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Figure 1. Geometric series increase of the Internet user
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Figure 2. Wireless networking
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1. H} 7

1. M LAN(Wireless Local Area Network)

1) IEEE 802.11 %+

IEEE 802 3%+ 7AFFE A9 %F3E5 F3stal 9l IEEE 802 91939
o3 MtE dHe] LAN A& Wy 9 ZEEZ BFES AA ¢} [EEE 802
d1d3]= IEEE #FEl 3] W9 AFEH A% Ad3EA, v ZF FI
(ANSI: American National Standard Institute) ] ol&] =7} 23 7/I¢S 5% &
2 wl= 7] AA} 8ks] JEEE! Institute of Electrical and Electronics Engineers)
A= 1980 IEEE $143]E FA 38t A8 SAI (LAN: Local Area Net—
work) 8] EFsHE FxIsta vk o] 937k e HE HE 1MbpselA
20Mbps®] 470 LAN %52 1985 ANSIO|A wj= ZFo 2 &3k Fo 7|
X3} 7]+ JSO: International Organization for Standardization)®l #|Z& ¥ o]
19874 ISO 8802 o MY E QT o] f13]= 12709 4914 3]9 71+ =
T 288 AAste] 153 Ads A8k vk EFvket [EEE 802.1 802.29)
o]l WF 7} B=d, dA 802.1%-E 802.127kA %23t Z¢lo] WaH L Yt
1

N

=]
M df
Yo qfo

IEEE 802 %% LAN Z2EZF IFx 2de OS] 7|2 IFx ndo) A3t
Mo ® 3kl Qled, 2 0SI 99 7AF 71ed 9 2AF5AE
3holeh. o] LFEES RFC® 13920 F2so] gtk o] FelA IEEE 802.11 714
o+ 802.11, 802.11a, 802.11b, 802.11g7} ¢lom, o5 % AR FH I

I

frt

? RFC(Request for Comments): "]5r2] QUE]Yl o}7]€lx] £ 93] (Internet Architecture
Board) 7} 1g{ el &3t AL, AE, 7 A7 58 s 2l 3 A4 AlgE

11



24 CDMA/CA® £%%5 7]&=3tal 3t

149 dolg %S 9o IEEE 802.11 TGa(Task Group a) A= <171 9l
o] Abgg 4= 3l 5GHz thelelA 6~54Mbps® #¥ & %7} 7153 OFDM W
2o w1 ¥4 LANS 39l IEEE 802.11a% At om 1999d 9¥el &

9k 2.4GHz el 7]+ IEEE
Bx 7las 45 WAste A% £5E 11Mbps7t

A a%3skek IEEE 802.11b E<Eqke]l &gglon], a4 EAHL 3= v

rlr

IEEE 802.11bx DSSS(Direct Sequence Spread Spectrum) =2jef ujz}
11Mbps® £E¢F FHo 70~300m7HA AE 72E Aledv. agst 4
LAN? 83 o= 5331 vt IEEE 802.11bo] 7|H8t A& %+L 1M
T 2MO £5EE AYes IEEE 802.11 DSSS #Fof 7|Wst 71& A|EE3 A
% +84S 7FA IEEE 802.11b %&2 IEEE] &3] AA =S oH
(Wireless Ethernet Compatibility Alliance) ol 28}l & E At} WECAE o8
JAe FA AFl 802.11b EFY TFHEA ARE HAES L A5 o
stS sty ol HAE EI A ANA Wi—-Fi(Wireless—Fidelity) zHE-S
H-of i,

71% IEEE 802.11 t4<s W=+ F4 LAN A& 2.4GHzd oA Hof
11Mbps®] w2 A S5 U= Zlo] tiFEololx FHZ F7ksta = Y
7 dEm o] MujA @45 F&aE s @A 9o Ad 19999 99, 1
F4 LANS ®FEQtoZA 5GHzUolA 6~54Mbps? d% £5%5 2= OFDM
W2 o] [EEE 802.11a7F #E 9= 3ot IEEE 802.11at #9992 ®+3t 7|4+
ETSI® BRAN (Broadband Radio Access Network) ¢] HiperLAN (HiperLAN/2) =}

3 ETSI (European Telecommunications Standards Institute): 1988 3 A (EU) F
3 14319 AAel g3 A7) T4 Hoko] @l FH BE AP FXstL T 245

12



gEo MMAC—-PC(Multimedia Mobile Access Communication system

—Promotion Council) Sl 1% T4 LANS F53FH 57 A5 TFedo=z A

59ty 34|k IEEE 802.11at Wi-Fi7k AF3H= 2.4GHz A% d8& =9]

A = g Wi-Fi A&l vlal A 71217k Zebd 5 wtel glem, 54Mbps9]

1% HAE BREOAE 10~15m Jez @45 FolE7 dvte dilE /A1

Atk E= 3ol sdstva 7HdRS W, 802.11a fAlA EQIEE T R
A<

EAET} SPsE ol ya gl Auag 5 9wk

T4 LANS] Z#Fe =2 [EEE 802.11a7F g% 5, o] Fgte] =+
X

Aol Wxsef wet w2 A 2F:s) 719 Fule] V1Y, dTaelA o]
st A 9 TS 214171 A VN AR e R FEetal itk ve, G, o
Sod Fd FA 1S 95te] 5GHz 9 S 71 §lo] AHEE & Qe Uy
o=z gAsty, 8 vEke ARBAFANE A AgES A5 st
1999 7€HE ik AHEZo] ofd WAS A LAN AEF AT F UE
= go] mef 5GHzE AFESE 115 FA T4 A|A"e] did A W sl 27
Aow o|FAaL Ut}

IEEE 802.11g %52 IEEE #AA 802.11 ¥% =1+ (working group) 9] %elS

ol 2003 6€) FTh 2.4GHz el A 802.11% 84S Alad 5 9l
of 71E%4Y A5 8] ZMesitts Aol SQlth IEEE 802.11gx 71+9)

g8 FA F9 W A7) B F8R A CEPD NN A FE23 50 248
2z dof 2Y )7
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IEEE 802.11% 802.11b %2 t=9] Eln|EEo] Az AR §Alo] 7hsdh
== YEYA Fejg FASAUY(LE 3), ¥4 LAN dAA FQIE(AP) 9}

74 LAN 7= st ol ghel] SEtolAE/AY 74 FEE A A (2
Y4, B B ERe g 5% Qe F2E A At (¥ 5)

(Kim¥} Kang, 2004).

