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ABSTRACT

In this paper, we propose McMAC protocol for wireless sensor networks like ZigBee with single radio
interface. The proposed scheme is designed to improve performance by transmitting packets through
multi-channel. Multi-channel can be used by changing channel on single radio interface to prevent interference.
McMAC uses the superframe structure which has two parts: an active part and a sleeping part. During the
sleeping part, a node turns off its radio to preserve energy. During the active part, it can communicate with its
neighbors and send any messages queued during the sleeping part. We propose the association procedure which
constructs a cluster-tree structural network. We also analysis the condition that multi-channel can be used on. It’s

performance is evaluated by simulation.
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. McZigBee Design

71EAo® 718 A|M|(ZigBee) THAS EF
IR wEcth | v Zyjle] 3l 9lelA] Af
SAF Aelste] A 4= Sl dllo] 2= (Payload)
I i o] 83t AR A} k=] FAe] ol
= Woln, Aw] FFH6lA AHoxle] 9lA] % H
Elad -84k McZigBee S AAIZT)

3.1 ®=3} PAN

offl 4 PANS AT A FrjdlelE= &
7§l iﬂ%—‘l Agsla 2 AL sl vES 571
o FZEF3hd °] =5 vEE g ek
Ao tule] s E’—EMMHQ} AZJOIN) 3
Howxm PANS A8k 293tk

PAN ZP|2E-Er| 738 3] & & glrk
2 ol MCZigBeeT‘:— a3 204 3719
Ade Mgk A9E AMekn A Fess
Ez]E FA3%E PNC(PAN Coordinator)+ g 1,
2, 3& Au|zshes AZNE 2AIER sle] AR

Low Ads WAATHA i Al FrdlelE

2 A gtk

oI LE wESe whel shrle QEsle]lsE
AR 1 odake gt 2

- PNC (FFD) : 1st PAN Coordinator

- C (FFD): Coordinator

- D (FFD or RFD): Device

ofr

32 H|Z9 28

PNC = Frjlelels o 718 $53he w)
2 =ZHY9S B8 A Ade] =Yy AAF
Apwol ohgl thE YdEe] ~AE AR o}
o} otelZFEr) 13 33} 7o) AR} Aelslke] Ab
2% 5 gl dlelm=d e Aol

t]ulo] ~(FFD, RFD)5S 270 (scan)S 3 A

gne} mEe $E5a e FdelEES o

™ hY
Ist AT @ ' PAN Coordinator
@ CH(K),

I_th Cluster
G:Coordinaor
D:Device
Blue: k=1
Green: k=2
Yellow: k=3

2nd

3rd

a2 2. 2e4Ad *MLﬂEﬂﬂ 2e|2E Erfa

24

A5}, 3 Azl F-Y(parent) S Al=HS=]
AHEH Zlol(depth) B== Aa HIES F23
Frjdle]el7} FE(roo) HE H WA Fell $] ]
3=X]5 velhfr], NOAD(Number of associated
device) F=x= A 2 2] tiule]~rt A4 o]
UEAIE vERAL gk

CH{mod-N(k)}+= A& #P7] #Rlal Ad k (&
L8 olF & iﬂﬁolﬁ 8 & AMSke BE
2AE ARl ¥|EF7|BD} ACTIVE Al=KStart
Time)3} & A]ZKStop Time) HXRE Yehf™, CH
{mod-N(others)} & ZCjulo]el7} Lar gl (2ol
o A FedlelE =4 il»;ﬂﬁ) o2 ux
Ade] wjE 2A1E AHHQl ¥EF7], ACTIVE A
2 F Az dEEr

Tﬁ

3.3 2A7H(scan) ==&

zh e 2AF ArE A AAE S A
“dvdx(descriptor) & 7d3te] T2]gch Ist  PAN
Frjdlelels} ID7} 2HE (F, Y GWE AH3he)
PAN £°| CH ¥ & ?%J??}"/‘r 013 & Ade
2AEE 7R v A 2-2——4 H&57], A3}
F7F AR B AZRS A S Z A (offset) A ZES
2 H =2 /H = H 6]—1:}

l

3.4 ZHElxE &

ZA(child) Frjvlolel= Hx FridlelE|e} o
A% ) o)F A AHgsHe T Hng Adesied
AAF 5 ek 2 F shbE F AR s} F=
Al He, ohE Ade wx Adw AR
FEelelsh g-Ee R & AFE sl @
delel7}k sl 24 wx Ade] ACTIVE Al 4|
748 ok 4 glome ) S WAl 7S
/\ oh;],

