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A simulation of the ZigBee cluster-tree network in OMNeT ++

MOU Jie, CAI Zixing, LIU Lijue
(Institute of Information Science and Engineering, Central South University, Changsha 410083, China)

Abstract; ZigBee 2007 offers full wireless mesh networking capable of supporting more than 64,000 devices on a

single wireless sensor network. Due to immature markets and technology, a deployment with hundreds of thousands

of nodes does not exist at present. By using the OMNeT ++ simulation IDE, a simulation model of a large-scale

network according to the ZigBee 2007 protocol was created which aimed at providing a reference model for deploying

a large-scale sensor network. The model implemented the networking and routing functions of the network layer and

medium access control layer according to the ZigBee 2007 protocol, and successfully established an ad-hoc network

while transmitting data internally. For these reasons, it can be used for the study of deploying a large-scale ZigBee

network.
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1 OMNeT ++ {54\

OMNeT ++ 2— L FE B M % {5 & IDE (inte-
grated development environment) , H.FF & F1HE BB TF
FF % JAVA % % ECLIPSE, & {8 C ++ f NED
(network description) fE A K1EE. NED BT
FE X —AMEEk Rt JLA ] B0 [ 3 46 F S BB TR A
S4B B AR RS AR, R B )
REH A P IC ++ RS, H AR S b R B 4]
AT

OMNeT ++ B Z T BB E W, — 1 F 4
B—MEE TR SRR BNE B R HTH
KRR, BEANME S AEA H B LR EFIE
&EFT. OMNeT ++ H [ E 23 O FR 2N Tkenv, & 1] LA
A B R 28 R I A R AR (i s
HE . VHEZENEERES) IR F 4 L HiE
HITICRMGT

2 ARHRHA

IEEE 802. 15. 4-2003 By ik &5 2 Thee
1% 4% (full-function device, FFD) flIfai BATH BEI% %% (re-
duced-function device, RFD) , £ ITNEEIR ZHRIEE 4%
oA €8 3R] 43k ) 48 13 2% ( personal area network
coordinator, PAN coordinator ) Fl {#}#§ ( coordinator) .
7 IEEE 802.15.4-2003 #rEH , R 22— 2 F M
( cluster, WHK ) BRI 4%, i0E 1 s B 1
HEABRLRES FRBHNRXR ARRMEER.
BT RERTERIT, B— K (cluster head) 75T
SHAFREFgET AT RER. ke T A
16 bit 45 ik (short address) 24 0, 78T WY B HA ik
&I ik f 3K .

@ MR
& 53k

O L& (FFDAEIRID)
E1 IEEE 802.15.4-2003 E X RIERF

Fig.1 CQluster-tree network defined by IEEE 802. 15.4-2003

ZigBee X! 2 ZigBee Bk B 43 # IEEE 802.
15.4-2003 FrUERITTHMRE R RIh#E. 2 TH T
LIEME PN, BHTH ZigBee 2007 (T XHFKA Zig-
Bee Specification ) 2 H R t— 315 ZigBee BX HE =
SV AR

ZigBee Specification Y515 2541 A 1M #5 ( ZigBee
coordinator) ., % B #§ ( ZigBee router) F 4% v % %
(ZigBee enddevice) . ZigBee {piH#3E]) IEEE 802. 15.
4-2003 fg W 4% iy I 2§ , ZigBee [ %% B IEEE 802.
15.4-2003 K& 2%, ZigBee [P A28 ZigBee FH
AR R THREIR AT, PIE 1 A AR T LA .
ZigBee A& ¥ #% B IEEE 802. 15. 42003 F faj 5.2
REIR A, AT RBIR A Z M A REE R HEA T8 S, il
HAT R (2TRERE) #A1THEIF. ZigBee Specifi-
cation 1 i KB AR A XM EEAE, B ZigBee
R L8R 1 v R 28 Bl B ZE i R T A 5
K HAthF M.

TEASLH , ZigBee IR M8 ZigBee Specification
XS P 4% ( mesh. network ) |, $E &A™ B i 28 K H:
FRER B, A 2 iR,

@ LigBeelf i 54
WHEMARE W

O ZigBeeltf H #(FFD)

© ZigBee&R Sk & (RED)

B2 ZigBee Specification & X B X125 M 4%
Fig.2 Mesh network defined by ZigBee Specification
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Fig.3 Node model of ZigBee
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RIZET5 AN EOT LU BUL BAE , T 05 K 1H]
BAKE IR, BILE 500 4N 8, BEMESH
#= 1.

x1 MEXESY

Table 1 Parameters of the network

b2 e A
PR AR/ (Kbit - s71) 250
MAC [ & &0 E]/ ms 4.08
B R R RIE]/ s 10
PR RIEBIREI R/ s 10
W EERERED /m 100
ZigBee Bl A AN 100
ZigBee 22352 FY 4K 400

3.2 g

KT S 405 3 22 B SCHR [ 8-9 1, AR STl
R AT B 4k - 3 £ (packet) BLHE MAC JZ
Kz 2 fra) MINZRHER MEREHEA 4
A ERGE R R EEFAE R B iE R
B NEH R, ISR TH B H P 48 2 Wik 7 R
SBT3 3 ~7 B,

&2 MACEM%
Table 2 MAC header

&yl B4 &)
uint8 frameType DAY

bool ackRequest REEFENE
uint8 sequenceNumber wiFE 5

uintl6 sourceAddress MAC JE Hhk
uintl6 destinationAddress MAC H i hk

& % M B1H
*3 MEBEMk
Table 3 NWK header
PRl B4 X
uint8 frameType P2 Ry
uint8 sequenceNumber 522
uintl6 sourceAddress NWK R #sht
uintl6 destinationAddress NWK H gttt

