-rrﬂl#JEV‘ ‘“*1 HEHD 2% JlE

HE T

1. A&
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1.4 &

T4 A HEYHA e s S8EE
Aoz ATED ol 7129 adhoc YIEYZ 7]
FHT} 718 AT B FH HellN o 7R3 Aok

ARRE 7EAa Qo o]#dt A|AES F5E] §)
3l 71&9] WHETE tE FHo ZEEFo] g
THT 2 T4 M HES I Jise 8 o
7} HHAR T EE &8 kg FFAIETE g
$E IZEZL 0}34 e 2] g2 Aol

T4 AAM UEANN 3o AA =Ev A
2 HENIE 7T 5 = AP SH configuration)
EX47 2H5-E9) vlolg A2 F 7HX] I8 FA
of 3steof drhe HollA YF adhoc VIEHNZ

gt & 4 Qloh
019} 2 B4 AM YESae B2 49 A
=g FAPOE 9l g 2

=

I..

)
54 2

et

(1) AR A8 AN ==2 T A YES
A9 9L el 94 29 At 18y
7] 8" dFE =9 viee] adlolt )

* YERANBAATY AYAT
o GRIAEAATY A7
o PRAABAATY M7
v YTAATNATY AYAT, 9%

de B7h5% 297} B

v EHT‘fE AN =T B4 T S 5
¥ WA A k=2 7Y F glow,
=20 Al i AAA e el o,

=) ulgo] vl Yolo} g}

() MIEQZ A7t P4 4522 UAE] ofele
Fol} AgolAe) A9 Be Tolq B
w8 £508 HXtE Ao Wisdnz
wE50] AN WENZE FAsNAk 57,
WA =ESo] YEYIS] A7 HBeo] 75
ook B}, 3 adhoc AN UESZE 93
ZRE Fo| FAsloiol Bt

@ B D B A2 A} AN =TEe A
o2 9 ANS AL, w3 549 T
JEIS S BoT A

(5) A9 SHMA dloleijols) BY AA k=
T 2§ AN kEdA A7t A4l A
e, Wolx kst Fojd 9o YolEE
FR3 38 WS A

9o} e E4QL JIAE B4 A4 YEYIE A
3] 9 AN =29 At 748 Sas A
Y PS4 Hole 1Y 98 ZauZd o
A7t A&E Slok 28w, PR ZREZL 3§
AN ENII HEHE S8 Bok wi 2
7z B dPe v a8mE A4 YE
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30A AT F UE UUT 82| FeE A
3ta, o& dloje FAH AAM JEHAY EA3}
Agsled g3 Aol AFat oA LHIE Ha
3 & 4 Jde A UEYT 998 Z2EF0]
7 Eojof 3k

2. A YESZ 2R AT %

A4 A YEYANA e e AA HE
39 HAFQ AR LAEZFS TRATIAY BE
AX ke&o] 7538 AR LHE FXsior dio)
E3) doJei7t A2HE A3 kud 7R A =
EE2 AET dolEg o] BobAH AvR Amst
AsjRlEd ol FEE7] AT ARE WAEo] A
A=lo] HAHA oA ARFE A5 Y
T Ak

A YEYZA 71&e YEYZ 7% 98 &
Zo|| ojste 19 13} Zo] B/ F At} 1)

Routing protocols in WSNs
[

f
Network structure
| | |

Flat Hierarchical Location-
network network based
routing routing routing

Routing operation
I i l

Negotiation- Multipath- Query-
based based based
routing routing routing

Coherent-
QoS-based based

routing

routing

(a8 1) 29E =229 &7

JEYI T2 o3 W ZIeFe 0gs
22 F771 Utk

(1) 39 298 ¢12|E(Flat Routing)
® Directed Diffusion
e Sensor Protocols for Information via Nego-tiation(SPIN)

