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Abstract. Knowledge of positions of sensor nodes in Wireless Sensor Networks (WSNs) will make possible many applications
such as asset monitoring, object tracking and routing. In WSNs, the errors may happen in the measurement of distances and
angles between pairs of nodes in WSN and these errors will be propagated to different nodes, the estimation of positions of
sensor nodes can be difficult and have huge errors. In this paper, we will propose localization algorithm based on both distance
and angle to landmark. So, we introduce a method of incident angle to landmark and the algorithm to exchange physical data
such as distances and incident angles and update the position of a node by utilizing multiple landmarks and multiple paths to
landmarks.
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1. Introduction
Wireless sensor networks (WSNs) involve many different technologies such as communication, sensing
and computing, which now becoming a very important research areas. The knowledge of the accurate
locations of sensor nodes in WSN makes possible many attractive applications such as routing and
tracking asset [1–4]. The position coordinates of sensor node in WSN can add significant meaning to
information which are collected by sensors [5–7].
Sensor node location can be computed by Range based methods such as GPS (Global Positioning
System) or Range-free method. The GPS-based method needs sensor nodes to be equipped by GPS
which is very expensive and cannot be used in the case of blocking the GPS signal such as indoor
environment.
The distance among sensor nodes can be determined by RSSI (Received Signal Strength Indicator),
ToA/TDoA (Time of Arrival/ Time Difference of Arrival) and AOA (Angle of Arrival). If distances and
angles between pairs of nodes can be measured accurately, the localization process will be very simple.
But measurements can be with errors, so the localization algorithm can become complex and inaccurate.
There have been a lot of research on the positioning technologies [8–12]. Among these researches,
DV-hop and DV-distance proposed by Niculescu [8,9] have been well known. In this paper, it is assumed
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that WSN consists of sensor nodes and landmarks. The coordinates of landmarks can be given by GPS
or directly by humans. Also, it is also assumed that the sensors have ability to measure the distance
and relative angles to their neighbors. Sensors except landmarks don’t know their absolute reference
bearing such as north so that they should infer the reference bearing from the bearings of landmarks.
In [13], we have already introduced a method to obtain the bearings of sensor nodes and conformed the
effectiveness of our method by comparing with DV-hop and DV-distance. In this paper, we will give
more detail positioning algorithm and some results with node densities, measuring physical data and the
number of landmarks.
This paper is organized as follows. In Section 2, we present the related works. Then, in Section 3,
we introduce in details the method to measure the angles to neighbors [13]. In Section 4, we present
the positioning algorithm proposed in this paper in more details. In Section 5 are shown the simulation
results. Finally, in the last Section, we give the concluding remarks.
2. Related works
Several localization technologies using wireless radios have been developed and commercially available. The GPS is perhaps the most popular location system but GPS cannot be used indoor or when
receivers cannot receive the wireless signal from the satellites. To complement the weakness of GPS,
there have been many available localization systems such as Active badge, Active bat, Cricket, and Radar
and their detail review is found in [14].
The Active badge localization system was developed at Olivetti Research Laboratory, now AT&T
Cambridge and uses diffuse infrared technology. The Active badge system provides absolute location
information and difficulty in locations with fluorescent lighting or direct sunlight. Because diffused
infrared has an effective range of only several meters, Active badge system can be deployed in small or
medium sized rooms.
Active bat localization system was developed by AT&T. This system uses ultrasound time of flight
technique so that it can provide more accurate measurements than Active Badges. A bat sends an
ultrasonic pulse to a ceiling mounted receivers and at the same time the controller sends not only the
radio frequency request packet but also a synchronized reset signal to the ceiling sensors. Each ceiling
sensors measures the time interval between RF signal reset arrival and ultrasonic pulse arrival and then
the time difference will be converted distance. Active Bat can obtain accuracy within 9cm of the true
position.
Cricket location support system was intended to complement the Active Bat system. Therefore, like
the Active Bat system utilizes ultrasonic time-of-flight data and radio frequency synchronization signal.
This system allows the objects to perform all their triangulation computations. Cricket uses the RF
signal for synchronization as well as description of the available time domain. Cricket provides both the
lateration and proximity techniques.
RADAR has been developed by Microsoft Research group and is based on the IEEE 802.11 WaveLAN
wireless networking technology. RADAR can measure the signal strength and signal-to-noise ratio of
signal which is used to compute 2D position within the building. This system needs only a few
base stations and facilitates the same infrastructure providing the building’s general purpose wireless
networking. Wireless radio localization system operates by measuring radio signals between a set
of landmarks (or beacons or fixed stations) and unknown nodes (or mobile stations) in WSN. In the
localization system in WSN, nodes can calculate their own positions by using signals received from
landmarks.
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Fig. 1. Measuring the angles to determine the position of a node. Dots are landmarks which have already known their coordinates
and triangle is a node to be located.

