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Abstract

Aiming at the inherent deficiencies of large-scale wireless sensor network for
distributed positioning algorithm, the DV-hop algorithm is mainly studied and improved,
and two kinds of improved algorithms DV-hop and DV-hop+Lastdist DV- hop-MinMax
are proposed. The DV-hop+Lastdist improves the positioning accuracy of the node by
only adding a message variable, while the DV-hop-MinMax effectively reduces the costs
of floating-point operations and power consumption, and can select the appropriate
algorithm according to actual application environment. Finally, the paper gives the
method to realize OMNeT++ in the simulation environment, and carries out the
simulation analysis.
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1. Introduction

The wireless sensor network with very broad work area applies to inaccessible poor or
special environments. The sensor nodes are randomly scattered in the monitored area
mainly through the aircraft sowing, manual embedding and rocket ejection. The location
information of a node is random, and the data collected by the node are without
application values if there is no location information. Therefore, in the application of
wireless sensor network, node positioning has become a key issue. Currently, the node
positioning algorithm of available wireless sensor network has common problems, such as
environmental-impact ranging method, complex algorithm and high energy consumption,
and inapplicability to the mobile node positioning [1]. Especially for large scale wireless
sensor network, the node positioning algorithm is more prominently unpractical. This
paper carries out discussions on the positioning algorithm applicable to large-scale
wireless sensor network and puts forward improved algorithms.

2. General Model for Fully Distributed Positioning Algorithm

Based on the existing positioning algorithms for wireless sensor network, the paper
selects three algorithms that meet basic requirements of the self-organization, robustness,
and energy efficiency: Ad-hoc positioning [2], N-hop [3], and Robust positioning [4].
These three algorithms are all fully distributed, and are in direct broadcast communication
with adjacent nodes, independent of any routing algorithm or any other ancillary
infrastructure. Through the analysis of the three algorithms, a general model for fully
distributed positioning algorithm which is applicable to large-scale wireless sensor
network can be abstracted from.

2.1. Distance Measurement between Unknown Node and Anchor Node

In this stage, the distance between the unknown node and anchor node is determined
for the location calculation of the second stage. Although the algorithms listed in this
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stage uses a different method, but they use the same communication mode: the anchor
node initiates flooding communication, and broadcasts its location information and the
corresponding distance information in the whole network.

2.1.1. DV-distance Algorithm: It is the simplest way to determine the distance between
the unknown node and the anchor node by adding distance information to the each hop
communication of flooding. The very method is used by DV-distance algorithm of Ad-
hoc positioning to obtain the distance between a node and the unknown node [5,6]. In the
DV-distance method for measuring point to point distance between adjacent nodes, first
the anchor node sends a message containing its own identity and location information,
and then each node receiving the message will add the measured length to the path length,
and it will forward the message when the flooding limits allows. Another consideration is
if a node receives the information of the previous anchor node from different paths, the
path length will be updated and forwarded only when the current path length is less than
the previous one. The final result is that each node stores the location information of a
certain number of anchor nodes and the shortest path distance from the anchor node,
preparing for the location calculation of the next stage.

2.1.2. DV-hop Algorithm: DV-distance algorithm has a drawback that the cumulative
effect of the node ranging error [7] will occur during the multi-hop transmission. This
cumulative error is more obvious when the network scale is large or anchor nodes are
relatively few and node ranging hardware error is relatively large. A method with more
robustness is to use the network topology information, and complete by calculating of hop
count other than cumulative distance. This method is the very DV-hop algorithm. One of
the biggest disadvantages of DV-hop algorithm is too dependent on hop location. When
the anchor node can not receive a reasonable hop value for various reasons, it will largely
affect the average distance value for each hop calculated by the anchor node; it is more
complex for non-anchor nodes, they will receive unreasonable values and average
distance value for each hop. Whatever the circumstances, the resulted positioning error
will be enormous. Therefore, this paper proposes the Euclidean algorithm.

2.1.3. Euclidean Algorithm: First, the algorithm begins with that anchor node first
broadcasts a beacon signal containing its own ID and location, and the TTL threshold of
the signal is set to 2, that is, the beacon message can only be sent for two hops. When an
unknown node can receive the signal from two nodes knowing mutual distance and the
distance from the anchor node, it can calculate its distance from the anchor node through
RSSI technology [8]. After an unknown node obtains the distances between three or more
anchor nodes, it can localize itself.

2.2. Node Positioning Calculation Coordinates
In this stage, the node determines its own position based on the distance information of

a certain number of anchor nodes provided by the three methods in the first stage.

2.2.1. Multilateral Measurement and Least Square Method: In the actual coordinate
solving, multilateral measurement method is often used, which is the deformation of
trilateration. Assume that the coordinates of known anchor nodes 1, 2, 3 ... n are (Xy, Y1),
(X2, ¥2)... (Xn, ¥n), and their distance between the node D are di, d,, ..., d,, respectively.
Assume that the coordinate of the node D is (X, y), then the following formula is obtained:

(X, —X)% +(yy - y)> =df
' @)
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Xy —X)% +(y, —y)2 =d?

