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Abstract—Wireless sensor networks (WSNs) have re-
cently enabled many new applications often dubbed
”smart” as a result of it. And researchers are currently
giving much attention to localization in WSNs for the
increasing number its use cases in real life. Two main
localization categories prevail in the literature: range-based
and range-free. The latter exploit the networks connectivity
information in order to approximate the nodes locations,
while the former accomplishes that by measuring actual
distances. One of the widely investigated range-free WSN
localization techniques is the DV-Hop. In this paper, we will
develop and analyze the performance of a new enhanced
version of this reference technique using a novel weighted
hop-size expression. The simulation results indicate an
improvement of the performance in terms of accuracy.

Index Terms—Localization; range-free; wireless sensor
networks; hop-size; estimation.

I. INTRODUCTION

WSNs are one of the most popular research domains
that researchers from different disciplines have been
working on for the last several years. A WSN can be
defined as a large set of low-cost tiny sensor devices
scattered in an area where usually human intervention
is impossible in order to monitor a physical parame-
ters such as temperature, pressure, humidity, etc. These
devices have a very limited computational capability,
are powered by small batteries or an energy harvesting
component, and communicate over wireless links [1][2].

WSNs gather sensor data and forward it to a central
station (sink). We should note that communicating and
processing data without knowing where it came from
can render it meaningless in several cases. It is therefore
crucial to know the locations of wireless sensor nodes
location, for instance in application such as pipeline
monitoring in arid areas, animal tracking, forest fire
detection, etc. [3].

Over the last few years, researchers have been working
on a wide range of localization algorithms [4]. In most
cases, a small set of nodes known as anchor nodes and
equipped with a built-in localization capability such as
a GPS module [5][6] will serve as references for the
estimation of the other node locations.
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As explained above the location can be estimated with
a range-based [7][8] or a range-free [9] algorithm. In the
first one, dedicated hardware is needed to determine indi-
cators such as the time of arrival (ToA) [10], the angle of
arrival (AoA) [11], or the received signal strength (RSS)
[12]. The results are very accurate and promising in this
case. But they are obtained at the expense of a higher
cost. On the other hand, with the range-free technique,
no additional hardware is necessary and a node would
implicitly take into consideration the distance from the
anchor nodes only.

In an overall view, range-free localization algorithms
are more convenient for WSNs. As a result, several
range-free localization techniques have been proposed,
such as the centroid algorithm [14], the APIT algorithm
[15], etc, and DV-Hop [13], the most popular among all.

In this paper, we will develop and analyze an the
performance of a new enhanced version of the DV-
Hop reference technique using a novel weighted hop-size
estimation method.

The remainder of this paper is organized as follows:
In section II, we give an insight into the prior art on
the DV-Hop technique and all its improved variants. We
propose our new DV-Hop-based scheme in section III.
In section IV, we assess and confirm by simulations the
significant accuracy gains it achieves over the current
state of the art. Finally, we conclude in section V.

II. PRIOR ART ON DV-HopP
A. DV-Hop Algorithm

Similar to a basic routing scheme based on distance
vector, Niculescu and Nath in [13] developed a range-
free distance vector hop (DV-hop) localization algorithm.
DV-hop does not require any additional circuitry since it
only uses multi-hop distance estimation. We can divide
it in three main steps:

1) The minimum number of hops separating each un-
known node from the anchor node is counted. The
anchor node floods a packet in the whole network
where it indicates its coordinates and a hop count
attribute initially set to one. A receiving node would
then cache only the coordinates and the hop-count



of the anchor node having the minimum hop count X, = [Iu] ) (7
value. Then, each node that receives the packet

would increment the hop count by one. Eventually,

all the unknown nodes will have the minimum hop- According to the least square (LS) method, the
count cached in their memory. solution to eq. (4) is given by

An anchor node would then estimate the average
hop-size based on the values received from the other
anchors using formula (1) and broadcasts it. The
next step is to compute the hop-size h; at each B A Survey of DV-Hop improvements
anchor node 7 as the ratio of the actual physical
distance to the anchor over the hop-count value and
the remaining number of anchors:

X.=(ATA)TATB . (8)

