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Abstract

In this thesis, we propose a load-balancing mechanism for ZigBee networks with
multiple coordinators. In general,.a ZigBee network may consist of a number of Personal
Area Networks (PANs) and each|of which has a coordinator that is responsible for
transmitting the data from the-PAN to the fuston center or vice versus. As the size of a
ZigBee network grows, some coordinatorsrmay be-overloaded if too many sensor nodes
join the same PANSs. In order to overcome the:multi-coordinator load unbalance problem
of ZigBee networks, we propose a Controller-Assist distributed (CAD) load balancing
scheme. In CAD, a controller, possibly a server on the network side, decides the amount
of traffics of an overloaded PAN should be reduce, and other ZigBee nodes of the

overloaded PAN determine autonomously which nodes should switch to which PAN.

In general, we can classify the load-balancing mechanisms into two categories:
centralized and distributed approaches. The centralized approach can achieve better load
balance under the expense of more uplink traffic overhead for the ZigBee nodes to
update load information in a centralized server. On the contrary, the distributed approach
does not rely on a centralized server to collect load information from ZigBee nodes but
requires each ZigBee node to exchange load information with its neighbors periodically,
and may have ping-pong effects in balancing loads of multiple coordinators.

Neither centralized nor distributed approach best fits the need of multiple

coordinator load balance problem. According to the characteristics of ZigBee networks,



the server can know the loads of coordinators easily, but not the loads of all other nodes
or information delivery paths. On the other hand, each ZigBee node can know the loads
of the nodes that have a direct connection with it, but not the global view of the loads of
all PANs. Therefore, it is necessary to exchange many message with the load and

topology information in both centralized and distributed approaches.

In light of the above characteristics, the CAD scheme we proposed in this thesis
makes each node in a ZigBee network play its role in accordance of its own knowledge
of load information and cooperate with other nodes to archive multi-coordinator
load-balancing. First, we established a sub-tree based load information maintenance tree
so that each node knows the total loads of its sub-tree. Second, the server decides and
informs an overloaded PAN how many loads it needs to reduced. Third, each node in the
overloaded PAN determines, autonomously in a distributed manner, if it needs to switch
to another PAN in accordance of the amount of traffic it needs to reduce and the load of

its sub-tree.

The simulation results show that the CAD scheme can achieve the same
performance as the centralized-approach~does in balancing the loads of multiple
coordinators, while incurring . fewer~control messages than both centralized and
distributed approaches. Furthermore, ‘it is also very effective in terms of throughputs and

end-to-end delays.

Keywords: Wireless sensor network * Load balancing + Gateway  Sink * ZigBee
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4 AODV[8] °

= B B9I% (destination) I B IE RIS £ B34 - = [0 FE— (Rl 42 1< 22 IR O] FE (route

in)

i

il
Sk

discover reply)¥ 8l - AR Mk E SR IRE IR0 IS I B 25 [0 884X I -

W2 G (o] £ BB 5 A 2 DA AR

EaEh R ICEAE EME AR EH R E R E CRERNEN

MEE BERAEF)KGERFEZYT  ERERKWEFELELRIEEIE
BER - WEEHNERIARBESENRHMNN - FoKILIERIKBIFR

3812 (path selection) - ZEZ S & F 4 -

DLAR[9]1E=ZE AODV-like FIEZAFBRBENRMN—ERE FE&EE

8% - EXAWIBHAR/NE - BREIARZE

| REERERBESI R B SR SIRHE
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SHERMZAHTARRERANEY  BREXEEES
TINRGEBEEY - WHRD&EMS - B s BT
R RIRHER - FRIBACEF (cachy 5 HBENAZEERM - 7
oL BCRIEAZLEHE  MAFTEBEERE X - RMEL
HEFNENCEZBR(stale)E - &V IREBEEHEIBOER
B AMGILERE - R ERFBRVENFABESEE - B BIBESD

STRABREPNE—EEF  KEREHNREER -

HRNBENERESRIAPEZE AR £ DLAR EEEUE
&1 % B el EZEH BT AIARNMUR B EIF - BIREBERENR
RAEFNAREREENES B -

. FREFREK

ERERUSHE  SEFHMEZEHER - oJUEECEMAR
FHEMMNMEERIYE P (piggyback) - HERMEIMEEERE B
I B8 AR B & & #8 38 — (B P9 4% f& (threshold) - B EET » — 1K
& - ERMPEME—RBENITE - oJLIHB R ETRRE) —E
SRRV AR R RIRER - T EWNERIEFTIRAISEE
REEARIRTE - WHEBERNSVAERIRER - WRARRE
MAREOEIE - RRLRCABETHINRE BB RAREK

T e
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ERmNERENERED - 7B ANREFEEE)R - Bl DLAR REE
HAN—ELEEE SR - AMBMERBEHREE A ZINEE &R PTEWEIRY