¢ Minimum Cost Forwarding Algorithm
* Energy-aware Routing
¢ Sequential Assignment Routing
(2) AIBA 229 Yu2l&(Hierarchical Routing)
® | ow-Energy Adaptive Clustering Hierarchy (LEACH)
protocols
¢ Threshold-Sensitive Energy Efficient Protocols(TEEN)
® Self-organizing Protocol
* Sensor Aggregates Routing
® Hierarchical Power-aware Routing
e Two-Tier Data Dissemination
¢ Virtual Grid Architecture Routing
Q) #xl 712t 2t8 LB (Location-Based Routing
Protocols)
® Geographic and Energy Aware Routing
® Geographic Adaptive Fidelity
e MFR, DIR, and GEDIR
¢ SPAN
(4) AAIZE U 2R d2|F
¢ Stateless Protocol for Real-Time Commmmi-cation in
Sensor Networks(SPEED)
¢ Stateless Non-deterministic Geographic Forwarding
algorithm(SNGF)
A7) A7) 7HA eeE Z2EF A HHF,
ASH 3 A3 I8 297 SO8 YRl A
| X2 EFES Jl&dich

2.1 HH 2198 LS

2.1.1 Direct Diffusion

Direct Diffusion(DD)[Z] AL A3 kxel Ao
(Query) 50 71he E doly 347 98 2
HEHY oz Ao 4T I He S8 AP
£4¢ 7kt DDE dF $40l U@ doe &
¥ 7k Ao g FAHE interestE EHATE Interest
£ 43 =edA Agslel YEAT A6 #E4
7, Holy 84 >z oo} R3he vlolelE A
£317] $13 AACradien)E AT} oln) THEA
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Z2E 58 8 =2 HFdEHY o opde S83E
o] A3l AEE F A FHo| F2 % /e A=
& 53l "ol o] olFo|R|A d= WAoltt:

Directed Diffusion® A3 =E59] named data 2]
of 7Nk F BHH ZEEZE UF 9 AL kE
S tge] A3 =ue] AOME FEF0E F&
ke A Zzhe) Ao 9% 98 AR A
dlo]e] §8Haggregation)™ cachingS 33 5 Stk
€ AHE Zeth ey AslE BA BEE 4TI
H3l 87Ee Faol Zve e FASth

(a) interest 8jj3& (b) Z1fidilE A

E\e’f’ﬁf Even[
oy o
: | 50!.!

(c} A& 7}3}

(d) djole] 24

(18] 2) Direct Diffusion

2.1.2 SPIN

Sensor Protocols for Information via Negotiation
(SPIN)[3] 3212 43 A HSo o8l E299
A%g Asty] Aal AR A=, AAxrr} b
olgjol] thal Farsha, JA==2RE 332 7INE
= FH9 vloly F44 28 7IHolth ol AlA
=271 HlolgE WEske tiAl AlA HolHE Ve
= WiEl Hlo|HE HFsld Ho A&Ho2 FF
311, AURAE HEEF sk WHold. SPIN W4
& EE xTE0| Potential base station WEH T o]
EA) oL 7ML 2 S0l BE k=52 4
HE ¥k agn SPINS AREAPT 3 k=ojA
A9 g 3 SA FEE S F UEF 3o Fot

2.1.3 SAR

Sequential Assignment Routing(SAR)[4]9IAE 2H-H
RS S 2+ A2 U= AuA AT Qos, 17
1z g7le 4 A8 el B 29 o
Z A2} AREe|, B4 A2 ddlshks B
AE AR A 2H3I=o} Qloh Z oA A
anAY tF FEE A8 Asly A= one
hop O|RES AFCE ¥ QoS¢ VA Hade
7T =25 H3iiM AE U ExVl A€
ot Eg] A3 Zapl 89 4 == UF B2
&3 Hi, 72t =te AIE drAE AL Eg
g A9 & A Eok 4 =nig oE F 7R
setule)7t J32E e 7 BREY)} dud

e Energy resources: 3|3 AIM =7} BEE 54
gt AMSE AS Aed = WA

o Adaptive QoS metric: G o] FEFE S
QsE 97

SARMAIE adaptive QoS metricT} HAle] 4 44
o} A" 7R (weight) A2l FQ weighted QoS
metrice A48l ©]9] Ha@S VIESIY AE 7
b B8 ALSATIaA g oA HEte ¥kl
st 7140 A= AYAte] A &3 Al
Aol it B ol =27 =407 HALE
53 o}FoX1, A HE B 7PEE ARS-Hh

