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ABSTRACT

The number of anchor nodes required for accurate localization
is an important problem in the wireless sensor network
research community. The error associated with localization is
high when anchor nodes are not optimally placed in the
network. No matter how the network is set up, the error
associated with localization is inevitable. There are various
sources for these errors, one of which is the unavailability of
anchor nodes. These conditions arise due to stumpy
deployment density or poor signal propagation owing to
factors like multipath effects, fading effects and poor
visibility. This paper proposes a method of determining the
minimum number of anchor nodes required for a given sensor
(smart energy meter) network dimension using triangulation
as the localization process. The proposed method uses the
sensitivity of the sensor nodes and various environmental
conditions. Using the sensitivity of the sensor nodes and the
environmental conditions, the minimum number of anchor
nodes for a network dimension was determined through
simulation. The minimum number of anchors required for a
network with clear line of sight, sub-urban, residential and
non-line of sight environments was achieved with this
method.
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1. INTRODUCTION

Wireless sensor networks consist of distributed autonomous
sensors that monitor physical properties in an environment.
The advancement in modern technologies in manufacturing
sensor nodes has led to their large scale deployment for
numerous applications. Smart metering is one application area
that has benefited from the advancements in wireless sensor
network technologies. Smart energy meters employ special
measuring sensor, wireless communication and computation
module suitable for modern energy management. Smart
energy meters in modern energy management helps in
reducing distribution cost and load management. These smart
energy meters are deployed in households, industries and
other facilities to measure energy consumption of these
infrastructures for billing and energy management purposes.
In Sub-Sahara environments, the poor planning of settlements
[1] makes locating and monitoring of deployed smart meters a
challenge. The utility provider usually is unable to visit the
facilities of consumers regularly. Fraud, illegal connections
and tampering of energy meters are difficult to detect in good
time. In smart metering, knowing the location of the meters
helps in reducing the commercial loss and the cost of sending
personnel to read power consumption of customers. Location
information of smart energy meters also helps in energy
budget planning and monitoring the power usage of facilities.
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This paper uses wireless sensor network anchor-based
localization technique in locating smart energy meters. The
process of localization is finding the positional coordinates of
smart energy meters manually or automatically with reference
to anchor nodes [2] [3] [4]. Anchor-based localization is
estimating the location of any smart energy meter with
reference to other smart energy meter (called anchor nodes)
whose location is known. Anchor nodes are nodes that are
aware of their positional coordinates in the network, that is,
their position in the network is known by means of GPS or the
position has been hard-coded into the node [5] [6]. The
location and number of anchor nodes does influence the
accuracy of the localization process [2]. Anchor nodes play
important roles in determining absolute or relative coordinates
of the smart energy meters in WSN localization technique.
Research has established that the presence of anchors in the
network for localization does increases the degree of accuracy
in estimating the positional coordinates on the unknown
node(s) and that increasing the number of anchor nodes may
minimize the localization error, but with a draw back on cost
of setting up such a network [2] [3]. Anchor-based
localization techniques have a high degree of accuracy
compared to anchor free localization techniques [2] [6] [7].
Anchor-based localization of smart energy meters is by virtue
of the proximity of the smart energy meters to the anchor
node(s) or by estimating the distance of the smart energy
meters from the anchor node(s) [6] [7] [8]. The anchor-based
localization technique used in this paper employs ranging to
estimate the location of the smart energy meters. Range-based
localization involves measuring the distance between two
nodes to determine the location of an unknown node in the
network. Range-based localization has more accuracy
compared to range-free techniques [2] [8]. Range-based
techniques for localization use wireless connectivity and
topology to evaluate the location of unknown sensor nodes
(smart energy meters) [8] [9]. Wireless connectivity and
topology are influenced by environmental conditions.
Effective range based localization depends on the smart
energy meters having enough signal strength from anchor
nodes to estimate their location [8]. Sensor nodes having good
signal strength will mean the network having enough radio
coverage across the network. Smart energy meter network
with good radio coverage from anchor nodes has high
localization accuracy. Radio coverage has different
characteristics in line of sight and non-line of sight
environments. Signal strengths are affected by hardware and
environmental factors such as urban, sub-urban, and rural
settlements. Smart energy meters are deployed in different
environments to obtain energy data to estimate the amount of
energy consumed by customers for billing purposes and
energy budgets for utility service providers. For high accurate
localization of smart energy meters, factors such as optimal
anchor placements and network structure is required.
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Localization of smart energy meters in an urban, sub-urban
and rural environment requires a good knowledge of different
anchor node density and placements strategies for accuracy.
In this paper, the radio coverage of anchor nodes in a square
perimeter is simulated to determine the minimum number of
anchor nodes required for different environments. Based on
the method used, the minimum number of anchor nodes for
different network sizes in different environments is achieved.