HHIE -

® Table Driven

MBI Z VR 5L S A (maintain) 2RV EH - &RE R
AR AREACEEANNZINVER AL - BEESRR/HENREE
RESEREER IR LR - BLEMEEWEREZZEEAEE (flooding) - FE
B4 Z 8iRh S IR U LI TR A R M E RS RGP REE - W
Figure 2-3 PRIEIRIEHRSBRLEBUKAENNIE - WHERERE P AERY
EiE 32 EEZREEPIThop count BIN—ABEBEX X -
Mol FEARWRE LS R EUMRERNSEEEE - BPREHMPIOEF

RNEIRA 2B ERENE LE BIFTEUS R 280 R E (BERERI B 23/Y hop count) - 10

REERCIEBCHRIFFERHMHRALLTE 25 - EthEnRe, o] DFE LR E
EEEREER TR T E -

Figure 2-3 5L & ¥E8% 5 /2 7 L B
SHEME[14]IR L —TEHRAKEZ L (bottom-up) B FEEMBER AT - &

RERERI S8 EEMAZLEECUARBCHFERMNERR T AR T
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MEMBZEABCHRER  AREMKEEEECEBCH IR ZE
e 2 H— B ERIARE - AR RER MBI EAHBE CE BRI TSR
i EENERM - MSHE NWER - RETFBEBPHEREFHEIBCHF
B2 ENEEE M ER ARG - THESH TEREE -

LA Figure 2-4 B6) - QB D A ¥R EHFELRNVE D TLUERIE—
BAFEAREE - IERENRERIASENRER - WO)HEIFIR - B8
E MR E R ENF BN - MR B — RS FEENEME - FRENF
HMEBERRATMEENT LM - BEREGRE - SERHCBCHOFEIR
BREHZE B —RTBNAEFHFER 7 - BEBENEIZHRER T
LRI P ORI B EHIFNE ( Control Message)dh - HRERAMEZR
FREBES AT T (greedy method) It & =2 35 /55 30 60 5 15 It 2 R 4 15
& B EEhR e FEENR ZBRIE A FERIER - AMMEENZEERE K
E EERASASHMENISRELHRNEL FEEHR - RILBRELR
B LR DA H T E N B ERIF A& AR E M Figure 2-5) °

nrl, =3 axg =1

—&THEF b

L B (318 [15])

ial
Figure 2-4 7 %75 f T firkfeE =

—{ \
Il
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Figure 2-5 4 475% § 447 fiokta ghor W)
FPHNBZESHAEEA - BHEHRTHHM ZARERENIIE

M- @SSR ERVEES -

RMEHBERRRIRE - MEHRFEEMVEIE - SRAKEREIE

ARIEARRINVERIE - BESBERERANRE  ZREELEENNERE

df

RANKE  BFARERIE BAIKSHERBZERE - ZIMRKER
ERSANBIEE  HREFSEEHMETEERER - AoESREEY

F&(ping-pong effect) RUEE - WA EE — A BrTEEIMBEIREERE A fF

AEO - FIEERER A WEFHEEIEN - AE N —ZKKE82 7L
% ER—EEERES B FAL0  —EERRBER NS ERHEE—EE

RER BB E T ERUARES -

FHINERBEBSEF &I D E ARS8 (channel) 1B (M1 ZigBee A3
A PAN Tl A [E] channel) - 7R 2 B Se i 2 B AR SR IR ISR BV BR A -
222 & ¢ N2

HHO—RBIEABI[4 2N A —E P REPARIEE S U RERRHF
f AFESENHRTSENENERE—ARZERE T - UHEHEE
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BEEREERMINEETR

A CRENRIEB CRBENER - BEMITEEMS LBEE—ER
—RfEfReE - ARFSEWRIEEENNURE - FEENZEZERERIREE -
FESUETE L AEERHIRER - REBEELER EENASHEMEN —EFE/NE
At - R IEET B LR A EE R A EENSER - ZBSEHMRE
UEHR RS - EMmZER R FERIVR -

SETPARENER  ERRXA—EEFHEBRAEZOE - FAILRAE

P E 1% (optimal solution) - EAE B EZUREN T LS -

RME RIS EEERBEHELEFZEMNAPRERS - BNEE

BB PRIMBEIE  EEHRN

\
/
Al
R

E:

b=

s BELEEHEM

I8
==

RIRRGELIEE  BIIEPANEENENELEETTENETZRIE -

= 48 B AR A% [BE K BRF OJ BE AN 7838 55 (bottleneck)

BRI FEEE IR EDAMARE - DR EEFER
% PRANIEEARE—EEFERNEMKS - BEEN AR ESMES
REZRELEHFRENEL , MEFXNBEZ—EEHEEZERENGE

ARes - MOKEAFRSAORE S EEA RN &L -
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J&& N7 B {RSIZEIE AR (F )RRV B TR ES

