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MLME-ASSOCIATE-Indication
MLME-DISASSOCIATE.Request
MLME-BEACON-NOTIFY.Indication
MLME-GTS.Indication
MLME-ORPHAN.Indication
MLME-COMM-STATUS.Indication
MLME-SYNC-LOSS.Indication
MLME-ASSOCIATE .Response
MLME-ORPHAN.Response

MLME-ASSOCIATE.Confirm
MLME-DISASSOCIATE.Confirm
MLME-GET.Confirm
MLME-GTS.Cenfirm
MLME-RESET.Confirm
MLME-RX-ENABLE.Confirm
MLME-SCAN.Confirm
MLME-SET.Confirm
MLME-START.Confirm
MLME-POLL.Confirm

MCPS-DATA.Request

MCPS-PURGE.Request '\,

MLME-ASSOCIATE.Request
MLME-DISASSOCIATE.Request
MLME-GET.Request
MLME-GTS.Request
MLME-RESET.Request
MLME-RX-ENABLE.Request
MLME-SCAN.Request
MLME-SET.Request
MLME-START.Request
MLME-SYNC.Request
MLME-POLL.Request

macAckWaitDuration

macAssociationPermit
MCPS-SAP MLME-SAP macAutoRequest
MCPS-DATA.Confirm macBsatcLifeExt
MCPS-DATA Indication}*”| macBassLifeExtPeriods
MCPS-PURGE.Confirm MAC Commen MLME |MAC msacBeaconPayload
Part Sublayer PIB Payload
macBeaconPayloadLength
PD-DATA.Confirm macBesconOrder
l PD-DATA.Indiestion I" PD-SAP PLME-SAP | macBeaconTxTime
- macBSN
i { macCoordExtendedAddress
PHY macCoordShortAddress
s P
PD-DATA.Request macDSN
l }" PHY Layer macGTSPermit
macMaxCSMABackoffs
macMinBE
A 4 macPANId

PLME-CCA.Confirm

PLME-CCA.Request

PLME-ED.Confirm
PLME-GET.Confirm

PLME-SET.Confirm

PLME-SET-TRX-STATE.Confirm

phyCurrentChannel
phyChannelsSupported
phyTransmitPower
phyCCAMode

PLME-ED. Request
PLME-GET. Reguest

PLME-SET-TRX-STATE. Request

PLME-SET. Request

macPromiscuousMode
macRxOnWhenldie
macShortAddress
macSuperframeOrder

(38 3) IEEE 802.15.4 LR-WPAN &Z 2¥ X Z2|0jE|E
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MLME-COMM-STATUS ZgnEE: F4l
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=
T
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T o] FEE 9% B Aulzeolt
td PHY AZ9 ZIngBE A¥Ed o
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AZdA CCAE A ¥ AMHl2olth, PLME-
EDE 9z #ZE AMul2eolx PLME-GET/SET
< PHY PIB #evelE AAstn $33E A
Hj2olt}, PLME-SET-TRX-STATEE E WA
¥ £ Enabled} A1} Disabledt= AMu| 20|t}

ot

Al 2-5 @ IEEE 802.154 MAC H|o]
B ¥

<2¥Y 4>+ MAC LayerdlA IEEE 802.154
F 3] AH&3E Frame Formate] A< ¥
HE Uetd Rojth <ag 4>9 BQ up¢g 2
o] IEEE 802154 EF9 MAC Z#g2
"Frame Control” Y=} "Sequence Number” ¥
E, a8 4789 “Addressing” ¥ =, "Frame
Payload” 9=¢ el A&E& A& "FCS(Frame
Check Sequence)” =2 TAHl i,

HA "Frame Control Field"o] tis] Ay
"Frame Type” BEJ} "000"d W& v]AH Ehql,
001" wWe  dleld  EY, "010'Y wWe
Acknowledgement €%, Zglz "011"¥ w&
MAC Command E}Y& oinjdtch  "Security
Enabled"= MAC PIB(PAN Information Base)dl
AZE Keyg A3t ZH Y& B3dte ¢35
3 A& AMRStE A% 'R dARsa a%X
s A¥e "0'eE HA3. "Frame Pending”
< dA "HolHE AFH Fo F71H4 dolH
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"Ack Request’s dlo]8 FE+ MAC Command
Frameg FA8e #4 94277 "1"2 4AH
4e W Ack ZHYE Huo} ¥t "Intra
PAN"® 1 ®EJ} &9Ho glen 4%
PAN WollA MAC Z#d& dAFIAY EE 7
thE PANYIA MAC Z#Ug ALdEAd @
g ZAEY”. 2 HEQU  “Destination
Addressing Mode”9} “Source Address Mode"=

