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Abstract
harvesting power at energy harvesting nodes have been studied for reducing power consumption and prolonging network lifetime.
However, the data collection rate would degrade in the EH-WSNs with geographical non-uniform energy-harvesting rate since
isolated sensor nodes (SNs) increase due to concentration of cluster heads (CHs) at high energy-harvesting rate area. The EHGAF
has been proposed to suppress the performance degradation, however, this scheme results in non-uniform residual power between

In cluster-based energy harvesting wireless sensor networks (EH-WSNs), clustering schemes considering

CHs caused from equal consumed power due to no consideration of difference in the energy-harvesting rate among CHs selected
at small areas. This non-uniform residual power leads to short network lifetime. This paper proposes a clustering control scheme
to reduce non-uniform residual power between the CHs. In the proposed scheme, each CH controls its cluster size based on its
estimated available consuming power so as to reduce its communication load when locating at the area with low energy-
harvesting rate. Adaptive back off window control is also proposed to suppress the contention for channel accesses. The
simulation results show that the proposed scheme improves the network lifetime compared with the EHGAF.

Keywords WSN, energy harvesting, non-uniform energy harvesting rate, cluster size control
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MR > ¥ R U — 7 (Wireless Sensor Network, WSN)
W AFPHICECE S ui=t& 3/ — K (Sensor Node, SN)
EREIEN D WY RN~ VTR v TG 2T,
v Z—ETHDH TV /— F(Sink node, SINK)IZ
T HERETDHI LI TEEEIND Ry PTU—
7 ThDH. WSNIZHEMRCBIMORRE=4%1 v /&
WHEHENLTEBY S BKEx RICHIHRFEZATND
[1]. =i, SNEANy T UVERESHTHY Ny T U R

NRERGFHICEEINDGAER D20, AE N
XDy T UHEMONWTIERY NI — 7 HEMmOIER
MWUELRDL., INERERAT L7200, REFEHRE
A LB ERE /) — F (Energy Harvesting Node,
EHN) % ff | L 72 B2 52 % # % WSN(Energy Harvesting-
Wireless Sensor Network, EH-WSN) 23 fff 2 & 471 T\ %
[2][3]. EH-WSN <TiX, EHN HERNREERBIC LV E
NEREETDHZILICE-T, Xy NV = HMOER
BHIFFETW5b. L L EH-WSN TiX, EICKB®
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GAFlZx vy U —27 U T7HNIZCH %WV 72 < —#k
WCELE L CEEEEAIEIEN SIS AT, /—F
OHEBEENEMHTHLLZHEMELTNS.

GAF X, x> T — 27 = U 7 ALK TR D/
FEIIC ), ANEEIC 1B CHZBAHK(T v K
BWCEHT 2277922V 07X THAB. CHLUND
= FiE, —EHHMA) —7REBICADZ L THER®E
EHEEEEL, Xy VT 2KOBEEE N EMZ
LT EWTXD.

CHODEHETIX, &/ — NIZHEZ CHIZHE L TV
Z0EBMEA LT 7 BRI Ny MCE O EHW
WERE L, ZELE/  —FEBEHOT V7 LHIET 5.
HEDODIF I RZELET 7 X 0ERVWES, ) —
R CHIZHELTWD EHB LT, AU —7REBIZE
BLTEEZEILETS. Zo®8EZ2 —ERFBITY, &
BB/ ER 1 BT O CHRNEE &N 5. GAF TIiF,
FUIIE ) —RFOBRRENEHVWDZ L TRLER
EOANE N —FE2 CHICEHET LR TE 5.

&2 AN, GAF % EH-WSN THWZH4E, 7/ — R
DHREBNEROENVEZZEET T CHARHEINALTLE
W, BREDEEFZVDN, TOKROREEICZL > THIE
TXHBAHENA 47 EHN & CH 2@ H I TL
9. Ty, BHIN CH REIMBEZEZ L
RTLKRLMHERD S .

2.2. Energy Harvesting GAF (EHGAF)

LROMEEMIETIEDICERBE IR BRES
HENEBHIZKEW EHN 2 CH & LTEIT 22 &
ZHM & L7z EHGAF N HfsE & T\ 5.