Palm pilot

Laptop with
wireless card

Figure 3. Peer-to-peer wireless mode

Server with
wireless card

NEZ MEYD RECME dA2 ZAEF WER EASA 2] el 7
A Az FEES CSMA/CA ZREZS AHESte]l A9 ¥/F e A4
5 Alej@rh

 FEOlAE/AN FxelME EEldos M2 sbtel 9l (20m~500m)
ofe] PCst mER PCEol 3¢ 88 &2 she AL ZAE &5 0,

of dAA FAE: o5 T@EI {4 WEL A ol BelA] (bridge) H8S 3

_OL
O

l'.T
_>L:

2
>
[~
N0
I
rlr

A LAN 8|2 g5 shiA PCe qEelut 1He] 91



#Hlo] A (interface) 7ls& AFerh HAA IRIEE AREAo=m Hdgo|vt W A
el §1x8tal 74 LANZ 4 WE T ztel diolge] H54l 9 WS F
gopA 115~25078 9 AMEARE A 9E = glrh AN ERIE= B e
ok 74 FolM shuE AEE ¢ glEE z2adY 2 5 9lew, PCMCIA 7}

4 = .
She g dEE SR B SR

Wired Wireless LAN Access Point
network

Wireless card

Figure 4. Client/Server wireless mode

—

AMA G Ul AgAe AAE shelske] AT Ao S 2
Aok 29 Sl mi wpel ol o] Gk EAEE Fi) vhe BA

LANo| A5 A&o] ¥z 4 7322 Bo H3s Wo] 449 s vk ol W

Aol & dA A FRJAEE AX M= W (handover) Y} ZW (roaming) ©] | A

' PCMCIA #}=: W PC sl=gta &b, W= FZo07 & A @Al PCMCIA
(Personal Computer Memory Card International Association) o|A A A3 A of H-35
v 248 #AFHY 3 719 ZAY Bx 7)Y AX, v FH AAE AFEEHE IC v

g 7l=2, PCMCIA %+ &% A4sto] AHEE & JEs A 4§ 1= A7]1(54 X
85.6mm) < IC HWxg 7=,

15



N,
{0,

A= 4 Ao} =3 FH 7] WA RC4(Ron’s Code 4, Rivest’s Cipher 48}1
A

=ogEA s fuEs A AMFeR ARE, ol B8 gEskE Alvd
T Atk A LAN 7hE= 4% BECRA ZA7E 34 AA Qs A5 Be A
A e 29 REGA ZAVE MEe sEs dge] A8 v dHE 5o
7hole AP E AT 7 vk A A, AL ZRJAETF AR Al AE

Wired
network

Access
“_ . —+—Point

s

ke
[ Point ]

Figure 5. Wireless distributed mode

ol TZE TS dd 7P 7]Eo] e Fo] A LAN JHE (wireless
LAN card) 9} 4 LAN A~ XQE (AP), =948 LAN B X (outdoor LAN
bridge) ©] t}.

T4 LAN 7t=EE $4 LAN &34 LAN 7}=7F NOS(Network Operating
System) & 4 AfolefAl QIEFo|A 7]5S FdeFo] T4 LAN 7ol A

NOS¢®} gtelLt Abooll A IE o)A 7] eS sdsto] MEQARSY] F9% dd&

4



N 7=+ 54 #4049 FAF LAN 7F=5 (PCMCIA, PCI,
USB 5) ¥ =43 e (form factor) & TS0 At}
A g7 A ] LAN 3 HE T3ty BF olgYl Aol&ES &
F 7 AAEHH QFHUE Fste] ¥4 dEr 3 FAS S
ok A A ZJAES HEAL 20molA 500me] o=, 1719 A FIQEE=
O~
=

r
!
e o

7] Slakel o tle] AAs EAES Qyekd oAs TAEE A4 ool
Wel Al AgAe SA9e FAs 53 gAY FAL FAFAY AT 5
£ gtk Aol 9 715 AusAY ADSL, Aol By § xu% ¥

801.11 ®EF9 e x T v MACO|th o]Z42 802.11a/b/g 52 E&
%2 A% (physical layer) el $1xg = o, ALg2} dolgrt AF3o s
AEE s A& Aojstth. MACS 4 2l &7 f4 UENZ MEdte] 4
5 AE&E ATt AR g8 29 ASS 44 uE AF x5 AT, o]

15 3

A nE 2R YE I Aloldl= A% L84 (interoperability) o] 2 Q5.
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T4 LANS MAC Z2EZFO Fz2E I3 63 v IdodM =
T4 LANS MAC TR EZS DCF$ PCFE T4 ¥t DCFE= CSMA/CA WA
o7 FXA LANY 7]EZ#<Ql MAC X2 EFo|t}

IR EFHO M (option) o&E A ZF

o] % 7hA @AY mEs} gEshd,

o] o] ozt

MAC
layer

Physical
layer

o] &

ExioR
=

Hide] PCF&= ¥4 LAN MAC
A% TR EFO|},
BSS WelA= PC(Point Coordinator) 7} AP (Access Pointer) ue] &gt
DCF9} PCF7F Mz A&=HdA dlo]E 9

Logical Link Contorol

Contention—free service

.

v

Point Coordination Function

(PCF)

Contention service

Distributed Coordination Function

(DCF)
2.4GHz 2.4GHz Infrared 5GHz 2.4GHz
frequency— direct— orthogonal direct—
hopping sequence frequency— sequence
spread spread division spread
spectrum spectrum multiplexing spectrum
Data rates Data rates
Data rates of of 6, 9, 12, of 5.5Mbps
1Mbps and 2Mbps 18, 24, 36, and
48, 54Mbps 11Mbps

Figure 6. MAC protocol architecture of wireless LAN
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2) &4 =74 3= (DCF: Distributed Coordination Function)

M

(1) CSMA/CA (Carrier Sense Multiple Access with Collision Avoidance)

A LANS 4 LAN= 22 49 5474 WA s5& 44 & + 4
S22 CSMA/CD(Carrier Sense Multiple Access with Collision Detection) Tth4l
CSMA/CAE ARggtth. whebr] 7124l mAYES CSMA/CDSF Fdatet. =,
e @EEo] w5 AA A AE AMAsty] flEiA AASTE v, §F o
ol AFsty] flald wiAlel AEE st Az A 5 (dle) AEjEd
Ase ANAgo. 22y WjA7E AFE F(busy)olebd AE ¥ e EQl (random

Al

-

backoff time) W 7|t & dAFHS AJZstt) o] Ay @ Q> Ef
Lot wdvith 247 Age FoR PR FE5S AR g 4 gl

2<
A%

juies
flo
o

(2) W3 A WA Y<E (Carrier Sense Mechanism)

it

DCF+= MACOIA wial7F ARR FR1A, 52 5 AEIIAE HA 7] fl8iA
E27 Wy 7FA (PCS: Physical Carrier Sense) ¢t 7FF ®wk&3t 7] (VCS:
Virtual Carrier Sense) & AF&-3tt},

PHY AlSelM= =24 vbE3 A4S 98ke] PCA(Physical Channel As—
sessment) & MACOZ U511 MACeIA = ol& AME s 24t Qs
SFte] A4 (factor) & AFE-3FA H T},
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 DIFS |
Source RTS Data
o SIFS SIFS 'SIFS
Destination CTS ACK
Other NAV (RTS) DIFS | /" Contention Window
NAV (CTS)
Defer Access Backoff After Defer

Figure 7. RTS/CTS/Data/ACK and NAV setting

MAC AlZelAe flellA AdF3s PCSsF t&Eo] 7 2 v gl d% 2=
(Duration Field) K& o]&3&to] VCS TR EZFS AMgsA "k VCSy 7F
gle A% F=E o] &stA W=, o] 4RE o]8ste] NAV(Network Allo—
cation Vector) & 7 ©@dwitt AAstAl ¥t NAVE EfolHAE 528HA &=
g, A< Ao d& goz Azeid 002 74 (discount) BTt NAV gko] 0

;_dl-
o7 AL u, dHS EL A% Fro 7 NAVE AAs d5S A F s

19 82 Wy Wex Eldlo] A8 AAS RHAFY. AFS At st &
T Wy e s gS AAsta wiAE A (sensing) A H=dl, wiAE A

