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Abstract

In this paper we suggest a scheduling algorithm that transmits periodic traffics efficiently in
tree-structured wireless sensor networks (WSNs). The related research(1) showed the problems
such as increasing the energy consumption and decreasing the data throughput as the depth of tree
increases. To solve these problems, we use idle time slots and avoid the redundancy at data
transmission. Also we suggest the algorithm that transmits the control packet when it is similar to
a previously measured data. And if emergency data is occurred, our proposed algorithm transits
that data in EDP(Emergency Data Period) for reducing the wait time. The proposed algorithm

shows more data throughput and less energy consumption than that of the related research.

» Keyword : FMMMUHIEXT (Wireless Sensor Network), MAC(Multiple Access Control), £
AIE2!(Scheduling)

SRR 20 AR AL
« Z5 02008, 10. 8, alAY @ 2008. 10. 26, AAIIZY 1 2008. 12. 24,
S ELERELELEIEEEE I LR L e



158 EJ';E 74::}:1 ]:Eéﬁ‘!—‘El uI'HI)LwL (2008 12)

.M E

229 499 20l 2 2
s B Eﬁﬂ g% 450 a—g_— A1gA
o 2 gl ©

o wE S e gho

olggk T AN =EEL F2 ujEE A
7] wjell wAZE HA] Fa Fal Sl A
2] ARE- Foll A|eke] nhErH2).

T A MEY M B sk viEzr) AREE 4
T vk 23], 3 F=(Collision) ol &g A
A3l AREE BF =X OE A B S W
293 A qUA7F AREE A9 (Overhearing),
AR et Hlole $A1S 9ek Be HEE 71 A
&l W& v e £2%= Z$-(Overhead), YA 7418
tolE7}t YlEtl® $540S Hlsta Sle Ad| whe wiEe
7} 255 7Z$-(Idle Listening)7} itk wahA =7}
g s AR FAE sidst] A vt 7ol 13

wo] vk AR olgfek MY AMS-E HAFol WE Trade
offe AFAAL Z7M7)e BAE LA dtt o) d
olEle] A& FAAE FIEIER o]E of YA ZAEA | o
& AT E=3F 2 o)t Ha

A7 T4 A ES Il = ] 7
& gho] dgEo] gk, AN 84
HEl" ek 741 AlA dE 43°ﬂ*1l‘— EH
AAA BUEY she 73-97F B7] b

£ Zod wet 4& 5 k. ol 77 V—?
Hgt E&A0R ASS F e A7t Bo
RTF. ol £ =woA TR FH A
A AA Y ES] A HolH HEl&s o
o 7 (Life Time)< Mele &4 &
o} =3, ol2fd FUA L Efgd 23S v
A e @A, 7 5ol LAS =
317] 57| whiel olelgh el % Hikhel tf
2|7} o] Foiint,

rlr tlo

2

mﬁ
_QF_O,
o> |

2
o 3

BB
o
fo o

¥
N
1

o=

= 16

N r>*‘ o m ao
o=
L)
)

o H
llo
2,

e

i
i)

