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Abstract. IEEE 802.15.4 is a global standard designed for the low
power consumption, low cost, and low data rate. Thus, this standard is
advantageous to implement ubiquitous sensor network (USN). However,
researchers do not have been studied to employ cooperative communication in this system. Cooperative relaying system has been shown to help
the destination to get the spatial diversity. It is possible to more reliable
transmit and to reduce the consumption energy. It is useful for battery
powered nodes. Therefore, we propose the IEEE 802.15.4 utilizing cooperative communication system that can eﬃciently transmit and save
energy. We call this system as ZigBee-based cooperative communications.
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1

Introduction

IEEE 802.15.4 has been studied, which is suitable for short range, low power,
and low rate wireless communication system [1]. Therefore, IEEE 802.15.4 is
useful for low rate sensor and control devices that must have long battery life
[2]-[4]. Zigbee is diﬃcult to communicate over large scale without installing close
node. In other words, when Zigbee transmits far node, this system must have
relay nodes. Therefore if the node which locates the edge of transmission uses
line of sight (LOS) signal and relay nodes’ signal, the destination receives more
accurate signal such as cooperative communication.
Cooperative relaying system has been also researched for eﬃcient transmission
in wireless communication system [5]-[8]. Cooperative relaying system is to share
other user’s antenna to obtain spatial diversity [9]. The important thing is that
cooperative relaying system can also reduce energy consumption for these system
that use battery powered nodes [10],[11]. Therefore, if IEEE 802.15.4 utilize cooperative communication, this system can more eﬃciently transmit for diversity
gain. Because IEEE 802.15.4 is a very simple system, we propose simple cooperative relaying system for IEEE 802.15.4. We call this system as ZigBee-based
cooperative communications in this paper.
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2

The Overview of Basic Communication System

IEEE 805.15.4 operates within three diﬀerent frequency bands in the industrial
scientiﬁc and medical equipment (ISM). Europe uses the band which is between
868.0 and 870MHz. U.S applies 902 to 928 MHz. In this paper, we consider only
2.4 GHz band. The IEEE 802.15.4 is based on direct sequence spread spectrum
(DSSS). Each 4-bit symbol is mapped into the 32 chip pseudo noise (PN) sequences in 2.4GHz as shown in [12]. The 2.4 GHz band employs the orthogonal
quadrature phase shift keying (OQPSK) with half-sine pulse shaping. This modulation technique is equivalent to minimum shift keying (MSK). Even-indexed
chips are modulated onto the in phase (I-phase), likewise odd-indexed chips are
modulated onto the quardrature phase (Q-phase).

3

Proposed Cooperative Relaying Scheme

In this section, we represent ZigBee-based cooperative communication. We
consider a wireless communication system where the source and relay simultaneously transmit data to the destinatio. The relays help to send the signal with
high reliability from source to destination. Conventional cooperative relaying
system consists of source, relay and destination. We consider that destination
is a master node and that relay and source are slave nodes. To make only simple process, master node only use each two received signals which have the most
powerful signal. Proposed system is composed of only one relay and two hops. In
this case, line of sight (LOS) signal power is suﬃciently transmitted to receiver,
so source sends signal to destination through two steps. Destination demodulates signal from the source through two steps and from the relay through one
period in the second step. There are several main cooperative signaling methods
[13]. In this system, amplify-and-forward (AF) and decode-and-forward (DF)
are available for proposed scheme. The received signal of relay and destination
at the ﬁrst time slot is represented as follows:
rR (t) = hSR (t) ∗ si (t) + w(t)

(1)

rD1 (t) = hSD (t) ∗ si (t) + w(t)

(2)

where hSD (t) and hSR (t) mean the channel between the source and destination, and the channel between source and relay, respectively. si (t) is the IEEE
802.15.4’s symbol. * means convolution. Lastly, w(t) is additive white guassian
noise (AWGN). During the ﬁrst time slot, rD1 (t) and rR (t) are the received signals at the destination and the relay, respectively. After received the data at the
each nodes, destination memorizes the data at ﬁrst time slot. The relay decodes
rR (t) and re-encodes to ŝi (t) which is estimated si (t). Therefore the second time
slot can be written as
rD2 (t + Ts ) = hSD (t + Ts ) ∗ si (t + Ts ) + hRD (t + Ts ) ∗ si (t + Ts ) + w(t + Ts )
(3)

90

1
ZiBee
The number of Relay: 1
The number of Relay: 2
0.1

BER

0.01

0.001

0.0001

1E-005
-8

-4

0
SNR (Eb/N0)

4

8

Fig. 1. BER performance comparison of the number of relay based on ZigBee.

where rD2 (t) denotes the received signal during the second time slot. hRD (t) represents the channel between the relay and the destination. Ts is symbol duration.
Destination uses the signal to demodulate as follows:

rD = rD1 + rD2 .

