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Abstract. Deploying a Wireless Sensor Network (WSN) poses certain
challenges such as data reliability due to Electromagnetic Interference (EMI),
multipath fading as well as faster energy depletion of nodes located near the
base station creating communication holes in the network. Several energy
efficient algorithms have been developed to improve the energy consumption of
static nodes however the issue of battery depletion of nodes near the base
station remains present. In this paper we attempt to model the relationship
between the node mobility and the reliability of data transmission. Mobile
nodes could move near static nodes experiencing high traffic in order to reduce
the number of packets sent through the saturated nodes. This paper will
investigate, using a real environment, the effect of speed and packet size on the
reliability of the wireless link. This is a required prerequisite, prior to a detailed
design of a Mobile relay node.
Keywords: Wireless Sensor Networks, mobile node, mobility and multi-hop
routing.

1 Introduction
The use of WSN can greatly simplify the task of supervision control and data
acquisition. Wireless sensor networks have allowed new developments due to their
small size and the substantial reduction and simplification in wiring. The wireless
sensor technology can have unrestricted configurations. A small device can
incorporate the task of analog to digital conversion, digital-to-analog conversion, data
processing and data transmission. These devices enable greater flexibility in factory
design and layout. Using mesh networking, the wireless nodes have the capability to
configure themselves and determine the best path to route data. Despite the apparent
advantages of adopting WSNs in industrial control many challenges remain [1].
In this paper we propose the adoption of a combination of static and mobile nodes in
order to optimize energy consumption and ensure reliable data collection. We also
attempt to derive a model describing the effect of the mobile node speed and packet
size on the reliability of the wireless signal. The rest of the paper is structured as
follows. In Section 2, related work in the field is discussed. Section 3 describes the
proposed algorithm and system overview. Section 4 is a summary of the experiments
conducted and a discussion on the results obtained. In Section 6, we provide a
conclusion.
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2 Related Work
In this section we review some of the existing routing and mobility techniques.
Luo and Hubaux show that nodes close to the base station experience accelerated
battery depletion due to high traffic [2]. The authors established that by using an
arbitrary mobility strategy the high traffic load experienced by certain nodes was
reduced by a factor of 3. The mobility strategy used is based on sink mobility rather
than relay mobility because the authors suggest that relay mobility has greater impact
on latency compared to sink mobility. The base station mobility strategy used did not
take into consideration the moving speed of the base station.
Berkeley MintRoute is a routing protocol that was designed for data transmission
where all nodes directly transmit to a base node in a wireless sensor network (all-toone transmission model) [3]. In order to achieve reliable communication the
algorithm uses a distributed distance-vector based approach. The routing table data is
intermittently transmitted between neighbor nodes and the next hop is determined by
computing the costs of routing data through different neighbor nodes. One of the main
objectives of the MintRoute is to minimize the total number of message transmissions
hence increase the network life. Wu et al [4] have managed to distinguish packet
losses due to attenuation as opposed to packet losses due to mobility of the
transceivers. Three speeds were used namely static, walking and vehicular speed.

3 Proposed Solution
In robust environments, reliability of static WSNs can be compromised by
interference and collisions. Furthermore, the probability of message loss will increase
with the number of hops in the network [5]. A mobile sink or a mobile relay will have
the advantage of using a single-hop transmission for data collection. Close range
single-hop communication can increase the energy efficiency and reliability of the
network [6] [7]. The real-time and reliability requirements of SCADA systems require
the use of mobile relays instead of a mobile sink. The network load for mobile relays
is smaller than the mobile sink case. Furthermore, a mobile gateway can be
impossible to implement in certain applications [8]. In order to achieve reliable, realtime and energy efficient data collection in an industrial environment, we propose the
usage of a mobile relay that will transmit data from the sink to the end point. The
mobile relay (MR) will receive the data to be relayed from the base station and will
move to a better location if the RSSI (Received Signal Strength Indicator) of one of
the links weakens (base station-mobile relay link or mobile relay-end point link). We
assume that the location of the static nodes is known by the mobile relay and the base
station. The MR will make sure that both links are above the reliable Received Signal
Strength (RSS) threshold. The RSS is a measurable quantity and can be readily
obtained from several communication chipsets. The algorithm shown in Figure 1 will
be applicable to a mobile relay with an XBee S1 running in API mode and a
Microchip PIC16F917. The program comprises two parallel threads, namely:
Communication Thread: This thread is responsible for the routine
transmission and reception of packets.
Relay Motion Thread: This thread decides if the relay should change its
location.
When the mobile relay receives a packet, it extracts the destination address, the
data, the sender identification and the signal strength. Depending on the sender, two
signal strength variables namely rssi1 or rssi2 will be set. For example, if the static
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sink sends a command to machine 1 via the mobile relay, the packet received by the
mobile relay from the sink will set the rssi1 variable(link 1: from sink to mobile
relay). When the relay receives a packet from machine 1, rssi2 will be used (link 2:
from machine1 to mobile relay). The set link RSS block will manage what variable
needs to be set. Since the mobile relay has the intended destination address and the
data to be sent, the checksum can be calculated in order to assemble the packet. Once
the packet is assembled and transmitted to the destination, an acknowledgment must
be received. The relay motion thread will continually compare both links to a
reference RSS threshold in order to determine whether the mobile relay should move
or not. The move relay function is a crucial part of the algorithm. Prior to its design,
we need to understand how different factors affect its design. Mobility and packet size
are two such factors that we aim to investigate in this paper.
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Fig. 1 Mobile Relay Algorithm
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4 Results and Discussion
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Speed vs Reliability
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Fig. 2 Speed vs. Reliability (8 bytes)
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Fig. 3 Speed vs. Reliability (16 bytes)
Three nodes were placed in the corridor in the department of Electrical Engineering at
UJ (simulation of an industrial environment). The endpoint and the base station were
placed within line of sight. Since our aim was to determine the effect of the mobile
relay motion speed on the communication link, the mobile relay was moved from the
endpoint to the base station at various speeds while the endpoint was sending data.
The computer connected to the base station node would determine the percentage of
good packets received for the duration of the mobile relay motion. We conducted our
experiments for two different packet sizes, 8 bytes and 16 bytes. We also took
measurements of the link reliability from different distances when the mobile relay
was stationary.
From Fig. 2 and Fig. 3, we have an indication that speed has an effect on the
reliability of the transmission. As the speed increases there is a trend for the reliability
to start deteriorating. We can see that the speed had greater effects on the reliability
when the message size was increased. Since the message is larger, the packetization
time has increased. Using the same data rate as the 8 bytes experiment will generate
more errors. Decreasing the transmission rate while the mobile relay is moving could
improve the reliability.
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5 Conclusion
In this paper, the outline of a mobility and routing algorithms was presented. The
objective is to move the relay to a better position if the RSS level recorded is below
the reliability threshold set. In order to determine the viability of such an algorithm in
a real life setup and before we embark on a detailed algorithm design, a series of
experiments were conducted. The main purpose of these experiments was to
determine the effect of speed and packet size on the reliability of transmission. From
the experiments conducted, it was discovered that the speed and packet size have an
effect on the reliability of transmission, to such an extent that we were unable to
derive a suitable model to describe this effect. Further experimentation involving a
larger dataset is thus required prior to the detailed design of a MR system.
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