ﬁ
FAH Aem Mok Bes Folm Mem ol wrHw wE A5S
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DIFS
. —— | CWindow
Station A Frame |

A

. | Defer | Backoff 4—‘
Station B l l 1 T T Frame

. | Defer| | | CWindow
Station C ™ | Frame ]

. | Defer CWindow
Station D= 1 % Frame ]
Defer CWindow
- % Frame |[—

CWindow = Contention Window
[ 1 = Backoff
[ = Remaining Backoff

Station E

Figure 8. Backoff procedure

3) ¥QE %74 3 (PCF: Point Coordination Function)

2=

PCF 73t A7
% (infrastructure) 2] EQJE s
BA 2~ EQIE (AP: Access Point) 7} EAsttpd, o] ¥QE ZAX(PC) S EA
stollAl Z% (polling) WAooz dFdS 44 ©oh. webxs] PCFelA+= RTS
CTS & AMgatA gheth XQE 2AAPCO) Q) & vA4 Fo] 7hss dul

of Ak T g SleH, o] dHES AT, 27 AE= AAM EY B T

A% AT 9o wAA 29 A5 w7
27 A

PC: Point Coordinator) ¢1&-& 3+ A=

wl

> RTS (Request To Send): A 9 9% Zo A 2+ A4 F

FAE dolE7F S ®EAIEH] $8) ?: E

A FEFAZE AEEE QJE Hol A 11101

6 CTS(Clear To Send): #AFE ¢ ¢+ —] b A" FAle AL

FEU deoly w@iddx| (DTE)7} HolE %S AL 3 A
o]
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Zo] 8 waEoAY Aol FolH,

I E ZAX(PC)E= DIFS(DCF Inter—Frame Sequence) BT} U] Z-& A|zb
kel mixlE Afate] AEAS dEth BSS el e @EES TBTT(Target
Beacon Transmission Time)°l4 NAV(Network Allocation Vector)%E
CFMaxDuration®. % “47d3to] Zo] ¥HA ¢ oy o& ddsy &Y dEse

;(_]/\ O U]_LE]_

TBTTi= HlZ(beacon)¢] AFHEE AAl=d A7HS 7kl dlolg A%
of B3t ACK'+&= ¥719 (piggyback) H™, % non—CFP wo|u} Z x| o
& CFP w#e ACK 2Z# ¢l CFP 7%t &<tel DCF ACK #74& o] &3to]
ACK ZH Y= AE3. CFP A&t A[folA dsk PCe miAle] JHE HES
o}, WA 7 PIFS 73t B<tell #-F (idle) AHlold W5S 7/ H&d, wof wA
7F AHE 9l AelE wiAZE §F ZEVE 2 wzkx Zigd & 62 2Eds
A,

T

ACK (Acknowledge) 2 AE AEE AFEEle] dHolHE dAF
o of WA f7E 4 arstel 919 Foloke Sawe) ol
CER of

E]
i T3, ~’FN diojefel @7k BAsHA] kgk=A &7 S8t

38,

rz_
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2. 2M MM Y EQ3(Wireless Sensor Network)

AA 714, MEMS (Micro Electro Mechanical System) 7)<, A A8 dAxpxsh

714, A8 RF(Radio Frequency) A7 7| &9 W&z ¥4 UEJAE F

sto] AdE 4 = 423, A7h, AAZ ] A =T (sensor node) S0] 7)ukE o]

ek ol# st A == A, HolH A, B4 AEPdESE A ET

T AN HEAAANM A == A= vE g9 Havt glon

=
ool o dooly At 7FxE AT §8& fdl doE wAE ¢ Qv 1
v

HEE A4 EYT Z2EFHL 27} A (self-organizing) &
A wEgo] AE FHste] st 4 AN UESIE 19 99 #ol
wEEo] vjxd MM HE=(sensor field) & AA Z=9f oEWS dAAs=
(sink) 2 FAEH. =, AFEAY 582 AaE Esto] Al Ao 4

SAL AA Aol A doleE AY we 4 glrh

i)
tlo
N
)
By

=

Figure 9. Structure of wireless sensor network
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I HEQ A= 582 &

o

e

A

B

s
—a—

I

§-©]

o] 24HE 7

=
[e)

s2tol At 7]

o] AN s

o]
=]

3

Sl 9

p
fu

14 WEY A

o

o

AR

ol

A

7FATh a8 PR, o]

P
T

Shol| =

AAA A 2sEl e

HIES A AA ol E4HAA

A &nlE

s Y TRESS

Eiasg

9lofo}

A desd

AalAe Al

S
=

A AN MESIRZTE S AR £

i

=
4=

EX
=

L
fu

A MEAAZE 7HA
5 A E AL A7E

47

G M 1 e L Rl

F71ell & g

S

% Qs Ag
59,

AgrE A= st o) E

T,
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O

III. ¥

i
2
-

1. AA|ZF EAI(Real-Time Communication)

T Aol ulAARE EolE el Al AAIZE WAIAE SR E A AAT
= A7) S8t oy MAC ZREZ o] AljkH ol sttt 18y o]gfdh ==
EFee 44 dES &) wiAce] AYEAA Y Fx2E Ve R e,

I[EEE 802.11 %S W=7 =t} o& 59, Choi¢t Shina FA4 HES A

2
>,
N,

A AAZE 2 HAAZE BAS flst B ZEEZS AJFFTH(Choigt Shin,
2000). ©] 7|HelAME 7]A=(BS: Base Station)©] H]AAZF EDF (Earliest

Deadline First) wWr2lel wheh AA 7 mupd dbb5S sttt =6 7 A] 58 v
AA FEE AAS7] 98 ®F CSMA/CA Z2EZV A¥#gle] #3449 #es
ZRl(round—robin) 7ol wel B]AAZE HA[ XS EP ST

AN &850 Adste AN WMAAES $8°] QTeteE FRAIS
(deadline) oJuiell AEo] gz ufojof hrh= AZF A|oF X7 (time constraint) &
T FEAG o]Fo] HFo] gmd WAXNES E42 AgEck(Arvind
199D). 94 52 347 2 AAL AR ES dF5H R DAY E AERY)
FEHE Hojm F7] 9 AF A T ARF SAS Zhed dwbFow AFe 3l
oA dX wAA e EAE &ttt HAAF MEIE HAAF2] AZF Ak
As THA7171 feiA ezepl Ay 52 A2 AXZE ddo] AAE
oAzl wAA] AEHS] Hite] ois] AlzF Aok s EASEe] WAIA dE A
= ARt o] Al wel el Ao dFo] FHEHLEE Sty o] A

= 9 A% FS vESANA 2REF AS 72 vold ¥ A sl &
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ool BAgE AERS

