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Abstract

In this thesis, we proposed :an identity assignment and routing
mechanism  for the wireless| sensor networks where the network
topology may change dynamically, due to sensor node mobility or failures.
With the mechanism, a mobile node needs not acquire a new identity
when the mobile node attaches to a new router node or visits a new
sensor network, whereas still can receive/deliver packets continuously
without interruption. Furthermore, the network needs not perform identity

reassignment even when some node nodes are malfunction

In wireless sensor networks, sensor nodes have identifies to
distinguish each other and routes packets to specific nodes. However, the
network topology of sensor nodes may change due to the malfunction or

movement of sensor nodes. Each time when the network changes its



topology, it needs to re-establish the routing paths among sensor nodes.
Nevertheless, mechanisms of recovery routing paths vary with identify

assignment schemes.

Identity assignment schemes can be classified into two categories:
Routable ID Assignment mechanism & Non-routable ID Assignment
mechanism. With Routable ID Assignment mechanism, sensor nodes, such
as in Zigbee networks, can route packets in accordance of the regulation
of identities and need not perform routing algorithm to exchange and
maintain routing information. However, when the network topology
changes due to sensor node mobility or malfunctions, the identities
become inapplicable for packet routing. Therefore, we need to reassign
the identities of the mobile or _malfunction nodes and all of their
descendants to reestablish:the routing paths. However, re-assignment of
identities may cause a large ‘ameuntyof control messages and long

end-to-end delays, and lead to‘interruption of packet deliveries.

With Non-routable ID Assignment scheme, sensor nodes cannot
derive routing paths from the identities, and thus need to perform routing
algorithm to exchange and maintain routing information for packet
delivery. Therefore, no identity re-assignment is needed when the network
changes its topology, because sensor nodes establish routing paths by
exchanging routing information. However, routing information exchanges
may cause a large amount of signal traffic among sensor nodes.
Furthermore, the latency of such information exchanges is normally such

long that the network cannot recover routing path quickly upon node
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failures or movements.

In this thesis, we propose a novel routing and identity assignment
mechanism to support routing path recovery for node failures or
movements in wireless sensor networks. In order to eliminate identity
re-assignment overhead, we adopt the non-routable identity scheme and
assume each node has a unique identity. Moreover, because in wireless
sensor networks, downlink traffic is normally much higher than uplink
traffic, we propose an asymmetric routing mechanism (ARM) for packet
delivery. Furthermore, the proposed mechanism can also facilitate load
balancing because nodes can switch points of network attachment very

effectively.

Finally, we conduct a simulation, using a well known network
simulator NS2 to compare the performance of ARM with Zigbee and
AODV. Experiment results show that“ARM can achieve a higher handoff
success rate than Zigbee because the  preset topology parameters of a
Zigbee network restrain the identities that can be used in identity
re-assignment. Nevertheless, compared with AODV, ARM incurs much less
control messages and has a shorter handover delay because sensor nodes

in AODV need to update routing paths upon node failures or movements.

Keywords : Wireless sensor network, Mobility, Source Route, ZigBee

- Vii -



Ram X EEs BRI HSERL - ARBEERBREEANFEEZURE D MEE
BRIRAZANES #8) - £t REUHEMER LS OIRPRE "
IR

BARHENESHIEGEBIHE AR AZTR ) ZTHEER0KERE
- fa TR X LR EMIEE R 0 EHE) - IO IRIERAVEE - BEO
HRAR - R HEREHEEZFRIE  ERETLERNEEERES
B~ RS - ER - BRI O EE RN EEHIR AT K EHRE R AR IF

BRANZEEARS  ERARMXABTAERMzE

FRIREE RT B - DU RGHFSHB HRE - B5S - ERTER
WBE T - 2R OHENVEEEBIERSEM - N2 B RAEBZEKER
am - IS AR SBEIRF SRk - BT SRR DRV N EA R s = 2E -