ﬁ fu
Tt
&
e

b
do o
s
e
o 8

o 2y

oy <

2

FAe thest 2k 239 B 97 o)
s ARt 33elAE PMAMACH] tiald Ael, 4
g ola gt oo R 5%

o o=

Il &

HAT
A HEYIE 7[Ho g 3= MAC Z2EZ o
1 A7 JgEo] vk a1 el ¥l 7714 Ed
et Z2EZI 7141 Egjgd A3 22EZ
A7 o 2k
AR F71E”] B A3t Z2EZ2 CSMA(Carrier
Sense Multiple Access)®19] S-MAC(3), T-MAC(4],
D-MAC(5) o] slvh. FAIA 22 S-MAC(3)L F41 AA
VIE T A oA £REE Fole 97 Z 7HE o
B4 ZREFZMN, Duty Cycle TS ARE3l] <%
3+ Sleep¥} Listen 7-7H HHEA o2 FAAIZ] 024 oY
A 225 . 28y 28402 NHEslE FA Idle
listening®] —rzﬂé A71A 3laL, RTS/CTSE S8 71 |
A B we=vto] HFe| Folahs WAL HF Aol B4
ke S 7}%@ T-MAC(4)& SMACeIM9] Idle
listening= °17] $late] LA F<t dlo]E|7}F AR
Us 735 HE Sleepd & UEF IGAIF 3] 714
AAe] EAZE EAE. ol
D-MAC(5)elME Sleep® ListenT3He: AZeA A=
2 sl 819 =] A AR Y] =Eo AR Bt
# Agshe WA o® SMAC(3)# T-MAC(4)9] A A
< dF3t). sRITE D-MAC(5) 9A] CSMAR]-S AL
317] W2ol o2l sk9] =Tt A9 =t HolHE HEs)
7] $jste] Aol Itk ole FES TS| Sal

T oo =E=

74

%

e
X gg

o

2
ﬁ_g a)

J sHoz ¥ A%

RTS/CTS, 2 (Backoff), CW(Contention Window)
5 ARglok ab7] witel eme]=rt i AsAl Hot

R=R L‘Evﬂ__oﬂ ;\1 Zﬂo]-g]ﬂ_—_ _r_7] o] E;:,HJJ oﬂ x%a]—z,—} zZEF
2% TDMA(Time Division Multiple Access)®419]
LMAC(6), RT-Link(7)3 2AEd¥ Duty Cycle®d2]<]
SEA-MACI(8], SEA-MAC v2(1) 5°] 3t 9 LMAC(6)
2 AL EfFx9 2AE oo WS AR T F9 o
% 20l B} &3 (Time Slot)o] HAIA] @A wAjstd S5
< AAske WS e 59 LMACS B39
Listening@ Q| =5 wjAlety, S5 AAS S Uy
&S =90k RT-Linke 24 Al7He7138} W4l 42 2
2 AAFHA F713HE At Alo]E (Time-sync-Cycle) &



24 AN WEAZAA F4Q

SRR

EEAY ZUEP S 9% MAC Z2EZ 159

oF Zzgd o2 o] A4 &53(Contention Slot) 2 2AE
£%#(Schedule Slot)22 vheth 7|4 2AE 2L
BS(Base Station)9lA ~AIEY 3slo] &g w=So] 52t
ke &%, A4 £3& UES T e AX ==
o] AL Folod BSol| £& TS
U TDMA 719ke] Z2 2252 7)) HlolH Agele &
£2o]ATk B3Ol HlolElE Mggel] glof
AelE &P Bl 5 BT B N
T o] ~AZ3H Duty Cycle *41Q0 SEA-MAC(8)&
7189 dlofel7h wAstE ZUER $6A F718E &
3 oA £RE Zole AL HRZ 3 Z2EFOL
e ARle] BUEHE HolHE Heste Akl 5713+E
3lo] AgsA E=d ©]& %3l Idle Listening 713+
Haglela, ad e dur] B82S S7MRIEY 1 F A
Zo] Ak SEA-MAC v2(1)elde ZUEHHE dlolgs
BSoll A% w] RTS/CTSE AHESHA] ¢k HolE e A
gota 9] wEdA FHE dolHE SRS A+ 9)
AZEE = o] ARMEITE SRR, o] wErt
g dolE7t ¢ hesd Hule gt 23, gz
(Leaf) =x29] Zlo]|(depth) 7} Z7Fgel whe} A APM
Hwo] dojAl= & 7RIk mg Bl Fxo] £40F
013k A9 =2 LEd4E Efgo] 7o o= Qg
9] o] $Ho] Folue Zlo] mHEA] ¥kw, 2AF
Wad e S5 dolH A EAZE 1] gkt
ole B =&AME 714 BUEY S EE =

