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ABSTRACT

Fast Association Supporting Mobility Over IEEE 802.15.4
based Beacon Enable Network

Choi Yeon-Sang
Advisor : Prof. Pyun, Jae-Young, Ph.D.
Department of Information Communication Engineering

Graduate School of Chosun University

IEEE 802.154 is designed mainly for static low duty cycle wireless personal area
network and its capability to support mobility has not been extensively explored
yet.

It is observed that the amount of time required for the association process is the
key reason for making IEEE 802.15.4 unable to handle mobility. In a beacon—-enabled
network such as IEEE 802.15.4, mobile node can only learn about the existence of
any neighbor by listening to their beacons. Nevertheless, as neither the channel on
which the neighbor operates nor its frequency of beaconing are known, nodes have
to scan each and every available channels, which can take from few to several
seconds depending on the beacon interval. In this thesis, a new fast association
technique 1s proposed which deprive nodes from scanning multiple channels. In our
proposed scheme, by scanning just a single channel, node is able to learn about all
the coordinators working in different channels. The proposed single channel scan
scheme is able to decrease the association time of IEEE 802.15.4 operation in 2.4
GHz by 32 times. Experiment results have verified that the proposed scheme works

well in the mobile environment.
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- No hidden node, No exposed node

- Random Access B+ Guaranteed Access.
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CAP CFP b
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FT T T

16 timeslots
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W, FAhdleolH e HZS AEstA &A ¥iL nonkl & RER FAg

e) CFP

BAel gl e EA e 77 HZol 7hed ddelth. CFP g-1tel A i
o] futo] 27t FA4lo]l Erbstal AN Jhsetth wlE] o okf tupo] ~Ewko] it
el Al vlelHE $418 5 7315 @7 wjol dutelxs 718 A4 flo] dleo]
g &0l 7hs st

[EEE 802.154°] CFP 92 ¥ ARbe B a8 o= #estr] 9late] 16
70 9] Superframe Duration (SD)Z time slotC 2 L&A U5H, 7143 HA 04

Hel TAA g Hojd 5= Sl

D. IEEE 802.15.4¢] ¥ & EE

H[E 7he Res AlZ4 F718F F3teA sbdlolEl & Aolstal F7]8tE Het
H|Z2 PAN9 ID 3¢l 9 7|3t 181 superframe T%°] #3 AHE ¥ st
Atk superframe®] 7%= @43} bt H|ZAsE o ® v oA Sl superframe®]
4435t F RS A4 A2 B (CAP)H A"94 B4 F5 3 (CFP)oz 850
Atk BE B2 CAP #olAE BE wEEo] B4 AdS g9 w7 f& Ad
A BAS st v A3t FEAAE dyA AEE Fol7] fdte] Hulo]2E&
sleep == A3t} superframe?] F+FE= FHUUlolE 7} AFE3FE= Superframe
Order (SO)¢} Beacon Order (BO)2] wi7RH o] & AA % o] 2t} SO superframe
o] dolg ZAAst=u AEHIAH, BOw B2 H4S Aost=u AMEH o]t
PANO| A ==29] duty cycle BO<F SO we} @&zt BO2F SO7F s Aol <57k}

Al =9, AE A AAZro] Sk AE AR JTstE Qlsto] ey A
sHAl frt whdol Ao BOgt SO7F #4AE A= duA AR7F FIFekA H

A Pbse B Ee] i [16],
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2= FFD+= PAN ZUulolg 7t & 4 vk FFD+ zd e FHUlA duyAE A 8}
3, "ol AFS A - AdS AEst= oluA HE (ED)S S}, z A
dojMe T, .2 ol&ste] ED 27& #33ch 1 vg 7/l &9 &3t (Personal
Operating Space)s ©|-83to] v ZYAS AFst= IUUolHE 55 270& T3

et 5E A6l QAN B WA WE 9F 39 Assn T, 4% E

gl

ob wi71get. wkep mjgol T, & ASkA %eohd, FFDE POSel zt]v] el s}
EASA @ Ao wersta, shbe e PANS TSt Apale] mE T3
oF Apalo] A PANS HREs~8 gl PANS 27|88 33 5, dulo]~5