FINBERFEEK - |AE - RRF=UBIHBR - REMMPIEMERR
BRI REMNE - IFHBRMFT EGRE - WHARERRARER - Bii=
UERHMERHRE - IBFISELEN -

EERGREANSERRM  ERENKEGERERY)  EREERES
EHER  EREFEHERRR  ERFBRBTRER - FmISHE L

WS EIS2EE LROER - B FERNMAMEEEREESE
&E - ELUXEGETETR T\ RERMESRELZXT &

HEEMEBR ZETHEE -

- viii -



LY ¢ 1 1 [ TP PP ORTUPRUPOPRRP v
B B e ettt a e neens viii
ettt ettt e e et e ete e te e te et e et e eateeateesreesreesreeanes ix
q%‘ﬂE L ettt ettt e et e et e s et e et e e e e sa—esa—te st eaatteaa—e e et eratesartesaatesaeesarteearaen Xi
R E T ettt ettt ettt et et et e et e et e et eat e e et e et e st estenanenas xiii
Py 1 ﬁw ............................................................................................................ 1
1.1 TGRS oo 1
12, FPHRE e 0 eI o 2
1.3 (LT PN e " el RO 3
9y 23 W‘dﬁfﬂé"?ﬁ[rﬁmﬁ ................................................................................. 4
2.1. WZ’F”J’FJ ......................................................................................................... 4

22, BHIFETTIE Y oo 4
220 FREEEHIIE TG s 5

222 FRBEEBIIE T oottt 6

230 BEETFH s 7
2.3.1. FFSS ﬁ@?“?%‘,p FAEIAFER L] oo 7
2.3.2. BB I EE EHAPIBER U oo, 8
233, FURSBEE AUBER TR e, 9
2.3.4. ﬂﬁ?p‘%%ﬁ%”ﬁ%p@%ﬁ%@ BIL ettt 10

- X -



24, HITURHTT e 11

ST3 T TS AR U T SERERY AL AR 12
BLe TT ceoeeeeeeeeeessesss e 12

3.2. FLAEEG e 14
33, BHIFEITII IS oo 14
340 BBETIEINE o 16

3.5. ”Fﬁ%ﬁl_i‘sf/%% ................................................................................................... 18

3.6 FITTUARAT oo e 22

VI [ R SRR L A S 28
4.4, HIRGET e s SCAREETETR e, 34
375 ﬁ'[ %l?%é?% RSB EETL 7 # - . - 4 5 L PO 35
5.1 ;T:EEI;TU ............................................................................................................... 35



W P &

Figure 2-1 ZigBeeAJEE I D ECTTIE ...oonrrveeereccreviisece v 5
Figure 2-2 MeSh NEtWOIK.......ooverveerveerieriesesssiesessssseessisssissssssssssnsens 6
FIGUIE 2-3 AODV ...ttt 7
Figure 2-4 Partial SOUrce ROULING ..o 8
FIQUIE 2-5 GRAd ...ttt ettt 9
Figure 2-6 Prime DHCP.........oereenee e 10
Figure 3-1 SenSOr NEEWOTK ........cciitturmeceereeeceeeeiseeieeeiseceseesseeeseeens 13
Figure 3-2 #ARTTENRGAIBARA ARSI BUS SRS ..o 15
Figure 3-3 EATEI AR AL i 17
Figure 3-4 MATEIEAEZER A oot 18
Figure 3-5 TENENRL @B AT ERMEAUS AU ..oovvvvreee, 18
Figure 3-6 R BE RIS ( L1T ) oo, 19
Figure 3-7 ZRBEISBEIEB] ( TIT ) s 20
Figure 3-8 ZREEISIBEHER] ( T1T ) v 20
Figure 3-9 ZEXRETBEER] ( 1T ) s 21
Figure 3-10 ZZREEEIBEHER] ( FIT ) v 22