CE

oo
el

K

-!Dl' r1r

-

=9] dlo[e7} BSell 5 At Eol1, 39 ==9
qUA] ARE 2] YEYA AAQ] £HE SHIAT|E B4
o A =9 duA] 2RE Fole WHES At

lIl. PM-MAC (Periodic Traffic Monitoring
MAC)

3.1. PM-MAC 712
712 AR INE Ex) 72 319 wEoA 24 b
oE12 AH9] ol AdsbHEA] 248 glo|gld] mjw 2Rl

dolel & F7kslel Hulek. oleidt WAelN 39 et o
9 etk Be ol g Rl Bk =5 ael =
o4 ot HlolelE W the Al HlolElE it 34
& @)% (leaf) 9] Qolt FAEFE, P Ewmdd 37
@ dolElZ Bsel A3 Aldle] 2ol BARE 71

th o]o] B =RdA Atsk= PM-MACeIAE TDMAW
g Abgsle] 7% de] EAH S dldsla, AnRlere

A wlolE Aelas FIANTIH, A AuA] 22E =

O

QT w3 BUEY BN 24 ghol o] e 24 2
sh Ae Aol g Mol H9e] HEAL AEYAT, 2]
B2 @764 42 4 Qe 17 lolES B Aeishe

kS A g
£ =FollA Agkele PM-MACE 3% A%
RA(route advertisement) A& BSoﬂ
BSell =28 h7hA] AUzt wEe
wE2EE RA 4171 < 7 g9 BSe
=R v
At dugFel wet FES 7“40}74] ), BSelME &)
70 Hel wro] JX|of wet Bl 52 TRl
A(slot assignment) 371 EHUlAl o} SA
LEe ARle] g3 el 2 st 5
oM = olefet Az F2o] VIENAIL FAE
theole & dojuA] g=th
=wollA] Aljke Bl AAEE WA RE £
A A gt

I
=
A e

53ic}, RA #7lol &
a7t F7HY. BE

ZRAE ¢ F Ik o &

AN J:L

o

=
m
o
Fi

I

32. Efel 27132
Bel 2AZRe 216l Belt A3t Ro] 7 ey
2UERE HolE S BSON 2R SR $501E B

e 71ze] A71)7 D-MACI5)% 4}
il A< WAE RIS/CTSE A3

[<Jom

= -~

A8 wuE g 7P}j DIk, ff‘ ilt[9 13 1(hop) 7}
w9 B9 £2(Time Slot) & AFE3HEE 3t}

iy
=2
oz
=)

°

Sensor
Nod

BS

I:l Send
- Receive

Node 3

Node 2

Node 1

—>Time

T2 1. PM-MAC 22iEe] El AAE
Fig 1. PM-MAC time schedule algorithm



160 B 2 FE RS SisciE(2008. 12.)

9194 BS® 245 Filske dolrh dojAl e A
golg & it} o]& BSell 7HYASE A4l Hlolel g}
A EEoA B dloleE 234 MEshr] wieltt

B =RolA Absle 2AEE ofele] o729} 2t &
=% BI7F GalE B €214 dlole 4 £2(R), H
ole] $4l £3(T), Sleep £5(S)2& g 2R=(Round)
£ veth E=S §F £33 dlolE dizle] HujE dlel] Ag
£ AIZHB*LDATA) & 7|52 ot

t5 Lpata

f—

[RI T [t [sTsTr[t]s .. [s]
| Round |
J% 2. PM-MACS| ElRl &% A7IE
Fig 2. PMFMAC time slot schedule