< PAN? POSE &3l TAls 3 4 low, 1 PANd 28 38 & 5 vk
Ado] P A =W, d= tulo]~E= PANS &4 Ay FAvuvely ID, 14l

doiete] H& 2= PANS IDE &t/ €k IEEE 802.154¢] HlZ 7 REv F
7HA g el Q= tute] 25 FalA Ad 2 AdSs e "ok sk S
Hutol 252 oy FAS WeEdsta, FAE doly Ze S 25 #Hrsjopd gt

Device Device Device Device
Higher layer MAC Higher layer MAC

MLME-SCAN.request - MLME-SCAN.request

Set First Channel [ ] Set First Channel [ ]
Orphan notification

ScanDuration eacon Response
Wait Time i

Set Last Channel [ | Set Last Channel [

-

Orphan notification
e

ScanDuration Beacon Response
‘P . Coordinator realignment
Wait Time -

- MLME-SCAN .confirm < MLME-SCAN . .confirm

(a) Passive Scan (b) Orphan Scan
19 9. IEEE 802.154¢] H|& 7bs Ad =4 viAY=
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ot 5 272 orphan 2=78-& o] &3sle] IYdolHE F=d AP AY, A A
e

B3 o] o)A AT

A7 Z4zke] Ado] §AHE Fetdl BE S GAEt, o & 7h7 =
NA e v 2 ZE Qs Aggh vbeF v o] A A FEThd, tulo]l A o
S ANz 99 Fo] % AMS A F3Y Orphan 2702 tnfolA7F 57318 &4
sHAl H Aok, stdlolE & oldsty] flall FaH oty Hutelas WA 17 9%
Zo] orphan M HE ¢ElE W #H9 macResponseWaitTimeol A 7174 & 4

FAvlolHoel Al dAFatal h71gt (b). o] 3 AAE ZAridlolH e ARG Zy <
S FREHA HAY, A 7He s BE Alde] 2 H wi7bx] RbE o] s}
tjuto] =7} orphan =S Foke] FEE S S A7 EAstH, A2
w2 27 93 F% A7 npo] 27F - g svdlelH &

A =™, Hutelas A4 HAE Fdste 23S avdlelyoA A& "ok

£ 12

e

2 MO
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>,

o2

P‘L

X
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o

0t

Device . . Coordinator
Higher Device Coordinator Higher
Layer (MAC) (MAC) Layer

MLME-ASSOCIATE
request | Association request

Acknowledgement

MLME-ASSOCIATE

indication
Response
wait tim e
MLME-ASSOCIATE
Data request response
Acknowledgement
‘Association response
Acknowledgement
MLME-ASSOCIATE ~ MLME-COMM- |
h confirm STATUS indication

13 10. IEEE 802.15.401 4 74 wjA| =] w3k
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qhekell Ad 9 o] FEHH, fnfo]ae Ao Z PANO| AAEH b tnfo]~
S3o] BAlS 95t Al PAN F4E dA Hr) o]9k o], IEEE 802.15.490 A]
H 2 g@Aste ReEm Afd s3] 7AW, trlolas A4S sty e A4
HAIAI S 2k & = e s a6 W1, ol AY B2 AE &HlstE =
a3t x5 st vk Eukd fufelzo A dx s WA v 20
T3 Fol orphan =& F3l olssta WF Foof AA WAAE w317
o A= 95 o3t @ Orphan =719 =

Mo
=2
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_E‘E‘
o
a
=
o,
[
o
Q
of,

113 2o} Az 713+ Bt
gt} oEGAE dAd AQHE o]
2 7§, IEEE 8021545 7|¥to g 3 2uld Al HEYZ ofZeAloldel A A}

End Coordinator/
Device Cluster Head

Orphan Scan

galA muiel tulolav) Alget A4

£ g A&Ae] Q¥ HE FEOR @

fd

Passive Scan

<
<€ »

Association request
Acknowledgement

Data request
Acknowledgement

Acknowledgement

19 11. Orphan =70 #H#AY S
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E. Wireless Mobile Sensor Network

I[EEE 802.15.4¢] Euld AlA YEL A= olsAdS 18stA &2 IEEE 802.15.409
A A Bl AERE AN A3 TLRARG. 5B AAY 92 =)

HAE ] Ad-hoc HEYIE TAsIe] A%d 2$ o= dlolg e Hiatz 9t
HE=Le] &4 Atz oot} o5 sjdstry] Sk A 7ol S 2¢ 7[Rt
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YEY A7 74 2 4 Ak 7|24 F+42 IEEE 802.15.49F 4] %