-Xi -



Figure 4-1 BEHEIRIT ..ovvvvee sttt 26

Figure 4-2 ERBE BB ELEHMERBABIE oo 28
Figure 4-3 ARBEEHEEHERFERIDMHE (AODV) e 29
Figure 4-4 ARBEEBEHERFHERINE (Zighee) ... 30
Figure 4-5 BB EEEHELRTIERIDM (ARMS).coor 30
Figure 4-6 [E575 8) &1 25 B B SOE HE B RS RO BI oo 31
Figure 4-7 RSB EHEEHME BB oo 32
Figure 4-8 ERBEHEHEEHELRFIERDM (AODV) o 32
Figure 4-9 BB E S EEHEURAF AN (Zighee) .. 33
Figure 4-10 ERH8) E1%E BELRBFIER DM (ARMS) oo 33
Figure 4-11 BB & B BESTE BRI BIE oo 34

- Xii -



Table 4-1 1252

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

- Xiii -
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2.1. RS

—RRRER - AR - MR IP UM ARG B AB RS EROERRS ; £

B AP - TP MAC Address 2R a8 Rl& 13 A8 S P ROBARS - FEHEARTT

AR S - E—E1TEIRRER ( Mobile Sensor Node ) BRI

F T FHRIRS 7 BERL BRI UL - ERIZSU0UE - 17 E0RER

IERRA P 34 H RV S 3
B BLIEREEAIREIZE /UM - EIE - HME SR BRI BRIE RIS

DECHS - BRAETEEM LA ERNEE -

B0 - R E RS D B RIEERER ARG
RAIBAC 7 BRIt MTERNRESNEGZE
PRSI E -

EEVR - B ER
AR ERERAITEN VRIS

2.2. #BIEAEAI

NE_E— gt - KB
i T
R

MG EBIEAB AR AR AR AR/ TM
X RIS D BCH%S] ( Routable ID assignment mechanisms ) 2

ZH RIS D ECHSl  ( Non-routable ID assignment
mechanisms ) - &£ FE D AIERRZ :



2.2.1. OlEZEERIBIERI

Oz E R HRIET B &ZEM ( Routing information ) BRI -
HENEXUANEBIEEE MEBERMERISETEL - £E5EHA
WO ES  SXESEMMAE T BRI  WE R
BiS AR . LOERIRIRE RIS &I eI R - B0 : ZigBee
MU DEFEB] B89 EREBEEENRSEGELERBHSIR
H%  MRESEAIUCKESEER T L2 Ec AV RIS ( AFigure 2-1F7R ) -
BEMAKBEREUZBASHFEAE - HEERMthERIFE ( Destination
Address )L KB EIREFRE ( Neighbor Table )£ 2515 HiNext Hop -
MmAREEZE (Routing Table ) &

Routers at depth d+1 separated by:

1+ Cm—Rm—Cm- Rm™ !
1-Rm

Address of nth end device at depth
d+1

Depth =0

Cskip(d) =

A4 = + Cskip(d)- Rm+n

n pu:rf

Parameters
Cskip(d) :the size of the address
sub-block
nwkMaxChildren (Cm)
nwkMexDepth (Lm)
nwkMaxRouters (Rm)
depth (d)

L nwkMaxRouters (Rm) -
e nwiMaxChidron (Cm) ——

Figure 2-1 ZigBee MBIt 73 FL 7575
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ICFREHI R TR R E R RS A B EE ( Mobility ) k&S ( Fault
Tolerance ) E —#EEIRAIERB I NSRBI ER - WAEMDECZ
IR RE A BIRAEIRAERS - SRR EDR BRI &EEE &
RIRR - R EF D ECAl S ZE M EIR BN ER T - & EMBIUER
AIFERENNBEE A EREEBRIB A EHERFGAERUILE
Wl -

2.2.2. AUGEZEFERIBDEATR

Ao]#x#RlEE  ( Non-Routable ID ) 2155 E &0 2508 Bl 5 22 48 18
WhiEERE - MEIATA A BB RIS E T E L T —EA&XER ( Next
Hop )« ICERERIMEFIE R » EotilEd - WARIBEER S E &RV
% ( Routing Table )R E N7 B14:4% <l ¥0Mesh network ( Figure
2-2) - JHEEFERSEE M ERMAC AddressZR a8 BIR T