"0 PAN ID$} oj=d~ Wert S84 @
¢ dFla, 0 AgdA Reoh 1dm

“10"& 16Y]/E Short Address BE=& YEl R
"11"& 644 E Extended Address 8= & el
t}. 8H|E Zo|& ZtE “Sequence Number’ ¥ E
T A4He gl did nf9 Ad2: IDE
Yebdh

“Destination PAN Identifier” ZE¥& 16HE
EE 64 HE ZdolE 21 ZgYE FAGdE 2
2 PANIDE Yelhdit}, "Destination Address”
Yo I6HE BE 64 HE Zo|E 21 ZH
€ FASE 71719 o Ed&E e, 16M

Aol 2= "Source PAN Identifier's X ¥

im

LErdT. 16

Z+& "Source Address”
Agde 71719 F4E Yeple
olt}, "Frame Payload” ¥Z& 7 ZolE
2 A4 114 vlolE, A 102 Blo]E2A ¥
o2 A= 51]"]51—: A ZHd el
& Yehlle AHRE EFSH  “Security
Enabled” ¥=7F 12 AAHY  Payloadt
Security Suited] <3 HIYA do. Eo
"FCS"E =+ 16 H|ES CRC(Cycle Redundancy
Code)& Z+ ¥9EZ OS3 22 163 44 o
A& o] 838t FCS7t Altdh:

443} 428 PANDE

ol M a2

!

\4

G(x)=z%+z2+25+1

Al 2-6 A Superframe +Z%
IEEE 802.15494c &€& £old u& A
A AZko] Fojof FHE Aulzd HEE = Q)

£% 4% AgoR fizdy FxE A%t

= 2Eg 4% 7 UEE 32 o wH=ZHY
Octet: 2 1 02 0/2/8 02 0/2/8 variable 2
Destination Source
Destination Source
PAN PAN
Frame Sequence Address Address Frame
Identifier Identifier FCS
Control Numb Payload
Addressing Fields
{ e MHR MAC
e MFR
a T Payload
... ;lll—'"m ......
LT
Bits:0-2 3 4 5 6 79 10-11 12-13 14-15
Dest. Source
Frame Security Frame Ack. Intra- .
Reserved Addressing Reserved Addressing
Type Enabled Pending Request PAN
Mode Mode

(W 4) IEEE 802.15.4 EE0| ALt Frame Format



r IEEE 802154 and ZigBee Protocol © FHiFEIA MM WEHZE 4B Adive RFID 715 - 707J

A e PAN ZodoH2 &I+ AAE HE
43 Zdlolg7t A A" THLE 73
ZYd HAE $AF o 3 & AL 15ms
A Hol 245sect € F ok F A9 wA
79 AzEe HZY Y Frie FRA 1670
9 9% BY EFoF Yot tujolx
£ HY €85 dASE dolgE 2 ¢ 9l
ou of FHZEY g del AT deolHY
AE& gEdtool g B €59 Ad
+ 43 7ZA%A He PAN ZtjdolH
Je fdZoy Fe A AHe] 2T
©d dutej 2o ¥FE £ Qi) o9} #e
EHog ¥9d B©Y €%¢ GTS(Guaranteed
Time Slots)g} 39 <1y 5>9A g Zo] g
A "z o] X3t AAYel FFE.
GTSE 2N F&od 5AE gogIs& 87
e &8 MH2E YEA =Ydel"st AT
F Sled olAEL CFP(Contention Free
Periods)el & 4 Ut}

IEEE 8021548 ¥y 72 setal)
A <a¥ 5>9A  SlotD(Slot Duration)Z}
Superframe Durationg Al4ts}H SLotDE

2
T
Ea
A%

& -
B A

Beacon
CAP

I~ T

SlotD = aBaseSlotDuration x 25° [symbols]
= 60 x 250 [symbols] '
= 09 x 250 [msec]

o] 53 Superframe Duration&

Superframe Duration =
aBaseSuperframeDuration x 259 [symbols]
= 960 x 250 [symbols]
= 1536 x 250 [msec]

7} Bt} 28 1 Bl(Beacon Interval):

BI = aBaseSuperframeDuration x 280
[symbols]

= 960 x 28O [symbols]

7t 5 +H], BO(Beacon Order)= MAC PIBo} A
4¥ macBeaconOrder2A4 044 14 Alel9] &
< Zeth S0% BOZE 159 e zA =™
Non Beacon-Enabled PAN2. 2 E3& 3l ;3=

Beacon

_-I

GTS

GTS

Inactive

-!l1[2|3|7[5|6|7|a|9]10 11{12[13|14[1s

——I In— SlotD (Slot Duration)