7RI

B Rh

1. AFZEORFEE - EEEX

2. HREMIBESBHRESFENER  EROMEIEEIRES

i

TR &G

1. FEREHIENE(Control message)IEEZ - BIUNE DLAR #ixH

2271 2R 5% = 1E RN S\ (Flooding)

2. BLFADISEEREEYE (ping-pong effect)

1. HRXBSK—GRFEE  EEERRFFENUR LI

FSRREFIRIR

2. AEBEEEVEMRE

TR AA
1. ZENEPAEEESNFELENMREUIEES  EFEECH

-18 -



2.
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% = & Controller-Assisted Distributed (CAD)

load balancing scheme

31l AR HEHeEpE

BRI —/NEEPNADBEEE - BEHBEEREASR

o BEEEMMENSMAZURR LEBNGNMESFTEEERZNE
m) c AILHRELEFEAS TEERMINRFEN - Z2URLRE - (Ff

a8 LB ol LUB MRS 1a) ik Fh iR P S A R AR AU A )

o HRNEEMEHNEBFBIUNSEHRBELNRFSEMNZSAMRE
fIE) AR i B9 25 flEl B e RO e

EHPMEEZEGRA—EaRE RN AN ZENHG I - LY
EEZERFTEMFNIEAENMERSEEENMTS - THEARST
HEBEHESIERTRBEHFENEF - BoRASEPANEREMEBRE T
HEF  AREEFRIRAERET  ARSAMURBERERZEZ - B
IWEMEELEFERNAEBERIAZTEHS - ARFERIIBERNER
SBE A FIONRER - BRGBRE RS F@RE - ML ARERBRERER
SEhRfElkas L - BARARBENERBEARSFRNVASEL SR ZE
Bz RIGRKEPREARFEERETEEPNEENRE - THEAR
FELEHFZEM - HPIREENR T L —ERTRREMB R FEH

il - I HARE RS AR N S E AR R EDRE 2N t) B 45 -
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B MR ERET L ARG EEARIBRABEEZNAREESRK - &
MREENEIETEEX/NZ PAN ° FIREARINEEFRK - (EARERAREE
ERRENER  BEZERRERAENIMERARSEIRE | IRERHNERMR
7 )ER3[E(System Lifetime) - AAMZRBHEREBEMFRASMRE - UHEHMR
TRE—EsES TR ERE S TEERBNZHE - ERERRE - #£8

SYEMERFLEEEN -

3.2 £ A4

HFPRERETAVEHIER ZigBee ROMIA IO 2 £ - R 2 —FHYRENE,
MEEEEQOI L BREHEAN  ERERNEETERZE - BB
73 A 5e AL AR B AV B BT & LB TP & 75 B ARER - B LI EE s
PNRIEBENERESA  WEIFITTLIMIE s R E B R E R e R
HMHRA  ERESERERAZE GRS 2B M EEaE - BhAH
Hl &g &1 — T & 8 8 &G 4 5 & (Sub-tree based load information
maintenance Tree) « T IEBI P BEEHMEHEBHIECUKBCHFREI Z@H
WEaH - EUIABEIRERE - FE LERENE ZigBee #H T B2 A -

RERMZaEE F BFNWEN - @0 Figure 3-1 :
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Figure 3-1 # 4% 3t 4% fr L. ]

Figure 3-2 BRI 17 B4 E SR - B P&RE MRRBE—EFH AR
TTENENRALIR - BB KIBITAIA ZigBee W ENMAMBELUE - FBIELE —BHAY
AR ERIEERES - a8 ﬂ%_&?ﬁﬁ’\] BiRs W R AR SRS B C TR R E 18

M EdemE e LAl e

B SRR AERERENE S - S EE AR SR

/R L ok v AT

Figure 3-2 § ¥ s sz { 77 2. B
3

% MR Figure 3-3 - NIRF SRR IERER PAN 1 FE—LAEESENR
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BIRE| PAN 2 UG - MEFTEZERABPRAEEBREN - (IREEHFEM
LEMAR D ol LUE E AR EZRFTERMIE E A 45 (PAN) - #I40 Figure
3-3 & M REAEEFBEERIMEER (&% a HEiR b) - EiksaEBET A
FRIMEZEVHEEN - MAFTECESLEERMLE - FIMEBEMIRIEXR
RERD

Figure 3-3/Switch Node 4: /A~ 22 { 372 7 &, B

2ESEILUE Figure 3-3 2KE & NEBRE/OREIRE RN IIARVED

o BCRBETSERER  RBEENEMEREIESILEAN - ZEEEEN

ik

A PAN2(TE ZigBee HBEIRIR I ZEFH N AR FIREBIZRIERMA) - BIZE
—HLHEBMAZEIESRER PAN 1 fUBEZE—(ERMAVNSSHENR a - &

w0 a IRE Z BN BAE R ENFELUE 2 # A fE (Fault Tolerance) Z A -

MRS T DRIEEENEL ¢ (FARENRIIA PAN 2 ©

F=LRIMERNEARIIEENENHER ZEF—R - Z—BHAE
ERInERS - RE2WRBZRE—EMAEHR a HEF b WEM - URE

MEBFRERY PAN ID (—fE R AR RE SR BRIAE R ARER) - EREM
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{8 PAN FRr/E@RVSE%E (channel) - Lt Infa R=a{E ol O ERELLEN R, - HIRELE

