0000000000000000000000000000000000000000
00050000000 S0000DIO00000000000O0OOOSOooooon
00000 ADBO 200000000000000000000000000O000OO0
0000000000000000 SO000000Oobloo0d0o0o0o0oooooon
000000000000000D000 DIO0D000DO0O0ODO000ODO0DO0ODOOd
0BOOODOODOODOOOODOODOODOOOO0 AOOODIOOOODODOOO 5(a)d
0000000 ADOODOODDIODOODOODOODOO0DOOO0Og 5(h)mO
000000 ADDO0O0OODOOOO0OODOO CODOO0OO0O00ODO0OO0O000O0000000g
0000000 DI0O0000000000000000000000 CO000o00g
00 DIO0D0D00D0000DONO 5(c)D00000000000000O0on
00000000000000000000000 CO0D00O0Dblo0o00ooooon
00000000000000000000000000000000000000000
000000000o00oon

000000 SO0000 D2000000000000000 SO0OODIOODOO
00000 D2000000000000000 600000000000 AOBOO
00000000000000000 D20000000000000000000000
lway00ODODOODO0O00000D0O00000O SOOOO0ODOO0O0000O0 D2000O0

(© 2011 Information Processing Society of Japan



1000 OO00OO0OOO0OO00OCOOOO0O0OOOOO0O0COOOOOO0GOOOO00O0

© Charge
O Receive
@ Transmit

Da0000 1

© Charge
O Receive
@ Transmit

ObOOoQO 2

| | © Charge
O Receive
@ Transmit

OcOOO00O 3

05 O0OO0O0OO0OOOOO
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Fig. 15 Parity packet generation interval vs. data delivery ratio.
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Fig. 17 Threshold of number of expected recieved packets at neighbor nodes vs. data delivery ratio.
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