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Abstract One of challenging issues on the sensor networks is to extend lifetime of network system as a whole. In
periodic data gathering applications, idle time occupies longer than transmission time in the state of a sensor node.
Consequently, it is important to decrease wasteful power consumption during idle time. In this study, we propose
a scheduling algorithm based on history of RTS/CTS exchange during setup phase. Scheduling the transmission
during transfer phase enables each node to turn off its RF circuit during idle time. By tracing ongoing RTS/CTS
exchange during data transfer phase, each node knows progress of data transfer process so that it can wait to receive
packets for data aggregation. Simulation resuits show that system lifetime of our scheduling extends 220% longer
than that of existing “power scheduling.”

Key words sensor network, scheduling

- g ATZUt2 8/ — REEFBEEICE>TRY NT—7{tLzd

1. FADHF N . e o = .
DTHB. oY/ —FEFEAyTFUTEET2EEZLHN

EEFHINTWAE YRy =23ty > T BRE TWaBH, BHO/ — FPP7REEI NS /Ny T U L0

—25-



B BT 28NS S, OBV AT LOTHBMOE
Btz >y 3y b= 2 OERICAG TORMNRE L 72 5.
2 RF LOu RO KIS B MR Z L TFIORT

o TAFNMWIRZVS I FEICT—Z2EBEFEL TR
HIRICEBENOKZ O RF BIESES L TH D MBI IEEE
TIRET S, b2/~ / —FEENE YT LK
F—RERETZIEG TR, HiFHhoE BN/ —FD
LU F—AEGMT B, BICZETELLSICRF
EERZEH L T DENDH 5.

o WEICKBHEE: TAFERITHELICLET
S—HRELIBE, T 2RI LHET ZHENSHS.
F I BEHEFHERT B 72012 RTS/CTS KPR ETH S
A, RTS BERELIIBEICE RTS #EET B4 —/3—~w K
MNbhs.

AR Gl LAlORMEICHL, 7V r—2avE, vk
T BELEUMACBOIOALAYHREHCED, VAT L
AR ORRE 2= 5.

A TCIEL YRy b= DT TI) =3 Y O—DT
HBEMHEPEIER & 2 EHRICET % & 5 T e sREs
TN r—ra ERRET R K7 T)r—a v idgtb oty
=Ry U2 R EANNET B 20D 8D
THs. TOBE, —EEEINZRy hT—7 V) —E B
ALEHDIC D> TTF— 2R WET RN EZLND. *
CTRUDICT—HRMEDRA I TRME, AV a—D v
TEBLICEDT ARV A TOBMERST &N
T3, ¥EEREEEZ XY FT—I LVTHRET B EH
5, RTS/CTS OHEREFEMNENZ /28, HIKICKBA—/\—
Ny RE/pEL RS, S6ILT—RIVET % BEIC [ U R A
5 (hET BT —ZAF L) 1o, F— RXEEHLOT L F—
AT 74w 0 ZHRT BT ENTES. XI-REIECIIA]
OREICEREENS LS BRREENERAYT Y a—1) T Tidha
<, EEELERC IV 6 NS RTS/CTS 3&#y5 % R
Uiz, oA MEOEWHRFIRET S,

EHBRNER T Sy~ a iUz A7 L
CHETIKCWVL DODOHEDHED LN TS, FOhDTF—
ZNEY AT LR E LT LEACH (Low-Energy Adaptive
Clustering Hierarchy) %% % [1]. LEACH i3t % /—F®D
NSNS DD/ —REITSAZNY RELTGEY, 075
FAZNy REROE UTHEBO VS XA EEBRT S, ¥37
FAZNY RTHRW/ — RiE—FAESKHE I T A F~Y R
T—REEETD. FLTCT—FZEEDIISAZ~Ny FHiE
HRNEET — 2 ZEN L TEETS. LHL LEACH Tid
CDMA & TDMA OWi 5 DA EHAEDEEMT MAC
ZHVTWVS.