Fig. 2. Signal strength and ToA based localization system. Dots are landmarks which have already known their coordinates
and triangle is a node to be located.

Wireless localization systems can be divided into angle based technique such as AoA, time based
technique such as ToA and TDoA and signal strength based technique or their combinations. There is a
brief review in [15].
Angle based techniques: AoA is the localization method based on Angle based techniques. Nodes in
AoA techniques can estimate their locations by first measuring angles of received signals from several
landmarks shown in Fig. 1. Measuring the AoA in nodes is available using directive antennas or antenna
arrays. As shown in Fig. 1, finding the intersections of the lines-of-position allows the nodes to calculate
their locations. AoA method needs a minimum of two landmarks to fix a position of a node.
Signal strength: The signal strength technique uses a known mathematical model describing the path
loss attenuation with distance. The measured signal strength can convert the distance between a landmark
and a node. A node to be located should be on a circle centered at the landmarks. As shown in Fig. 2,
when measuring the signal strength from more than three landmarks, a node can find its location by
using simple geometric relationships.
Time based localization: In ToA method, the distance between a landmark and a node can be found
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Fig. 3. TDoA based localization method. Dots are landmarks which have already known their coordinates and triangle is a
node to be located.

by measuring one way propagation time between them assuming that the signals travel with the velocity
of light (c). As shown in Fig. 2, if a node can know more than three distances to their neighboring
landmarks, a node can locate its own position. The other hand, TDoA uses time differences of arrival
signals. TDoA does not need to know the transmission time of a signal, which is important in ToA
system. In TDoA technique, a line-of-position will be defined as hyperbola because a curve of constant
time difference of arrivals for two landmarks is hyperbola as shown in Fig. 3.
3. The method to measure the angle to immediate nodes
WSN means the set of sensor nodes which are deployed ad-hoc. All nodes in WSN will be assumed to be
possible to communicate with their neighboring nodes within their transmission range [16]. Especially
the landmarks have already known their coordinates and they had their own reference bearings (for
example, East). It will be assumed that all nodes have ability to measure the distance to their neighbors
and relative angles based on their own axis (called heading). Figure 4 shows definitions of angles used
in this paper [13]. The node’s heading which is used for measuring the angle to neighbors is different
∧

among nodes. Node’s headings are shown by thick arrows. In Fig. 4, ab is the measured angle between
node A and node C. θ shows the incident angle from neighbors with reference of East. For example, θAB
is the incident angle from node A measured at node B. Then, â is the azimuth of node A which means
the angle of A’s heading measured from East.
Because the landmarks have their azimuths, the calculations will be started from the nodes near
landmarks. First of all, assume that node B has been aware of its own azimuth and the angle to node A.
Node B is able to calculate the incident angle, θBA using its own azimuth and the angle to node A,
⎧
∧
⎨∧
ba −b̂
for ba  b̂
θBA =
(1)
∧
∧
⎩
2π + (ba −b̂) for ba < b̂
∧

∧

Figure 4 (a) is for ba −b̂ and Fig. 4 (b) is for ba  b̂. The obtained incident angle θBA will be
transferred to node A and then will be used for calculating the angles related to node A. That is, node A
will calculate the incident angle θAB from node B as follows,
θAB = 2π − θBA .

(2)
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Fig. 4. Detail description for calculating useful angles between tow nodes (a) ba
∧

∧
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∧

∧

∧

∧

 b and ba < 180, (b) ba < b , (c) ba  b

and ba > 180.
∧

Also from θAB of Eq. (2) and the measured angle between node B and node A, ab, the azimuth of
node A can be obtained,
⎧
∧
∧
⎪
⎨ ab −θAB
∧
f or ab  θAB


a=
∧
(3)
f or ∧
⎪
⎩ 2π + ab −θAB
ab  θAB
The same calculation will be performed for all nodes from the neighbors of landmarks so that all nodes
with any connection to landmarks can have their own azimuths. And then nodes will also calculate all
incident angles from their neighbors from their azimuths and the measured angles to their neighbors.
Although nodes with at least one connection path to landmarks is possible to calculate the information
related to angles, for nodes far from many hops from landmarks angle error accumulation will be
profound. So, we will restrict the hop counts within 3 or 5.
4. Localization algorithm
The localization algorithm proposed in this paper consists of two phases. For distribution process,
these two phases will be performed simultaneously. In the first phase, all sensor nodes in the sensor field
will find the neighbor nodes within their own transmission ranges. And then they have to calculate the
distances between them and their neighbors and the incident angles from their neighbors. This physical
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id

distance

theta

L or S

Fig. 5. Table for physical information.

