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ABSTRACT

In this paper, we propose multi-hop routing scheme using RSSI to improve the reliability of ZigBee network. By
using RSSI for the routing, the transmitted signal is less affected by the fading in each link on the routing path.
If the proposed routing scheme is applied to relaying, the demodulation error is reduced in each relay node and
the performance is significantly improved as the number of hops increases. Also, if the proposed scheme is

applied to the cooperative communication, the improved diversity gain is additionally obtained.
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I. INTRODUCTION

Wireless LAN, which is a communication
field that can process high-speed data, has a problem
that it is expensive and consumes a large amount of
power to be applied to the fields of home network,
build automation, industrial/commercial automation,
health care and control system. Because the above
mentioned areas can achieve their purpose through
low-speed data transmission technology, a low-cost,
low-power consumption communication technology
is required. To meet these requirements, the ZigBee
alliance enacted ZigBee in 2006 [1]. Since the
ZigBee specification has been enacted, the
commercialization efforts in various fields such as
ZigBee transceiver, network stack, and ZigBee
application system are actively being made. ZigBee
features long battery life, network self-configuration,
reliable communication, network scalability and
operational availability [2]-[4].

The network layer of ZigBee defines the
required functions for network operation such as
network configuration, node discovery procedure,
address assignment method, hierarchical routing,
and mesh routing method based on routing table [5]-
[6]. Especially, the hierarchical routing is a suitable
routing method for device with very low memory
resource. In the hierarchical routing, each node does
not use the routing table and selects the own child
node or parent node as an intermediate node on the
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routing path. However, since links to neighboring
nodes other than the child and parent nodes are not
considered, there is a problem of inefficiency for a
routing cost.

In this paper, to solve the problem of
inefficiency for routing, the method selecting the
neighboring node as the intermediate node that can
reduce the routing cost is proposed.

Il. SYSTEM MODEL

Fig. 1 shows the system model of ZigBee
network. ZigBee network consists of a full function
device (FFD) and reduced function device (RFD).
FFD can participate in the network with three modes
of the coordinator, router, and end device. Also,
there is no constraint for the configuration of
network topology and it is possible to communicate
with all nodes on the network. On the other hand,
RFD can participate in the network with only end
device mode. Also, RFD is configurable for only
limited star topology and can communicate with
only the parent router. The reason for the devices
participating in the network is divided by FFD and
RFD is to minimize power consumption by
minimizing the function of RFD. Because the routers
are intertwined with multiple paths, even if some of
the routers become inoperable, ZigBee can find
alternate routes.
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Fig. 1: ZigBee mesh network consisting of FFD and RFD

I1l. PROPOSED MULTI-HOP ROUTING
COMMUNICATION
The received signal of relay node is represented as
follows,

Yor =VPh, x40, (1)
where /P is the transmission power and
h, . is the channel between the source and relay
node. Also, Xxis the transmitted signal and n, is the

additive white Gaussian noise (AWGN) in the relay
node. The received signal of destination node is
represented as follows,

ys,d :\/Ehs,dx—'_ns,d' (2)
where h,, is the channel between the
source and destination node and n,,is AWGN in

the destination node. The equations can be extended
to multi-hop.

The cooperative communication can be
classified into the amplify and forward (AF) and
decode and forward (DF). In the AF-based
cooperative communication, the relay node amplifies
the received signal and transmits the amplified
signal to the destination node. The amplification
factor is as follows,

P

p =————= 3
,/P|hs,,| +N,

where N, is power of noise. The received signal of

destination node through the relay node is as
follows,

yr,d :ﬂr\/shr,dhs,rx—i_nr,d' (4)

where h ; is the channel between the relay and
destination node and n._, is AWGN in the

destination node. The combined received signal is as
follows,

y = alys,d + a2yr,d ’ (5)
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where a, and a, are as follows,
_Ph,

0

a . (6)

P,
h o,

P

+N,

a, and a, are designed to maximize signal to noise

ratio (SNR) of the combined signal. In the DF-based
cooperative communication, the relay node decodes
the received signal and transmits the re-modulated
signal to the destination node. The received signal of
destination node through the relay node is as
follows,

yr,d = \/ghr,d)?—’_ nr,d ' (8)

where /P, is the transmission power of relay node

and X is re-modulated signal. In the DF-based
cooperative communication, the combining factors
are as follows,

a,=Ph, /Ny, (9)

a, =Py /N, (10)
The link between each node is determined by the
received signal strength indicator (RSSI). If a single
relay node is used for routing, the relay node is
determined in according to RSSI in the relay node.
Also, if multiple relay nodes are used for routing, the

relay nodes are determined in according to the
average of RSSI in each relaying link.

IV. SIMULATION RESULTS

In the multi-hop communication, the
reliability is significantly reduced by the
demodulation error in each node on the routing path.
The demodulation error occurs with a higher
probability as the fading between links becomes
worse. Therefore, the simulation is performed in
according to the distance that most directly affects
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the fading. Also, simulation is performed on 1 ~ 3
multi-hop environment over the LOS and NLOS
channel models.

Fig. 2, 3, and 4 show the simulation results
in the relaying and cooperative communication
based on AF and DF, respectively. Because the
demodulation error can occur in all relay nodes on
the route, the proposed scheme has significantly
improved performance as the number of hops
increases. Also, the application of the proposed
technique for cooperative communication can
improve diversity gain by improving the fading
effect of the additional link.

V. CONCLUSION

In ZigBee network, the routing algorithm
that transmits data to efficient route is very
important. Also, the routing algorithm with high-
complexity is not suitable for ZigBee routing. The
proposed method uses RSSI as a routing cost and
transmits data to a destination node through links for
neighboring nodes. Because RSSI directly represents
the channel state between each node, it is the most
intuitive routing cost for the reliability of
communication. The simulation is performed by
applying the proposed routing algorithm to the
relaying, AF, and DF techniques. The simulation
shows that the communication reliability of ZigBee
network is significantly improved by the proposed
scheme.
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Fig 2: Comparison of proposed and conventional scheme in relaying communication
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Fig 3: Comparison of proposed and conventional scheme in the cooperative communication based on AF
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Fig 4: Comparison of proposed and conventional scheme in the cooperative communication based on DF
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