B BLTLFIHE 2 7S BB BB (Switch Node) - B p ¥t EC SRt Ak =S L -

PAN ‘ ‘ PANZ
Joken = <num7£ tar@\
3 3 a

1 A T

1 1 2 2
2/

Figure 3-4 WPRE 3 & £ o B K2 7 LB

[

EitRImERkFEINESEFRERENNES - 2R FER - F
REBFJHEREN—HFBEIRSL EE BB ZRERN—T - W Figure
3-4 - fEfkas DI B CAIRC ERRVES AL P - T —HERRE D BRULMIE A
FEARK - BERESMT (token ) EENUNREMIEPAEER - 5
RPm A —ERNAIRFAE BRI AEEIIRS /D EERE - #Z N RMEN
WEERHFERNHE  THUSERSH FEMABFRASHEETE - S8
EERAIRE 5 — EAEEE - EILEMEREENEHRSFE - ARIRCHE
MEERMRALGEEED oBNESEEFWEIRCE - BZRECHh#E
EHNHELIRECPRBEFLCER - A ZaART A - BLEEIR P ERVE
EAREEFEBECKEFHNBREREH - FHIEFLEENRIERITLT
MEF - BIRRIELEF LN 2 FRIERBESERT S — (A8 S EREAE
ERD - INENFTRBRV RS &R - BRS RN EIREFUNT LR

R B )RR - RO AR EEENN AR STE S -
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EREZNPAYBIEMEE P2 FRERE —BHMR - BRARE
BMES—EE - WHRERKIENFFERLE—E ACK sl 24 EMRE - SHER

= EALEEETIRZ VA (AISRICENFFIEENEE - EULAIPENR

E

BRUIBRZVOVEFE ) - LSS EZoZEMAERE ZHBEERRES
REXEARS  GRABNHMEITERZER  CIREHNREBILHESER
HOFT#EREIE - ARFTNELENSERBENSHREEE - EBIRE
LEIRA A MAF BB ERBARMERKMM AR - BERFMZER ZigBee
MR £ - BLaFiE MM ERIBITAZE PR iR EIR AR Z
BF  TERIS—EREMMEEE - I HFEBWER AR Ve RhFT &
HRVEIIRE Bl (beacon) - BLEMIRTI BF EH AR A B ERERAMAEIHE T
RRE @ ZEEEEFRES=HNEHMESBCIRER  FRETNANER

(association) °

FMLUE | Figure 3-5'7RBE @I TRV E(FRE BHEBB LT
MARERETR - ECERBERZIBRRAMIE PAN BIEIRICIHIA - B
BSHBCUMAEER - BETEEENMAK T PAN T - HEBHMB LER
AfiRes - bR VB ENEIRMENRFEMN 2 - EHNEMK B FERE
EEE - ERSFRBAERARNEEHFLRIRER A FEHORE - BR
FHEEBEEMRGENMABIZRENSF - BEAKRSERL —Eo2
Token(EE R 51ER) BRI AR E B BIRVEIESS - Token PHEER 2 "RNARE
kR 2 EUNAS (L 2MEERL) - E1E Token BLABRHFER 5 AUED
mn - HRBSEANR Token PRVRIE - RILEET N EE - SREER 21

EIRAULE Token 218 - REBCEESUIBRAE, - BEIRSH &I 2T -
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HiteaEthZE—E ACK HE(*®51iH) - EFEZECHNRIFE(Q) - &4
AR ERIBRNEEE - £ ACK XEAMRS ZindPREEEE - IR

It ACK HEBHECHNEHEES -

¥EREER 2 NERSFHETECE FNFHEE —EZERARIBR
MBI E - FEEEREE FiS—E PAN - BEEARENEFHENFEINAR
BE—RAVENTF - FBFILIMAK FRY PAN - RAB AR Z BER IR 2

EEZMAM—E PAN 89 - MIFEARBRERMEE -

A= .
° 2l
-2 Kﬁ;?&
%> 1
\ broadcast sub-tree to
announce

Figure 3-5 = B f 4 s 4138 T1 & B
3.3 m&itih

& MRE—DRN —LEMEH D - BEARMILURES KR - £H
DEERL(Switch Node) N BEZFEEEMNAR G AR ZEEEFHEE

ER0 TR MIE AR 28 - ISR BAR MBS IEERRBZHNESE
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NHE  ERRANBERMCIEENESEEN  NBWERMES - ALt