2.2 EHAEE JlH AISH 298 YDEF

-.1-J

A AN HEIANY AHT == 7ARE
AR FE FER AY A g S0]7] 2%
HolEl E-S(data aggregation)°] HaSITH= 545 I
e W SEEF 7N ASE 2R 71l
B e 7RI §, 22 29 AEHE 34YeE
A AT Aol TR AR tiE FARE AR
£ e =g Asdtn SuiE =) HlolH
E&e gdsly Hot ouA a8 SheRE Tk
st s, 2% Folo] g FAH o] ofF
LR HlagHel ool Fde 42 +

-r-l

ok

= QlEUl FESS| (e H13)
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2.2.1 LEACH

Low-Energy Adaptive Clustering Hierarchy (LEACH)
5] 28 LTS SU2EY A 2R S
oF FY2H Ut FYLEHY WY R ESEREH
HolHE 33t A A2 dAgditt o]
29l EAL YEHIY e EE AT J
UA] &HIE IR 4 A1717] S8, VA e
ARl 715 3k YL JoE FANYE o84
7131, AAHL FA Hl8-E £0]7] H3) E=LH 3
Tox Fe2EUe] HolHE Eof X|9Fog Yy
s Ao|t.

2.2.2 TEEN

Threshold sensitive Energy Efficient sensor Network
protocol TEEN)[6] AMx=TE0] F7|Hoz2 H$d
Ho|]HE 7IAA] =t HS AlYsta= LEACH
o} FAH E3RITE TEENOA AXMeEEL &3
28 A A7 828 ot WEE Az
7IRRe T3 "4 ZAXE dHolHE A4 AE 2R
gt} &, ZAAE dloly o] AHIo=2 dARE =
A3, olF ARSI G A £Fo A4
olZol= AXd dHolHY glo]l AR I Y o=
Ax ojdd Aol A8, siF A €3 AF
3t}

2.3 2Ix| 7[¢t ejPE ea2E

Geographic and Energy Aware Routing (GEAR)= A
gyog EFA FAvt v =580 UES=Z
Aol JRS A= ZeH Z2ZEEEN, EE
FTgol Al A2d x| Qradio range W] A4
9] one hop ©I%S ¥ ow, B¢E EFHA=E F
32 YA e =xo|AY 3 HESLZ XFd 3
on 7} R ZAE 7|53 B3] H7] Hs)
A F7F B9 ARE BT 5 g o F8EHe
T g EFolr}

2 3 vgd EEEA WIlE HuolE
shcH| vl&o] Aow, FE HA HlolEE AR
overheadE T&}HA Q70| FA3t ARES WG

T 1o, B2A)7t3} energy-awareness Zload-balancing
= 2 AZEES WAT F U7

2.4 AAIZH A B12E YTRIE

A Stateless Protocol for Real-Time Commmmication in
Sensor Networks(SPEED)= AlA Y| E]=20l|A 9] AA]
T+ BAE st AAEUHS]. 29H ElolEE #
Az 5 LHI=E gy, FAHE We= F
o e AZE Z|HEl]] $541& A|Ydith SPEED=
olz)e] 19 37} L& REEE JTAYY Ut

SNGE(The Stateless Non-deterministic ~ Geographic
Forwarding algorithm)= 40| He REEM HAH

g o83 U =5E AL o == YA
Hog EAA © 7kt kg Fo £ £4
BT & =TF Fol| AYEH: o] 229 &
e 84 kEoX 5EHA =29 Ao o|x
koA B2 =829 AZE W 3EE AH AT
o2 vhr gte X, dHAIZT F8A] ko o=
A2 7R VE vt

APl
f UmiCast 1 MutCast | AnyCast |

____________________________________

Last Mile Process

Backpressure
Rerouting Bd SNGF Rl NFL
Beacon 1 Neghbor | Delay
Exchange P | Tare | [*]  Estimation
MAC