SlotD = aBaseSlotDuration x 25° [symbols]
= 60 x 250 [symbols] = 0.96 x 250 [msec]

SD (Superframe Duration)

SD = aBaseSuperframeDuration * 250 [symbols]
=960 * 250 [symbols] = 15.36 * 250 [msec]

1

BI (Beacon Interval) = aBaseSuperframeDuration * 2BC [symbols]

=960 * 280 [symbols} = 15.36 * 28° [msec)

(38 5) IEEE 802.15.4 f#HI Q] X
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28 2Ast Adive RFID 712 ‘ ]

A F2E 2A {4 dd

A 2-74d IFS +%

IEEE 802.1549 MAC %42 CSMA/CAE
AMg#t. CSMA/CA du8lES 334 sie
F2 OMEE ZEg Aeld AE AT
IFS(Inter-Frame-Space)©]tt. MAC¢] PHYZ%®
B 22 deyE Adsr] #Hs  IFS
(Inter-Frame Spacing)&te 717+ Fed, 2
dlojel el Zold uwlgl SIFS(Short Inter-Frame
Spacing)¢t LIFS(Long Inter-Frame Spacing)7}
Adtt. <a2¥ 6> SIFSS LIFSE Aztez A
93 IFS Alole BAAE Yz lem Ebol
BE Asd g #ok

SIFS > aMinSIFSPeriod

\

12 [symbols]
0.192 [msec]
40 [symbols]
= 064 [msec]

1]

LIFS > aMinLIFSPeriod

v

(a) Acknowledged Transmission :

Long frame Ack

MPDU Z7]7} 18 Octets ©|3¥ @ Long
Framee|gti %249 o] @& PPDU size’t 24
Octets Bth 27 @t} whakA o] H§ AS A
gag A7e 0768 [msec] ool Ao¥th
MPDU #Z7]7F 18 Octets Btk #& @ Short
Frameolglx #2v], o] A% PPDU AV|& 24
Octets 2T} FolA 0.768 msec Btk A& HA%
ANZe 882 #t)h 3H ACKE #A$E W
MPDU 277} 5 Octete] ¥ ©] ¢ PPDU
A7) 11 Octeto] Ho] AF A7HE 0.352 msec
ol dag A  "Hy.  Eoez
aTurnaroundTime< 12 Symbol AJ7to] HEE
0192 msecol®loF &9  aTurnaroundTime
aUnitBackoffPeriod A17t€ $*|¥ 32 Symbolo]
&850 0512 msec’t €rh.

A 2-8 A Cluster Tree Network T3
IEEE 802.154% JEYA ASA &% oYy
A #EY FeAE uyste 488 A 9 A

Short frame Ack Next framg

l

« MPDU size > 18 Joctets)
« PPDU size > 24 [octets] = 0.768 [msec]|

1
« MPDU size < 18 [octets] I

» PPDU size S 24 [octets] SIFS = aMinSIFSPeriod
(=12 [symbols)

t, 2 aTurnaroundTime

LIFS 2 aMinLIFSPeriod =0.192 [msec])

(= 40 [symbols] = 0.64 [msec])

(12 {symbols] = 0.192 {msec])

f,a < aTurnarcundTime + aUnitBackoffPeriod,

*» MPDU size = § [octets]
(32 [symbols] = 0.512 {msec]) * PPDU size = 11 [octets] > 0.352 msec

(b) Unacknowledged Transmission :

I Long frame J l Short frame I Biext frame .

D— pum—

LIFS

SIFS

(@) Azl7} B2 A4d A$ (b) Ack 810 A%l oFo4Ae 3+

(a8l 6) SIFss} LIFSHE 7|

oz GojEHR M8 E0IYS
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HEZa EL24& EF X4gt o] 2L E
E2AE &4 Mulx Eopd g dz2A A
g1, PC F9 FXA A 28l EZ2A7 €
Aolx, BEAT Y Het Mujxd
A d HYENa EZZXI 8 Aoh. <a¥
e A P UEQAY 543 eyl
Cluster Tree Networke]th, o]+ Cluster &9 9
PANEo] M2 dZd5o Multi-Cluster &9
YEAZZ 1 397 AR & e F348E& 7}
AL o 28y oj¢ & Multi-Cluster 3 &l
9 HEYI F2E & HYE YA 10m 9
A9 A =2 AYE Hod Az
Multi-Hop 72& ©]43} dojg & A4E +
e Aol AE WA AR QA Ao Z
o & Jdoe 23E Az o,