After the algorithm was proposed by Niculescu and
Nath back in 2001, it has been witnessing a lot of
improvements made by many researchers. It is still
£o _ D it V(@i — )%+ (yi —y;)? . very popular due to its simplicity, cost effectiveness,
i ng x (Ny — 1) > (D and robustness. Therefore, researchers keep working on

improving the accuracy using several approaches (e.g. by
and where (z;,y;), (z;,y;) are the coordinates the modifying the hop-size, special deployment of anchors,
anchor nodes i, j, the hop-count value A7 ; is the etc.).
minimum number of hops between the latter, and Chen et al. [16] proposed a method to ameliorate
N is the total number of anchors. the localization accuracy of DV-Hop by modifying the
Each anchor estimates its hop-size and floods it  pop size using averages. They have also adopted the
to the whole network. Unknown nodes receive the  7p hyperbolic localization scheme instead of traditional
hop-size information and save the first one while  (rijateration.
broadcasting this value to their neighbors. At the An improved version named weighted DV-Hop was
end of this step, an unknown node u with coordi- developed in [17]. There, unlike conventional DV-hop
nates (2., Yu) estimates its distance to each anchor  ypere nodes consider only the nearest hop-size, un-
node j as follows: known nodes calculate their own hop-size as a weighted
(juj _ E;’? « Bij ) (2) Aaverage of all anchO.r hop-sizes. .
In [18], another improved version of DV-Hop was
In the case where a node with unknown coordinates proposed in three processing steps. Some anchors are
(T, yu) receives more than two distance estimates  firgt of all deployed at the borders of the sensor field.
from the anchor nodes, we use the maximum like-  Then each unknown node uses an average weighted hop-
lihood estimation method in order to determine its  gjze to estimate its position by a 2D hyperbolic method.

locations: Finally, the estimated positions are corrected by particle
(21— 2)* 4 (y1 — yu)? ({31 swarm optimization.

(22 — 22)* + (y2 — )’ a2, In yet another variant of DV-Hop developed in [19],
. (3)  the hop-size at each anchor is calculated as a weighted

sum of all average one-hop distances to all anchors. The

(zn — l‘u)Q + (Yn — yu)2 o weight of each anchor is the inverse sum applied at the
Eq.(3) can be transformed into matrix form as: distance difference between its initial hop-size estimate
and those calculated at the other anchors.
AX, =B, “)
ITI. OUR ENHANCED DV-HOP TECHNIQUE
where
In DV-Hop, localization errors are due on one hand
2, — 21 Y — U1 to the Computation algorithm of the hops number and
2, — o Y — Yo the hop-§1z§ of eth apchor and on the other hand to
A=92x . (5) thelocalization estimation method. In order to make the
: : DV-Hop technique more accurate, we manage to work
Tn — Tn-1 Yn — Yn—1 on the two last steps, i.e., the hop-size computation and
the localization estimation method. Hence, only the first
Jﬁ 1= d?m — 2?22 —y? 92 task of our improved solution remains the same as the
dﬁ , — cZi a2 a? -y 42 original one. Each node determines the closest anchor as
B= , requiring the smallest number of hops.

R R : In the following, we begin by detailing the hop-size
di(nq) - din - xiq + x% - 1172171 + y% computation method and then introduce our new location
(6) estimation approach.



A. Hop-size and Weighted Correction

Each anchor computes its hop-size using (1), and
estimates the distance between itself and other anchor
nodes using (2). The root mean square error (RMSE) is
then determined as follows:

1 - .
w1 X=Xl =di) .
A

E =

where d;; between anchors ¢ and j. According to the
minimum square error (MSE) criterion, hop-size estima-
tion errors at each anchor node ¢ can therefore be reduced
as follows:

RS — Zi;éj BZHHXZ - X]”H
' Dizg hii?

(10)

In DV-Hop, each unknown node exploits only the
hop-size calculated by the nearest anchor to estimate
its own location. However, in practice, all nodes are
randomly distributed and the distance between them
is not a straight line. Hence exploiting the hop-size
estimate from one anchor only, presumably the nearest
one, does not take advantage of the rest of the hop-size
estimates to obtain even more accurate coordinates of
the nodes’ location. That is in our improved version
referred to as IWDV-Hop for inversely weighted DV-
Hop [13], we choose to exploit the hop-size estimates
calculated at all anchors. Indeed, in likely cases where
the true distance between the unknown node and the
closest anchor is larger than the hop-size estimate times
the hop-count value, then the localization errors would
be very important. In contrast, a farther anchor with
the appropriate hop-size estimation could provide more
accurate node coordinates. However, granting the same
level of importance or reliability to all anchors would
be infructuous. In fact, after calculating the hop-size
estimate using (10), we weight each anchor node as
follows:

E
Wi= —— (1
SR i)

This weight depends on the hop-count since the nearest
anchor would provide more precise location than the
others. This way, we improve the hop-size accuracy.