EHGAF T 77 L L THE T Uy RETROESR
BHOHEMEgE A, Zy 7R3 —Fm/mWw/ — K%
CH:LTENTS. r 7V NIZBTFA/,/—FiD7
Y7 Bl TERFTZENTED.
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Erést(r) = Erést(r) + E}ilrv(r) - E(iZH(r)’ (1)

T EME r 7 v RRBIEOERABENETHY
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BICIR - 2 BEEICB W TIE, BEL— MRV EEET
ﬁ,%*@ﬁgwﬂﬁﬁmé<&é % O 7= % EHGAF
FHVWDE, KEEL— MEKO CH TIEEIHEEN
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A5 H#HAX
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EHGAF t [HEETH 5.
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NOHEEME TREE N RE G MELEHT 5.
Eisn(r) = Elt(r) + Efry (1), (4)
ZIZT, EqMiZrg vy RBBEO ) —FilcBiT b
BAREBEHE, EL.OWE r 77 RICBT 2 ERESE
TETHD, BEE Eli, BiZ o REFIETRET &
FHREND 0, B OICRERMOr-1)7 7 Figk
f%)%?é?éj]EEhw(r—l)%ﬁﬁb\
3.3. VS RAY A XFHE
7 7 AZY A XGIE T, BHINZ CH OHEEH
%T%%ﬁgamm#%@% L— MLV ERD
72, 3D L5 CHOENWARE DB IE LD
W7 FAZY A R EMEST L. %/ — FToOER CH
BIRTE, —WRICEBREELLTCCH2»bDOE—2
ZEENEHCD., Zolt b —arkEFEENP L%
O CHOZNLD /NS TRIETZ TAEZHAX
/NS TE, Bt SNERDPRLIBD. 20D
ElgMM/hE W CHDOP L Z/IEL L, % CHD 7 T

ALY A X zM/h L CTEEARMEERL, BHAMK
Wz 5.
AHFATHE, 2BBoc—a v EXEENEZERL,

Bl (OEICIE L T%H CHOPL B ET 5. rowy
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IRITDHHOE — a2 EEEBPLIE, & CHOD
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Elllsbl(T) <a
otherwise

P]ow ;

EZH™
)
Pgtq 5

Plim(r)={ )
2T, Pyq PowlFENENERELY —a VE(EE,
I TALY A REM/NTDH CHOE—a i kFENT
HDH. alFE G MITHTHEMERET HHE T A
— X ThY, TOEODLNTZEEMTHD.
3.4. Ny YL F7REHM

T ITAEY A RPLREATH IV T AXTIE, FJby
JAMBPEML, 2RTEHF ¥ XAT 7B AHEAICKE
HNLTT—FIWNERRLTIRNARSE. ZOT 7
EABAEBEMIE LD Ny I F T8RS A X%

[

-
—>

T ITALZY A R Ko TEAT DT 7 AR EIT O .

Ny I TEBY A XNEI Ny 74 7HE BE ITL - Tk
EEINDD, 77 AXYF A XHMEIZE > THRE S
e —a v REENPLLE IR, PN hENns T2
#TiX BE #/h&<, R&EWI 77X TIL BE K&
SERELT, FYRAT 7B ABAEZHEMT 5.

A J5 A TUE, BE % UH [BEmin, BEmax] (2 %5 L T 2 fli¥H
DExEHRL, # CHOE —a VEEBENMICIE LT
EET(D SN AEMAJ % BE E#IH AR ET S, r7 v v
Rl v A CH;, ® Bd F ® SN 2 H 4 %
w%MﬂMhmﬂif@ rvEzxons.

[BEILnin (T); BEmax(T)]

high high i
_ [BEmllgn ,BEmlagX]. Pl (r) = Psygand X(r) = 1 ©
[BESS, BES]; otherwise
C 2T, [BENSBERS| [BESGBESA|EEA TN T

ABPLREED, BLOEHRO BEEFHE CTH L. 1z,

X7 Z ALY A4 XHEOFRKERTELETHD,

v—a Uk EENMEPWEHAT S CH RAFEET 2

X1, EhUSoGETORELNS.
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