RFD tulelxe 2 she] & AHde 53l

ACTIVE duration SLEEP duration

B%aan CFP CAP B%ac%r
’- I I |
. (CH{mod-N(k+N{
= [— umber CH{mod-N(K)}| CH{mod-N(k+ih} N} z
3 sfierfran| GTS |70 of |8l @ v eolBl 3
Stlecificat Fields [Ad%ess| Oepla time S :
Fields S Stop time [Start time
Devicel Stop time
Beacon Payload
CH{mod-N(k)}: home CH
CH{mod-N(k+m)}: scan & #} incoming ¥ Z-& 53 #5H& Ad

a7 3. Wl ZAe) 7

www.dbpia.co.kr



= A EA Ze A HEAE AR ZAl WA

3Z=t}l. PNC+= GWE YehH, PNCE >33t
BE thlolat @ A9 wrle QlEselante

+83taat sk Ade] JieE Nelz) gk A
9 k={K|1, 2, ... , N} o|c}. 3709] Adcd 1, A
g 2, A4 3) & 8ol 7AEPE N=3o]c}.
a7 45 Fhxste] Adwgi

GW+= CHI RIES AT A4S 9y
CH12%2 ¢1Z(association)¥ *=5-2 ACTIVE T
7Feqk AHEel o]%F- CH1-S &3i(Sleep) o2 &
ol7}aL GW+ RFE CH2E ~$Aslr] I3t =k
Z{CH switchover E}}]) CH2Z H|TS $E31HA
ZR219] @3] el CH2E 2% :tE5S Active
TZEEQr A3} ol CHI 2nd S@]2E9] =
tulo|E]:= CH2 ACTIVE 7%} £A]el ACTIVE
d ZAFER S FE3 FEaE 9y ko
52 o] 2AEd wet Ak 4 )k

CHI 2nd Z=|2El9] &5 2 CH2 Ist &~
9] &3] %9t CH3 Ist Ze|2E7} dA3hew
FAloll CH2 2nd S2]2-El7} EAJs}sich

CH2 2nd Z=|2El7} £, CH3 1st =|2E7}
£9Ely W Foll= CHI1Y H|EF7|(BI timer
expiring)d w7} RE Ade] &slal 4 glch

N

CHI Ist S=]2ElE 213 F3to] ZAsiga) 54
o CH3 2nd F&|xE|7} 243} ok

Z GWX CHI, CH2, CH3E A= Au]x~
sla thA] CHIYE WEE =3k Au) gk

2HlA Fel2EFElE 912n](incoming beacon)
2} E#n|Z(outgoing beacon)J+9] 2 A1EY WA=
[EEES02.15.4-2006H4 28 u}-Zc},
wkebol] A% (grand parent):T’_D]Lﬂ 62 FElo
& BE 9)x9] FEDelAl ZxjdlelelE XA
Tt s Al AR HEles =Y 4 oglrk
oF 2 ol $ixEk 22| ACTIVE 77t
T34 ACTIVE 2AES Flololstnz Aleo]
U%— . &, I8 4004 12CE 11ICE el {19
1 & By EYN|E 2A1EE Aolof sh=tl PNC
<]

H

-‘—4_4

(R

m{o

el CHIol tigh vj&S B 5 9l S1He

%ML o] & 79| ¢i¥w]ES 8|4 ACTIVE T+
7k AS A7lo] HHﬂElX] 017 wEolch

ubd Ad =S Foluxgitid A

o] FvleleE 1 g df, ok A1) E=E ()
275}l M= dlld Ade] mle] TN ol I
= X FeM AteA FoH, $4](3) A3}
i TRl elA= FrjdeleE A
ek

<
T

PNC BEACON & Al 4 2H(CH)¥ Bl, Start/Stop time B2 &=
PNC GW ¥ & CH1 —> CH2 —> CH3 —>CH1... S0t A MY
2t CH PAN 74,

CH1 B, stop
Time information

CH2 BI, start/stop
Time information

[

Depth ‘ NOAD l

CH3 B, start/stop
Time information

d

B: Beacon

D: Data
\ A@L/ A: ACK

[eTold [olA

Bl: Beacon Interval
SD: Superframe Duration

- —

Bl ;
£ INACTIVE | (8
anns —=

CH2 B, stop CH3 B, start/stop [CH1 B, start/stop

E

CH1 B B B
.22.;1.?:: < StarﬂEe
CH switchover time
oz % g [ g -
£ g \ ] ]

