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Design and Implementation of a Dual-Channel ZigBee Router
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ABSTRACT

ZigBee is becoming a promising communication protocol for wireless sensor networks based on low-power consumption. In case of a
ZigBee network requesting continuous transmission of sensed data, the required bandwidth can be overwhelm the maximum transmission rate
of 150Kbps. However, the ZigBee router which delivers data from source node to destination node can transmit data at most in a half of
maximum rate because the router can not send and receive the data simultaneously. In this paper, we propose and implement a dual-channel
router which can send and receive data simultaneously. Also, we propose a centralized channel allocation algorithm to allocate different
channels to each module. The experiment result by the proposed dual-channel router shows a maximum throughput of 150Kbps as large as
twice of normal single-channel router.
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Transmission in Dual Channel
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Fig. 3. Dual-Channel Router

Z A4 E‘r-rEMWL RF9| A% 3 MCUY| 45
e &£ 5l «I‘GIW Ao wAYL 4

OHH
& r
0
é
r

0

Ap>

HT
2
ol
o,
ox
X
mlm
_1[ !
O_u

ahc.

7HARE “ﬂ ]—rﬂ’qﬁ} XH” 5“% 7R 3GAR T
Ak A, AA Y ES 29 FAE HAGA ) EF
& 7t o) MAC 48 893tE

£ ZigBee ETo A% 3] 3
Z1]S AL R R A A e Qg o) GAE F
o]l A2 5 E 54 AA 3



o} % A'd ZigBee 2+-6 9 HA 74

o o]Z2& AR oA o] ApdEA GA ol vk A d A o
AdA e FA77t A43te dolElEo] Evbvt B
FANS BAeAE st Aok FA7IS FA
o] AXYA FEZ AT 45 A/ AT 5 ATt

AR, AAxE 3480 SRS LS g
BEE Tl A4 =t 3E Ad MEE Adsta &
R Eigcina

gAGA A 7 FAREE SANE G b
AR E g o] AR 2 e FA WYY A
FEEE o] 7]ofgtt o] B o] BF AA =E=7kA]
o2 H¥ A FA GAV UL T xE2E dee
2 A7 71538 FA =9 IDZ Piggyback ¥Ha 0 2 A
A=A Agh

O 4w FAV A Be gAmA A e == HE
Z HAEY 22 A9 QAT A k=, F =51,
I+1, 200 A) AU A| 2] & 02 218 Ve WFe
ol xEERE MR UE ALY HEE LA drt

O 4 ALEM chAe HAX] B2 H
Fig. 4. Channel Investigation

34 3434 A B9 dndF

3379 FuA BAE Fal 9 AY FRYRE
GOz 7 34719 oW AYS 4ABA S Aol
oF BTk M Rl FYAFA AYLY BuE

¢} C2A2(Centralized Channel Allocation Algorithm) &1
A& AA Rt

it

= MuB
2. JHTS SMEI0 NS RE A3
C2o 22E AHEC

N, wesz2g oA
<k:N,.., N> g, e
2L ERT A9 C2A2 i) Ho] 1 H e of

# ok 2t

<1:sensor,2,3>

<2:1,4>
<3:1,5>
<4:2,5,6>
<5:3,4,6>

< 6:4,5, Sink>

G3E]Eo ©A 19 292 07 59 st A4
At gl 20 = Al A9 BB = 2 59
0,0,002 FAF A 27t Hrh A 3 F 712 7
207} Qo] MAE, HEHOE E FqA JJZ O
S At

oA 4ol A= 27 69 A9} o] IHT =Eo A2

29U sE AR

Sensor

= 5 A
a2 5 e & 5 ME

Fig. 5. Finding of Minimum Hop Count

73 2 9ave 4887
U o33 848 elsled AL 5 9th

419



J¥ 6. XH'% =ps!
Fig. 6. Channel Establishment

o,

7%

e,
fe3

AEE st AMERY YA
gagFol). ek tple] AA 2

SO A2 2 A3E AR 93
S B FA3}o]of g}

¢

b
9
&

oX o

EE
E]