F RO F — RS AT LIS power scheduling (PS) A
32l PSAHRGERETAHMEE AT Y a—1) V7L, &
ZENOHMIE RF [gEA 7icgd b eic kb, EEEE
JHEZRRL TV S, PSARTRYY N7y T4 X b#
ETLARD_DOT 24X %ED. T Ty T T oA
AT RTS/CTS ZHUC Ko THEE MR L 7— X B 2ET

—26-

T - Transmit a packet
R - Receive a packet

LN

BS
Q——@®
1[R[ t,
@ 2IT| b,
Lo 17 o/
4Tt
s[T] t,

K 1 power scheduling IZ& %% /—FD U X HHMERFIA

b, FTOBERELL/— R, 2R ELOBEETERE
ZORZEORBELZ Y X MIEET S, CoEEY AT
AU B BHGEEL] & 1X RTS XD DR AITH S, K1
VR — RREMBANT — 22X )VFFy TR BERIC
HF/—EBRRBELTVR YA MO FZRT. TOVARDHR
BROEROT VT 7Ny MEBEEXTE2ERRL, Eioh
flOFIBEBMBRLZRL T, ) A FOEEIT T-tr,
EHBHEE, T—FOWEREERLIN S tr, BRICIAET B,
VS TERRLTVS., RICEHEET 14 AT, &7 —2I
HIARIDIE CHICTRTOE Y/ — RO RF HgEA 70T
3. TTTRFRBBEAZICTR 82 A)—TIREEELR
REFPED/ — Ry b7y T 72 A X Tt LIZ) A b
RERRLIERNC RF BEEAE A IS L, RTS/CTS &g 3 &
BEQIT—2EREET S, K5/ — RREEMTTTE L
AY—TIREL 5B, ERB{ETFED/—RUEGTIHEGL
FEEIC, oy b7 w77 oA T8 U 23RN RIC RE
A AL, ZEDRETTREAV—TREL RS, O
HRTIOEZGUNOE AR T« RIVU X R L, o
A7 Lo EMOn EEEELTHS. LY LAR»SOTH
REFADOTIICE » TTF— ZXEICKB LU IEaE, thor—4&
RIELBEETZAREN S DS, PS ARTIIRTD / — Ridfh
D/ —ROEEAT Y a—)VEMGAEVS, mRESKC SR
WEAIICHETHTLIETERWY. XHCOHETER®EY
P/ —FICBWVWTTF— 2R LTIEET R I TERL.
F=REENTBHICBE Y/ — RED Ry FUDB,
R L B C1REE DR AR ) — A EE 5.

2. REF &

AHFETIE, RTS/CTS KPUCHDERAr Va—1V 27535
Multi-layer Scheduling (MS) ##8%9 %. MS Alis PS /5
REFRICEY v Ty T 72 A Xt 4 A%ED. PS
REDKELBOE, 37 21 XTEH RTS/CTS M| T
BZDOTHAAETHEC L, BEY /) — RTT—XEHA]
RETHBT L THSD. LUNICHIRRERIC I 2 BIfEDOREHA 1B
N5,

2.1 v b7y T 74K

MS /X Tk Directed Diffusion % fi#4{L L 7z Tiny Diffu-
sion IZ{8 > U7 — & ZINET %. Tiny Diffusion id interest &



ACK

Wake %
Receiver n ”SIeep Receive H ”

Preamble Data

Sender

K 2 LPL AUCHBT B EZEOEE

Wake CTS ACK

“ Sleep Receive IRecelveI ”

Receiver ”

Preamble Data

RTS t

X 3 LPL AiC RTS/CTS KHMBHER DI - BB DRRZEDEE

FRENZ Ny bRy b0 2KIT7 Iy T T L, &
/— Fid interest 737y MRS LT — 2 &2 B MFGITENT T
RMETBN—T T THS. LRI MS ARTD
FlEzd%.