[EEE 802.15494 ZdoJgi+ YEYA A
A, 8 "4, k= #EY, == FB A/ a7
1 929 =& 79 WAA H2E dAs o @
ot 3the] PANo] A Ho 245 AA4E &
HEH, ¢4 7 ulo] 28L& AL 715 E B4

O
73‘["{_'

@ : PAN Coordinator
@ : Cluster Head(CLH)
O :Device

: Parent-Child Relationships,
not Communication Flow

Adg sotstr] g8 A" A J2EE &
AQ3A Hed, o] 29l BUn FEHA
%= PAN IDE A9sd FFDel 93 3t
PANe] A€t 1 ¥ FFDd 93t PANo)
EAQS dele vl Zdde e dupolxd
A A% o 2M Device Discovery FAo] A&
"o o] HH =ZHde tufol 25L&
Association F3 o] &8 2 PANo| #F&A @
o

o
=

A 3 ZigBee TZEE

Al 3-1 A ZigBee Alliance 7| &
ZigBee Alliance® 200339 ¢A¥ IEEE
802154 ¥F& 7|wto g 1 Ay A2 FEE
AGsr] Y3 LAY EFE FF 250 2A
NE2RH Fd7A9 gy $94L 2t ¥
golg HAFE &£FHE Mistd o] A&

A

(38 7) Cluster Tree Network
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EF383 9tk Bluetoothst ®lis] 2
ZigBeex: Rt & 7HAZ @2 HolH AFE,
a3 o] 8 A HY AR AL AY
1 glen A¥e BE U4 534 & Ly
EEZ2AE e dEYANE Fgo] 75
ZigBee®] ZFE A7 Astd AAY 4
g AAZE AHEA Fostn Jdon, B 9
AAEol A ZigBee Tl HFI NAEFES
WEx o IEEE 802.15491 4+ MAC3 PHY
of th3t BF3el W gEg g3 Y 4@
A FF37 4EF JEiol™, ZigBee Alliance?]
345 Ho%(Security), MEHA AZF, &4 AF
(Application Sublayer), "}#l® Iz AF =
2ol g F&Es Ao} APH 2 Yok &
3 FAAL 45 4% HEEE Y% BEFHoz
Az H2E FYFH AFAQ o EA A A
FASs Ay Folth 20049 6¥€ Al ZigBee
Draft ¥3 080] ¢5% Adoli, 7153 &
HE Frlsted 20049 11¥ X2 vA 10&
A% Aol AAH 1 Yk
Marketing Working Group A+ ZigBee 4]
2do] 49 $88& Az A7 AA A
Hle 9% 3Ysa, PAYY $4 Aus =
TF A H9 =% 2 OEME 9%
A% Aste AYE FEHOE L
¥ Working GroupdlAl g4 &4 &4
Nl 02123r5ZB-ZigBee Residential/Light
Commercial MRD(Market Requirements
Document)ll = ZigBee Al&®o] 4R
A4E AR H9 2 FAF & Fopdl Ui
A3ttt Architecture Framework Working
Groupol M & ZigBee A28le) S8 AZAA A
49 2 0gqd g AF AYE F FHe=
AYsHE FAY 2Folt AFAL zZ=25d9
71% Z7o] g General Operational Framework
B 080 ¢h=d Felojx, AFAA Z2dY

= ot ¢
[N

M

-

e
£ oo |

n

2 &4 Home Control?] Z7te] ¥ Light
Sensor ¥ Controller, Actuatord] ZF#Hd

Attribute A7t 5" Aot A HEY
A Working Groupl A& FEAL HESHZ A
%9 715 AY 2 7Y B g Ao ¥
4§ A%(Application Sublayer)#<] Q& o]
of & ZYZE Fgjolth B FHo RFHA
080 MHe HEYR 2 38 AF =HZEV}
A=A AL odF §F 7P JEYIE
1EeE g4y T2EZo A 10 SYZE
N #H JleI A 492 dAolx, T
HEHZ FX Bed 223 AF 7lego X
g Aoz JAd

A 324 ZigBee TEEE ~H

ZigBee T2 EZ ~H¥l2 [EEE 802154 PHY
AZ23% MAC A% Sl ZigBee Alliance’t 39
e HESZ ASH &8 Ad ¥ AF, 29
2 24 =ZgdYgast ZDO(ZigBee Device
Object) 3 o Ato]9 QHH|2E A3
&€ AZF22 74989 <29 82 ZigBeed
T2EE 28 F2E JYEd Aot PHYY
MAC 29 A% YEHZ AZFdAME HES
3, B¢, 2Ex FLEE #YsH, ¢4 N4
2 A% (Application Support Sublayer)d| M &
g S g HolEs #AdE 75 g e
. 9714 udgL ZigBee ZTMlolE7} WE
a9 old fulo]aEo] N2 AZE UeA
AAge 2z F:vlelg Y ZUEHH Ao 7]
TE FANE 988 e AL gYEn o
i GZE duiol2E Alold WARE AEs}
534g Mul2sy tuto| a9 FAe Mulx
vtobat= Discovery 53 = APS AlZolA
o el #YE A