% EE LT 7Y% AAEE A ¥a AR
A9l w2 2AES BSEEH dgton, Aol
YE 3 dlo|eE BSel| Aged wjel] x=9] 3 & HHo=
49 wEE0] TG 5 UES B SRS Mg A%
"2EE S/ ol e 2AEY duelEe 233
e 934 1 ush Holel g A4 ol ekl es) 3
B 9% 5 Qe 3 F 29 AW ok A4S AR

o
4; -
o

Tl 3. Zlo| 5 EEZX|9| of
Fig 3. Example of 5 depth topology

BS m m
Nodes _[EM 45 12 3 AH
Node 4 12 3

Nodes [N 112131

Node 2 ll 1 I 2
Node 1

T2l 4. PMEMAC Y12lEe] Bl AAE
Fig 4. PMFMAC time schedule algorithm

':i:‘
|:| Send
- Receive

1. 27E melole
Table 1. Parameter for Schedule

2ol f=lla]]
R ol 4 &R
T ole &M &R
S Sleep &%
tg HIO|E & Hiif= AlZk
Loata Cllo|&f mHzle| Zo|
ROUND 27|1EE 2E £R0| B AR

Atehe 2AEY dudFe AL e e
SMAC(3], T-MAC(4]), D-MAC(5)E3%= ti2A 255
3)9]8l7] 912+ RTS/CTS, W9 = (Backoff), CW(Contention
Window) 5= AMSIA] &t 238]8 o|Zle] #E& &7}
MR EEE AT 4= U] wZeleh. o3 eHs=s
AR 3 ZeA0l ~AEYS s e, =, 235
o} Zo] 7+ FE(Route) & Ure WHS ARS-E AA 4
o FollA she] FEM T Ago] o]Ro|X]F) o] FES

sgel=S gk,

Pl AF(1)e] 29157 PAINE FES Babld £
E7} FEEEE ol o] 1yl HolelE A ehesdd o
2 Wl WA HE BAS okw o o2 Al &

E5E FEA vlolHE HifA] de Waor ~AES 3t

W, htel FE Lot Fopnl, A= Lebass rAsE
dlolele] o] Fo157] uhe] MEAD A £ F7b
A EHE 2 5 Uk ol 3PS ok 1958 Fat
of 719 AP(1)¢ AvRH, X wEe] B & hes

o4 Ae] HolElE @ Wa Age 2t gel, Bsel A
£ wEEE glel FEA AN ANl HoleE 88
& W B,



24 A4 MEAZAA F7149

EYgy 58

Al BYUHZYS 3 MAC Z2EZF 161

2! 5. 307He] =& Zk= Balanced topology2| ol
Figh. Example of balanced topology in 30 nodes

I % a¥bhe FE2(16-7-3-1)& 186 &3 V&
A1)} vl HW, 6*tB*LDATAS] #tolE i
Ak, g FEC| Lol7t FolEH, 22 ARt A &
= dlo[Ele] o] Boluvb, 6709 MRS FUoEH A
weo] 7hgElE Bz A4 EADY duA Aug
2 4 9iet.

BS

Node 1

Node 3

Node 7 16
Node 16, .

101 " Loara

(a) SEA-MAC v2°o| &%
(a) Case of SEA-MAC v2

BS [ 16 |
Node 1 15
Node 3 1o

Node 7 16
Node 16 m

4 1B xLDATA

s Lowra,

|:| Send
- Receive

(b) PM-MACS| Z<
(b) Case of PMHMAC

T2 6. O2 5ol Route 22| AAIEZ H|w
Fig 6. Comparison with Route 2 scheduling in Fig 5

I:-||O|E-| 7(1/\ HI—AI
=43 3-8 BSell

34 223¢l

Eg]72] UEIA
)\1—_?4
Z7keitt,

.
=

O:

N

o2 Qo] 9] =] oAz WA &

2 9

B

o]
A

_ﬂ

=
=

AL o]
39) 5] Holelzh mols] o] Ejgo]
2]
8}9] se=go] Ao} gloje BSel HlolElS AgalA] 2at

s}

A7 471 B,
ol ol a3

&

&

el A AA vIES A
73 BUBHE wjoll SA3ke] & =7} o]
g h} AAZk(threshold) % 2pol7}t & 735t
dolElE AFsta, dAIF oule Wsle FEE -417]
(Control Packet)®t Hujjo] MILEQ} B =
SleepRER WZSH gitt. BSel HEE 70| 54
3 ==t AE3 o]xe] HlolEE %‘tﬂ o|E 3A] ek
#| gkt

=y e g
IN’ FE i

2

4

mF

7(
T
[e)

Jo (B

Z1(Control Packet)9] 7-3& 4441
Foket a8 73 Zar, o] & 2lle] dlolE] szl B
e MMD% AURAI7}F 27} AA et

2 2 ] ] 4

Du- FCS
Ration

Trans

Addr

Recv

Addr

Frame
control

a2 7. PMHMAC ZIEE 12l 7=

Fig 7 PMFMAC Control Packet Format

o 5o, 23} 34 el Holelz} o] ehemel A
3 vlolelsh 4K 7990 okelel] 17 83} 2o] FA,

Sink m
Node 3

Node 2 n 1 | |
Node 1

|:| Send
- Receive

Sink

B [0

Node 3

Send
Noce2 [ I ]
Node 1 - Recelve

Control Packet

T2 8. RASH Co[EE TEets 4%
Fig 8. Case of similar data

tlolEle] Z717} 2799} 2 IEEE 802.11(10)9] dlelH
ZE P25 2o 41%0189] oA 8% & 5 Sl

PN
S s =T

0~2312 4

2 2 6 6 6 2 3
DATA | FCs |

Du- Address | Address | Address Address
Ration 1

Sequence
Control

Frame
control

T2 9. 802.11 HloJef =il 7=
Fig 9. 802.11 Data Frame Format



162 B 2 FE RS SisciE(2008. 12.)

E Aoyt gt} s &l dleleE Hul7] ¢
ato] &9 £52-5 7Ivhelof gt} ARk 7]Ee] A (1)
A ZRldA @89 &3] Ava A7l 17 HolHE
Aelst7] HallM thy SRk Zlvelok gt & =il
A Ajkslz WP g eRREelA] ARlelAl EEE Bl &
o] Aua 717 dlolEl7} eI S ¢ a7 103 o]
g-=7} Eus Al7tell EDP(Emergency Data Period) &
o] 3 He] A 718 E o F

Emergency Emergency
Round 1 Data Period Round 2 Dpta Period

P
I
Routel | Route2 | Route3 | Route4 Routel | Route2 | Route3 | Route4

Time Slot
(RTS/CTS +Backoff+ CW+ DATA=ACK)

T2l 10. ZIg dlolef 72t
Fig 10. Emergency Data Period

7kt CSMAM o EDPE Yo
dojut e el A4S F

Fott. 25 vleld 7zt

7} gErt Bue A
HEY9 RE EE0
siA BujA] B3t 71 HolE &
2 3] diolElE A5 F = ARHRTS/CTS+9 .=
+CW+tB'LDATA+ACK) 9] oJ2| B9 €252 7494
o} Z70el 215 vlolE 7Izte] Bl &% = volEE
I wTojA] BSell By 4 9l AlREe R AR o] ¥
F dlolE7 BAElS 7S 2ulE Sleh | HAgsiA) ¢k
= A% 27 ¥l &390 & Foleth

olgA g Hel g Wl o M 7|3E ol 1F o]
HE B F 9le 7|18 E o, 17 dolHE B2ul7] 9

= ’
al 7itkele ARk Hedez Ak = Y 4 ook

]
|

o]

o o

30 N

Hy F
T

V. 454

2 Aol B gl A PV-MACS] 584 7
%2 9I5j] 71 Q79 SEA-MAC()3}e] )7} o]50]

A8 AN eme] EERAE o) 295
S R CE R CEE RS LT
2le] ot Frkke EE2AE AKIT. ol H2t A%
B0 ALgEE Slevlee] e ARe Bel Fo