Wired Infrastructure

Mesh Mesh|_ . _. _. B
e g
" Mesh

i AP

- S ‘/'
- W m - -
i

t :

ol : ESS = Extended Service Set
| = mesh radio = SSID

; link =

Figure 2-2 Mesh Network
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AR IR SEENFAEEAZR ( Routing Table ) SR ERIMVERIE - [FHS -
SHRNEHHERFTEZEMS BB  BIETREREEEENRER
&k HEEXBEUREE -

2.3. #ZERA

BB ZRRANARIERZE/0KE - BRERTERUARERSSE -
A ABRH=4 :

2.3.1. ERDHABRRINGEZERA
ERSHHABERRNERRN BBV EESATHHN L 8L

BFEEHMTEEMMN MR (NextHop.) RERERMAAIFE
AODVI[7] ( Figure 2-3)

s|s|2 S|C
cTcls 15k S|B|6
sS|s |2 :;/
E|E |3 sicls
D|B |3 DiDl2
BB |1

Figure 2-3 AODV



SHRMEANERWAIFE - JUERBENEEEZTE  mEHE%
REARSEIRENEE - BETHEORETELER - AREMITEIERK
BHRREMALLE HE3FRANMSHEE  REBZIFLAZZITENENF
- BREAEEEENEE  REEGZERE -BmMsS2  BRIPEZFE
SMRBEMAEEFNRSEMNIRHNERE - ARRENEERBTIR
R #WneRERRUERER -

2.3.2. BREPABHERIVEGEEREA

MEPHBEARSERNERE AEERBRAREPEE—NRBER
£ - Fl#Dynamic Source Routing[1] [2] - #ZFAEZE LT (TEIEHRES
BT ) ARWERHE - BRERIREEZEEH  ( Source Routing
Information ). fCEr 8 —EASERITEIERRE - IEEMEIRE T FNGEEXE
Al m—AE - MITERIERRRGE  RES&EEETEENR -

4
M m

6
S T

Figure 2-4 Partial Source Routing

L5 A AR B EZEFIFLE ( Control Message ) - AR E RHE
B5FZE N EXBAMNAUEREE ( Header ) AL EESEENRBINEIEERA - BER



RAEHINE - AT ENRNB SN BRENERPER - ERBERIE
EEE - AR EERERE  EREREERERER -

2.3.3. ERIKENGEZERA

ERRENGEERA - EREMFE 2P - FLEFAM[4] [5] (6] F -
Hs{E R ENR_EAE R FES E B RRI R FTcost - M B BTN ERA A 253
BRREEME - REEZRF costB/N\WI G EERRIT - MAF#ERH
* - EREAEREHERBRNAALBERE  RMAMEREEDH
EESTREFNFENMHEZEHE NREHFEETREEHMBEZETE - Al
REWEAME - HA—EEEEERRAERIE -

BIUNATAIGRA[4] ( Figure 2-5 ) i A BB E IR B 0 X 21TE)
BB G EE2HRAKENEIR L WeBAETEHMITE &N
Bl MR BAREEEETTNcost Bt - IHEFBEERRIFEEZRIET

cost to A |cost to B

l.' B “
E . C‘/'\‘ /D
- 310

Figure 2-5 GRAd



2.3.4. BERulfGEEERIBIGEZERR

SHRNEZIATESETESENR LHEEBEHRAR  REEMOEMHRRE
BIo] - B EERKRBEERSENRR - AINEIEIRBAZigbee [3]
(Figure 2-1); BENEXRABZNHEE  KAZSEFNHAREBHEAFHIR
8 Bl AS HORBE (% - RIEE N —&IRA ( Next Hop )+ #l#iPrime DHCP[9] f&
EUBEHZNDECHERIEE ( Figure 2-6)

Root proxy

2X3x3  2x3x5  2X3X7

Figure 2-6 Prime DHCP

ZJAEREIREFERE  EE—EERREE FHIESEITEESHMR
ZRIEE AR - B ETHENGERE - MAFEEER - EHEMEN
RE - BEE— BT RAIENF EETIERIRIN - DIZER A R ENRGRIPT
BRATERCAIENR, - B A RIRERGHTRVEIAIS - RItGE AR EBERE
ZHEHMERRS  ERPEUNBETNERE - B - BRFTFZEE0HEA
EIH E R - AU S RANERES P - FEEMEBIMIERINERS
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AMEMENEL RIS A E RS I3t ( MAC Address ) RU¥IFERA (% -