4

(4)

Simulation Results

In this section, we provide performance results for the ZigBee-based cooperative relaying system. Fig. 1 represents the bit error ratio (BER) performance
of conventional ZigBee and ZigBee-based cooperative relaying system which has
one relay or two relays. Here, we deﬁne a term of ”signal-to-noise ratio (SNR)
gap” which means the diﬀerence of SNR between source-to-destination (S-D)
channel and source-to-relay (S-R) channel. Fig. 1 denotes the performance when
S-R channel’s SNR is the same as S-D channel’s SNR. When conventional ZigBee
SNR is the same as proposed system SNR, the BER performance of proposed system is better than conventional system. In other words, compared with proposed
system, conventional system more requires SNR for the same BER performance.
It means that proposed system has a quite advantageous condition for using low
power.
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Conclusion

An eﬃcient ZigBee-based cooperative relaying system has been presented in
this paper. We have shown that the proposed system can obtain the diversity
gain. For this reason, the proposed system can eﬀectively transmit and save
energy. We ﬁnd that when ZigBee-based cooperative relaying system has more
relays, BER performance is better than to have less relay.
Acknowledgment. This research is supported by the ubiquitous Computing
and Network (UCN) Project, the Ministry of Knowledge and Economy(MKE)
Knowledge and Economy Frontier R&D Program in Korea as a result of UCN’s
subproject 12C4-C2-10M and this research was supported by the MKE(The Ministry of Knowledge Economy), Korea, under the Convergence-ITRC(Convergence
Information Technology Research Center) support program (NIPA-2012-H040112-1003) supervised by the NIPA(National IT Industry Promotion Agency).

References
1. J. Zheng and M.J.Lee. : Will IEEE 802.15.4 Make Ubiquitous Networking a Reality?:
A Discussion on a Potential Low Power, Low Bit Rate Standard. IEEE Commun.
Mag., vol.42, no.6, pp.140–146 (2006)
2. X. Li and D.K. Hunter. : Analytical Model of Single-Hop IEEE 802.15.4 Data Aggregation in Wireless Sensor Networks. In: Proc. IEEE ICC, pp.1–6 (2009)
3. K. Shuaib, M.Alnuaimi, M. Boulmalf, I. Jawhar, F.Sallabi, and A. Lakas.: Performance evaluation of IEEE 802.15.4: Experimental and simulation result. IEEE
Journal. of Commun., vol. 2 no. 4, pp. 29–37 (2007)
4. S. Lanzisera, and K.-S.J.Pister: Theoretical and practical limits to sensitivity in
IEEE 802.15.4 receivers. In: Proc.IEEE ICECS., pp. 1344–1347 (2005)
5. F.H.P. Fitzek and M.D. Katz.: Cooperation in wireless networks: Principles and
applications. Springer (2006)
6. Y. Liang and V. V. Yeeravalli.: Cooperative relay broadcast channels. IEEE Trans.
Inf. Theory, vol. 53, no. 3, pp. 900–928 (2007)
7. J.-I. Baik, J.-H. Kim, and H.-K. Song.: Performance improvement of cooperative
relaying scheme based on OFCDM in UWB channel. Proc. ATNAC 08, pp. 134–137
(2008)
8. A. Dammann and S. Kaiser.: Standard conformable antenna diversity techniques
for OFDM and its application to the DVB-T system. In: Proc. IEEE Globecom 01,
vol. 5, pp.3100–3105 (2001)
9. J. H. Kim and H. K. Song.: Performance improvement of cooperative MB-OFDM
system based coming home network. IEEE Trans. Consumer Electron., vol. 53, no.
2, pp. 442–447 (2007)
10. V. Shah, N.B. Mehta, and R. Yim.: The relay selection and transmission trade-oﬀ
in cooperative communication system. In: IEEE Trans. Commun., vol. 9, pp. 2505
– 2515 (2010)
11. Z. Zhou, S. Zhou, J.-H. Cui, and S. Cui.: Energy-eﬃcient cooperative communication based on power control and selective single-relay in wireless sensor networks.
IEEE Trans. Wireless Commun., vol. 7, no. 8 pp. 3066–3078 (2008)

92

Eﬃcient Wireless Communication System for Industrial

5

12. IEEE Standard 802.15.4-2006, IEEE, New York, NY, USA, (2006)
13. A. Nosratinia, T. E. Hunter, and A. Hedayat.: Cooperative communication in wireless network. IEEE Commun. Mag., vol. 42, no. 10, pp. 74–80 (2004)

93