After we calculate the hop-size of all anchor nodes by
(10), we can determine the hop-size of every unknown
node:

Na
e =Y Wihi . (12)
i=1

Instead of using (10), (12) will be used to estimate the
distance separating a node from each anchor.

B. Location Estimation Method

Instead of applying the ML method to calculate the
positions of the unknown nodes, we adopt the hyperbolic
location algorithm of [20] in order to obtain more
accurate locations.

If (z;,y;) denote the coordinates of the anchor node
i and (x4, Yy, ) the coordinates of the unknown node wu,
then the true distance d;,, between them is

7, = (zi — 2u)® + (Y — yu)® (13)

If A; = 27+y? and B, = 22 +y2, we have the following
formula:

42, — Ai = =2y = 2yiyu + B (14)
which can be rewritten as:
JU =1, (15)
where
72(131 72y1 1
—2%2 —2y2 1
J = ) ; (16)
—2x, 2y, 1
d%u - A
d2, — A,
=7, (17)
d%u - A’ﬂ
U= [Iu Yu Bu]T (18)

According to (15), U can be estimated by the LS
estimation method as follows::

U=JT )t (19)

And so the coordinates of the unknown node are:
&, =U(1),
Ju=U(2).
IV. SIMULATION RESULTS AND COMPARAISON

In this section, we report on many simulations results
that assess the localization accuracy of our new IWDV-
Hop technique versus (vs.) the variations of communi-
cation radius, the anchor percentages, and the number of
nodes. We also compare it in accuracy performance to
the original DV-Hop [13] and its best improved variant
HWDV-Hop proposed in [19]. We use MATLAB as a
simulation tool and calculate each performance average
over 100 Monte-Carlo realizations. As illustrated in Fig.
1, we randomly place uniformly all the nodes in a square
area of 50 x 50 m? and assume that all anchors and
unknown nodes have the same radio range R of 15 m.
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Fig. 1. An illustration of a uniformly random distribution of 100 nodes
with 10% of anchors.
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Fig. 2. Normalized localization error vs. the number of anchor nodes
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Fig. 3. Normalized localization error with different radio range of
sensor nodes.

Firstly, we compare the performance in Fig. 2 of
the three algorithms with different anchor node ratios
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Fig. 4. Normalized localization error vs. the total number of nodes
with 10% of anchors.

ranging from 4% to 22% of the total number of nodes.
As expected, the accuracy of all three algorithms im-
proves with an increasing number of anchors. Yet un-
ambiguously our proposed version is constantly the most
accurate and outperforms the two other benchmarks.

Fig. 3 shows the average localization error when the
communication range gradually increases from 10 m to
20 m. In this scenario, we have 20% of anchors among
100 nodes. And once again, as expected, the localization
accuracy of all three algorithms improves with increasing
values of the radio range R. However, our new IWDV-
Hop technique clearly outperforms both the original DV-
hop and its best improved HWDV-Hop variant.

The third criterion is to calculate the average error of
different number of nodes having the same R (15m). For
this purpose, we choose to change this number from 100
to 500, while we keep the anchor ratio fixed at 10 % of
total number of seniors.

Fig. 4 depicts the localization accuracy performance
when the number of nodes increases from 100 to 500
with the same 10% ratio of anchor nodes. It shows yet
again the expected improvement and most importantly
the superiority of the new proposed localization tech-
nique over the original benchmark and its best improved
variant.

V. CONCLUSION

Localization is one of the most challenging operations
in WSNs since several applications need high localiza-
tion accuracy of sensor nodes. In this paper, we presented
a new enhanced version of range-free technique using
a novel weighted hop-size expression. The simulation
results indicate an improvement of the performance in
terms of accuracy.
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