EFEMBON T — AR OMRE XY x4 XTDOT— XY
B EZ#E BT8O interest /37w &Ry T — 2RI
TIvT 42T T %, interest /Ny MIEHENSEE/— R
FTOHRNR Yy TEDOEREFFD. 1 DHD interest /84w k

FELE/ — FREBEORy THWEHE interest /3% v +D
Ry TE+1 OMICEH L, ML/ —F~\T7+T7—F35. ZL
T 2 DHLED interest /3w FEZ{EL /— R, HZOD
L TV Ry 7D interest /37y h DRy TH+1 kb
RENES, BHORY TREEHFLUEL/ — FN\T7+T—F
T3, ZDOrE, ZEF/—RdENEy 70 interest 787y b
FRREGLIE/—RO7 FLAZZEL THL, bk y
TEBEHF S NEWEEIZ, Z0 interest /37 M7 4T —
P&z,

IIC interest 284y M EZ{E LIz — Rig,
Ny bDT AT —FHRRbS L/~ F& D ERICE:
=Rty LT — 2R ETS. CCTH/—F&
D EMURISAV / — Flild, RFERRLI-R/IRy T T
= interest 73y FODEE/ — FhT—-HFE < interest 7134w
DWW/ —REd 5. X1/ —FXoRME»SELIC
H5/—FhLDTF—-2%2MHT BHAICE, HRDEY Y
TUT—2ORMERLEFAL /— K5,

AHAXTE, T—R2EEZETIRICAVDI AT 77 0%
AFA L LT LPL (Low Power Listening) AzZMH 3 [3].
LPL ARG 2 1R & S ICHHMIC RF [IERZES L, &
BLTOAEWEMZET Y ) 7Z2RINT2HATHS. Fv
V7 ERBAILIEBR 7T — A2 ETEDREL XD, BoL
OB ERT IR TRk 25, FDz8 LPL /4
A& RF EESOESRHNEO O THBEEIIVNEWL., oY
/= EREE LGSR, AHORXOTV T TV EED,
A/ —FZ2GUEL/ — FERTT— 2225 TE5RE

interest

KT 3. LHLGORD LPL ARTE 7Y 7Y TR ERT &

KT — 2R ELHBD D10, BRI X BEZERA —/3—

27—

1Dj113] & R-RTS
o[m=ls C-CTS

i S - Send data
3 2+34— 1 E - Receive data
4 REIR T \ Delete
5 [ RSB ® .
1Cl1]3] t, ///1513 e,
2R B @ 2| D3B8 T
3iD{2 tr, 3|E|2]|3 t,
4| RESTBTt— 4| DB
51 RT3TB 5|D|3|B tr,

K4 BETFETOEY NPy KEZE/— KDY X b

L7 T ORERERT B ENTERV. FTTHERHE
1R B e DICREFED LPL AU RTS/CTS 3D RAER Il X
8 DEMNS. RTS/CTS 2323 LAY/ — Rid PAMAS
(Power Aware Multi-Access protocol with Signalling) (4]
&I, RTS/CTS IKEHEFEFN TV BB D72 AV —TF{R#E
LA, THUCEOA—NR—b 7YV IDOEERERT S T
ENTEDOT, MEAEBNLHBEEINS. K 3ic LPL
RTS/CTS &b fER INZ T2 5B DEZEDEF 2 RT.
AHATIETO MACBTHWSENS RTS/CTS ZFIA L
TEEDRA IV TRIET D, 25 LI RTS/CTS OfFEH -
KRR - B/ — FRURE/ —RO7 RLAER/—
ROF— 2 EEHAERAE RRIFIC ) A MRS 9 2. 728
felc EEAR Y 2 MOBINT 2 BICBLIC R CEENH B HE, 4
FLTHAEREFHIRUF-EEHEERY A MDORBKICIAS.
TNEEX T 2 A XIXBWT, B/ —FEoRE»5EL I
$2/—ROTF—ZEEKLTRD/— £S5 THB.
Flor—ARERI RV —TLad 8, FRLBEOERIH
rEND. K4l 3D/ — ROFEDE/— RHBFFOU A+
DFITHS. VAMDEBEZRO—FBLICHDTIVIT 7\ Hi
RTS D315, CTS DRE, T—2DEE, 7—2DRE~R
Lfm%.%E%@Eﬁezﬁaa3§5k&%&%u%n%
TSy FORE/—RID EZEF/—FID Z)rl, —&H
DI ZF Oy FOREERIIRELFE L RRIZRL
TV, FIZEY) A FOERNR-2-3-15 DL E, 2&/—RH
3F/— FICH L F— 2R, D 15 BHIRIC RTS /Y v b
EEFLRE, EW0WHTEERT. TDYRARMIRDEY T
T A RETRELENT 5.