2. Ms &M ool
Table 2. Parameter for Performance Analysis

2ol oo|
Dn ngm Zloje] = =
Dyl EZz2x|o| =cf Zlo|
Es H0|E & A== ofjX|
EN =9| of4x| (10000*EB*LDATA)
IR EESXC| 2= RE &
RP jein FEof Hul= oizlel =
P AR
Ln ngf Zloje| = 40

WA Eele] Zo|7t STl wet g ol FEd
s

BE =2U Adehe 7l = ol £ (D=

D,
P= (n 1% D”) .............................................. (1)
n=1
F4(1)2 nel zold| =50 BS/H HlelHE HE
371 1% AZle] 8 BT g Slolnh. okefe] a1 11e)
A A B ERef Aot Sk uhet 3 gk sl
Agse WA ol et vlawg Hef Foh addM 2
T 9Rel shte] FEA Fof 7F Skl weh 7B
ge BE kE7F st Ale] e Sk, 7€
71& ATl HIEA PM-MAC ZREZE F7HEo] b
AL B itk BE 227 @ =l Buile A7
o 7k Ednte AL, AnE U] 287 E9ltke
s ongit

1400
—4—SEA-MAC V2 /

1200 PMMAC
1000 /

No.of Packets
~_

T 1. E2le| Zlo| B7lske Aol &
ot 2R2co| HEsl= oizlel =
Fig 11. No. of packets in an round as
increasing the depth of tree



24 AN WEAZAA F4Q

SRR

EEAY ZUEP S 9% MAC Z2EZ 163

oltf 2 12 AIX =259 Ef Zlol7t S71dl net
BS Al & ==of 9 gt HlwE Ho Foh of7]A BE
w=E59] sleep ‘el & wW AUAE &H|eA] fom,

=52 10,0007H9] BlolHE S5 = Sl oluA
Hfpgta 7Pgsl7] 2 gt o] o BSell A & wee] 5
&3k 2ol #dFE 4 ok

ZF

B

n

ol

o
=

ID,|
EpX Ly X2% 3, D, +1

n=2

L =Ey+

3 gk Bsal A & =7} Ho|EE 44138}
= oﬂbﬂ—% o] o
2] 12014

s

F4(2)%
At BlolE & 418 5] 2
el 594 /psd e 5

Z=mo

i
-W‘
e 3
g BT
fg
— 2 o F
5 om 3|
ook ofy
[<RN
— =

1ok
ﬂ_"%mlo

JIOIEF BS
ro] $o]

O 12, E2le| Zopt Brbske Aol mE
BS A & =of £ ulm
Fig 12. Comparison with life time of First
hop node from BS as increasing the
depth of tree

Hole} A)2)gel vl 45-% Amnr] siste] ] 25
o B22AZ g @ Sesel e 4 (9% 2
o] EAeIA % ek,

(B3x(D,1=1)) (rp=3)
@D,1-1)
=0 ‘Dn‘

IRl
0 =ty XLpyra X

(R,P=2)
(RP=1)

shue] golHE Hule AIRFEB*LDATA) &
FEo| A3l tlo|Ee] 4 we} 7t FEO
ate] 3 gro] A7 9fujgit), o]dt

4 (3
7o R g
AR A F

735, BE k=59 velHrt T eheert S71el w
2 ARk a8 3JJr é‘rﬂr aFeA & F SlRe] FEE A
B 71E AT (1)elA 9Re] HolEE sk wil,
PM-MAC& ZOHH tolEE FHghe A& 1 F U
o} o] E =5l AR PM-MACS] 2A1Ed dugls
o] FY At ¥ B tlojEE Egﬂ o7 #3% + 3,
B891 A &Y =254 Vi e EPYE Sole Al Ul
3 AA 9 AqUALRE Y F vk AL gt
O3 13, T8E 22 ARH[m
Fig 13. Comparison with Accumulated
Round Time
V. 48
7129 AF1)elA At gaEFelMe F= =9

o)k Z7kha FE9| o)} Kk, EE B9l wEE
_0_\1 ] 7}.1]‘—— )\]—H o= Ter__— _‘T.E'Eoﬂ H]o]—O:‘ /yq UL_Q‘
Hlo[E1E ZdFaH ot o|= Qlsle] AH< wolg A2