O R L

fu

of wAA Mol talds MIEA A w7t TAskA] o

P BEAAY

Ll

ot
ri
e

o A UEYIAA AFEEHE AAZE B4 #2e 34 A S A (access

o
d
¢
4
kr

T

(Malcolm® Zhao, 1995). 5, <+ SA W22 9 UWE A oidh 42 &
T7F AP E w o] 4 =9 (priority) U o] AlZH(axity) ol +38te] 843}
of 7]®kst H]& X (rate monotonic) AAET W o] o]
of &gttt olgh= tiRAor HF Aol WS 7 mETE UEY A wiErA o
2 ST Qe AR dolE WAIA AEHS] Edy SAd wel 475t
a7t 24| FDDI(Fiber Distributed Data
Interface) @] AlZF  A|°F EF(timed token) ZZEZo] WA oot}
(Mirchandani®} Khanna, 1993). B%°] CSMA/CAe] 7|¥tst 4 LANelA 4
Az EFo]l AFHE uAATI(CEP) ol ZF vt £95& & o iAo A
o e ARk 2EH] S wet A5t E dvkd A LANE dE
! (Lee & 2001).
AAE FA ZREZFEO] WAIAEZ AIZE Ak e THAL = AR
HAIA] A o] s B A WdAske AE e HAIAY &
gtk LAN oA AF 7= 712240 WAl 78, 25 A=l ost dA4
QL weh, F2 FARY] By &% 23 T Qdle] o wAs A 7=
ez Qe wiA eFEo] ZAadtal V= AIRE hds] AAH A= Feka
U (Kurose, 1994). & HEmHo] &89 =]l wAA9 =718 S7HA A WA
LFEY dFgS FEZATL YT TREZ AF FRA =7 #¥3 Ao (LLC:

A/
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Logical Link Control) AlF°o] 2FE ©X|stal Aot 7leS F3q8+

rr

|
go—back—N, AX 7] (stop—and—wait), A HZA QA% (selective repeat) %
71E 13- AJA oF Ao 7|5 1 Hgo] HAR AF A AFSHA Hof
AAZE FAlel= A 3tebA] Ketth(Schwartz, 1987).

F QA WAIA Y HAE olo] mEE wAA] ]
17HS AAsto] AR o] F1 AleHE st

A g e B ookl AdFEHE WAAZE b2 AARE HAA AES A A8t

2
2
ol
=
oX,
o
o
ol
g
2
>
>
)
ol

>

ool ol b5 op
R DEE E L
e AMES 9Fe TA9Ee Aol Husly] ofdSne HAAR foEs
B A%S FRstel AN A=Y Aol F= GFS WA o9 2ol
FHE MAC 715 WE A4 A% T B BE LFE BTAAL 2

SHARE TR AIRE st oF AlolE FastaL A ATA Bo uE

!
o 1=
_>‘~L
123
=2
)
1
u)
b
o
il
(1)1_5
ofl
i
- 2
12
i
o
>
2
ofo
ol
o
(o

¢

of
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N
=
12
il
e
on
H

Sl4~(Allocation and Reclaiming of Bandwidth)

I[EEE %55 WEv UFE9 A7 44 AARE 232 Algshy] noes o
4 "dEvYe] 82 A% A AF9 HEs FATIe dH THS T Atk
DBASE (Distributed Bandwidth Allocation/Sharing/Extension)+ IEEE 8
J == Fd LANOIA 9 w7124 EqZs} Hevto] EgigS sAlo] Aday]
et R EZolth 7|E JEe AAIRE dEe] HRE AT weictk thE v A

7] (CFP: Contention Free Period)o] €23 =8 HAAsta oeksit). &
= ©E2 o] ARE HolA U Alo]E9 AA gAZE AAbst} o] J]HS

A LAN el 48414 = lou A4 AR maA AE- S ol AAE

e ohye.

&7 0|9l A= IETE®7} CSMA/CA 7]¥re] 7|3 Fobx 22 Ze 7]ulo)
A 719 A7 Yste] A2 EDCF(Enhanced DCF)$% HCF (Hybrid
Coordination Function) Z<Fs& T3 Fth(Mangold 5 2002). AulA BAgS A
FotAl= &AIRE, EDCF= Ed¥ Fel wet go¥%s ddstes 540 ¢4

Abgteh. HCFell olatdd, A= t& /79 Alol7l& uAdAF7] &

Caccamo & A|7F o] n4H 77| &£F o2 H3¥ TDMA (Time Divi—
sion Multiple Access) THE E3slo] AAZAQA HAAZ A2ASHS ALsh=

MACS At (Caccamo & 2002). FAA] FAe wW=2e o 7H2 Be

SIETF (Internet Engineering Task Force): IAB (Internet Architecture Board) AFsle] =
4oz Auel £, #el 2 /1549 WS¢ Adet g FA0w 3 A @
A4, ATAL ARG Few TR ARE FEA. Lo 047 i 1gow
9951 S0 A6l HE Be B SA ATHL B g w8 Ak FaB oo
=, 1de] 389 BSle z=th
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>

o] WAXZF WiAE HAIEE 5 AEAE A8 Aste], 3E2] Az
1% dugsS FAd FAAIAk sttt FRASH(FRAme SHaring) & A4 %
7199 # deR eojtt o] VW B A AT BmAS Adshs )
E I o]§ES EolE Zolth UEYA o]&ES EolEe AL AA AN 1
A Aol 2al) efofF Eou AMEEA ke ERES FFTOEM o)E F odth
ok gefet 2HAES vF7A wAAEY] SRHES FAA7II A vFTA

Mufe] Agddd = Ao

)
1

Adamou s& FA LAN Aol Es AAZE AEH] HewFe Hdis A4
Bk ok} FRAIG AIRE Aok =S TR AR AEF Aol 3AHAEE H
F71 9% 2AE" Al FHe Tt ol V¥ BEE &85 Akold
QoS (Quality of Service) 2] ol 73 F =& HA3d A7l= 2l HH o= P
AA=H AL EDF(Earliest Deadline First), GDF (Greatest Degradation
First), EOG(EDF Or GDF), LFF (Lagging Flows First) 2 7451, 7|X =& &
B 7S ARESk AARE AR ASES 2AEET o] S V1A Fo] o= o
o] AAEFY wAAE 7HA L A=A Gar vk B, AAFD wr A T8
Aet7bA = dar glom, flelA Zlest ZlEel wel O F o= dwds 9T

A AR Fe),

—

¢
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3. 2% H|O{(Error Control)

W7 =4S BAASH] ¢t il 7HEE+E HZ(interpolation) o] S1E
2 (interleaving) & ©]-&3F 29 (concealment) 7]1"™HE (Ramsey 1970, Good—

man % 1986), ARQ(Automatic Repeat reQuest) 2} 72 A Fol 7|03 @ F
55 7'l = (Floyd & 1997), FEC(Forward Error Correction)®l 7]{tst @7
Aol 7Y (Shacham®} McKenney 1990, Rizzo 1997, Bolot®} Garcia 1996,
Padhye 5 2000) o] 3lth

oo e £48 AP AN BraH Fahy] WEel oF BPE & 5 gl
. ARQE S4A7F $ARA 0 R BARES A AAEL 2@ ol
W, FECE $415% dolest @7 of B2 9o #7142 4nE A48
A mo A R BT Hu.