WECIHE R RS LV EMMEER ERHAES -

5N IR I NI R 2 B B S E ORI S A IS EE S0 B R
RERFERRE  IREESNmSREERRAIREBEEZMELM £/
PAN Y15 -

3.3.1 Switch Node &é%2_ { #7

BAREEEEMNNEES D - BRSO RE 4 ERAVITE - U2
HERE @ a st ARZEFMERNES - ESESEAREBATENE
AR AEERNER - HIERZEA —EHEIRMER - B0 BmMBIE RN

ARER °

DIII'

|. EBR B ST EH 2 B S EPT SR R 2 E)

EEIENFRR TR RRERI 2R e TS ERBNER - W
Figure 3-6 - AR AEIAREEAVEZEFE AN YRR ENR - RFZHD
—(EEEFMNVEN - ARSEMNBEIEAR DR ENERTBME -
FIRAZF LR ANZERRMOER - ENMAFTREEZE - £8C
EANEAIENEEE HEARFNENNE—EET - FRSESEI
FEEm SRS 2% - FhBEIRB UL SHE SRS AT H RV AP a1
ROECEE °©

FHONBENENENF - SEFHLEEHNRMSIAVERER - W Figure
3-7- EEBERAEELIEE R BHMEFHMARBENE R - AREL

WESKBIREEAVETR - TEKIRTARMARBENRERFINAERE
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AR - SLEEMESEBEREZR  HRXREFBRELTR
RUBBLEEE S EENRL - BHUtRAE B OB BRIV ER - REZEM
AR HEES 2 B U B ST B Fr i RO R all 2 P I B S LUK 1R E
FERVEREE -

BES T IERIMAFEERREE - ARSERELRIER - I
B &S A0 B AR P EARESER - RILEEHMERER - R
FRFEBCRRREER FNEEMEEMLE RV RMEE
Bt 740 j= BN R RUATAR (beacon) £ BIRVFA MLA B 2) LUK T AB S RUSEEE -
BRI LG 0 A 48 5 RO 2R 2 o] DABRAR

Figure 3-7 #7424  #777 &

th
=

Il EBARENFL Z T RS RS BN P IE ARV 2 B

A Figure 3-8 "6l - 2&1% A RABEINERSRAMIMERAE

5 NEBRGBHNEE G - ENEE A FIENEHEEIME S



R BEBFTENMEHRM) CENERE WM AES — B
REARFPRFVERBLERER  RMOENABEMNERNS
7 EBAB CRENFRIENE - ME RN ER BB R
BIR973 T (EE 77 A B B 75 8% 1 AU AT AR (beacon) 37 B2) AR 1 i 8 12 74
TEEFHE - 2 Figure 3-8 BENFL B RAIZIEIR A BEAFER -
MEERE R A —EERNSEBNEMR:S - TSR B FE2E0H

A URE— BRI ENRE - ABEZE —EE=RIMEMERS -

e ——

ac A

Figure 3-8 # 3 8L3F 3% 2 { A7on & B
332 v b BRRAERFNER

AIEABFP - —EREFHRE—EEEN  AMERBELERES
BRFEASHNEZRR  E0R[EFGETHABUERESER  BEE

H—1{ElE8 12 RE1E R Token RUBRUM - mAZZ—(ERRE -

RAIEHMEHRZRUBNEAMENMAFEE 22 - EAFBER
- ARBFRNFAERRNIERRABNBELRE - ERSRSERNEENR
BRA - BESEREBERNEERAARNIERES - RItERFEEZEENE -
[RA EEREREE —EERRE SR EN AN @R ERE L BUZRREN
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NS -

PL Figure 3-9 B4 - 2RAR=3 B ZE# PANL PIFRETEIRLE PAN2 DI
MENE ST - RIRA M EEERL oI EE (1R a BEIR c) - 8%, a BUEIE
BEEIEIRG b RORES 1 - MENRS c N EEEREE d XERS 2 - ALLT]
DUFHRSROFER - dNSREEZENRE a HUGR - TEAZRRIBEWIIIRE] PAN2 HIENRAFE
ZEEAABISRIRE - I AR 3 H —E LR a B EAtAYA < Token

ETESFEEIE -

Figure3-9 % Bigiag2 £ 7 L B

MR — FRE S ERINA BB REME - SWHERE
FRHESHBCRAERNE TEELBARSBNENMNED  BHEE
FOHRARE - BEEMETE B C LUK FE B 1RV 58RI AS LUK 48 1S 80U A
(PAN ID) - BRILZSN - EFEW EXEEREM - UHZREARFEEEZE

Zro R RHEHAIE 2 F -
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3.3.3 4 P-T {7k B 2 FIR B RBP4

BRI LEFPIFrER AR R ERE LE AR Bl AR 2% 3 Han @ BT R E AR S T &
A2 RVENF - IR BENERRMBNEEF - RPMRESTNEER S FEH
Hl ol LR se 2 B U EE ARSI LML ARIEIN - BRBRELHMLAHN
FIANERURARCSURBESRAEREHHE/\RAFRm S PRIET
ZE)E]) - AEERFEAR—Em< - 25 EARREEI T ER ST
REENFE  BRMAZSERSNM S - MRKBREANIEL  BZE
BHEMLE S5 ACK HEWE WHFSHIEIREARE MA AL 2% -
BRRBEFNRFBIEZXLMNmMEE N - BRABNINUEL - &
BNEARSFRIFEANRE L EEZREHAFE -