Lo mu o



IEEE 802.154 and ZigBee Protocol

FH|FE2 WM HEYZRE $I# Adive RFID 7|3 - 705

A 3-3 A YEAZ AFAA A83
t ZYvgE  (Primitive
in Network layer)

YEHNZH duie]x FHE 3l ZigBee =

dulelei s} 2¢HE fulo|art JEYI §
F(Join), 12 (Leave)dt= A& T3} =2
FAE B 7Y ojRde tutolxy
fJ2EE #A #F ¥l NLDE(Network Layer
Data Entity)-DATAE MAC A %4
MCPS-DATAS} A#3std AMu|2§ 3$3%31,
NLME(Network Layer Management
Entity)-NETWORK-DISCOVERY =
MLME-SCAN Zgnegld¢} d@3ted Au|xg
3%3, NLME-NETWORK-FORMATION<
MLME-RESET, SCAN, SET, START =&

EE  Aul2s d@sEd &
NLME-JOIN2 MLME-SCAN, ASSOCIATE,
COMM-STATUS, ORPHAN d#ste] Mulx
=2 s&3n NLME-LEAVE+
MLME-DISASSOCIATES} @3t Mu|2§
3%3%4. NLME-RESET® MLME-RESET#
d#3sx2 NLME-RX-STATEE MLME-POLL,
SYNC, RX-ENABE = u]gjH ¢ d@dto] A
‘51"”2 3%3%. MLME-ROUTE-DISCOVERY
£ MAC A%dA &¢8e Adds Zeng
| 91022 NLDE-DATAS &3t Ay
3E¥Y <F 1> AH|2E AYde
A% ZuglBE MAC AS9 Ty
Aul2o} d@ste] B F Aol

Mu| A&

N

oom ol
lu: 1* mlm

Application (APL) Layer

Application
Object 31

Application Framework

Application
Object 1

Endpoint 31

Endpoint 1

ZigBee Device Object (ZDO)

K] Device Security
$7 | ot | | iR
&

K] Binding Network
g 2 Mlnlgement Management

Endpoint 0 APSME-SAP

APSDE-SAP APSDE-SAP APSDE-SAP
Application Support Sublayer (APS)
APS Security || APS Message Reflector Discovery
Security Management Broker Management | | Management
Service ‘=@ { NLME-sap ™
Network (NWK) Layer N~
Provider » NWK Security Network Routing Routing
Management Message Broker Management Management
TSR
_k% { MLME-SAP

Medium Access Control (MAC) Layer

PD-SAP |

Physical (PHY) Layer

! PLME-SAP
e

| 2.4 GHz Radio

]|

868/915 MHz Radio ]

{38 8) ZigBee A% Px



[ 706 - [EEE 802.15.4 and ZigBee Protocol : RHIFEIA MM U ESLZE 2/3F Adtive RFID 7|8

A 3-4 A gY2H Eg HEHIZI

d HEYZ 84 247 A" ozga B2
A}o] 28l Cskip(Address Block Size for Each

A e+=ERouting in the  chigren)st aite) WEAZ Wl e

Cluster Network)

0% F 71w d4 EERX AL wae

g F837] #¥ AA  Address

AZA #9899 =94 F2 YL <Y O

¢} 2. <38 >dA C,(Maximum Number . 1— O+l
of Children)ol® ZTulolE] E& tjrlo]ze| Bsize = —3—F—
AZd 4 J: A WEYA $& dusn, o
L, (Maximum Depth Level)ol& WES 29 3 Cskip =F100r[BSlze 1:20 C'"]
o Zolg SJujsith ol HeAuEHE o83 G

(& 1) MAC Z2|0|E|=e} HEE HES Z2|0|E[H

Primitives in NWK Layer

Related IEEE 802.15.4 MAC Services

NLDE-DATA MCPS-DATA
NLME-NETWORK-DISCOVERY | MLME-SCAN
NLME-NETWORK-FORMATION | MLME-RESET, SCAN, SET, START
NLME-PERMIT - JOINING MLME-SET

MLME-SCAN, ASSOCIATE, COMM-STATUS,
NLME-JOIN ORPHAN
NLME-LEAVE MLME-DISASSOCIATE
NLME-RESET MLME-RESET
NLME-GET, NLME-SET X