=
2o olFAE Fodte] TEAQ UMEYA FAES g% 19 12¢ 3

Azt o
SaE o]zl A Ee] el o weh Zzte] MM mEEe] dd AHS o]
A odeldE A4 @ Falsta, ARE dolEE A wuo] dgete] omrle] Az

°of A ARE EYHY & F AU Al=wd e
Hpo] 2o o]s/do] HARATH By e UESA IES
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F. &4 4+

IEEE 802.154W A% Ao AREHE AbS HASIAIA Adgstr] 93 29 =
o] Atk 2y dFE] k€50 A wAAE Favte WAAE AT
Av, 2 2z g 2 FES ol gt AtdlolHE st AFHARl =
HEo|qlth Hute]l~7F AAS 98] dF Jhsd RE AEES ANse 4S9
g8 Fuk dud dFE AHE AA 95 2 F vk s R BE 258 393
A AgdA o R Aegs Mdstes HAom Hegd sfd o] g 2 A A

# 3 =

ol AANTH [17]-[19]. VA A HafellA HHAD HAHS Atz gt [20]
o A, Zhang= 4 3 S FFAI7]7] fste] bt Ad AAF (Simple Association
Process)gtil &= W2AS AASAT &EGlo] TEEE 7|284AE WAAI7]7]
fate] AAsIHon, 12lste R FE P AAd ARYE AIE A
AT} Service Access Point (SAP)e] 4 A Fo, IYYlolH=ZFH @& 7|
tels Eetol Hutelx= dHoly 2% WHolE B davt glvh AR, Hutolas=
FvlolH 2 e HFEHod dd SHS 7lvkElal e Beolth. MACY 7|54 4
g A Rd, oy 2o

lly

1. 2270 : PAN YlE9 =10 stz det= tnfo]l27b7E =E Afdel thdk ED

(A Fm=rb Zs dutelag e Y9) 20 FPA

2. A7A : tuo] A7 PAN NCZEE 16HE FAEZ sy} dli= g9
Z tulo] 27} PANO] 912 23S wwtt

3. Orphan 27 : fufo] 27} H|ZS EXH FAYuolHE 27] 93| orphan =&

= 1
oo ARYL aTetE FAL FAwT
olsh el 9 BAL FAFWA AN ko] mEL HolHE F4 L AFUA

AYAE craA A 9o FAEL Bad ANGY 2EHE qUAG ARG
et g,
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PC 270 A2} > A4 A &= PAN ID A8 > Y EYZ IA

PAN Ztjulol 27 : BE A9 AAste] g F9 Al¥e PAN IDE 39l
1
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=
AFE3A] = PAN IDE AElste] YEYAE A3/

Qub Hufols A 1 BE Aol BD A& A F 259 A717 7P 29 PAN
srjolel g Auste s vEs el sy Ad B2
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[¢]

3 PAN YE 0] AZAL SHel BaF A7hd UAS ARET Yee o
SoQlth 27 Hle] walag ojfwl Azl AlZFEC] AR A 2 GuAS
z9 & Ay,
e e A wukel tute] 29 F71 ZaAY kel 27 w2 o] SahE
Aal A} [21]. HEo ol Bl tufolart WE S5 9ol 2o A& o
2 A7ed PANS gojmels =w, e mrveolE S ddd Ang 228

mutd tupolsel srjvlelE o] AA A7t F7F Ao s IEEE 802.154¢] W& A}
& 7ts HEYAE olgst AFHUTE dutel~e 2= 2k FAlE v 2]
BlE'Z s o] gete] | Fdo FAH A AZdo AP mudolHE AA S
E oA #Y 7IHO=E cluster-tree 7|8Fe] WPANO| Al A|t=| i) [23]. ©]
W2 Link Quality Indicator (LQDA] 3ol whel tjufo]2s AZ | gt F5o A
G| S5 AREEth o] Frel wel Eupd tlulo] A7 AAE 7] e the Fud]
olEjete] AAE flstel A WIS dFsta v Yy dagE2 FE Aol
H 2d3 5@ 20 wMAYST st FAH ez WASHA eFal k. [24] A4 =
A 2Pt FrjdlolE (Coordinator Assisted Passive Discovery) 2 o]
& 98 AtHEAT CAPDE 2utd Elﬂ}olé-ﬂ Hoo] FTvolE 9] nlE
Aoty al A=ty R AYylelE = A= tulo] 9k LQIE ©] 831
Hhol 29 o] gde F53oaL, ol sdo] e AFole FE AYUolHE F