(a2l 3) SPEED Protocol

27139 WA TSE FHA
S, 54 330 AAE 7|Fez EFN e 7
28 Pt 939 Ade Y2z BNG )
A% BT, AK e HEE A 2 Az
2RO N ojFolltk NFLE 37 HIg-g 23}
S8 FABES S HNHA 75 ST
o o] WA S5} BolAm, Exlo] Yold
935l 92¥ ==t WIYA 7EE o4 o
2 woSolA el Exdo] Yol xS AE

e

rl
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e

AR g fxgih
3. A WESZ e TF3} 3

AA HENT 7]zolA A HARZ F8% AL o
YA &5E 2o|7] S8 He R dloly YA AF
N HFY FES £0l1, FTEE s M I
Aof| a7t A7E siF siFE WX AR
ot ofx] AR} A A7to] ST & WA
quA LHle TE =& EHAE FAFEHE dAE
FN  HRES(overhearing) Aol oste] AY3ICE
A BA oz vl AojAlEe] LW Toln). &
FAEE Aoz A v}t I wfAg e g
HEE8F9 99 idle listening® & AFEHZA e
717t % HolEE A817] A8t Transceiver’} &
Asld B2 ouRE 2ulgth o3 ARES 1
e F4 AA HIESH 71&So] IEEE 802.154%}
ZigBee AllianceE P& Bo| A5 Utk

3.1 ZigBee 7l&

ZigBee[9]©= AW, A7H4, AMES] HEAES 7R
oA FAEHIY Ui Vs FY R
IEEE 802.154 EF°] PHYSI MACES 7oz
A8 ZREZ LS TESS Jls2 48R
2 B9l 8o At & LEMo|A T LY
o, FHIFEZL A HELA 33 754 $34 4
&g @9k 7ot

3.1.1 ZigBee WES|T EEZX| U 2l

ZigBee NWK(Network layen)= 2}, Eg), w4 E
Z2XE A3t HIEYZ tulolies oE UES
A Yuto]xe] HAAE FAS. 28 EEEZA|0A
© ZigBee IUM|oJE)7} HEAIE FAIZ} 2o
olHl= HIESA Hujo]AE %3, ASATE 9
£ gtk dE EE dYulojas IYdlolHe Y F
A= #HE tuloj2~r} Hr w4 2 E] BEZE2X
o] AL Fholgle YEYIE AFsta EAS
8 HELZ vi/ieE d93ith =3 ZigBee 2}

SHE B3 VEHIZE 83 5 Qloh Ef UEY
AdAN ZFeEe AF R 7IHeE UEYIE
53 dtlolHE ol A7l HARE Aot} EF
VES A= BIE 7]¥KBeacon-oriented) £41& AME-E
4 glom, A3 PP (Peer-to-peer) 412 X4t

(1) E8AE Eg| 29E
Fej~E Ed] 282 beaconing multi-hop WE
=M -85 B8, Iojdloleet 2R
B wige] #E L3k £ ujH FE I
g Y3t =2 AFE Arol s, E] 25
B A& of gk

(2) o4 28
ZigBeeq] W4 8L ol LEoi Z9H
HZlo o3l FAE HBRE Fdl &2 Uyl
o]ATHE B tulojAR AR FAS HE
sith 298 Hjo]E-2 AODV(Ad hoc On Demand
Distance Vector)?] ©<=3lel Bl--E AM&3ic)

3.1.2 ZigBee =21l

ZigBee T2IUL ZigBeed IHE o]ETh T}
o|AEL AE QAT # Qv WAAE n¥Fe=
HOEE A7, Y AEEHY ¥ AN FH
& B, = A4 AA(Occupancy sensor)”} &3]
de ZAE B9 A WAIR] E=Es7) Y Ao
E 7Y% & HE 42 ZigBee TuiolAY FFF
Y ZAFE AY3 tulo]k ZEo] It & &
o] T} WEYA tnjo]x ¢ o] tulojrr) A
FTohs AMUIEES AN, vES A 2/ A&
Al tujolze] 7iFe] &I F4H UEHII)
AT} o] tjulo]A ZEWMYL Tujo|A B XMulA
Al-g X3t