VA Figure 3-10 2361 - UICF{EIAR SR 1R M2 RO R S B F T PANL FFZ 1))
PRANEIENFE £ PAN2 - 1Re8 EliRansoeiE 1 S E0 RS a 1F 4 Token RYB RV -
Token FHEREFEHS 2 - WIHFREERREUIFR—EER - T2k a(@ARZ

AT EIRANBEEEI AR 2) - IKERAIEFTRAIIEL - IR ERERAZSEIR a
[@7%& ACK & - WHMINIIA PAN2 - EfEIRREIRMERNEHIBIEA 6
LG4 B5 - ZFAE#ESE N —1& Token - UL BRI ENRS ¢ - E &% ¢ JIA PAN2

Rz ST A B | & BRI ENfF -
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Figure 3-10 Z & 1 B 14 + token 2 57 %

BREREAF - MRERIFIESIESL D Token £E1F a Z#& - IWEI ACK
BARER 7 — @& - PR T —1{E Token ZRIAVEEERL - R EEIRI b
s - Mo EFE 2R E, AR SFHRUIREBFINAM AR E—(EF

BIERBNEE

L e P11 b — B B ik B IR BV S - AR B CRKERENS
AR RS - E@'H&HﬁE@E’Eﬁﬂ%@ﬁ,ﬁﬂEETJE%:&’%T%%EE%%E’J%%M’EE%& il
ARz EHE RSB T ELRERAENEE - WBRBEREREAY
Aoik - BIRER—ESF - SERFRBERIGEMERENRSE R 7EE3
REIRMEENREE PAN2 - EEi%5 a BB ACK SHIBRR IR 7 —E&0 R
5 - AARERAV RIS IR EE S 6 LE 4(MASSFEIR a A PAN2 71541
T 6 b 4) - ILIRBRBERECRE IR —EEh%h - FLEEE & Token LERFEZE

ETEIREC S -

R ACK MR BB LLENF NI A BB R ER LR - RIS B

REIFEFUNRSUE -
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3.3.4 Multiple PAN ehp-i¢ T =
BT RILPIKREMELU LN HARNER Y - 20 )2 FEEEF -
HEZERRES VIO LIEE 2 M E 7 a5 (W& PAN)RIIE IS - A AR5 ol L
T E A R as < BIF & REIE - SLEFEIRAIE A —1% - 2R
RN EMRBEFIAHRAzRNE S FIIESE RS N E S ELE
BTS2 - EUCERE R IR A8 s U EEAR BV B Fe 72 25 {8 177 i 23 ch & — ith
He b W (E R B RO ED 1F -

By 5 B 1 B )R SR MR A 2 W A4 oth 1 228 T {8 73 58 2 L1 2R A 18 - 1RABER
S RTEAL A2 EIBARRITEE - BT E ARSI E—1E pass - ik
SHMARERRE R ABEIORE L S EREBEZUIRZ DEFh(EE

RINWAEBEYIRETREREHCHHEER) |

HMESEERRETEEREBUENIEEL  AMEBERHFZIF AP
—i& - RREMITARKMYNER - HIEHMEOATEERNEEEE
HHTEX -
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Figure 3-11 PAN Graph 7 2, ]

BHE2 Figure 3-11 - ZERERZEESFRARBENEE - @HEN

8 PAN - =@ EKBRZ - PENBEFRANEMBNRABNEHEE - 35
B A — L En R B B Pl B R g 12 8L - SRR BRI A AR
% - EMERETFERA WU LEENE - iRk nEmEREES R
P9 B P8 A% ) 21 ST 18735 Bl AR s RO R &5 = S P37 LS XE #= PAN Graph - Iib Graph
PRYEIRA A AR BUA R R a0 EeS - MA M B AEMARERAE D
B RGAEES FERY PAN Z R AR - B UL Figure 3-11 A ZRBERA

=R
o] LUERAER PAN Graph

ERMOESD - GARF[RMNESHRBORIBL - UREBEHNE
all - ABA T EMEE - GRS MEESIZB L —{E PAN Graph - # F R
1Pmi FA a5 AR fEl AR 25 AN 1 35 FR 25 8 PAN Graph BRIRRVRE & 2 PAN N )]