2.2 XTI AX

BT A X Tty b7 v 7 2 A XTEBRINIZY AR
EOVT&/ —EWREETS. £TUXMOKEICIE/—RD
EENH D/ — FBRT—ZDEET . T—XEEFOBICESZ
f§/—RWRTS/CTS 3¢#d 5D T, RTS/CTS ZRFLI-A
AN/ —FEAZTOV A ZEHT S, FLTEHENLYAb
DRDOEFNE /— FORKETHHHS, RE L RTS/CTS
& B AN —=TD%T SICHT— X DREEHEN (RTS/CTS 38
B) ZHMAT 3. BENMRTY L/ — RIZROF— 2 [UERLE
BFECA)—TIREEL S, &Sy TPy T T2 AR



TTF—RABEETERRBICT—RERETRILT, HEE
MR E NI T — 2 EET 5 LINTE 5.

F - TOmZeh £ T RIS/CTS WZETE R EAT
I3, VARPEHFHEINZOEDICODETEL T —RERETE
BN, FCT, YARTEBLTWAHSDT —XEIRETE
TERIC > TR Y A M EHENGWIES T, g 52T
DF—=EMEALH>TVBBHRT ST —252R(ETE. £
Yy RT T T oA XTEEBLURRAIC > TS 575
DF—BEMEA>TOEWVIEEE, —EREFEL %, 7
AMETCEALH>TVELTEZTNETOT— R EEHLIKET
5. T—EREAE>TOEVIRETEELE / —FEE5Ic—
ERRRE D, TR TET—2DEN R EEIE ) —TIRREE
%%, AANTIEPS HNE R DEGEAT = XTH RTS/CTS
LU TWVWABTHIC, 7— X OEZLABAATRE R 201149 %
TEMTES. PS AT RTS/CTS 22§39 Slc 7 —&
ZiEH> T ATHIC, H2E0EET % FEMNT BB TERW.

3. YXal—¥ 3 /5A

T 2alb—%d QualNet ZRWTKAI L7z, 74—V FY
A X3 100m X 100m T, 71 —/b KON R # X,
100 /DL Y/ — RR—HA M >TT U A LTEET 5.
#%/— FOREERIE 20m & L, HEENE 800uW, 5238
1113 5000 W, AU—TEEOHEENIL 0.5uW &3 5. Ny T
U4 LE 500md £ 3 5. 737w by X4 Lik 32bytes
&3 %. LPL OF+ ) 7 ZHHT 2L 50ms £ 9 5. 7—
ZDOULERIBRIE 900s £ T 5. LRI Ty POy X R
LTER Ny REREFIRT 5. T —2% 10
IS B T &IC interest /37w b ET Sy T ¢ U LR R
B30 9 5.