ZigBee AFF2 tinlolL AXPA7F Z20d-S T
E T UEE & V] W 23 Je
T8o] 7Fs3sitt dlX|9iZigBee FlolAie o]Eidh
=28 7150 MEHA YoM o AZRJAY
Huto]2e} A F23E WejEiie ¢ goe YR
olty &, =AMHQ ZEudE FHE vulolxein
e e UELINAN 718A 715 £330l 7
sfjof gth= Aol

52 ClE{Ll ME5ts| (Mo M135)
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3.1.3 ZigBee HA

20043 12¥ ZigBee verl.0%) ZigBee-2004= Beacon
3 Beacon-less modeE X[ YS9, ZigBee verl.0S B
3t ZigBee-20060] 2006 12€ W SAck w3 2007
d 108 UHF ZigBee 20072 Beaconless mode¥hS
A As) ZigBee WA AZIIHYOZ ZigBee
2004+ TRE ZigBee AT ZHY 7 Fo| Hol &
2 3840] Yom, ZigBee-2006-2 ZigBee-20073} Y
R 58| 71s3lc) 3 ZigBee-20063 20070] A
3 A& HEE T8 Bd devieeZRF 33+

ZigBee-2006°14= o2l 717158 dhiel aFo=
ARs Y AFoE of Y 7)71ES FA
A 4 Aok & ZAFFA 7171, AR e 7))
T U 7VIE ddes 3 Filo] rissides
A BEHRF vine]e] AM-S F0]i ZigBee AES
TAshed o] "edt FHRESS 08-S e
T A Hok AEA EEE ZigBee-Prot ZigBeed]
BE 71 Husksin diE YEYZ it AR
o] Boldd F2 dile AYS I siFET ®
g oy YERF g AEE AN vEN=Z &
A3 7 AxE B g8 SAHRS A A
283 A5A8L & £ QEE dAR] £ 7]5S
F7HtE Y 84 A AQEES WASTE
EfA 75, tHE VEHIY HHsid 7)7] Fx &
2] A58 2 3§ FA8E 7 sl VEY
3 3 2 FHET LSk

ZigBee-20067 ZigBee-2007(Pro)e] tHEZAQ o]
o2F

o FAUTZ AT F4& FE A HE WY

* Frequency Agility

¢ Many-to-Onef/Source Routing

¢ Multicast

® Fragmentation

5o & T A

3.2 IEEE 802.15.5 UEN3T A& ==&3

IEEE 802.15.5[10]1% 2043 o] AAloz A|Z]
2o, IEEE 802.15.3/4 PHYMAC 2 94 vl4 ]

EN 715 ARSEE 3= Aolth. dA2008d
59)71F28 A WA recirculation®] AJAEReH, W)
9 2 HYES 212 3l YUtk 8 7o E2E
mH MEHAS A S8 715, Be28 715,
A BRTINAR 715, AWY 715, end deviced]
o]543 71& s°l Uck

IEEES02.15.5 & FAYF W2 x7]d] PAN ©
FAEH AT A Yol g k=2 BE AAE
3 3 k=t k= AF HRE w4 Zjdlo]
B oA AE3te HFe FAFL Fn

3l 2}419] LST(Link State Table)E 3Ad3c) o
HiEl o 2 AISh & W= LST Hlo]8ARE o
st Hd k& 2ol 7153 o) Hlojd k&
of )3t ghLEle HEaZA YAS o83 E 7wt
Zg-H-Eo 2 Ho|HE ALsA ot