ZIFHEE -

BiEA-EHENRRETLRANBEANERED  S—MEY
BEBLE PAN Graph hRAE—{EMESMOEIRS - 12 Bl AV E AR A8 out
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degree S 1"HIENRE - BB EIEIIZIREZSERNIFEEML - —EELKH
EE—NENENAEMEMMAARNGREREES  BRARMANEREEE
B AmREENEHBINARNEFHFIE - B MoIE—RRmR
TE S LE out degree & 1 IENREFIE R ME—RIFBEENREZ WA EFREE - Figure
3-12 Bl - FIHEHEZS 7 - BIREIR b - 81F, ¢ EER d MRA—EE
FIL OIS RN SR a BEUFMEEAN S FHINER ¢ S amE
UIBR—EEMMaHEIEE b - §ifd BZYVIR=EEMNEHEERa- M
SLEMERRBEEL EIE—{E out degree EH 1 WETRAIR —RAEELMERIF

i - HEE—WEASBHEMREEE -
/‘C
a . L .
A

Figure 3-12 PAN Graph 2. Example 1

b

NR A —FIERLSEIEE LE out degree 2 1 RUEARAMIIFAAZE - FHEE T AR
RIS PAN Graph FER - REBEBEREZNDR - BEREABEER
AUBNRERS - 3 F 2R PAN Graph I FEZEAME L LRVERVERRS - BLE
IR EEMEMEF Y EREZZE AL —BRARE  RMEBHRBIE
i EINB SR ARG  VRARSEIZEMEMSTHEERFHZEF

HE  EREBEENERFEZNSERMER - 2 EEFHESHTEE
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M —(ERAIENEL - B RIRSEARMMEIRVEREEIFZEARME R P
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Figure 3,13 PAN Graph 2. Example 2

Figure 3-13 DPEE*EE’JE =E3Fi’]1ExE 5 : Eﬁ%’j a WRESE AR I tE 18
B OERa BHFTER % 5 Eﬁiﬂ’]ﬁﬁz Eﬂw\ﬁ 3 {E1RREARL Of 2 -
(EE-dPNELT:NEy EEE‘E E’t@%ﬁﬂﬁﬂiﬂl%%‘r&ﬁﬁ*ﬂﬁﬁﬁﬂ BIENRL a 2
bR 4 BURIRSFIENR ¢ m'#mﬂﬂﬁéﬁ%ﬂﬁx % Token ZIEA%5 a PAUFRAT PAN
& . Token FWER 4 WIHELRFIER ¢ FAURAY PAN - DJLUREREERE
HREHR a UEKNOEANBEERE - ZREMMNRE FEREL
RABZBET a WL - BEERAEDFENEEIR b B c RHESE

BER f 288 a  RAEEULUIESNAHBI AERN =) -

FIEFEMVEEZ - WRAZZFBRVBHEBESD A out degree FIN 1 89
EIRAARIRRVIEN - MBI ENEM  RERMBI —EEREREHNIFEF
SEENFEKR - IBmEE - WRHMEESE PAN Graph K& — 1@ AL
(spanning tree) - EEFMARIRAIRA - FTERBE—EZERVENFFERIETE -
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AT E LB - BRI K EASHIRR FEIRERE AR

ER2WER - EBHERR/EE RGN | HREAFEE

& N R FERNEES AN Pseudo-code :

Algorithm: Multiple PAN adjustment(PAN Graph: G)

1: 7T « Get-SpanningTree (G)

2. Avg Load « average load of all coordinators

3:  while number of nodes in T != 1 do

4. forall N € out degree I nodes in T do

5. adj N, « adjacent node of N

6: L « load of N,

7 if L < Avg Load then

8: Send (Token[Avg Load-L, ID of SN in PAN,,;.J)to PAN.;
9: load of adj N, —= Avg Load-L;

10: elseif L > Avg Load then

11: Send (Token[L-Avg Load, ID of SN in PAN,/)to PAN,
12: load of adj N, += L-Avg Load;

13: end if

14: Remove N, from T

15: end for

16: end while

3.4 ;% & ;# Pseudo-code

NMATEARBEARG 2%  EEZEETHNETENESR)
Pseudo-code - FMRBINEEE AR D B ALE - D RIZERMAFRSIER—
BEEMERF - »—EZELERSFFEREYIZRENHEESNE -

-37-



Algorithm 1: Relay Nodes Join PAN
(A)Joining Node:
1: msg « Update-Msg (mylLoad)
2. if re—jointhen
3 Add old-ID and old PANID to msg
4: endif
5. if switch nodethen
6: for all neighbors N in Neighbor Table belong different PAN do
7: Add (1D, PANID, depth) of N. to msg
8 end for
9 Broadcast ([SN-notifty (myID, myPANID)])
9: endif
10: Send(parent, msg)
(B) Relay Nodes: Received Message [SN-notify]
1: Send(parent, SN-notity( “children is switch node” ))
(C) Relay Nodes: Received Message [Update-Msg]
1: myload « myload + Update-Msg. load
2:  Send(parent, Update-Msg)
(D)Server: Received Message [Update-Msg]
1. ifexist old ID informationthen
delete Switch—-Node pairs record by old—ID
end if
if exist switch node informationthen
add Switch-Node pairs record
end if
update Load—Cache