B 52 MS AR, PS AR, Ay Ya—V 5 LoBGIc
BOLHE I OBE)/ — FEERT. Sy FOXAO—R
Y1 Xt 16bytes TH 3. TOKMNS PS HXAH MS A% L
B> TWABEENS ST b E. LM UERHERFE OO
LA = RNy T UYIN L RS T8, T OB
HRIc 7T —2B3E@haneEZLNDS. FCTAUNET
DFATEZALBBYIO/ —FHRRy F YRR TETO
B ETs. MSARDIATEALIE, Ay Va—Y ik
LICH U TR 3.5 %, PS ARICHRLTRE 280 TW15 T
Ebhs. CO—FOERELT, /7y FOXRAO— FH
AL TAY A A ZBPREL NNy FOBERIC K 38
IANVFE—DHIBRIIRDPKENIDEEZONDS. FIAF
Va—Y T K DRER TR <ICRF BIBOBFE A 71
TELZLELEFOERO—DTHBEEEZLNS. L LEMK
HTHWTWLS LPL BEIC RF BIOEREEL > - 743
BREMEL TWAETS, AT Pa—U LT EVESTE
TA RABEEDIZE A K IZR) —TREEIC Iz 5 TW5E. FOT-
DEERTHT QIC RF MIBROEREA 70T BHRIEF— X
ERICEZMBIEFERANEEZLNS.

T, RAO—FYPA X LEE B EORREER 6 1
R 6D, XAO—FH A4 XHAVNENZ E MS ARHR

_98-

100 R
w 80}
@
he)
Q
=
o 60 +
2
©
S 40}
2 -,
3 Yo
2 20 Proposal scheduling
- = = = Power scheduling*_
----- No scheduling S
0 e I L RSN L w
0 100000 200000 300000 400000
Simulation time [s]
M5 ERFELREFEDT AT 21 LD
180000 )
! Proposal scheduling
160000 f - - = - Power scheduling ]
140000 -=== No scheduling
D
‘e 120000 |
E
F 100000
£ 80000 f w.p..a.
o pooTmTT e, e "
£ 60000 |
z |,
40000 | emrmemee,_
'''' e
20000+ 0 TRl -
0 : - L PR
0 50 100 150 200 250 300

Payload size [byte]

6 NAa—RFYAXBBLETRIBEDT AT 2 A LOHE

RRHBehbhd. FhXAa—FHY AL AR ELEBI
DN, MS e PS HFXEDER RGBT LD,
NUIRA O— FH o THKE 2B ICONAy FEHOFR
INELEBNLTHS. LMLoY Ry FT—DTlE, EE
DYy T LETF—=209 A4 R3NhEL, Rfa—kyr X
ENy HFA R EAEED LN RSN T8, MS A
RIEHBZ LA 5.

4. H EHE

AWIFE T, RTS/CTS REUCHE DRV a—) T
REHERL, YIal—iarikkhBRIFLE BEARER
SAREOIEH G, FEXAIVTERHETELICLD,
SATLDIATEA LA LET B EER L. ¥, AT
Va—Y T T 2ENENAB I LICKD, RTFEC
NEK TR 2 BOY AT LM EMEens T L 2R LT .

X Bk

W. Heinzelman, A. Chandrakasan, and H. Balakrishnan,
“Energy-Efficient Communication Protocol for Wireless Mi-

-

[

(1]

crosensor Networks,” Proc. the Hawaii Conference on Sys-
tem Sciences, Jan 2000.

M. L. Sichitiu, “Cross-Layer Scheduling for Power Efficiency
in Wireless Sensor Networks,” Proc. IEEE INFOCOM 2004,
March 2004.

J. Hill, D. Culler, “Mica: A Wireless Platfrom for Deeply
Embedded Networks,” IEEE Micro, November/December
2002.

S. Singh, M. Woo and C. S. Raghavendra, “PAMAS: Power
Aware Multi-Access protocol with Signalling for Ad Hoc
Networks,” Proc. the ACM/IEEE Conference on Mobile
Computing and Networking, October 1998.

2