4>

H

AWtA o 7 [EEE 802.11°014 AT = E 27 Aol W42 ARQ W4, & A%
& &3 o]FolA = WAtk §A FAleA g vhRVIA R ARQ WA A1t
dolElE Bula FAR7E ofe ik ge] ¢lg A9 A Fo] o]Foizitt. o
o} T2 WAL F7F WIWsHA AT FAE eF &

AnRE vlagdola, AdE AA wFo] AAE &A= AdetA Xtk F
wel 8 §7F ARE HEstE FEC 7| dizlo] &9 A 1319 27t

HHE ol gste] Ao HHSs EHsint o] WY

AE aFoE Y 5 7] Wil AHYl HEpel 22 digha] & Mg A

-

AL 713 HiEe]l dA AR 7 MIEYA e FHe me dSA7E dF

v &S 243 Wyol 9t Shahe E3] A3 Y E 9 A (hot—spot network),



=5 22 Ao W wihEo] ASE A o

=% (single—hop) =5 74 UESL A w2 ol #e 7 M
th(Shah & 2005). ©] 7IHelAx= AFE 7hedt AHE &Fo] Weta vgFst AE
"ol EfE 5Ao] ®igslr] wiiel] 9% #eAts AR NEAQ AEF

of Ad AT AlZE AEEE

HESD Aert £4 S dESa 44 2 dolg ulge] ¥ w, A%
TFE AEDY A7 E3sks AR o wE] v 9AA fok(Madden 5 2003).
ek gk 3 Bk AR WAIA ] S vl FR o R wigsy] wEel St
QWM EZ S (overflow) & o] dAgt} oje]dt Aol AlAglo] o= A
S AAs o EXE AAs ok I} Naive 7ol oW E do]Elw thE Ho
Hrc o o3 th#AA FobA], F7F FIFO(First In First Out) W2 0= H]
HAA = deolel7t AR Winavg 71HE fAH A=A, F71 2 &
o A7t A= Al el A kel Fovke] AUt Fo® AtE] AE
& AYNE AT TS wHEC 7o W gkl dojE s oy dI=e Fptol
7] wizel, 29 #EE JheEE AFAA Delta 71 elA= dold gho] o]
kel AeAow A pE H2 ghate] zbolel wldlste] x7]gko]l e

ool W Mg w2 Aol Zhe dHolEh dFE Zlojrh

o)

|
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4. Y EQa 2H(Network Model)

Skoll Al B9F%o] TEEE 802.11 MACE 19 107 Zo] B4 7152 DCFeF A
g 75l PCFE A3t vt &, A% wiA= A 2=Q DCFSF nj44 =

=91 PCF mFelX 548 5 9tk

Contention Free Service

Point Coordination Function
(Optional Function)

Contention Free Service

Distributed Coordination Function
(Essential Function)

Figure 10. Wireless LAN MAC
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71 AS WA EPEE T A A2 B Co®, PCRol o TdEH
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ERJE(AP)l 9a e dde] that Mulas AR Alojsks T Aola &H
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ddd dHEs TR P 28y PCRe EdlY S0 wE Afula
= AdatA gom, E3 dy PR AL gorw Aade we dra

]

F ek

1) DCFe] A4 7|qk Mnj 2~

DCF+ IEEE 802.119] 7]22]ql wjx] A W2l o®2x4 CSMA/CA Z2EZ}
AHEl e BF9) (random backoff time)& ©]&sto] Wik zto wWixlE Ffrst7]
gt Aolrt. CSMA/CA TREZS Aol A= vkl ot

o &
arar
P EAlel A Axste @2 319 T 55 d4A71H, o] W dd

<

N
jas)
==

lo

= AxE A gt

wkE3}l 7FA] (carrier sense) %2102 £ A= (PHY: Physical layer) ol 4] A
F3l= E8 A<l (physical) 71 ¥ NAV (Network Allocation Vector) & ©] 83+
7Vd (virtual)  7IRfel ARREM, wiA]l Aol ik H =9E5 AAskr] 9@
IFS (InterFrame Space) & AFE-stth. 713 whEak 2] 7192 Ade] gk o oF
ARE g WH oz, AAl volHE dFsty] e wg RTSS CTSE w
sto] el ooks el Aol I & o7F fvk RTS9F CTS Z#H AL wiA|7d
AA HolElE st flal cleku= ARk dolE A 2sk= Duration/ID F=
S ¥gett, 79 112 MAC Zd Y9 248 R Qo

_4

A cer FHE dele £ g WA deHs Zdd Well 9l Dura-
tion/ID BEE ARGshz Zlolth o] FEE F& wAl7E 54 F7EA] o oFE o
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Octets: 2 2 6 6 6 2 6 0-2312 4

Frame |Duration/ Sequence Frame
Control D Address 1|Address 2|Address 3 Control Address 4 Body FCS

< »
< »

MAC Header

Figure 11. MAC frame format

RTS$} CTSO AFE& 3 7Hd ¥k Ao o9& 249 i wA4E dds
ol oyl RTSE CTS wee =2 Q3 45 dolgo £45 S5 o=
%s 7

g F QL E il F, RTSE A53 wdo s CTS7F A HA 4
L HE gt o] o Zolo] RTS-CTS w3 AxE whEdtozx, A4 o
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735l
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ol
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o
o
2,
lo

)

RERERE L

rlr

(1) w3} 7+#] 71 (Carrier Sense Mechanism)

=g Al vkFa A 712 w8 AIS PHY) o g8l Al olol gt A
3 g2 802.11 PHY 7S #xT 4 itk 71 whea 7241 7192 MAC
Al g&fl AlEEr, NAVE A3t NAVE 2} @ (station) ol &A8k=
F9] FILEHZEA, T Yol x3H FdolAd HE (duration field) & #FZ35lo] A A

Ado] fF 7t B A oS FuE spavh

S
o
2
A
40
i
-z
£
ol

&= IFS (InterFrame Space)

Zy g el AIRE +AE IFSeERa sh, 802.11 MACeOIA & wide] F4 v

O HF JUDES BAT Fol T BAAA Arkelol & AL AN F
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st7] fleiA IFSE ARE-sttt. TFSel Qe o8 T/ 4 =95 Alsst=d,
IFS gke]l &5 w2 ¢+ w45 7t 802.11 MACOIA AEska Sl
IFS9 F#+ tadt 2k
- SIFS(Shorter InterFrame Space): shtte] = el AEo] 8551 ACK,
A = AFE7] A7A L AZE A, IFS F
F2 A 9] e AT SIFSE Zede d5e dido] g
T A AEHAY AlZe 1EE EY ATl wet o
S 7HA 7 S IFSQ) SIFSE ACK, CTS ZH9), A4y
= WH3} (fragmentation) Z# ¢, 7283 B FAF7] (CFP) oA =

- PIFS (Point InterFrame Space): 22 B|ZAAF7] (CFP) 2] A& Fiojx]
PCFZ Tz ], o2 9EdEHT 4407 vz H dAdS 47
el AN A FQIE(AP) 7} ARESICE PIFSE SIFS9F €% Y (Slot
Time) 2] $to 7 ZAA ),

- DIFS (Distributed InterFrame Space): DCFZ £z}l BE whdo] Ho]g

oF e zedde AES wf ARSI PCF 7IRE AFHu we 94
=99 "ol HH, DIFSE PIFSSE &% el e ¢} U3ttt

[

- EIFS (Extended InterFrame Space): DCF 7|4Fe] whdtoll A Zgo] Z 4o @
F7F 9w, A oA ACK ZTHYS Bl £ Q= FEE A7

& F7] S8 AFg,

(3) Mo e BE A 4T P

DCFY A9 72 wae 13 129 2o w4 a7}

. T
g AFe shA 2L 7 IFSelA Aoje 4 Abs di7)dk $o dEF:S 7N

o
o
&
[
kil
N
>
[H
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Algh 4= 9tk =, Alde] DIFS 713 &<t -/ AHE F#8hd MACS d9 W

