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Abstract—Knowing the position of sensor nodes in an envi-
ronmental monitoring is useful to identify the location of events.
However deploying GPS receivers or other anchor sensors is ex-
pensive, since the role of anchor nodes ends after localizing sensor
nodes’ positions and they are transferred into ordinary sensor
nodes. In this paper, we introduce a new localization scheme
for a wireless sensor network that can localize sensor nodes
using a collinear and non-collinear mobile anchor node. This
scheme benefits from the estimated distance between neighbor
nodes and additional information provided by the anchor node
about the flow direction of the message. Each node localizes it’s
position from two independent directions. A Kalman Filter is then
used to improve the location accuracy for each node. Through
simulation studies, we show that the scheme using a Kalman
Filter decreases the estimation errors than using single direction
by 31% and 16% better than using weighted averages. As well,
our new scheme overcomes the collinearity problem that appears
from using mobile anchor nodes.

Index Terms—Localization, Positioning, Multihop, Collinear-
ity, Flip Ambiguity, Kalman Filter, Mobile Anchor.

I. INTRODUCTION

In Wireless Sensor Network (WSN) monitoring applica-

tions, it is important to locate the position of an event to

take the correct action. To localize Sensor Nodes (SNs) in

WSN, anchor nodes broadcast their location with operating

instruction to the SNs, and SNs use such information to

estimate their positions. Most localization schemes require a

high-density deployment of anchor nodes to ensure SNs have

enough references to estimate their positions. However, anchor

nodes are more expensive than SNs. Moreover, anchor nodes

have a limited use after the localization process is completed

and the anchor nodes are transferred into SNs. Therefore, the

current research direction in WSN localization moves toward

designing a new localization schemes that use mobile anchors

to decrease the cost of the entire network and minimize the

excessive waste of resources from anchor nodes [1, 2].

The environment considered in this work is an isolated

terrain (i.e., dense rain forest or rocky terrain) with no central

access roads. SNs are usually randomly deployed into isolated

terrain to collect information about the environment and send

such information to the SNs at the edge. To collect and process

the information, two mobile vehicles mounted with GPS units

uses two different roads located at each side of the isolated
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Fig. 1: WSN with Collinear Anchor Nodes.

terrain. These two vehicles are used to localize the position of

SNs. The collected information is processed with the position

of a SN. Fig. 1 illustrate the studied environment.

In this paper, we use the location information coming from

both directions of the network to increase the localization

accuracy for the SNs. Due to the limited transmission range

of a WSN (approx. 30m), the SNs located away from the

road edge will not receive signals from the mobile anchor

node. Thus, such SNs cannot directly estimate their positions.

A multihop localization scheme can be used to estimate the

position of the SN located in the middle of the isolated terrain,

but due to the error propagation the estimation accuracy

decreases as the number of hops increases [3]. The SNs

estimate their positions two times from both mobile anchors to

decrease the effect of the error propagation. After this process,

we use Kalman Filter to decrease the localization error coming

from the longer hop direction based on the information coming

from the shorter hop direction. Simulation results show that

using information from two different directions significantly

increases localization accuracy.

The access road can be curved or straight. However, when

a mobile anchor node moves in a straight line to localize SNs,

the collinearity problem appears. The collinearity problem

appears when the anchor nodes are on the same line [4]. In

this case, it is hard to identify whether the SN is on the left

or right of the anchor nodes, which cause the position of the

SN to be flipped [5]. In our proposed scheme, we design an

algorithm that overcomes the collinearity that appears when

mobile anchor node moves in a straight line by benefit from

the direction of the message send by the mobile anchor node.
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The remainder of this paper is organized as follows. Related

work is covered in Section II. Section III presents the proposed

scheme. The simulation environment and results are discussed

in Section IV. Conclusions are given in section V.

II. RELATED WORK

WSN localization has been an active research topic in recent

years [6]. In this paper, we focus on localization schemes that

use multihop or mobile anchor node.

A. Multihop Localization

Multihop localization schemes are based on either con-

nectivity or distance based strategies. In connectivity-based

strategies, the SNs use the connectivity information to estimate

the location of SNs based on the position of anchor nodes.

Niculescu and Nath [7] proposed ad-hoc positioning system

(APS) algorithm that uses hop by hop propagation with the

position of anchors to estimate the distance between each SN

and the anchor nodes. APS then uses the distance between SNs

and all anchor nodes using the triangulation procedure similar

to the one that is used in the GPS algorithm. Nagpal et al. [8]

calculate a global coordination system for the whole network

by estimating the Euclidian distance of each hop between SNs.

The SNs use the number of communication hops to estimate

how far they are from anchors. When a SN receives at least

3 different positions from different anchors, the SN combines

the distance from the anchors and estimates its position based

on the hop count to each anchor. Akbas et al. [3] localize

the position of SNs flooding in the Amazon river based on

a stationary anchors placed at the bank of the river. Their

localization algorithm uses multihop between SNs and anchor

node. Each SN keeps a single weight value for each anchor it

is associated with. The saved weight represents how far is the

SNs to each anchor node. The anchors use these weights to

estimate the SNs position. None of aforementioned schemes

considers the collinearity of anchors in their design.

Moore et al. proposed a robust quadrilaterals localization

scheme that avoids flip ambiguity caused by collinearity of

anchors [5]. Basu et al. solved the problem of collinearity

by using both distance and angle measurements [9]. They

transferred the localization problem to convex form and solved

the convex form using linear programming. However, Basu

et al. scheme cannot work if either the distance or angle

measurement does not have a clear bound. Moreover, Basu

et al. scheme depends on the knowledge of both distance

and angle measurements, which makes their scheme to be

expensive. Kannan et al. identify the SNs that have possible

flips using simulated annealing technique, then they refine the

results of these SNs using ranging model and boundary check

[10]. However, Kannan et al. scheme may not identify all flips.