UolHE3e nHZ kAL Zo]7] 95t w2 F% AMS o]&3dir) shA| vk
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III. WMSNeolA o]&A X¥L& 3 92 44

Aljtsk= DBC W42 IEEE 802.15.4¢] 41 st=dlo] A4 d& 7|es 2830
DBCol 4= Beacon Channel (BC)®} Data Channel (DC) o] F712] Ad el S Al&
sttt BCE 24 H]i Zyele AE = FAout A, oo mE AdEo
DCol A 3 €t}, How HF AEdS ddst= A Hlal PAN sHdolH =
frastAl 159 DCE A9 4+ Ut

% 133 o], Hupolx= Ao HFE 3 st FA AES 293 v 1y
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FEHoezA HZS 7IgyAY, delHE dEetr] 98 st AREE A AA
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Beacon Beacon Beacgl
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Data

Channel (DC) | «CAP CFP CCAP CFp
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Hol ok 27 149} o] A¢tsl= DBC ¥4 IEEE 802.15.400 4 WA &i}eo] =
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Device Device
Higher layer MAC

MLME-SCAN .request

Set Beacon Channel
Beacon
B
ScanDuration :
Beacon
-

< MLME-SCAN .confirm

13 14, AeHstE DBCY % A7 w4

a) H&Z Zgd 54

PANS| dole Ade ua Zeaee ewets 48 Bk 19 159 do| A=
P (Infe]= DC AD)E W2 Zagdol F7sA, dole] Adel Fug m2 o
JEE PE T vhE Fuo Frbstel il &

b) PAN sitjule] o] x7]3}

/1% IEEE 802.1549H= 2], tufo]~i ED A7 PAN z:ujdolee] 782
9ste] 5% 20 DA @tk DBC W4 e FFD7F 2718 9 w), 13 149} 2

ol @A T, o 717 Bk o4 w2 Aol thgh 45 AL S,
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Auxiliary Pending
Security

Header

Superframe | GTS A ddress Data | Beacon FRC

Specification | Fields Fields Channel | Payload

Frame | Sequence |Addressing
Control| Number | Fields

19 15. IEEE 802.15.4¢] v & =Z ¢ <] 3
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PANS T%38te] F71402 n&ES w3ttt FFDE HA %
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Aol F@e PANSo] FESHE FSol (hE i SHHI PANS 7 AE)
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28 % B

£ FolM = IEEE 802.154¢F DBCWAS %718 Atk 2 Ao &R
T oR A, o5 AlEHelAd dutel vastel d3e] Hgws Fstaat
ot oz el 243 3]l SD= W&, CAP 12l CFP7E 34ls & & =

T7ke] AdolE AAsSH SO = 0 oA Ts Al & o] aBaseSuperFrameDuration 2]

can W =
oe] AEEL SO =0 oA T, AEo]l Ads ~AWsted Agte] 22" o 3
¥tk IEEE 802.154°1 4= ED =71 2 A 5% 2 A 5 205 535k H
TG A Zro]l adTt
_ : BO
t.on = aBaseSuper FrameDuration < (277 +1). (1)
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IEEE 802.15.4°14 PAN ZuUdlolEli= ED 273} 5% A8 7Fsd ZE nAldd
A S kA vk DBCe A%, BC A T, A7k Eowr % 208 F3d
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PAN802 15.4. _ 2nX tscan . (2>
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TEAHoR ddo] ARF AZE2 A A7 A WAJA] (Assomsg)E Tl
HA AR AZRe] gt o) tulo]27F PANY AAsty] fleiA = A2 tnfol
Bjofof dhrh. M= AAZ fupo] A7t F Aol & A2 F X
ZEZA AT "ot DG)Y WAz EE DBCe MEA e tulo] 9]
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B gy, IYdlolHrt HHHAY EE QY-S 28 & wi7hA] (n) FEES A
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t802.15.4,reasso =nX macResponse WaitTime + t802.15.4,asso. (6>
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o

C. Al Ed oA
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ARt Hol S A A2 gholAl, DBC 493t &2 94 AJ+S IEEE 802.154 Rt

&2 A4 mE ArE F AL
PAN %7]3} A4 A4
Channels 802.15.4 DBC 802.15.4 DBC 802.15.4 DBC
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16 442 s 0.14 s 270 s 0.63 s 10.54 s 0.63 s
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