H | Depth | NOAD |

Time information | Time information | Time information

H

Depth ‘ NOAD I

CH8 B, stop =
Time information

CH1 Bl, start/stop
Time information

CH2 Bl, start/stop
Time information

38 4. WeA ez = 0 §of A

25

www.dbpia.co.kr



SLEEP h rl '!—I
- | - | - |
1 1 1
2nd gmster T
CH2 ]
3rd %lm%t er m — S
CHZ EIm : B B
CH R 1 i

4(SD+ SwitchoverTime) > BI > 3StartTime > 3(SD+ SwitchoverTime)o] H A
parent®} grand parent beacon®] Ho|= 3¢ ~AEH

T2 6. WY Ade] 7hed HEAE oA 1

i — stkep h—l t!—l h—l

,,,,,

|
1
1

]
]
I

‘‘‘‘‘

Puty E B

4(SD+ SwitchoverTime) > BI > 3StartTime > 3(SD+ SwitchoverTime)o] 4
parent beacon®t Bo|& A4 ~AEY

T2 6. WE Ae] 7hed HElAE T oA 2

3.5 AFIEEIA| AL THpet HAMTo| 1A vlgict 4 BI>SD o]z} 7R Eich 30 A 24
s PAN AollA] Fd Az kel 54l Alel] dsll AlsEc}. ¢J7]4 ch_sti= CH_switchover
ACTIVE == Ade] & vieplivia Ae|gi. time-S- 553k
BI (Beacon Interval)> ®|E F7]|& viehdich SD
(Superframe Duration)+= ACTIVE 77t Zol& 9] 4(SD+ch_st)>BI>3StartTime>3(SD+ch_st) (1)
26

www.dbpia.co.kr



[ FAAA E oA e A of A ZA o] WA

ek Aj)e] FAs A= wlZe] 27) e
1ol Fefelolel7} s1]shd (Y ==3)= -85}
| 9Eie E=0|E ~AEE Aol adl4e} 7
o] F& W Z¥wo| ACTIVE 12hs w&ji] Ao}

N

Z3] Hlgo] wol] ek A|ofolnl 18] 63}
& 2AEYE A

qof thg A9 ke 2AslelrlE o] 27
el A|odol FEldelEls} SR ard Zels

Bel s A 2SS g9 5 gl (aH
7 Z

3StartTime>3(SD+ch_st)>BI>2StartTime>
2(SD+ch_st) 2

Wep The A3) EAsteldE 27k nlEe]
B AR (JAE=3) 28] sk (2

BI>4StartTime>4(SD+ch_st) 3)
% AFHE 2E YHEEN Fee)
AEA AT ] ke W9l 24 ellx] A9

V. 84sE4

4.1 AlEsio|M mi2to]E

* Packet size: 64bytes, 127bytes

* Link Speed (S): 250Kbps

* PAN Coordinators #|¢]&F N=27 7l|¢] =&
50mx50m ulell MAFsHA TEAT7 L 27 29}
o] BEZ2AE AT

PAN Coordinator®] depth+= 0, 3}¢] <12
=59 Depthe 1, I thgol A== ==&
2] depth= 2 502 EA’L

dlole] ExfE AXE: 7t =59 dHeleE
CBR(Constant Bit Rate)Z AJAl. vl A]EHo]
Aeich 0.05Kbps? S7HA71HA] v X182
o]x‘j

E2]-2 CBR(Constant Bit Rate)Z A4

ZE dloJeli= PNCl GWE A

o Z} T E0] FHo FAle]= 1000000

H‘

<A - 15M
<7
* AlEeelAd 17¥ 20003

e IrjdlelE] 9] wzd AHFPAITRE Hm Frivo]
E19] CAPo|F @wdst A|7F Fof 2%
«IEEE 802.15.4 ¥ : 15 4

—

CH B SLEEP

| —

3StartTime > 3(SD+ SwitchoverTime) > BI > 2StartTime > 2(SD+ SwitchoverTime)

33 7. WE Age] 7k HEAd T oA 3

21

www.dbpia.co.kr



221813 = %] °09-02 Vol. 34 No. 2

1st Cluster

=,
R

oH

!