2. ANCHOR NODE DENSITY AND
PLACEMENT

No matter how the network is set up, the error associated with
localization cannot be avoided. There may be various sources
for this error, one of which is the unavailability of anchor
nodes. This condition may arise due to stumpy deployment
density or poor signal propagation owing to factors like
multipath effects, fading effects and poor visibility. Radio
signals behave differently in different environments, the
distance of a radio signal being transmitted depends on
transmitter power, antenna gain for both the transmitter and
receiver and the receiver’s radio sensitivity. Receiver
sensitivity is the minimum signal power level (in dBm or
mW) that is necessary for the receiver to accurately decode a
given signal [10] [11]. Sensitivity is purely a receiver
specification and is independent of the transmitter. The
placement and spacing of the anchor nodes will be influenced
by the receiver sensitivity of the smart energy meters and the
environment of the network (urban, sub-urban or rural). The
number of anchor nodes deployed in a network will also be
dependent on the network environment, size and sensitivity of
the nodes. Table 1, shows a typical specification of a sensor
node (specifically MICAZ) [12].

Table 1: Typical Specification of a sensor node [12]

RF Transceiver

Frequency band 2400Mhz to 2483.5MHz
Transmit (TX) data rate 250kbps

RF power -24dBm to 0dBm

Receiver Sensitivity -90dBm (min.), -94dBm (Typ.)
Outdoor Range 75m to 100m

Indoor Range 20m to 30m

3. SYSTEM MODEL

The number of anchor nodes for network coverage depends
on size of the network (perimeter), sensitivity of receivers for
both anchor and sensor nodes (smart energy meters) and the
environmental conditions in the network. A signal transmitted
via a wireless channel will naturally experience random
deviation due to obstruction from objects in the signal path,
giving rise to random variations of the received power at a
given distance (d) [14]. It is important that a model that
factors these effects is considered for this research. This
research used the combined path loss and shadowing model as
shown in equation 1 to estimate the minimum number of
anchor nodes required for a given network size. The path loss
obeys the simplified path-loss model with K= -35.54 dB and
the path-loss exponent y and the shadowing obeys the
Gaussian log-normal model (ydB) with mean given by the

(o)
path-loss model and standard deviation ydB [14].
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For simulation the following conditions were considered to
estimate the number and spacing of anchor nodes.

e  Perimeter placement of anchor nodes in a
100by100meter square area

e  Frequency band of 2.4GHz IEEE 802.15.4 standard
e Log-Normal Shadowing with Gaussian distribution

e If the transmitted power (Pt) is a Gaussian random
variable then the received power (Pr) is such that Pr
= log Pt, then the transmitted power (Pr) is a log-
normal random variable [13]. Shadowing is log-
normal shadowing when the path loss in dB is
Gaussian as expressed in equation 1 [14] [15].

e  Friis equation of path loss [16] [17]

With the above conditions, the distance travelled by anchor
signals were simulated to estimate the number and placement
of anchor nodes that will be needed for various environmental
conditions. Using the combined path loss and shadowing
model as shown in equation 1, the environmental conditions
for line-of-sight (LOS), Sub-urban, Residential and non-line-
of-sight (nLOS) were simulated to estimate appropriate
spacing of anchor nodes. Table 2 show the parameters used in
the simulation.