T [0,CW] Alole]l AX A3 dEZ Xt A-F2Y Aoy, of7]A
CW (Contention Window)+= CW_,, 2} CW,, Atole] A4 kel

min

Immediate access when DIFS >
medium is idle >= DIFS Contention Window
. _PIFS | = >
DIFS
< . SIFS .
Busy Medium > Backoff Window Next Frame
Slot Time
Defer Access

Figure 12. Media access method of DCF

7 ous
Atk BE

=
Zege wow HHxo] Hole] Lol Az AFE Ao ANHLh el
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ofF THE WBEL DIFS ALWFY 47 4 olFe] Mox AAE AH

th wkok dolE =z el thd ACK Z#lel& W] 33 Agoles 19 133 2

 DIFS |
Source ) | Data
| SIFS |
Destination c ACK
 DIFS |
Other ) | Backoff Next Frame
< Defer Access < Backoff after Defer

Figure 13. DCF operational process which uses the CSMA/CA

4) Asdrdor Srtehs Bz JhE
Be gEd Wex JheEE AdYsted olgHs Cw #Es fAS L Sl
CW 9] A7 HEol: Cw,, #o=z HdAo] =, ACK ZYe wA %3}
BF T8 A Adel e Hul Cw,,, @7 ASKHoR Tk AE Ak
A

rir

b A ARe WeX AeHE T As AgHE oW gkl oldel 7t
An Q| el Foug A wed dwe AdE 557 eSS ow @

w= T

2% 149 go] AFAFA 0w FAAAEH, 1 ol ARE W] 57 B
e nuE YEQAN 44 FEL Arslan 95 45 A a7 9
8 Aol T
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255 255

CWmax

CWmin
“Third Retransmission
Second Retransmission

First Retransmission

Initial Attempt

Figure 14. Exponential function increase example of CW value

AEA AdEe v G cw #S oAl Cw,,, #to = Ak Aol
g g glo] Fo glulgtsE DIFS AZFS 7|tk Fof thA] Wlo X F19-E S A4
sHA #rt o] AAE T FFA] AE olFel FHYs] wite] xAE W
23 (post backoff) #Aoleta AL, LAE Mex 335 F3 AdHH:= F

A el Aol WEA e Mo NS LS sa ek
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otk ahte Al EAE(AP) ¢

2y @ BAE A5 Y8 802.11914+ RTS(Request to Send)/CTS
(Clear to Send) 7IW& Adosta vt =, AFS AFstd s $4 G2 ol
Bz de dAFstr] o]del RTS ZHds 74 oA dssi, 41 o
< RTS Zede e Foli CTS Zeds 4 @deA dsich RTSS
CTS = dell= dEste]= dlolel Zeldat ofe tgsh= ACK ZH s AF

s7] S AR RS TS 9ok

weba A GEbe] M v &Y wis ¥ gE gUsEe Af ol

daEo] e AAE AMERE AF AIEE A %o, NAV(Network
Allocation Vector) A7HS A73tt}, o] NAVZE A4 5L g NAV gt
o] 02.& 7] o]He= WAl HES f% AL A Pk I¥ 150049 7
°] RTS, CTS, dlo]elgt ACK Z#HYUE rels SIFSE AHEFozy & o
o AR ANERHY T dFe BAsta QU

3l

rlr
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‘DI FS‘
RTS Data
Source N P N P N
SIFS SIFS SIFS
CTS ACK
Destination < >
DIFS
Backoff

NAV(RTS) Window

Other NAV(CTS)
Data Access V‘Backoff after Defer

Figure 15. Exchange of RTS/CTS frame

2) PCFe HlZA 7IHE Mu] 2~

802.11 MACOIM = AAIZHo] Q7 HE 4 MulAE A Y3tr] & FA4
Aol Ashes WHo®E PCFE AlFsta ok ¢4 £9E 7IRte s 3+ PCF

©ARE ARHl WA T ARE fAskel MAC AFlA HeHow A

Rl

ZH(PC) 7} AAA ZQJE(AP) o] Attt =& gt
2 A FeolA 159 NAV ghs AAFgdoazyn ¥JE ZHAPO) Y AlE 7]
& PCF+= DCFeol Hl3] &2 ¢4 =95 7tk 28 Xw NAV ko] 274

d aesr Adudor gy & s S92 5 Utk

PCF WAloAE= 18 163 o] 7] Au]A Al (BSS: Basic Service Set) W
oA AIZF 2o 2 FHZHQ (super frame) T2 B&E 1, 7+ Iy ele n

73 7] (CFP: Contention Free Period) 9} &%+ AA57](CP: Contention
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Period) 2 7A Y1, o2 vrEH},

Superframe | Superframe
CFP S cP
PCF DCF I PCF DCF
Beacon

Figure 16. Time axis of wireless LAN
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dlo

HZAAF71 (CFP)7F A& EH £8 g AES] O ths ERE AAZ gl
dH w=

i

L ovle R AR A Bek WAAE AT At FoAv,
A5 A7 QEA e datel ZA B e,

[

o

Superframe
(Beacon Interval)

e | I I
Beacon t

| -I I N

Non real-time data

Defer until free

Figure 17. Deferred beacon problem

% 17004 BoAA = vkl o], 4zt od H| 2o dE AR WAV &
¥ ¥]& A% AZH(TBTT: Target Beacon Transmission Time) ol & AHEf<¢lA]
ofd Aol ojE&gtrt. wiAIZ} 53 Agolnt, ZS ZHUT AIRE 31 wjFe] *
A7 A E A d Aotk b #iFlo] olw YWESAE Afeta Ut

H, B T dES AdE 5 lon, A or FA AN wAAE S
g UESA 2AES obebA e a8 17604

_'Q'_
el Aol A Az wAAZE AR Hu) ol et
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5. IAIX] 2 &I (Message Model)

AARE B AN AN B8 (real—time traffic) o] @ o]t AwHow
AT SE2 AYHE F1H Edge Tau, 2AANA A%H gao
2 A g BAAY w8 A% PHoR WAL WAA rEYOR
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6. A|IE2|0|M &(Simulation Tools)

NS2 (Network Simulator version 2) AlEd°|E+ TCP, UDP, FTP, HTTP %
¥ g TCP/IP Z2EZ g s 248

HEANAY ZEEF RTP, SRN 3 &2 td4d JdHy 22 E3s AlEgolA
o vk 283 o=F UESA, ol AT VA= B4 54 LAN, B

viel P #Ad T2 EF UMTS, 94 U E YA (satellite network) 53 &2 A

X 2 ¥ 3 (routing protocol), 181

WEAZAA AT+ 9

NS2 AlEdolH e HAAlL FFnlol distelA g Algdeold HAEHE
(Testbed) @l NESTE 7|Wte & UC ¥ &7 (University of California at Berke—
ley) oA 1988y 73l €1 WEL 3 A Ed o] (REAL Network Simulator)
olth, Ielal 1989de] LBNL(X+= LBL)ol2h= WESA A 1F°] REALS
7|22 ] UMEYA e AL & e ZE2IHRS ATsidlsd, o] AT Ay

= 33g Zlo] NSlolghs vEA AlEdolHe|tt

NBNLeJ A 7i#st NS1 AlEdolE = &% TCL(Tool Command Language)
2AYHE dolE AMEETE A= 19950 VINT T2 A Eo] Ao g DARPA
oA A A LS ol NS1 Al Eeele7F ¢t 18l 19960 NS1 A
HEolHY 75S dS ¥ A7 NS27F 2 EQIth NS2 Al E# o] B+ NS1
AlEE ol oA ARESE AlE#E O] lojQl TCL thal MITelA sidate] wxst
OTCLS AMg3tel & 7Y 33tk NS2& NS1 AlEHo|E ¢} ¢33k Back—
ward Z 34 (compatability) & A g3ttt NS2&= A S5 AESA 750 F7}

Hol &A FETF JAEY Aol A AvlEa Qo
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2) 718 Fx

NS2 Al Ed o+ ATHE <o) (script language) & 22 IY S A4, o
MR TR aAEe] Eetyo] slite] =& 7 37] A (program package) S °o|E
th 2% 18] NS2 AJ&delH e 72 25 YeEr Ut (Baest Han, 2005).