2 4 ETE:%L.\ %l:l

AEEAREIRTM - ERARCAAEBIRIED TR D REE IR ETE
EAEAREE - Ammisa—Es BUE RS AR SR E - R BT G
R AS D Bot% sl ( NZigBee([3] ~ Prime DHCP[9] ) I - SiEMEF2TEIER
EASRBEEEEMBESE N ECHE RN - BRITENE B ERRILE S
RIS - UG RS B R RIR AR ER LR -

AMEFEATEIABER (Routing Table ) [7] [8] [10] WA - o
REMBAENER - SREA R RELR  BHENGAEEARE - FIE
ZEMEBERERE - RMEEMRAVGERES) ( ZHAODV ~ OLSR ) E%
BESEBENEE ARG EEEEZEASIEHNEE
i EMEREBRENEL (throughput) & ; S8 AR EE KK
RAGEEEE - B —RIBANS AR EENEE

HIt - ARmXZEHNERBRNEFRARBIRE RE—FB#ES
TRIENRERVTTEN M S IR - LL R NMES B ITE SR Bt
(Roaming ) EFITEIENREREAE N ARRBEEZ R - BREFHE
SRR - DUSAER D - METRBAGEERESRL (Fault
tolerance ) %l - & LETENEARMBERABE ZEMU SR - TEIEFAD
URMERARRE - WHBEMEBMEBETE -
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3.1. @&

AEFHPRIEAES  RPARRHRPMEEWEERRONFERPERA
HWEXZITENME 2B E  ( Asymmetric Routing-based Mobility
Supports for Sensor Networks, ARMs ). E @& = —E P AHE RIS 2 BC
Hel - AEERERRA - SRBT WEIS IR ERITEN RO BB E R E R E
BRSFIRIZEIM ( Mobility ) S S 12 B R T BURIE B8 RIS
FTEEm LIS R/EE (Fault Tolerance ) #5l - 151ER0RA0T:

£—{E— M PREB RV R ARBORIAES R Figure 3-1 ) BEUAB LK

TEIENRS - BB NEEET=@EE D -

® {TENEIRS ( Mobile Node ) : DIfE IR AR PEREEMNE
MAERRERR  TEORHEIEREGABEL D RBN - 5BEE
Mo HP—LETEER e B %208 (Router ) IR E
BERHTHMERNIE , MELTESER  BEARBWEER
AIINEE ( End Device ) - SEAEEEMETRRAVIIEL -

® FiE#s ( Coordinator): BEARAMEIRIE D BLUERTEIER
REBETWER  IAEESEEREREHENEEE T -
BERTHEMWERNEN  BEIRIHHELRE - S 2 IkHEK
M El - BAREGRIFERD ERPIE—ENZERER
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AAERNERLNEREEEETT -

o EIPEIT (Fusion Center): H— B Z @A EFEFTAER - WL

B
BARERAN IVEE ZRIERNITENRUAENR  BE BEBIEAR
RIEEE) BEOMEBEBTHEHWERNER  ARTREEE
thE 1 —{E 2k Z B AR A RS

Fusion Center

() Coordinator
Q Mobile Node
—  Wired Link
”””” Wireless Link

Figure 3-1 Sensor Network

ME LAY FRARCR A P - FRITENRURIEI RO L BB SRS 2 HHE
It - BRREBEEHMASNESERLESR BUEFE -SRI ERAERS
RUCAFBI M E T ENENFBES) EARBIE R - IR ETTENENR S L IR 1R
- MEMEEARREE - PEEE/NEZE DR RR X P E s it
BN EIREERGE
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3.2. BEXEE
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Handoff Delay Distribution (Zigbee)
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Handoff Delay Distribution (Zigbee)
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