The system of equations above can be linearized into the following forms by
subtracting the nth equation:

XJ.Z_XE_Z(Xl_Xn)X+y:L2_yﬁ_z(yl_yn)y:dlz_dnz (2)

2

X3y = X8 = 2(Xy s = X)X+ Vi —Yr —2(Y,y —Y,)y=dz, —d?
The readjusted system of equations can be expressed as Ax = b.

2.2.2. Min-Max Method (Min-Max): Methods such as Multilateral measurement
described above can still achieve very high positioning accuracy in the presence of certain
error range, but the drawback is that these methods need for more floating point
arithmetic, energy consumption caused by the computational expenditure still cannot be
ignored, so it is necessary to seek a more simple replacement algorithm [9]. Min-Max is a
relatively simple method, its basic idea is based on the unknown node to the reference
node distance measurement and coordinate to construct several limit box, i.e., take the
reference node as the center of the circle and take the unknown node to the reference node
distance measurement value as radius circle to form the circumscribed square; Take
intersection region of the square regarding the geometric center of the intersection region
for the estimation coordinates of the unknown node, as shown in Figure 1. This figure
illustrates the working principle of the three anchor node estimated distance, the node
position is very close obtained by method of Min-Max and trilateration method, such as
the intersection of three circles.
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Figure 1. Min-Max Positioning Schematic Diagram

Boundary box of Anchor nodes A(Xa, Ya is obtained by estimated distance d, adding
and subtraction: [Xa-da, Ya-da] X [Xa+da, Yat+da].

Intersection region boundary is obtained by taking the maximum among smaller values
and minimum among larger values of all anchor nodes boundary box: [max(x;-d;), max(y;-
di)]x [min(xi+d;), min(yi+dy)].
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The final estimated value of unknown node coordinate is the intersection of geometric
center. Min-Max method can get good results under the condition of without a large
number of calculations [10].

2.3. lterative Refinement

The purpose of this stage is to further refine and optimize the node position derived
from the second stage. In the second stage, the distance from the anchor node is mainly
used to estimate its location, and its distance relationship between adjacent nodes is not
taken full advantage of. In this stage, the node will use the distance relationship between
adjacent nodes to iterate and optimize the estimated location from the second stage. In
this stage, the node first broadcasts its estimated position information, and receives the
location information and the estimated distance of adjacent nodes, and to calculate its new
location by running the positioning algorithm of the second stage. After repeated
iterations, the node location information tends to be stabilized, and then refinement
process is terminated, and the final position value is returned.

3. Improved DV-hop Positioning Algorithm

3.1. Improved DV-hop Algorithm DV-hop+Lastdist

Through subsequent simulation analysis we can see that the DV-hop is an extremely
stable and predictable method. Because it does not need to use a radio signal
measurement, it has no reaction to the ranging error parameter. But usually final jump of
unknown nodes is less than the actual average distance, this leads to a slight
overestimation of the distance between the node to anchor nodes, as shown in Figure 2.
Node A is the anchor node, the circle for the node communication range, Node B, C, D
for unknown nodes. Anchor nodes A sends a message to all nodes within communication
range, and forward the message to the other nodes outside the communication range,
because the nodes always search the least path from the anchor node hop, Node D by
Node B and C forward to obtain the anchor node hop, but the CD itself are very close,
their distance may be far less than the average distance of each jump, so when using the
hop by the average jump distance to calculate the distance with the anchor node will cause
greater error. In the higher percentage of anchor nodes and network connectivity, the
needed hop from anchor node to unknown node will become less, the error will be more
obvious [11].

In order to solve the distance overestimation caused by the final hop and maintain the
high stability of the DV-hop, a distance variable of the final hop can be added to the
message, and then the inherent ranging capacity of the node is used to obtain the final hop,
while the former several hops are still calculated by using DV-hop. Therefore, now the
distance from the unknown node to the anchor node is no longer the hop multiplied by the
average distance per hop, but is calculated by using the following formula:

Distance = (hop count -1)x average distance per hop+final hop distance 3)
By using this calculation method, the distance from the node to the anchor node can

properly reduce the error distance caused by the final hop, so the method can also be
called as DV-hop+Lastdist method.
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Figure 2. DV-hop Last Jump Distance Schematic Diagram

3.2. Combination Method of DV-hop and Min-Max

After the above discussion, we can see that multilateral measurement least-square
method can still achieve very high positioning accuracy in the presence of certain error
range. However, its drawback is that it needs more floating point arithmetic, the
computational expenditure of energy consumption still cannot be ignored [12], the Min -
Max is a relatively simple calculation method, without involving too many matrix and
floating point arithmetic, so in the case of strict energy consumption requirement, Min -
Max will have a big advantage than multilateral measurement method.

The traditional DV-hop with uses multilateral measurement least square method, which
requires large costs of floating-point operations, so Min-Max method can be introduced
into the DV-hop algorithm. In the first stage, the DV-hop method is used to calculate the
distance between the unknown node and anchor node. In the second stage, the Min-Max
method is used instead of the multilateral measurement least square method to calculate
the node position as well as save the cost of floating point calculations. In the third stage,
the traditional refinement method is still used, and finally a new DV-hop-MinMax
method forms.