R A
fr oo
X
2y

N g

o

7]

e
K

V. 78 A 28

41 9% A A58 7
% AY ALHE A FU EEQ
OCX-Z[T]Z 7)¥to & THAE Ut 213 79 922 27

9 OCX-Z7t ARE AL R 4 REL H2 T
o8 ddse] Holg 2EWS naAFT AE TS

OCX-Z8) TEES A7 AAFTh

agl 7. 2%H 78 25
Fig. 7. Router Implementation

OCX-Z9] BAREL Chipconr}e] CC2420[8]& A}
2351 MCUE Atmelr}2] ATmegal28[9]15 AHg-3ith
CC24202 ZigBee MACS A Y3t BAREEM M
%7} Hol 250kbpsoli FESEE 150kbpse)th.
ATmegal282 8H|E MCU¢| 21 8MHz €8 -& 731 3}
OCX-Z9] 24 5412 ATmegal28°] TEES A2 &
A% Aoz Al PCre] B EAH de] ¢
Mbps o] o] £E& 8 ¢ vt

420

AZE o)) F2E AN R i) ¢
& Al dlojBl & ol Al o o
Blol i, i F4 ZgAME A

o|E| & 1o} ol A3k ol E

=
[ €Y
)
£ or

Lo o g

N
-
oL,

749 7% Aselel 4 0
# el ® B 2a8 e
Yaes o gk AR =04

2L

2 Lo
il

off oMy x
b0 e g

to
)
£
o

b H of

PRI T 1

3o e M oox gy K
>
nﬂ
O
Hﬂ
[+0
' B R
W
~jo
i)
e
1o,
rn:

H
in
(<]
o Kl

32

dlo

o

e

0,

o

4 e -
32

32
2

o]

—

150kbp5«1 AL F
<S-EU o MCUSH 2 &
%41 ¢1 150kbps ©] 42

Aol FA7F AR &S o

¢

b
l m

oX

ofr

m‘o 3
W

ojN lo o b
1

o
k)

B =2 oA ZigBee YEYZAA A£3<] o]
~EQ] Ag £E5 Astsly] o o|F Ad
2 A& FAs Tk 24 Adl ol
9stel MEYA A Ao A2 g
gopste 2P EA Iy g3 27Z2 A5G

rot o
)
oA
o

o
i

e
oft
b o

Qs .
FFATZE, A4 TN AN 2R Y27t 9l
A= % A8 4AS dRRou ol A4 2
AARAY B Ask ALe e dudEE
Asteln g
Ed, GAE @19 BeEs 2 B4 9
AN dolt 2EYE drh} e Ashake
SA, #F AT AEE e A AL
A B4 AR A8 A Aspol= A

N



o] % g ZigBee TH-*-E] 9] AA E T

02

F 23] PPN

{1] ZigBee Document 053474106, v.1.0, ZigBee Alliance,
Dec. 2004.

[2]1 ZAW%, “IEEE 802.154 MAC Z2 529 A5 H7}
2 AY Y PR FATE =EA, 114 13,2007,

[3] L. Hu, "Distributed Code Assignments for CDMA
Packet Radio Networks,” [EEE/ACM Trans. on
Networking, Vol. I, No. 6, pp. 668-677, Dec. 1993.

[4] K. Chowdhury, P. Chanda, D. Agrawal, Q. Zeng, "DAC
- A Distributed Channel Allocation Scheme for
Wireless  Sensor Networks,” 16th International
Symposium on Personal Indoor and Mobile Radio
Communications, Sep. 2005.

[5] 1. Gupta, “Minimal CDMA Recoding Strategies in
Power Controlled Ad-Hoc Wireless Networks,”
Technical Report, Dept. of Computer Science, Cornell
University, 2001.

[6] A. Bertossi, M. Bonucelli, "Code Assignment for
Hidden Terminal Interference Avoidance in Multihop
Packet Radio Network,” IEEE/ACM Trans. on
Networking, Vol.3, No. 4, pp. 441-449, 1995.

[71 & EebA, OCX-Z, hitp://www.octacomm.net, 2006.

[8] Chipcon, SmartRF CC2420 ZigBee Development Kit

User Manual, 2004.

Atmel, AVR 8-bit RISC, hitp://www.atmel.

com/products/AVR/, 2006

4 4 o (Brian Kim)

1990y A A o shat Ak} ahat &)
1997\ KAIST dk3ha (388

199711-1998\1 ¥ 2t o]} 54 3] A}
| 199813-2005\3 Brain21 o o] A}

9

—

421