~N O O1 v W I

VI ERMARBEEES| R —E B EIRENIE - (A)RERD ZHhENFERVARREE)
£ EEZRZ=HEBFENF  FERNENREZERBHNETREELE
B ZFMARBEREE - RIFSIEE SRR EERN (SR - BRI 8 S
REBHNFEZD - F_EMESWNRE CEEEIHNEE - mILEEHERER
B AHED  THE—EEFEHE  BlMENHMECURBMBRS
BRI - WRISEBHMENERSEENE CRRER(B &7) - ERE

MEEEHENBCHNGEREAS SREMEREENNEHE  FEGRSS -

EHRAMEGE MRS —BERRE  SHENERMRBILRERBC
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MEEEN - WHAESTRERBZAC #7D) -

REARBWEILHAEE B EEETAERNBHEBAEN - O
KREMMUILREEERMCHREP  SEEHEENKEEFE - NREWRE
UCRCERBIR - STAlEERRARCERRVRESHEN1F -

FZWMRBTABRNAFAEN - AIEEEENIEMNE G R[NV EER

RoERREZ S -

EEMEMEFEERN - BENECHRHEN - RABERFZEEHY

TECHBERAR S RIGECE -
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Algorithm 2: Load Balancing Procedure

(A) Server: checking Balance (period)

1. if not balance in Load—Cachethen

2: execute Algorithm in chapter 3. 3. 4
3. endif

(B) Relay Nodes: Received Message [Token]
1. if myload <= Token. numthen

2: Send (parent, [Token—Ack (myLoad) /)

3: Limit—Broadcast ([Switch—PAN (target—-PANID)J)
4: if not coordinatorthen

5: re—join to target PAN as Algorithm 1

6: end if

7. else

8: if 7D /= Token. dest then

0: Forward (Token. dest, Token)

10: end if

11: endif

(C) Relay Nodes: Received Message [Switch-PAN]
re—join to target PAN as Algorithm 1
(D) Relay Nodes: Received Message [Token-Ack]
. update myload by Token-Ack
2. Send (parent, [Token—Ack])
(E) Server: Received Message [Token-Ack]
I update Load-Cache by Token—Ack
2.  do checking—balance
(F) Server: Update Cache (period)
. forall coordinatorsdo

2: query load of coordinator and update cache
3: endfor

Algorithm2 BB EFREIHEREE - X LRERR EHNRER
CHESRINGE - 2RRBIFAFERIEE - BZEE Token ZREENE—
BRI R B EEF -

Token D fAfRzs B ER R EBZMES BN - —BE MEZE - Bk
WR b L RVENRAER Z M —E X - ABMEBREE CHWASEIE Token FHY
HEZKA/N  MRECHEHEVNRER Token FHEE - BiEBCRIE
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TIEINENE - B kRIBE ARG —E ACK HE  SHELEIFRNEH EED
HCHEHE) #FE0BECK MNIFRER  SHAXRIBEIEERRE -

% N8R Algorithml FEINAF AEESRVABREENF(B BR 2 &2 C BB 7)) -

Hitgi A G AR E WS ACK HE® - S REFNEFNHEEHEC
MASHE(C BoE D &7)  RABERFZEHNNVZEB CHREIRIG
i% - AR EEMTE  EE—XRNWRBECHRNCHEEZEREH TE

MRAFE B —RBEEF - TREBRIT AL DHNIIE—K -
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% = £ Simulation
4.1 s B B AP MK
A 80 2B RIS RO R Pt b B St 2 T B B AR - 758

59 Relative Work B0 BRBHPIRBUIGLUERNIEED BMALE - DRIZD B

NERBHEEPNEE  FIEHMSHE-ERNRENEEAESRMNLERER - &
DHREERMRBEXBIBIIEALLRE R - EMBFAAENEMSEN LEEME

RErE - HiRt —EAMAYER RSS9 E M —IE #1891 (balancing Tree) ; 28X

AR F I LAl AODV B Path selection 1Ej% «+ £E82 DLAR(EL[])1E

% ERBEEFERRIER 2 240G - SEAZME

HMVRFZE NS2 EHETH - EEREAVHERERSRINEET2EA - iR

HIEB RN EMHHEREZRE SNHE - AR NS2 B A& MBI (version 2.32)
Bt IEEE 802.15.4 89 MAC B2 PHY BEMEAR - EIEHME I BB ERELE

HERRMNE—BEALE _EBHE -

Table 4-1 BRERBAVIRIZHESEETE !

NS 2 3 & 2.32

MAC & = %_ IEEE 802.15.4 MAC
PHY % 5 2_ IEEE 802.15.4 PHY
L3 routing > Z_ ZigBee/AODV
ZigBee Cm 5

ZigBee Rm 5

ZigBee Lm 6

N R -]+ %+ 100m X 100m
EL G @?J B FEAE 10m

av BE R i 10~120 ("~ i)
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