Fig. 6. The example for showing the data exchanges between nodes.

information will be recalculated and shared with their neighbors periodically or when the events happen
such as adding new nodes. Each node will construct its physical information table as shown in Fig. 5.
In Fig. 5, the id is the identification numbers of neighbor nodes, distances means the distances between
a node and its neighbors. These distances divide the distance calculated by a sensor node itself and the
distance sent by its neighbors. ‘Theta” is the calculated incident angles which are composed by the value
calculated by a node itself and the values sent by its neighbors. To identify whether the neighbors are
landmarks or ordinary nodes, “L or S” will be recorded.
Figure 6 shows the example of the process by which sensor nodes exchanges the physical data. Each
node will send the message including physical data such as their identification number, the distance from
itself to their proximities, the incident angle calculated by the method described in previous chapter. So,
after finishing this process, all nodes can share all physical information to calculate their positions with
their neighbors. For example, in Fig. 3, node Nj can construct its own physical table shown in Table 1.
A second phase will begin at landmarks, based on the physical data recoded in the physical data table.
Firstly, since landmarks have known their position, they will broadcast their identification number and
their coordinates. And then, the neighboring nodes of landmarks can calculate their positions from the
stored physical data and the coordinates of their landmarks. For example, a node Nj adjacent to the
landmark Li in Fig. 6 can obtain its coordinate as follows

    
xj
xi
rji cos (θji )
(4)
=
+
yj
yi
rji sin (θji )
After the nodes have calculated its coordinate, they construct their position table which includes their
coordinates and the hop counts, the hop numbers far from the landmarks which used in calculating the
positions. The nodes which have had their positions are going to broadcast their coordinates to their
neighbors and then the nodes received the position information from their neighbors can calculate their
position. The nodes that have calculated their coordinates can make their position tables. This process
will continue until all nodes will have their positions and will also take place when their neighbors’
positions update.
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Table 1
The physical data table for node Nj
Node id
Li
Nk
Nl

Distances
From neighbors By itself
rij
rji
rlj
rjl
rkj
rjk

Incident angles
From neighbors By itself
θij
θji
θlj
θjl
θkj
θjk

L or S
L
S
S

Fig. 7. In (a) sensor node j sees several landmarks; (b) there are several paths from landmark i to sensor node j.

4.1. Updating of coordinates of sensor nodes
As some nodes could have known several landmark’s coordinates or there are many paths from
landmarks to nodes which want to know their positions, a sensor node may have several coordinates.
Figure 7 shows the situation that a node has linked several landmarks and had several paths to a landmark.
In Fig. 7 squares are the landmarks and circles are sensor nodes. In the case of Fig. 7 (a), sensor node
j knows 2 landmarks, so it is possible for this node to have three coordinates. Figure 7 (b) shows there
are several paths from landmark i to sensor node j. In this case, the sensor node j will have several
coordinates for itself. This means it is necessary for nodes to have a method to determine their positions
among several coordinates.
This paper proposes four schemes to determine the sensor’s coordinate. The first scheme is what we
called “min-hop” method. This scheme can choose the landmark minimum hops away from a sensor
node and then sensor node come to calculate its coordinate from the position of this landmark. However,
there are multiple landmarks same hops away; the position of the sensor node will be averaged. The
second scheme is called “min-distance” method. First of all, the sensor node estimates the distance to
known landmarks and then choose the closest landmark in distance. Accordingly, the sensor node will
determine its position calculated from the closest landmark.
The third method utilizes the several coordinates calculated from several landmarks. If there are
several paths from a sensor node to a landmark, we choose the path with minimum hops. So, this method
averages the coordinates from several landmarks to determine the node’s coordinate. We can see that
in Fig. 7 (a) the first method uses only landmark k to find the coordinate of node j but the third method
utilizes all coordinates calculated from landmark i, k and m. We call this method “averaged min-hop”
method.
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Fig. 8. Localization error and coverage with the variation of node density (node density is calculated by changing the number
of nodes).