NLME-ROUTE-DISCOVERY

By using NLDE-DATA

NLME-RX-STATE

MLME-POLL,SYNC, RX-ENABLE

L,=3
C, =4
Address Block Size = 85

[Cskip=1, Addr = 23]

[Cskip=5, Addr = 1]

[Cskip=1, Addr = 2]

[Cskip=0, Addr = 66]

[Cskip=1, Addr = 28]

[Cskip=5, Addr = 22]
[Cskip=5, Addr = 43]

ZigBee Coordinator
[Cskip=21, Addr = 0]

[Cskip=5, Addr = 64]

[Cskip=1, Addr = 65]
[Cskip=1, Addr = 70]

(8 9) O & 7Iue] ol ER2X X0 M2 ASS 2l9EY =21 F4 @8

Bsize(Block Size)e theel 2oz AR




IEEE 802.154 and ZigBee Protocol : FEIFEIA M HESZE A Active RFID 71% - 707J

<2¥ 9>9 43e A9 A Y Bsize
(1 - 256)/(1 - 4) = 87} H 3 Cskip at level
= (85 - 1)/4 = 21, Cskip at level 1 = (8 -
- 4)/(4 x 4) = 5, Cskip at level 2 = (85 - 1
-4 -16/(4 x 4 x 4) = 198 ¢ 4 ok
Address™ X & ZigBee ItjulojE} FA &=
Cskip = 5% ==¢ 19A 217479 Address&
AR A H31 a2 & ZigBee ZUY|OJE Y B
Cskip = 581 ==& 22404 4271 ¢ AddressE
7WA A A}, o] Fof ZigBee ATUloJE Y £
Cskip = 5% =+ 43%H 63, 183 64%-H
&7A Y o 2E JHA 4 A doh. Cskip
= 191 ASelE 1914 5, 23014 27, 28014 32,
65914 69, &3 69914 737X 9 A=A E
718 4 A @} Cskip = 08! =E=¥& Cskip =
19 =29 Fid 1o &R ¢ o=g28
Zet,

Ol

A 3-5 A  H9HSecurity)

@A ZigBee Alliance®] Security Working
Group2 ZigBee Al2®A YEHI AFs &
£ AZAAMY HA/AFES 1T BEA Toolbox
Mg F BXHoE 3 ARHoZE 7] HF
(Key Establish), 7] A%(Key Transport), ® o]
B B33 9 AFed A drJE =& &
F HUES T3 Toolbox ¥MA 108 &
g Fol i, @A A5 A¥ HIEE 4@
Security £ H2E AY 5§ YL A3
s ot

A 4 F ZigBee EYI AZo] A}
43t AODV €13 &

Al 4-1 A AODV(Ad hoc On-Demand
Distance Vector Routing)

Reactive Routing Protocol (£.3€ w9 ¢
B ARE A& F v Z2EF)Q) AODV(Ad
hoc On-Demand Distance Vector Routing)<e
Ad-hoc HIEYANA 9 27 7]¥(On Demand)
@98 Z2EEZAM Ad-hoc MEYA U9 =
< dolg dAgo] A& #F¢Y HE A
Bhs 48 HolBd X 2 #3A "ok
Hojg ddgo] Wed A& LEE &F 7uk
Aoz EBHA wDaAY Ad B2E
A2 g4 #H & B3 Zohdoh

AODV7t A2 g4 2 fAAYE A3 A%
e "WAA Egel= RREQ(Route Request),
RREP(Route  Reply), RERR(Route Error),
RREPACK(Route Reply Acknowledgement)®] 4
7HA e94e] 9lEH RREQ £ 42 xE7F £3
A xog 37 A8 (§, A2E s Hen
8337 &) AMEste HAIA] EFYelH
RREQE A Al7l& kEv dHolE Ags A
ol 7% 22 =9 A2 FAJ AFE
M 32 57E 93 22 BEF AY9E ANFeEe
TN == E ¢ JAF HY ol xEEL
RREQ WAIAE Ad-hoc MEHYZ e Z34Q
(Flooding)stAl @t <714 &2 2 (Flooding)©l
@ 2" ARE JHE FSHA BT A4
22 Q3 T4 JEHINA ol HEH
T AHEZE dojgg g

RREQE FAT =t Ao} EAZ| 1o
A 25 ERAAAY @989 F2E g3 ¢
e RREP WINAE Abg3te] $R3eiA ")
RREP #A1Z= RREQE AH&d $4% x=
(RREQ &2 xE)A FUMNLE #Hoz A
gddth. RREQE #& =7 2ol BHZ
Ex ojYn EFR xEAAY F2E 4u
A 4, RREQ 42 =E7A9 o #H=2
(Reverse Route)& H+® ®olEd AZE F,
H& RREQ HAAE o]% =ZoA A

in
i

L™
-

[e]
9

]