.t-)a
§ Tl

H2 | | |

;‘P..

H

2nd Cluster
CH1 8}

CH2

cHg

3rd Clust;r
CHI £ * &

............

S E b ER ]

T2 8. WE Afe] kst HelAd s oA 4

« HE| A S A dae]E - MC_15_4
*BO : 6, SO : 3
« = =9] Mobility= g ZALZ A7

4.2 7l H&E2

Algrgt FeAd-E AMSShe darE]FHE 99l
Al MC_15_4% 3%A)¥} 7]<5¢] IEEE 802.154 3
(L 94 15_4% FA)S AEHCIA101S &
3 A A5 tﬂolEiiﬂ’— Bl EnAg S

7zt k=g A dzle] 2715 64ule]
E, 127vle]E 7‘7‘«1 7l A HlelE] A
£S5 0.05Kbps & =7} A|7[9HA HIEH T A A
Al AgE T dlelEEe Yehiglch 3l =71
A (@)7-57F ()] 7 Hrh AsE 7l
71 o] B A Jedgt Apleld

7} 7re] 739 gle}r] 7|& IEEE 802.154 X%
FHr}h A3 6& MC_15.4 ¥M3o] dlole] AAE A
A FrelA AFs] A dehdsTl, o] olf= 3
7Re] Ads A& 739 7]< IEEE 802.1549] 7
$-olli= PAN Coordinatorel|7l] H<%3l= depth 12]
FEEe g7t 9oARt HEAEE o83k A
ol 37]e]7] wlitell CSMA $-& &Eo] o5l

28

i Parent 7% W&t &3 7tsd 2A=
# $]%]: grand parent beacon®] Kol oM egsd ohEE 9]

wo] wo] H88 = ¢ 7] dEelch

Aokt e H”— gohe daelE 7159
IEEE 802.15.4 %3S AE#o14S E3] 7 Depth
W AEERS vlasiolck

1% 1004 B50] Depthell wehx] As=ke] 2}
o7} ZA vh= A Ak Frjvlele® Agsp]
A o2 el S Fsjodof s, Hakxe
2 912 AFEdva shezhe ohA] el Al
F o oA ok e et AAS dof sb7] wistelck

4.3 2] MESX|AIZtz} 7| FRel 37| oz

7+ roollx] A=l 7l = = PAN Coordinator
782 #Zle] A of izl A AR SH
soleh A7) =7l Aagle] AL Bl
7 A FAE $T A 14l 2 o)
W A5 A8 A YelHE B
b 9 4 slck el 1o e e
4= 9l "WHeAd whale)
et ke =l 7 1R st 49 =
& PR

‘.

5| AdA7ke] Zle} 7 el 2] s}

|
BTG 5 gl ol Ay BHE BA

www.dbpia.co.kr



= A EA Ze A HEAE AR ZAl WA

we} = i 05Kbps o402 EdEg WAAY
w Y EY=2] 7] 8L Joar| o)

vESZe) qhEzle B AE)3 2k o7
A A A k= B S = eSS e
W g WEST o8-S ekl

P = ACTIVE/ BI )
2M/S< pmax (5)
X < (ACTIVE/BI) S/2N (6)

wheba 2 A el e
Wslel dzAe] ek

N < °F0.58Kbps

4.4 8|2 24

I3 1304 #2 e4ule|E A7l H-Ha)= A
JE 05kbps HtollA w|E FEo] F43] AA
Alzwle] EqHARE ddom oVl s 4 5

2.0¢10" .
e
»
'/./
—n—15_4 .
1.6x10" 4 —e—NMC_15_4 /-/
/'
i ot
@
g <
@ 1200 ./ ,
3 r e
= ] _m
£ o/ -
£ 8.0010° e .
) P /./-7l
= / .
= e
[=} -
- a -
4.0¢10 ‘/.//./.
/'/.
00 : .
05 1.0
Data rate{Kbps)
(@)
1.0x10" 4
L}
L]
-8
o/./
8.0010° 4 .
-/'/
] '
% ./0/./ P e b
T 65.010" /
.
; /
% '/ ./
2 400" . /
“_.'_’ ./ /./Ifl
w Va
o ]
= 20010 o ./'/
-/ /./
/./.
0.0 . .
05 1.0
Data rate{Khps)
®