3.1 Outage Probability of the Anchor
Nodes

The combined effect of the path loss and shadowing has
important implications on the smart meter network [14].
Therefore in determining the minimum number of anchor
nodes needed for localization, it is important to know the
minimum received power level P, below which performance
of anchor nodes becomes unacceptable. P, is the power level
at which the smart meters are unable to determine their
location with reference to the anchor nodes. Outage
probability [14] Poy(Pmin,d) under path loss and shadowing is
the probability that the received power at a given distance d,
P.(d), fall below Pin: Pout(Pmin, d) = p(P,(d) < Ppnin) as shown
in equation 2 [14]. An outage probability of 1% is most
desirable in wireless systems. This research used the outage
probability to estimate the failure of anchor nodes in the
localization process.
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Table 2: Simulation Parameters

Frequency band 2400Mhz to 2483.5MHz

RF power -24dBm to 0dBm

Receiver Sensitivity -90dBm (min.), -94dBm (Typ.)
Transmitter Gain (dB) 1dB

Receiver Gain (dB) 1dB

Max. Distance 100m
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Fig 3: RSS verses distance for path loss exponent = 2.8
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Fig 5: RSS verses dist. for path loss exponent = 3.5

4. DISCUSSION OF RESULTS

Radio signal strength (RSS) drops with distance travelled
from transmitter to receiver. For the simulation, this paper
considered the transmit power range of -24dB to 0dB. The
signal strength was observed while reducing the distance
travelled by the signal in the environmental conditions for line
of sight, sub-urban, residential and non-line of sight. In a
100x100 meters square perimeter, signals from one anchor
travelling diagonally to another anchor in the opposite
diagonal will have to travel about 150meters. In figure 2, the
path loss exponent for line of sight and typical Gaussian
random variable for the shadowing effects for line of sight,
sub-urban, residential and non-line of sight with standard
deviation (sigma) values of 6dB, 9.6dB, 7.85dB and 11.7dB
respectively was used. Comparing the results in figure 2 to
typical specifications of a sensor nodes in table 1, it implies
that a minimum of 3 anchor nodes will be needed to estimate
the location of any number of unknown nodes (SEM) within
the perimeter using triangulation. The signal strength of about
-85dB at 100meters away from the transmitter is more than
the typical sensitivity in table 1. Path loss exponent for a sub-
urban area in figure 3 shows some drop in the distance the
radio signal can travel for it to be detected by receiving nodes
(SEM). In line of sight, sub-urban and residential
environments the signals can travel to about 70meters to be
detected by the receiving nodes with sensitivity of -94dB but
the same signal can only be detected just 15meters from the
transmitter in non-line of sight environments. In figure 4, path
loss exponent for residential areas was used and the result
shows typical performance as in sub-urban environment with
detection range increasing to about 20meters in non-line of
sight. Figure 5 shows results for the simulation with path loss
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exponent for non-line of sight. The signal can be detected in a
range of 20meters for a sub-urban area, 50 meters for non-line
of sight area and about 100meters for both residential and line
of sight areas. Clearly, with the minimum number of anchor
nodes in the network it is possible to locate all smart energy
meters within the perimeter as shown in table 3. To verify the
reliability and availability of the anchor nodes in the
localization process, an outage probability was performed.
Outage probabilities for line of sight, sub-urban residential
and Non-line of sight environment are 4.64e-5%, 1.33%,
0.80% and 12.44% respectively. This is an indication that the
anchor nodes in their respective perimeter size are reliable
since their outage probability is less or just a little above 1%
excluding that of non-line of sight. Localization can still be
done by increasing the number of anchor nodes to five (5)
even though the outage probability is high. With the high
number of anchor nodes the outage probability will be
reduced.

5. CONCLUSION

High accuracy of range based localization techniques depends
largely on the number and placement of anchor nodes in the
network. In this paper, the placement and minimum number
of anchor nodes required for localization of smart energy
meters was determined based on the sensitivity of receiving
nodes in the network considering various environmental
factors such as an area with clear line of sight, sub-urban area,
residential area and an area where sensor nodes do not have
clear line of sight. The results from the simulations show that
anchor nodes can be optimally placed for accurate
localization. Based on these results we intend to develop a
sophisticated communications infrastructure for locating and
monitoring smart energy meters deployed in typical
environments in sub-Saharan Africa. Coverage analysis will
be performed to verify the reliability of the positions of the
anchor nodes in the localization process. Table 3 summarizes
the results for the minimum number of nodes and the spacing
for a square perimeter placement for the typical sensor node
specification in table 1.

Table 3: Summary of results

Environment Perimeter | Min. No. | Outage

Size of Anchor | Probability for
Nodes each node(%)
Line of sight 150x150m | 3 nodes 4.64e-05@150m
Sub-urban 70x70m 4 nodes 1.33 @70m
Residential 70x70m 4 nodes 0.80 @70m
Non-line  of | 50x50m 5 nodes 12.44 @50m

sight
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