Discrete
Event —>  Event Scheduler NS2
Scheduler (ns-2.27)
TclCl(tclcl-1.15)
C++ & OTCL Network
Linkage > OTCL(otcl-1.8) Components
(Node, Link, etc.)
- - , TCL(tcl8.4.5)

Object-Oriented

Support

C/C++ Source
Il

I

Data Network or Internet
Components (Node or Link, etc.)

Figure 18. Structure of NS2 simulator

NS2 AlEdolE 9 F2A EAL oJWlE AAZ2 (event scheduler) £} IP 7]
vtol Y EY I AXEYIE (network component) & 7|WFe. & dFo] o] Fo]Z Event—

Driven ®21& Aed HEL A AEeolEets Zlolth

NS2 Al&E#olE oA Abget= Tz g#l doji= TCL AAHE <ojo] A
(object) A&l 7WdE& F7Fek OTCL(Object TCL) ¥ C++oltt. of7]elA] C++
E 7l BRES FE oA IES Aot a8al OTCLE AHEAE QIE H o]

T F=
2~ (User Interface)$} w7l & Aoskth. 18] Telel(telel=1.15) &
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8t AL ns—allinone—2.27 7)Ao Z3tw g 73 meo] MHdL i)

NS2 AlEdolH= HEHA HAEIETE A ti-E& A8t glornz vl
zestthal & & otk WEYA FIZUEE wT(node), HA(link), T
(queue), °llo]HE (agent) ol XEgHT. 1% 19 NS2 AlFE#HolH S+
OTCL Z# 29 A= F*(class hierarchical structure)S el om, o] &
2 AT T2 U= NsObject F-i-o UMENA HAEIEZL E3Ee] Qv

(Bae$} Han, 2005).

TclObject
O%tj%ct NsObject
’ Connector U ‘ Classifier D
Snoop Address Mcast
Queue Queue Delay Agent Trace Classifier || | Classifier
Tail
— | Deq

Figure 19. Class hierarchy
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IV. WAA] 2AEE 7]

A HE A (sensor network):= AWHA o7 HE I &A= =29 7
T7F Wi AREAE @8k o|MlE] Yk HoJEE A == (sink node) ©ll 7|
HIReAl AES sh7] wiiel &3 Aol A8k duh &3 Aol 2Askd
TEE AT R Edo] Aoy, wE= A ol di7lsor k= Ad
o] WFAISTH(Tilak 5 2002). 12 Q& A3 w=7kA] dFlo] =Eslx] EaH)
Hi NS Astets ddE 7Pt 283 dglo] EAEY AdEE T
Brels AR AES A% duAE o ARsHA ol dHlE 7HA 9 ovA 2

AAQL AA HEGANA APAQ TAE M F Aok 24 3¢

A dvits WS RUET sto] wyol 54 el o] sjzle] o]
o= k= FRoAM E3t Adsko]l AT dddth ey Wy el it
o 3 AA VIS AF Aol mE ARE FAol gl B ;o] HelA

71 713)17F Eols7] wWEel &5 4% A9 Agdo]l "ol

rr
ol
Js) _{o
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rlr
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il

i o g Azstel AdY ot YEE
o AY ek AA A AR FEOIG AW A wy

ks

o] AA ZHE W
P
T

gt

g, 29 EE A Yoo golF g 9 o Ff Ao 7y 23& wErh
WA A ZRIES] EZbo] odle] A LANS AZF & dA%d FyHZygor 7
AEe ZF HZyde PCF, H-DCF (High—priority DCF), L—DCF(Low—
priority DCF) & T4 5o}, 7Aooz 3719 Az Ee @} o7 Fa3h
dolel & AEshe AZ o F3HA AdES TUAIZI7] flste], PCFE WA A
%3 DCF 17+& H-DCF$ L-DCFZ 23313t} o)deo] g3t upel o] n]
Z 2l Az 72t dAE 278t

Superframe

\
N[ e [N[H-pce ][] LDCF\I] pce |N[H-ocr || L-pcF |
] pck |\ H-pcF || L-pcF |¢ \] pck |N[H-pcF | |L.-DcH]

—=  Time

Beacon DCF Stretch  Deferred Beacon

Figure 20. Time axis of proposed network

AAAYGA 2 Ad2 W Ad A dEe] MR A dv S o

i
£

48



Zlol olm] HELAS st dvkd, Bl wAA7} KA e] PCFe Al #o]
ol WAZE S

_<,>_
A AR ¥ 20004 FFEE vkek 2ol Al dlelE w3l Aojsg)
2k o1 M2 QoS &S WEHEAIE HEYD AAES BAeH FEhH,
53] mAA S FEAS] F719 FUT Aol HS wEHIdwnd EYI ~
A BAsHA Xerh FrHEor HxZy g Alzte] AdAdni st
PCFe} H-DCF&] Aoli= Fol54 &=vta 7Hdsith. I§ 209 2&d ] ®el
upel o] 9o AlFo] A ddtta stete L-DCFYt 1 dol7} Foj&
ok A A7 BR 3709 59 P8 S5

M2 EQIEC] HlEFAR] Alo] WS T3l BAgE ~E"EC] PCF 73k A
Eoth 7 kB E5 sk g9 @ 7ol Ja mlE AP AR 1

g AFse}h ol wh AAA FJAEEL AY AEVF good 22 7

oo EY3hth. 222 ® PCEF #<t A8 AE7F good ©] o™ A4l =)
del of SAS et 43 FEo]l A glornE dd xEE EHEHA
etk aea dFe] AdEAY Ad=d s sizle] AE AGE AA o]
Rt J Foay] wie AdE F= AZE olwAlrh I A=l
et H-DCFY L-DCF& &8l ol & sj7lo] AdEd 735 2HA Aot
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2. Ai'd =X (Channel Estimation)

802.11 ¥4 A4 (radio channel) = AWE A4 (Gilbert channel) & Z9=
th(Bai9} Atiquzzaman, 2003). UES T AelA LAsE A7 &4E 4
2 Ry stuAt o w2 AlEEo] Qo] gtk I FeolA wlwd Fest 3
2 mdg frp v Zo] AW E Rdo|t} o] Bule 27k AEje] mlmE A<l
(two—state Markov process)= ©|&3}o], AFAle] 7 =4S &30 =2 4

2 5 Qe S AT

||\

9% 21604 i npsl go] AWE wHoAE AR A% HYL 2744 A
B mhEa AQl muw Ag@th sha Aol @AAel AuE sFow
o ezl Aol FER Fowh feA o mEe Q99 o] ¥ &
WA Eo] weels A9 (state—0)% Y HANA £AHE A9 (state—1)
rolA Az,

l

Figure 21. Error model

Ad ZFEl7t good |4 bad E o] BES p=E, bad o4l good &E Zo] &

il

g g ®% 5 A A AUE woedt p, g A 4 e Ay S
42 HEFoRM QolAT, BT ©F FE o9 FF OF Aol 47 29
1w gt AR A2 A% AL B Aol good & AEtoF LA 4

= %
A, 284 e A9 R wAS 4FaA Be AFe A9, e



Aol A w2t A7 (CP) Y @AY (CFP) & Fsto] s AdEE

7]+ Bottigliengo® 74 71'HS AF&3tth(Bottigliengo & 2004). A€
FA5t7] fleto] ML ZRJAE(AP)«= 7 A4 ==gl Avd Abe mA

T tds] FHaE #elsith AE AdEel whet good vt bad 7F EH %E‘r.