The final scheme is very simple. This method utilizes several paths from a landmark to a sensor
node. As seen in Fig. 7 (b), there are multiple paths from a landmark to a node. This means a node can
obtain several coordinates even when it knows only one landmark because several paths means several
coordinates for a node. So, we will simply average the node’s coordinates obtained from multiple path,
so called “multi-path mean” method.
5. Results and discussion
The proposed method will be susceptible to angle error because the node’s azimuth is calculated from
a landmark far apart. This becomes severe when a landmark is far apart from. In this paper, the measured
distance and angle are assumed to be Gaussian.
rmeas = rexact (1 + σr N (0, 1))

(5)

θmeas = θexact (1 + σr N (0, 1))

(6)

where rmeas (θmeas ) is the measured distance (angle), rexact (θexact ) is the true value of the distance(angle),
σr (σθ ) is a specific constant [17], and N (0, 1) is a normally distributed random variable. Therefore,
the noise error in measured values is modeled as additive and can be varied by changing the specific
constants σr (σθ ), where in Matlab program, σr (σθ ) in Eqs (5), (6) are the standard deviation of normal
distribution, so we will simply call it a standard deviation.
Figure 8 shows the location error and coverage with the node density, where coverage means the ratio
of nodes calculating the coordinate to all nodes. Node density [18–20] can be calculated as,

N πR2
d=
(7)
A
where N is the total number of sensor nodes deployed in sensor field, A is the area of sensor field, R
means the transmission range of nodes which is the same among all nodes. Localization error obtained
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Fig. 9. Comparing the results between limited maximum hops of 3 and 5. (a) Accuracy (b) Coverage.

in the simulation is defined by:
Lerror =

N |r
i=1 calc

N

− rreal |

(8)

where N is the total number of nodes, rcalc is the calculated coordinate of a node, and rreal is the real
coordinate of a node.
In this simulation, sensor field is considered to be square of which length of each side is 100 m. The
transmission range is 10 m. As shown in Eq. (7), the node density can be changed according to varying
the number of nodes or transmission range when the area of sensor field is fixed. The results in Fig. 8 are
obtained from varying the number of nodes. In this simulation, we restrict the hop count to landmarks
within 5 in order to prevent the propagation of angle error. That is, when calculating the coordinates of
nodes, only landmarks within 5 hops far from a node were considered. The larger in the hop counts,
the larger coverage is but the larger localization error becomes. The “multi-path mean” method reveals
the best result and the “averaged min-hop” method ranks second in the accuracy. Also, two methods are
nearly independent upon the node density but the “min-hop” and “min-distance” method show that the
accuracies increase with the increasing of the node density. In the aspect of the coverage, three methods
except “min-distance” method show the same result. That is, the coverage obtained from our method
reaches nearly 100% when the node density of about 10.
To see the effect of measuring errors in distance and angle on the accuracy and coverage, two results
obtained with allowed maximum hops of 3 and 5 are compared in Fig. 9. In Fig. 9, the solid lines show
the results for maximum hop limited to 5 and dashed line are the result for 3 hops. The accuracy in the
case of allowed maximum hop of 3, in Fig. 9(a), is better than that of 5 hops in the expense of coverage
shown in Fig. 9(b). The coverage of 5 hops reaches nearly 100% for node density of 12. However, in
the case of maximum hop of 3, it reaches about 90%.
The effect of increasing the number of landmarks on the localization error and coverage is shown
in Fig. 10. In general, increasing the number of landmarks can make hops to a node small so that the
accumulation of angle error can be reduced, which allows the node to choose the landmark with the small
error. When the number of landmarks are smaller than 40, the “multi-path mean” method shows the best
accuracy, but with landmarks more than 40, the “averaged min-hop” method reveals better accuracy than
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Fig. 10. Localization error and coverage with the number of landmarks.

other methods. In this simulation, because we restrict the hop counts to 5 to find landmarks, there are
still isolated nodes from landmarks even though increasing the number of landmarks so that coverage
will not reach 100%.
6. Conclusions
We introduced a localization algorithm to find the coordinates of nodes in WSN. This method assumed
that the nodes have the ability to measure the mutual distance and relative angle to their neighbors within
transmission range. The proposed algorithm starts at measuring the angle and distance at the landmark
and their neighbors and then finding their azimuths and incident angles. Obtained incident angle and
measured mutual distance allow a node to calculate its coordinates.
In this paper, we presented detailed description for utilizing multiple landmarks’ coordinates and data
from multiple paths. We presented four kinds of methods to calculate and update the coordinates of
nodes. In “min-hop” method, the landmark is selected by minimum number of hops and the sensor node
calculates its coordinates from the position of this landmark. The second method is called “min-distance”
method where the sensor node estimates the distance to known landmarks and then chooses the closest
landmark considering the distance. Therefore, the sensor node will determine its position calculated from
the closest landmark. The third method utilizes several coordinates calculated from several landmarks,
where the coordinates from several landmarks to determine the node’s coordinate are simply averaged.
This method is called “averaged min-hop” method. The last scheme, which is called “multi-path mean”
method, utilizes several paths from a landmark to a sensor node when there are multiple paths from a
landmark to a node. This method will simply average the node’s coordinates obtained from multiple
paths. The simulation results show that to utilize more data obtained from multiple paths can give more
accurate position coordinates.
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