T2 9. AA A% A7l 4 (a) 64B (b) 127B

—a—15_4_Depth1 N
12000 —e— MC_15_4_Deptht ./'
T
w .
$ ,./
F3 -
o o«
3 8000 ./ \
£ -/ l’-/
2] P _m
S -
= / e
= 4000 4 A P
o] /- _m—m
[ e -
- /.
.
/'/:/./.
gt
0 T 1
05 1.0

Data rate(Kbps)

5000 4

—a— 15_4_Depth2
4000 4 —e— MC_15_4_Depth2
o
©
B
o]
& 3000
o
31
=]
£
£ 2000
o T -
E / .,l/"-k.~-\./ -
]
°
1000 / /'
-
/
T 1
05 10
Data rate(Kbps)
3000
—=—15_4_Depth3
—e—MC_15_4_Depth3
0
g 5000 1 / S P
: /
o
°
3
E \\/ - Ca R
g ! i SR e
E 1000 4 /
el
.
o
0

05 1.0
Data rate(Kbps)

02l 10. (64B 749 Depth ¥ A<ek vlw

otk weba dlele] AAE 0.5kbps o3t Awe
Balol|a] A|zEHle] A =Ao] 9uy}) 9le-s 7}
Aoz o 5 9 g el =t

2] 2zl glelA] 127 wlo|ER w7l Zo
7} ZoiA = Aol M 0.5kbps O] Al2w-et
olA] QP wolu, AA F7lA] eFt HjE &
Ago] A yehts 212 v F52 el o
eAFe &3 el dely Age] Fuize
BREoA o A AGHeR <ld nE A

T

—

feic r{m

29

www.dbpia.co.kr



1

ok
E
oft
2
ok

]a=A] °09-02 Vol. 34 No. 2

1.6x10° —m—15_4_Depth1 /
—e—MC_15_4_Depth1 /""

1.2x10° _— \/'

8.0x10° /

Average Packet Delay(Microsecond)

S PP |
o009 o 00 ® oo 0o
o—0—9—0—0

4.0x10° 4 _
T |
05 1.0
Data rate(Kbps)
2.00E+008
—a—15_4_Depth2 ,/./-—/'/\ /
T 16084008 —e—MC_15_4 Depth2 | "
8 e
2 |
(723
o |
S 12064008 / ]
: | ./
ke S Ne—®
[93 i /.
[a} [ _
— { )
@ 8.00E+007 [ &
x
] |
© a @
o | ]
° /
o /
© 4.00E+007 - /
g
< /
L ]
0.00E+000 "/T/ |
05 1.0
Data rate(Kbps)
6.00E+008 —
—m—15_4 Depth3
N —e—MC_15_4_Depth3 P
Ee) o
g -~
8 -
? /
8 4.00E+008 - > P
s / ./
> —e
& /' oo
w e
a ] o
T / o/
X / e
S 2.00E+008 | Val
o | &
o /
o I
] /
g /
<
0.00E+000 —p—° |
05 1.0

Data rate(Kbps)

T2 11, (64B A9 depth™d 7 s|zA A7

I F5 FEo] A wWioR Helr)
HZ1=27]el BANA He A delx = vE F=

o] Aol e = S B 5 SlolA] = A

ARk AR ) Hr} okEl vESaE FAE

gl
[<3e] =
A =2 iO:"L .

v.d E
Ao Eglo]-g HE] A2 MAC ZEEZo]| )3t A+

30

1
—=—15_4_Depth1 /
3 —e— MC_15_4_Depth1 o
? /
> !
(7]
S
G //
2
g 21 - e
< T - o—o
e -
!
/./. -~
el and
o/.
P
T 1
0.5 1.0

Data rate(Kbps)

500

'
—u—15_4_Depth2 /
4004 —e—MC_15_4_Depth2 /
(0] I/.
N e
@ 300~ N
g | |
g / !
: A A
& 200+ —
5] " o/
2 / /
/ P
100+ / /./
A
0 — !/. 1
05 1.0

Data rate(Kbps)

300

—m—15_4 Depth3
—e—MC_15_4_Depth3

\
AN
LN
\- \

Average Queue Size

1004 /: /./ *

05 1.0
Data rate(Kbps)

2l 12, (64B 73%) depthd H+ 7 =]