A s vhe 2ol FAET s TSR FAAE R A A

AER ACK/NAK”e] d&drt, dxx EJEZF ng) g gdobx 114 59

—

ACK/NAKE A8k Zatthdd g7l 49 Aoz FAPY. dAA IJAE
= oAld A mERREH A ety = odlolE xyle] g MAC AT
ACK, RTS zaﬂO‘ of tigt CTS €9 ZdlY, =& ohE 277 dAsA] &2 =
AdE FAE goith JejE good 02 A ETE Ago] AustH HEE bad =
STk ZF bad AES A9 JH-EHE Zha Qlow, o] FhEVF FREE AA
of AAx ERJEZF M FEHE AT flste] dolH ZH s dFech g
olu] 9] A7k o] bad 9|4 good && = wjult} 7| e ® A EW bad
ZFEfel A ZZW (probing) o] A s wiwich 1 gre] F wizh gk o] wj, Elo]w
o] e FHE A oF FVIENE wWEA 577 HElA A Aol st
=3

Fﬂ

9 NAK (Negative Acknowledge): T = Alolol A dlo|E] A= s2sly] 9ate], $A
SREFES AR AF Q7 dste] FAlFo] HolHE RS | 3

o] HolHE FE3A $EF AU, A9 dolHd 277t
ot e AF FAFAA *"]Efoﬂ HUE AF Ao A5 §3.
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3. j9= &cH(Bandwidth Allocation)

1) 7182 714

HE Aol AAH, B =ENE 7 AEAS se AEgowt PR
A, o] e sk i AdeR AwkskE 4 9loHLiv, 2000). ]
G Folal e Az Fol dstel g3 WE {H,

ek, wAlx] AEY AL {S(P,C)}E E7ET FHIZHY A wAA

R

ne o pk
ruﬁ
o
_|L
rr
59
oX,

> e J1+1

EY A Ak F7] (hyperperiod) 7} vbsAskaL, wAA] A2 AR AEY F
715 Ad AdWhA] 2oz HE adAd ¢ stk (Carley 5 2003). wHEbA
B own

o]
MM e Aol Abdel Follth: RS AYFOo=A §F M
e Aol 29 mEch sl sl fdzZay Weld Y eecr
FRATT /sl pol 78 & AT AAR Zolrk oA A, uE A
VA

Aol glow u A A7 A Feleh 93457 (CFP) 7} A=,

T wrddAe 7159 2 Aol ZIMeoly QoS 4 ZIWEel el ZHdd
e Eat=E 4= gty 71 et (Adamou £ 2001). 18X ko AA <A
e ook w7 EAo] WA Hi= A, 582 QoS wAol WolxA «
o A=, B vEY A aslol & AFEE AN & =wolMe ot A4
s ol He ARE AEAd el disi At Al Btk (Caccamo 5 2002).

2) 8 A=} (Allocation Procedure)
AR FHEZY Y AT HAX AEY A fgte] §7F HE
a8 225 £F A7 A HA gEve S o dFE

B AEH ¥ @2 teFe] &= Jlo] Fdsith o] I1delM ¢
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719 AR o F7)vieh ggEe] AZHYE EAE 2HARRE L
S wjmieh Hoof wheh A
Time
| CFP (PCF) | cPpcR |—=
I I ey s |
/ / Y /!
Start CFP  Poll End CFP Start CFP
Figure 22. Polling procedure and capacity vector
A7IA EE AA AR ZHldRE ARE b4, v E Tl wek AgE 59 A7

Hxoql & oM EE 5ex a3, D, 2 BlAA HolE e Ho Dol
B3 a4 Aawe grxow, fuzae Fi Ed oMass) nng A%
2 F%3 A AABoll k. EW B, S 771 AF F A Ae 2xvm
Mo W, RE 2AEYe] F7] vel Ak st FHTAYL WHER s
Y Py, BF Fotok Wk WAAFE/(CFP) S A%e 2 FulLagde] o)

7P AR 5 9le wek o), T4 LAN £79) 546 Fgel7] Slstol
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¢(deadline) el WAAE AFS 5 3ojof sh= S An|dteh. 19 232 F

Message Arrival Message Arrival

| |
P
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Abstract

Recently, the great success of IEEE 802.11 technology for WLANSs is cre—
ating new opportunities for the deployment of advanced real—time service such
as multimedia and sensory report. The real—time message for the wireless
sensor network has a hard real—time constraint that it should be transmitted
within a bounded delay as long as there is no network error. However, it is not
clear how well an existing mechanism fits for wireless networks, since wireless
channels are subject to unpredictable location—dependent and bursty errors
and delay. Lost packets are one of the main causes of QoS degradation in the
real—time application. Therefore, WLAN needs the appropriate message
scheduling. This is the purpose of a MAC (Medium Access Control) protocol.
This paper proposes and analyzes the real—time resource reclaim scheme
combined with prioritized error control scheme on IEEE 802.11 WLAN to

improve the deadline meet ratio and accuracy of message.

The proposed bandwidth allocation scheme is to decide the efficient round
robin polling schedule represented as a capacity vector by directly considering
the deferred beacon problem caused by the intervention of non—real—time
messages. And the resource reclaiming scheme reassigns unused slot time to
non—real—time traffic by extending the CP(Contention Period) without vio—
lating the hard real—time guarantee, resulting in enhancement of the timeliness
of real—time message transmissions and the network throughput by minimizing
the bandwidth waste. As a modified version of IEEE 802.11 WLAN, the pro—
posed error control scheme further divides DCF (Distributed Coordination

Function) into H—DCF (High—priority DCF) and L—DCF (Low—priority DCF)

7



without changing PCF, aiming at maximizing the successful retransmission of a
packet that carries critical data. While channel estimation eliminates the un—
necessary polls to the sensor node currently unreachable during PCF, sepa—
rated two DCF subperiods enable prioritized error recovery by making only the
high priority packet is retransmitted via H-DCF. A good chop value, which
distributes the retransmission to each period, can maximize recovered weight,

or criticality, minimizing the possible degradation of network throughput.

The simulation results show that the proposed bandwidth management
scheme can not only enhance the schedulability of wireless network by up to
18% but also give more bandwidth to the non—real—time traffic up to 5.3%,
while the resource reclaiming scheme can maximally improve the achievable
throughput by 11% for the given stream set. Also, the proposed error control
scheme can improve recovered weight by 8% while showing 97% successful
transmission at maximum for the given simulation parameter. In addition, as for
the sum of weights of successfully transmitted packets, the proposed scheme

always outperforms non—partitioned scheme.
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