2 i
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(Forwarding)3t4l ¥t} RREP-ACKE RREQ
42 xE7} RREPE 4% % oo 8 $g
< 93 AHgste WAA Egolth. RERRE &
AR A 7be ARV v EEHAS ©, A=
dde 42 xE=4A SEW©Notify)st7] f8) A
£¥th RERRS 28 42 xEE EFA kT
A9 N2E F2E A d8 AEE A
2 g4 34e NFeA g9t <3y 1002
AODV Z2EZA Az 4A FAL 1Yo
2 E8E Aojth <2¥ 10a>+= RREQ7} &9
9 g 4HE vgiEd RREQE FA% *
EE2 WA o] EAA =EAAE AR
. @ 32 x=7 oluy¥® RREQY Hop
Count® 14 Z7HIAA AHE oj% =EEY
A RREQE Z39dtd <ad 10b>E EE :
EEo] RREQE WS W, 4 A2 AHE 4
Bl Aom <2y 10c>E ZAHA k24 93
o MAE RREQ/} 22 ==dA dedE 3
A& Yed Aol

A 4-2 A ZigBee M EYA AZdA
AM25E AODV ¢1g3

(a) RREQ S E b) o

ZigBee MIE}Z AZAE 98 gugF
o2 =83 F2(Logical Address)d) 79t A
%3 9% (Hierarchical Routing) ¥4 %
Bl go]&& A3+ Table-Driven Routing ¥
4 283 On-demand 7ZAZ %Y (Route
Discovery)#4 & AH83te 248 dnaFE
Ag3t=d @714 AODVS $AHHOn-demand
A2 gd(Route Discovery)d4-& 2$¥ H ol
& 7= RN+ ZEqXg AE3ty A2 g4
(Route  Discovery)S 913t  RREQ(Route
Request)$} RREP(Route Reply)el ¥ 7}A] HlA]
A B49e A3 AODVA  AMgste
RERR(Route Error), RREPACK(Route Reply
Acknowledgment)& AM&3A et HZ2 g4

NF37] Ao ZigBee WEHZNA A3

718 48 gdngEs AMgste g4
£ JdEYE AAHAN dEHA £ ===
2 gAg 3tA &3 wE g F(Next-hop)
2 AZ HdAsta JEYY £3A @€ ==

AZ @AL AFEY. 42 E4(Route
Discovery) #4j¢lA RREQ(Route Request):
Broadcast Route Request WA Al&3M

rir wlo

o

]

fr jo o

ot

(c) RREPE &8t SHX
SEMNe 32 44

(a# 10) AODVY} Z= E4(Route Discovery) I3
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RREP(Route Reply)= Unicast Route Reply %
Aoz Agdt <29 11> ZigBee Network
Layer Specification Version 0809 A2 #4&
et 3gojtt, == Ax E3A x= BE #
7] RREQE B.2E7]2E& 31 RREQ/F E3X
== B =¥3¥ E3H x= Be
RREQ(Route Request)& FUN2ESA o
71239 AdE AODVAA Al4d A2 &4
$33 A ¢ Ao

<3y 12>& ZigBee HEHZ AZdA A4

3= A%4 %8 (Hierarchical Routing)¥2]&
Agg Aoz, 398 HoEg AR Qe
RN+ xEde48 HolEo] gle RN- xE
AN A=z %éﬂ(Route Discovery)e %3 dolg
XH-«] g o & Yepd Aotk A& == E
7} Z} 5 x=Z(Parent Node) Bl Al dl¢]
g E9 FE k=ojn Z9¥ Heol
& *E BE RREQE Ry{ozH
2 ‘%’Q(Route Discovery)& &34 @t
o] Atoje] ©wlojElE x=Z BA HHFPEHT 9

o mu
P
K
30
lr

A ZigBee Router B
Broadcast route request
Broadcast route request may
arrive by multiple paths Compare path
* costs and
Unicast route reply ;stporill?myrlnﬂu:l
Compare cost found
replies and
select the
best route
; —— *

(38 11) 22 &M4i(Route discovery)

Tree link

= Data
......... » Broadcast RREQ

Destination

(a8 12) 22 EM(Route Discovery)# E#t HI0[E] E&o| of
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21+ Acive AFID 7| ]