= Fssin @09 2L qlEso]ant 7 Ak
ol HE| A 2 £-8317] flahrd= s e o] efidx
7hAstA] = AES HAAA oA AdE F
ZX]of| AEo] 7153 FoEmR] AdSo| Skl
AFHIAS B AT P ST & A
Al slel] Ak e ] /1 (e
802.15.4 EFRr} 2o Helg-g Helw, Iz A%
Mxmt EE IR RE P SERE)

Sl Ak Waje] wheE A53} BE Az

gl

[e

i,

o

www.dbpia.co.kr



= A EA Ze A HEAE AR ZAl WA

0.30 4

- .....ll.--ll--l.l-I.l-..“..
020 e '
® .. -1 ...II
€ o
@ )
8 0.15 !
- /
s .
g
2 010+ I
.I
.
u
005 "
/I
o
L
0.00 T T T T T 1
05 1.0 15 2.0 25 3.0
Data rate(Kbps)
(@
0.30 4
—=—15 4
0.25
................llllllll-l.l...l.......|
,l'/
0.20 :
£ un
s .
ma
8 015+ -
c | |
3 "
© /
& 010+ ’
| |
w
/
005 F
o
a
0.00 T T T T T d
0.5 1.0 15 2.0 2.5 3.0
Data rate(Kbps)
()
T2 13, H]E EA2E ()64B -7, (0)127B7

Ads A 5 glgor Qs Hel 2 7 2|E
SA5p oIAHE TS sl

HESZ kego] §7let MAES 257] 913
H|Zol] wbA gA]ojok slk=t] 7] IEEE802.15.4
= Hlold g wet vlE F=o] 343 St
3lo] EolAglk whd, Alekgl HE|Ad vlxle u|E
=0l 719 dolvA] iS¢ ek
5 nrh o velRt Ay e des BT
8Ae] glom, o] IS ek =Ed o
TR u-AlA Al]Eg o] Al
| 2 AT e el &8ssl

=

mﬂ

o

B
A
rok

il

(1] IEEE802.15.4-2003 IEEE Standard for
Information Technology-Part 15.4: Wireless

MAC and PHY Specifications for Low Rate
Wireless Personal Area Networks, 2003, 2006

(2)  Wei Ye, John Heidemann, Deborah Estrin, “An
Energy-Efficient MAC Protocol for Wireless
Sensor Networks,” IEEE INFOCOM 2002

(3) 2, ofehed, wigde], “of A AT Alo] whis
o] &gk 7 AU ES] Fol| 4] 2] AAY Eelg
Aol Wb, Azkgsts] shs], 2006

(4] JMo, Hoi-Sheung Wilson So, and Jean
Walrand, “Comparison of Multi-Channel MAC,
"MSWiM’05, October 10-13, 2005

(5] S. Wu, C. Lin, Y. Tseng, C. Lin and J. Sheu.
“A Multi-Channel MAC protocol with Power
Control for Multi-hop Mobile Ad-hoc
Networks,” The Computer Journal, Vol. 45(1),
page 101-110, 2002.

(6] W. Hung, K.L. E. Law, and A. Leon-Garcia,
“A Dynamic Multi-Channel MAC for Ad-Hoc
LAN,” In Proc. 21st Biennial Symposium on
Communications, pages 31-35, Kingston,
Canada, June 2002.

(7] 1. So and N. Vaidya, “MultiChannel MAC for
Ad Hoc Network: Handling MultiChannel
Hidden Terminals Using A Single Transceiver,”
MobiHoc’04, May24-26,2004

(8) J. Chen and S. Sheu and C. Yang, “A new
multichannel access protocol for IEEE 802.11
ad hoc wireless LANs,” In Proc. Of PIMRC
2003, Vol. 3, pp. 2291 - 2296

(9) H. W. So, J. Walrand, “McMAC: A Multi-
Channel MAC Proposal for Ad-Hoc Wireless
Networks”, Technical Report, April 2005.

(10] http://www.cs.sunysb.edu/~algorith/implement

/simpack/implement.shtml

= & (Dong Won Kim) A3
F5A183] =14 329 8%

EO N}

lol

0| 3| (Mi Hee Yoon) A3
F5A183] =R 329 8%

o Ho

X & (Jae Hong Ryu) A3
FAlEks] =] 324 8% Fa

31

www.dbpia.co.kr



	무선센서네트워크에서 멀티채널 매체접근제어 방식
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 멀티채널 MAC 개요
	Ⅲ. McZigBee Design
	Ⅳ. 성능분석
	Ⅴ. 결론
	참고문헌