R4 ERERHBHMNEESE

Table 4 Payload field of the connection request command

b6 2| b A X
uint8 commandFramelD 4 ID
uint8 deviceType BAARR

RS ERBHAEHBHNZESE

Table 5 Payload field of the connection confirm command

PRl B4 X
uint8 commandFramelD 4 ID
bool isSuccess BEEIhEE

x6 BHEEKHEHSHMEERE
Table 6 Payload field of the routing request command

HrimAeRy b A X
uint8 commandFramelD 4 ID

uint8 routeRequestID MR ID
uintl6 destAddress TEORAY B RHshE
uint8 pathcost il

xR7 BHEEZHSHNMEERE
Table 7 Payload field of the routing reply command

HrimAeRy b A X
uint8 commandFramelD 4 ID
uint8 routeRequestID MR ID
uintl6 originatorAddress TR IR Hohk
uintl6 responderAddress DA LAk
uint8 pathCost il

3.3 H4AM

i 3Cik [ 8] 550 2. 4GHz ZigBee fEH CC2430
RMESREEES 2 K 100 m. 413 W, ZigBee 43514
BB G R R NI ZigBee B 48 & H i H
13K, ZigBee BEH#8 Z M HAH R R HEEE R, HK
B mE B S BER. BT
HEEPLE S AR7E 750 m x 750 m B IR, B
A RBREERRA

if Router(1) 5 Router(2)WBEE < HEIEHEE,

Router(1) < = — > Router(2) ([F]&%,sibling) ;

if (EndDevice(1)5 Router(1) EEES < @{SEEE

&& Router(1) HBJ/ERFK ),

EndDevice(1) < — — > Router(1) ( Router(1)

J& EndDevice(1) B3 T &) .
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REFEUBNE,“ < - - >"ENED EF R
N 24N1] (gates) Z IR B 3%, I BpYH B8 E 0.
3.4 EAEZX

ZigBee DX ME AW BE I B R E I
AODV ( Ad hoc on-demand distance vector) B3 | 3%
BIEKB T 2 N —B& B R L3R (route discovery
table ) F1#% i 2% (route table) , 73 HIUNZE 8 ~9 Fi7R.

x8 HBHEEZIAR
Table 8 Route discovery table
b &yl B
uint8 routeRequestID
uint16 sourceAddress
uint16 senderAddress
uint16 forwardCost
uint16 residualCost
double expiredTime
®9 HER
Table 9 Route table
b &yl B
uint8 status
uintl6 nextHopAddress
uint16 destAddress

JR BB R BUG , ZigBee B A% 1B FEE RS A
R AGRE A BB IE R, K SR R B R
1) ZigBee Fe#n g LA B2 MR Hp BB R W
FKICF T BEEIER ID, KA B b i TR bk 3% & B
E TSR A B ik | BT AT (B SR B Y
pathCost) . J5 [a] fAHT ( B B B 2& 1 )& B9 pathCost)
DA e E R P A ) (6. e SR In R T B R
) B BBk | B e B F — Bk R i RS

LICR IS ZigBee B EHASHY 2 B B E SR B9
routeRequestID F1 sourceAddress Y540 [F]i , B H 25 H
SRR A B/ D IE SR, R SERTRE A B 4
ZABE R TE RIS 1] [F]—4> B B bk By, Bl 2570
HEg R U —A5 B 8 kA R D %, 8
A TE LB By R R o S LA R R B9 B | R IE
3, 0 4 .

HEKT SRR HER, ERA R ERE
THR I SRIE 1K —A e b D28 TR B 3 B e 2
JG ,ZigBee P& 2850 51 B 2 1Y nextHopAddress , {ii
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HEF) B By sak s R R/ N2

B R R
routeRequesID1
sourceAddress|
it by
Me— 1Y
routeRequestID1 .
sourceAddress3 Wit destAddress
routeRequestID1
sourceAddressd

B4 BHAZARSHEROMEXER
Fig.4 The relationship between route discovery ta-

ble and route table
3.5 #E7(goodput)

HMFERG , ER Yl & B 10 s B E—
Ak, F LS B C R bR, W& a4k
B— R (data) , FFEEPLPEE— ZigBee B
#ER BB A

4 BRER

ZigBee FARM R FRM L& R G WA 5 Frow,
B &ELER 2 MESRIIERE, end TR endde-

vice ,rte F57 router.

endl dn

BS5 HHSHLRLENEEEYEF
Fig.5 The data packet temporary storage in routers

Bl 5 H,end[ 346 | EE 45 rte[ 84 ] &35 1 4R
2, PR E R A HAT M ne[39] , B3 T nte[39]
AREBIFER BRI A, BRI A rte[ 84 R 2 rte
[39]B9<B)E , 3 H. rte[ 39 ] A rte[ 84 ] iy L B 5
o, Tl rte[ 39 ] HER SR EE T 28R =
FHREEH.

X rte[ 39 | LTI BIBE B N T, B EHTBE B
7=, 5 NSRS B SR, B R E B
bk 5 pg B B Bk X, 254 R BB i R
RZN ACTIVE, MK 8548 48 & 45 B B 3R ' nextHo-
pAddress XF N FI4B R . 4B 4K 42 i B b 2% P R BY
nextHopAddress ¥ & T %, /5 rte[ 84 ] BB
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Bo6 ¥imemThekh s Byt
Fig.6 The data packet has been successfully routed to
its destination
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