. RREQE =E% C¢ DE AA EFA =& |
o EgsA Hx £4A x= I= RREPE ¢
Z(Reply)stAl H Az g4& AFE == B
dqx 5HA == I} A48 RREPE A8
HH, WA Ye 2 e vloEE BolAl A%5A

gl dHolHE A3y Ad A2 B34 #HA
RREQ$} RREPE 53 % A2+ E-B-C-D-I’
2 AR

Al 5 & IEEE 802.154 MAC3# ZigBee
Protocold] +d

/A

<28 13>9 B nigt 2o
AeEd RFIC FH& o]&3td
AZ3a o5 v 3y
AZEYAE FEHI F o

A 514

L R
Chipconll A
ZigBee ©%7)E
MAC Z2EZ$

a27lE F tH«l PC & 2 EXd RS-2322
AZA3} FHoE dolg AL é_‘??i’& A%4E
EUHYE # 91"5 A" dis] dsidt

2 AgE 9T A D}sﬂr 2

- MPU: ATmega 128L, 8MHz

- RF E%: CHIPCON CC 2420 V.1.01
(ZigBee 2.4GHz)

- %% Ak 3V

- AdE: JTAG, ISP, RS-232(TTL),
DC ¥¥ ©2K3V)

- 7]ek: Reset B|E, LED(X Y, Test), Dip
Switch{4pin)

9%

A 524 HE AYHL

HE Avges g ZE9 19 293%
2% Non Beacon-Enabled PAN©| A|#s 3
ol ¥Alste AP LEDZF AXNEE 35l 7
W RE9 28 29X E F2Y Beacon-Enabled
PANo| A2tE3 §A] o]& ®AJeHE @G LED

(28 13) W0l ALRE 271
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7} ANEE 4. A 2EY 3W 29A=
oju] ©& J'¢ EEHEo|] Non Beacon-Enabled
PAN ¥+ Beacon-Enabled PAN2.Z AJZ}3t 4
Bl A PANe)| Joinst:& 33 o] LEDZ
2EZ¥olggtt. <a¥ 14>E PANY Joindte
53¢ GUIR 738% 3dojrh

A 5-3 4 gdd7]d AHE"E MAC ¢
1E

ZigBee MAC Z2EZE THEY] A% ¢
gEe 29X W3l wat Non Beacon-Enabled
PAN £& beacon-enabled PAN %9 3u& 2
A= & 3 IEEE 802154 £F A4S ©E
£ Zvlel® MLME-RESET.request& True
2 AAsod ZE MAC PIB Attributes & %
718k87] 98 AT 2 F g2 9E
4  MLMESetReqest (mac_short_ADDRESS,
myShortAddr) ¢} MLMESetRequest
(MAC_ASSOCIATION_PERMIT, TRUE)E 4
3o Short Address& ¥23 1L Associations
L3} E Pt

283 [EEE 802154 ¥F AlYS W2 =
Z)u]€lB. MLME-Start.Regests] #}etug] o
(PANID, CHANNEL, BO, SO)#te AA st

BO(Beacon Order) ¥ SO(Superframe Order)#k
o w&A Non Beacon-Enabled PAN HE=
Beacon-Enabled PAN 7}&d vz 53Z35x
2 3%t} [EEE 802154 ¥& 3o AYHAR
o] BO% SO#2 152 AAHH ZYulo]gr}
Beacon Frameg& A%} Q222 Non
Beacon-Enabled PANS.2 E33tA Sz oA

14Akol2 A A3H Beacon-Enabled PANCSZ
5234 "ot
A6 Hd B

frolAe 2 YEHD @F0F o] AYe B
21717k se] HEHIY dZF2EA o
, AdAY, BE 7]719 Atgro] o R HHE
gdon ¢ AEL oS o TLFA T
B4& dug. ol¢ 22 53E %A
RA A&7 ‘RREMES, J21 ‘BE
71-4 YEA33"7 G4 0n2). o A 7HA)
o] AQHH A8 VEHRTY thgs) 2
gz d&Fs, 3du YEHAA 3
71719 Uz d3q g A2E 7]
FAo] o]FojAA €} o T HEAHI

SR

My 4 o NN i o2
r|r rw

szﬂo}mml)

Press 1

: Start a non—beacon enabled PAN

Press 2 : Start a beaocon enabled PAN
Press 3 : Join a PAN
Ext. Addr. : Ox0000004792633131

MLME-RESET . request
MLME-SCAN . request
SCAN SUCCESS

1 PAN is found

Select frist PANMULME-ASSOC]|ATE.request

ASSOCIATION SUCCESS
Short addr. Is 6164

Send data(OK)

{38 14> PANOI Join3fiA ClIOIEHE H&3 23
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