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Abstract Wireless Sensor Network (WSN) usually adopts the low-power and low-rate IEEE 802.15.4 standard
in its Medium Access Control (MAC) and Physical (PHY) layers. In the WSN, the nodes are powered by
battery with very limited energy and wireless links are prone to losing packet. Moreover, in some WSN
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applications, it is required that the collected data are delivered to the sink node within a given time. Hence, it is
extremely significant to develop an energy-efficient, low-delay, and reliable data gathering scheme for WSN
applications. In this paper, Reed-Solomon (RS) code is applied to improve the reliability of packet delivery. It
aims to form an Optimization Problem (OP) that integrates with energy consumption, Data Gathering Ratio
(DGR), data gathering delay, and coding schemes. The set that contains the Simple Reed-Solomon (S-RS) codes
is presented, and it is proved that any n members of the set are linearly independent. The data gathering scheme,
called the S-RS data gathering scheme, which applies the S-RS codes, intra-segment coding, and inter-segment
coding, is described in detail. In addition, based on probability theory, the Overall Energy Consumption (OEC),
the DGR, and the data gathering delay under the S-RS scheme are derived, which are used to build the OP that
minimizes the OEC with the constraints of DGR and data gathering delay. The number of the feasible solutions
of the OP is small such that it can be easily solved using enumeration method. Through solving the OP, the
nodes are able to find the optimal values of the parameters for packet encoding and packet retransmissions such
that energy consumption in the S-RS scheme is minimized while the constraints of DGR and data gathering
ratio are met. Numeric analysis and simulation results show that the S-RS scheme achieves a higher DGR and a
lower delay with a lower energy consumption. Moreover, the derived OEC, DGR, and data gathering delay can
be used in optimizing the parameters used in the S-RS scheme so as to maximize the DGR, minimize the data

gathering delay, or optimize two or three of the OEC, DGR, and data gathering delay.
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Background

Wireless Sensor Network (WSN) is used in
gathering data from the environment. In a WSN,
nodes are usually powered by battery with very
limited energy. It is very important to design an
energy-efficient data gathering scheme to prolong the
WSN’s runtime. Contemporary WSN usually adopts
the low-power and low-rate IEEE 802.15.4 standard in
its Medium Access Control (MAC) and Physical
(PHY) layers. Therefore, wireless links connecting the
sensor nodes in the WSN are prone to losing packet.
This reduces Packet Delivery Reliability (PDR),
which can be measured by Data Gathering Ratio
(DGR) defined as the ratio of the total number of the
packets received by the sink node to that of
transmitted by the sensor nodes. Moreover, the sensor
nodes have short radio ranges, causing a packet to be
forwarded by multiple sensor nodes over lossy
wireless links before it reaches the sink node, which
further reduces PDR.

To improve PDR, the traditional scheme applies
retransmission/acknowledgement (ACK) scheme in
the MAC layer. But this may cause extra energy
consumption in addition to packet delay. Up to date,
researchers around the world have been seeking an
efficient and effective way of improving PDR based
on coding scheme in which redundant data are added,
but transmitting the redundant data packets also

causes extra energy consumption. In the literature,
there are many works that focus on reducing energy
consumption and/or improving PDR of WSN.
However, there is still a void in integrating coding
scheme with energy consumption, PDR, and data
gathering delay such that the optimal coding scheme
is found to minimize the energy consumption under
the constraints of given PDR and data gathering delay.
This paper fills this void.

In this paper, the data gathering scheme called
“S-RS scheme” is proposed, which uses a Simple
Reed-Solomon (S-RS) coding. The Overall Energy
Consumption (OEC), DGR, data gathering delay of
the proposed S-RS scheme are derived, which are
used to build the Optimization Problem (OP) that
minimizes the OEC with the constraints of the preset
data gathering delay and DGR. Through solving the
OP, the nodes are able to find the optimal values of the
parameters, which is then used in the S-RS scheme to
achieve the minimal energy consumption under the
given constrains.

This research is supported by Natural Science
Foundation of China (NSFC) under grant humbers of
61432015, 61472367, and 61379124, which
investigate some key problems arising in wireless
networks, including reliable disseminating
information, saving energy, improving throughput etc.
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in wireless networks. The proposed S-RS scheme is
applicable to reliably and energy-efficiently delivering
packets over lossy wireless links. We have proposed
several schemes to save energy, such as the
Timer-based Power Management (TPM), the
prefix-free coding scheme, and others, which were
published in the journals including IEEE Transactions
on Wireless Communications, IEEE Transactions on
Network and Service Management, IEEE Transactions
on Vehicular Technology, and more.
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