&o] hadta, 49 wEo Eggo] 7lgEo] dA HES
0] o] Fol=E FAVE BT B =RdME o
BARE ddsl7] 918kl 3% 9] 45 B &% Agsl
.3 B dlolEE b -rEOH HhEalo] HLHX]
“ﬂéﬂ} oldel ST AT A B olE AE
Agale] ool e & A F e Zﬂ?ﬁ
FHeR dARE de AF HelEHE &
Wil thafiA aeskaict.

& =R Alteke daelee 571491 Egg
el ofuqz]e] 2o} HlolE Zﬂﬂ%. g
A Hlolel7h B dgel =

8l

Ep/] 1;]—;(4 o 7].]}\%?5111;]—31_ %

BT

K

o,



164 B 2 FE RS SisciE(2008. 12.)

S i

ot

(1) M. Erazo, Y. Qian, “Analysis and Design of a MAC

Protocol for Wireless Sensor Networks with
Periodic  Monitoring  Applications”,  Military
Communications Conference, 2007. MILCOM

2007. IEEE, 2007

(2) IanF. Akyildiz, Weilian Su, Yogesh Sankarasubramaniam,
and Frdal Cayirci, "A Survey On Sensor Networks,” [EEE
Communications, pp.102-114, Aug. 2002.

(3] W. Ye, J. Heidemann, D. Estrin, "Medium Access
Control With Coordinated Adaptive Sleeping for
Wireless Networks’,  IEEE/ACM
Transactions on Networking, Volume: 12, Issue:
3, Pages:493 - 506, June 2004.

(4) Tijs van Dam and Koen Langendoen, “An Adaptive
Energy-Efficient MAC Protocol for Wireless Sensor
Networks,” Conference On Embedded Networked
Sensor Systems, Nov. 2003.

(5) G. Lu, B. Krishnamachari, C. S. Raghavendra,
“An Adaptive
Low-Latency MAC for
Wireless Sensor Networks',
IPDPS'2004, April 2004.

(6) L.F.W. van Hoesel and P.J.M. Havinga, “A Lightweight
Medium Access Protocol for Wireless Sensor Networks,”
in INSS, 2004

(7] A. Rowe, R. Mangharam and R. Rajkumar, “RT-Link:
A Time Synchronized Link Protocol for Energy
Constrained Multi-hop Wireless Networks,” In IEEE
SECON, September 2006.

(8] M. Erazo, Y. Qian, "“SEA-MAC: Simple Energy
Aware MAC Protocol for
Networks for Environmental Monitoring’,
Proceedings of ISWPC'2007, San Juan, PR,
February 5-7, 2007.

(9) Hari Balakrishnan et al. The distance-2 matching
problem and its relationship to the mac-layer
capacity of ad hoc wireless networks. IEEE
Journal on Selected Areas in Comm., 22(6):1069

-1079, August 2004.

Sensor

Energy-Efficient and
Data Gathering in
Proceedings of

Wireless Sensor

(10) IEEE, Wirless LAN Medium Access Control (MAC)
and Physical Layer (PHY) Specifications. IEEE
Std. 802.11, June 2007.

QoS, EEMtjo] 54

rARPS S|

1995 649 : Polytechnic University
(NY) Z&AHPh.D)

1997 28 ~aA] « FHretn u

(FEH WLAN, A vESZ,
QoS, HEn|t]e] B4l