3.3 IETF 6LoWPAN/ROLL

IETF 6LowPAN(IPv6 over Low power WPAN) [11]
NA= USNWSN)F IPveE A5 ZAsleie 239
o] 204 AFE IETFE F4HLZ Azglon] A
A YEHT 2, LoWPANY IPv6S R AL
FAZ k= 6LoWPAN WG(Working Group)©] A=)
[ETF A713)9E 53 EFE3S AP Agsie ik
6LowPAN-S IEEE 802.154 MAC/PHY 4] AlZd) 1P
o TCP/UDP & 71& UHUlollA ARREe B4 =&
EZL 78 AeE 7 AA =2 v F4AE
Fof g7 wid], &R = P VIEYA U9 &
ZE7} 6LoWPAN W9 AA ko 2 HIs 5
AT = o, 6LoWPAN We] AlM =& 3 o5
P WERFA Je 32ES] Filo] 7F53l7] &
o JEIF AX WENIT 553 AA A3t
T2tk 22y [EEE 802.1549 BlE IPv6 g A
£ & 7] W7o, 94 AL FlE Ful 9]
AlS-S 6LoWPAN UjollA] IPve 39| 28Tt of
Uz} 3K fragmentation)2} A ZH(reassembly) 59
7158 223}t dAA 279 RECE 718y, 1
d @A recharteringS 21343}k31 Qo
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ROLL(Routing over Low power and Lossy Networks)
WGE AA YEHAC L3 SHES AFsr] Sl
WGEA] 702} IETF 3]9] BoFE AR 71x 3]9] (2008
A 38 AlEA WGE &35 e, A IETF W
A sl B T2EZ g AxEYA
29 AHE ke v R 4 A HEAZY F8
8 3 28 SR e 1A BHE &)
3 ek

4. AX FENT 71E W A%

AG7HA] AN MENT ZeEge oy 71X #
Ao ARHY ARES AHETE ol FolX=
AF7HA AHE AWM UEHT 7esd 7Res
USN A WIEAZS 4 809 AR & 7
317 A 7le 2R 9l distd Tledic

1) AA F4 A4 bEYZ A &= x|
ARB-0] THE o]FA 3 AAM UERZY

]

HEATE e ARY 22 Ve

2) & F7F BAY 3R] R HEE A9t
1 AHE AYE Ak AEE Y 4 3
T ¢aeglE

3) AA WESHZ Yo P HEHIS}S] 952
1P 99 Vs

@ AA HIESHZY 74 549 ot g3
=t ok HFZ g FEEL7] 913 A

5) 74 AN HIEQZY AT S st F
A g3 AlFe 54& o83t UEST E
£27 ARl w3 Qo] HEYA AZH 38t
H A& AHE 23 G883 0]x ¢FH2 cross-
layering 2H7-8 ¥1gE 7=

6) NFY AAM orl dod wixjE o 22
o] F4E FEIHA EA AT F U= TF
T4 8F Jls

(7) AAM YEHZ 8 AR AR g 9 dlo]
H s AFEH TR YELYI EZEA
Aoy 7|&

8) °]F =B} o]F ALEAY olF F EE olF

rir

O

Follx wlolgg] A AFe AHshr] A
g ol A 7l Fol BRs.

5.2 &

USNZ mlo]3 8 HEEY, 74 54 25 € A
M7t AFE 248 dHts Al2HeR A 2 &
Aol 93t Tjke MulAE AFsit) AAM oA
o] A Holy A, AX = 74 F4E A
24 AM WELR 7ol bkt 83 fulHH
2 AFE MUAE AT P94 leolth =3
USNS AlAFCcE #F371 JYHL e 7IEE,
IEEE 802.154/5 {53 ZigBee Alliance] 23] Al
HESHA 7[&2 EE 7 AGelM odst 7 T
di 3§ Al xE2 73 glow feuet
© FHIFES AR 448 98] RAD/USN 7ls
S AYEkn ok =y USN HIES)H Jlsd
ZigBee 91579 R Mol oFAX e
olt}y, & 7lEEFolMe ZuUi] USN HIENA 7I&
I} USN HESHNZ 79 Bd A%E gol B3ith
3T kst USN 58 ABIAE AF37] 3k
USN 7|0l thst € IPR X7} w5 HRshH, o]
g sl AE317] {3 7y Frot mi$- F8.
&t} & Aojrk.
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