4. Simulation and Result Analysis

In order to test whether various location algorithms reach expected goal, the simulation
tool OMNeT++ [13] is used. During the simulation test, the positioning error conditions
of various algorithms in different scenarios are shown, but also the analysis is made on
the influence of different network environment parameters on the network positioning
performance.

4.1. Establishment of Standard Scene

At the beginning of simulation, nodes are randomly placed in a given square area by
using random network topology generation method, and the network connectivity is
controlled by the radio range of the node. At the end of the simulation, the corresponding
simulation data are output such as node positioning error, and are ultimately presented by
the average positioning error of all nodes, and the unsuccessful positioning nodes are not
included in the calculation of the error average. To compare the positioning results under
the different parameters, the ranging error and positioning error are normalized as values
relative to the radio range. In the following simulations, the test is carried out based on the
same standard scene and then makes comparison by changing different parameter values
of the same standard scene.

4.2. Analysis of Simulation Results

The paper conducts simulation analysis on the node positioning based on using
DV-hop, DV-distance and Euclidean algorithm in the standard scene with separate
changes of parameters such as the ranging error, radio range, and the proportion of
anchor node, some achievements in relative positioning error are obtained by three
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original algorithms under different conditions [14]. Similarly, the paper also
conducts simulation analysis on the node positioning based on using improved DV -
hop algorithm in the standard scene with separate changes of parameters such as the
ranging error, radio range, and the proportion of anchor node. Figure 1, Figure 2 and
Figure 3 show the relative positioning error change curves of DV-hop algorithm and
improved DV-hop aIgoritLhm in different conditions.
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Figure 3. Curve of Relative Positioning Error of DV-hop+Lastdist with
Changing Ranging Error
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Figure 4. Curve of Relative Position Error of DV-hop+Lastdist with
Changing Radio Range
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Figure 5. Curve of Relative Positioning Error of DV-hop+Lastdist with
The Changing Ratio of Anchor Nodes

It can be seen from Figure 3 that although DV-hop+Lastdist is not as immune to the
ranging error as DV-hop, but also the positioning accuracy show few fluctuations with the
changing ranging error. When the ranging error is changing, generally the difference
between the positioning errors of above two algorithms is small. But if the relative
ranging error is less than 0.15, DV-hop+Lastdist will be better than DV-hop algorithm,
while DV-hop is better than DV-hop+Lastdist in other cases. It can be seen from Figure 4
that when the radio range is small, that is, the connectivity is small, the performance of
two algorithms are similar. But when the connectivity increases, DV-hop+Lastdist has a
smaller relative positioning error than DV-hop. It can be seen from Figure 5 that when the
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anchor node ratio is low or high, especially when the ratio is high, the hop count from
anchor nodes to unknown nodes may be smaller, and then DV-hop+Lastdist will be better
than DV-hop. So when the node ranging error is small, network node connectivity or
anchor node ratio is high, the DV-hop+Lastdist algorithm shall be used.

Figure 6 and Figure 7 and Figure 8 shows the Curve of relative positioning error of a
new algorithm combining Dv-hop with Min - Max on the ranging error, radio range, and
changes in the anchor node proportion.
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Figure 6. Curve of Relative Positioning Error of Dv-hop+MinMax
Changing with Distance Measurement Error
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Figure 7. Curve of Dv-hop+MinMax Relative Positioning Error Changing
with the Radio Range
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Figure 8. Curve of Dv-hop+MinMax Relative Positioning Error Changing
with Anchor Node Proportion

From the above simulation results, we can see in most cases, the original Dv-hop has
relatively lower positioning error than Dv-hop algorithm combined with Min - Max
algorithm, in addition to the obvious difference under the standard scenario, when the
other parameters change, the result is very approximate. However, we can see from
Figure 7, when the network connectivity reduces to a very low condition, the traditional
Dv-hop performance will worsen sharply, and the new algorithm still keeps quite gentle
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downward trend [15]. Figure 8 shows, when the anchor node proportion value is larger,
the results error of two algorithms have been basically no different, considering the Dv-
hop+MinMax uses Min-Max algorithm to compute node position, this will save
considerable floating-point computation expenditure, the new algorithm has a very big
advantage undoubtedly. So when the network node connectivity is larger, and the
propotion of anchor nodes is higher, it is easy to choose Dv-hop+MinMax algorithm.

5. Conclusion

Based on the analysis of principles of various positioning algorithms and the obtained
simulation results, it can be shown that no algorithm can be optimal in all scenes, and the
guality and choice of an algorithm depend on the ranging error, network connectivity, the
ratio of anchor nodes, and the state of various network parameters. Therefore, the
corresponding appropriate algorithm shall be selected depending on the applications.
Even if the performance of an algorithm is more prominent on some occasions, it shall be
also noted that the positioning accuracy of the algorithm still has much space to be
improved.
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