To the best of our knowledge, existing approaches exploit

multihop localization schemes using a stationary anchor node.

In our study, we use a mobile anchor node. Moreover, existing

schemes either avoid or try to refine the result of flipped SNs.

Our scheme, on the other hand, is designed to localize SNs

using either collinear or non-collinear anchor nodes.

B. Mobile Anchor Node Localization

Mobile anchor nodes are proposed to lower the cost of

utilizing a large number of stationary anchor nodes. Pathirana

et al. use mobile anchor nodes that move in random paths to

localize SNs in delay-tolerant sensor network [11]. Hauanxi-

ang et al. use a mobile anchor node that adopts Gauss-Markov

motion model, and used the weighted centroid algorithm to

localize the position of SNs [1]. They used a genetic algorithm

to decrease the estimated error. Guangjie et al. show that

localization using mobile anchor node that moves randomly

results in poor performance in terms of localization time and

accuracy [4].

To overcome the poor performance of random movement

for mobile anchor nodes, Koutsonikolas et al. proposed a

pre-determined path for a single mobile anchor node [12].

They also address the collinearity problem when a single

anchor node is used. The collinearity problem is defined as

the localization error of an un-localized SNs is large when it

receives a 3 beacon localization messages from anchor node

that moves in a straight line. Different trajectory types such as

Circle, S-Curves, Rectangle, Spiral and Triangle are proposed

to overcome the collinearity problem of a single mobile

anchor node [2, 4, 13]. Predetermined paths are efficient if the

deployment area has a regular shape (i.e. square or rectangle)

and the density of sensors is uniform, but can lead to wasteful

anchor movement in irregular areas and non-uniform sensors’

density. Wang et al. proposed a scheme that handle non-

uniform and irregular placement scenarios [14]. In Wang et

al. scheme, the mobile anchor node sends a start message all

over the network and when a SN receives the start message

it adds the neighbor SNs surrounding it and then the SN

forwards the message. When the anchor node receives the start

message back, it calculates the shortest path to localize all SNs.

The anchor node moves in half-circle movements to avoid the

collinearity property for the mobile anchor node.

Existing schemes using a mobile anchor node are a single

hop schemes. Moreover, they use a predefined path that avoids

the collinearity of anchor nodes by using non-linear path

that increase the distant traveled by the anchor node. In

our work, we combine both mobile anchors and multihop

localization. Moreover, we propose a scheme that overcomes

the collinearity of the anchor node when it moves in a straight

line, by using the direction of the message to localize SNs.

III. THE ROBUST MULTIHOP LOCALIZATION

The robust multihop localization scheme using two mobile

anchor nodes is described in details in this section. The two

main goals for this approach are: 1) to enhance the position

estimation of localized SN without deploying anchor nodes in

the sensing area as the cost of anchor node is much higher than

normal SNs and 2) to propose a solution that overcomes the

collinearity problem that appear from using a mobile vehicle

that moves in straight lines

To solve the collinearity that results from the studied envi-

ronment that is shown in Fig. 1, we propose a new localization

scheme that estimates the distance between two nodes using
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RSSI measurements. SNs then estimate their position using

the estimated distance, message flow direction and laws of

trigonometry [15]. In the following, we first formulate the

localization problem. The proposed scheme is then described.

Finally, Kalman Filter is used to reduce localization errors.

A. Problem Formulation

We consider a two-dimensional WSN localization problem,

where there are two roads at both ends of the sensing area

as shown in Fig. 1. Assume that there are M SNs that are

deployed randomly in the sensing area, where the SNs need

to localize their positions. The position of ith SN is denoted

by xi = [xi yi]
T . The distance measured between the ith

and jth SN is

di,j = dj,i = ri,j + εi,j ∀i, j = 1, 2, . . . ,M (1)

where ri,j = ‖xi−xj‖ is the noise free distance between node

i and j, and εi,j ∼ N (0, σ2
i,j) represents the uncorrelated

noise. σ2
i,j is assumed to be accurately estimated and is

known a priori [16]. Without loss of generality, let αl
i and

αr
i , ∀i = 1, 2, . . . , n, respectively be the positions where the

left and right mobile anchor nodes broadcast their positions

while they are moving on the edges of the sensing area.

We assume that each mobile anchor node knows whether

it is moving on the left or right road of the sensing area.

Such information is currently available in modern intelligent

vehicles. The anchor node sends the direction of the packet

(i.e. whether the packet is coming from the left or right side

of the sensing area) along with its position in the localization

packet that is sent to localize the SN. Each SN localizes its

position two times from the left and right sides and saves

the number of hops to the left and right edge. The estimated

positions of ith SN from the left and right side that are p and q
hops away from the left and right anchor nodes are represented

by x̃l,p
i and x̃r,q

i , respectively. For example, xl,3
k means node

k received a packet that is 3 hops away from the left edge.

B. Robust Localization Scheme Development

In this scheme each SN estimates its position x̃i using

estimations from both left (x̃l,p
i ) and right (x̃r,q

i ) directions.

Our localization scheme benefits from the direction of the

message send by anchor nodes to estimate the SNs position.

Each SN requires a minimum of two nodes with a known

position in addition to the direction of the message sent in

order to estimate its position from each direction. Moreover the

SN uses the left and right estimations to increase the estimation

accuracy of SNs.

Our localization scheme works as follow: when a SN

receives a localization message, it ensures that the message

is not replicated by checking the sequence number in the

message. If the received sequence is previously saved in the

SN, the SN discards the message as it is repeated, otherwise

the SN saves the sequence number in the SN and continue to

process the message. After that, the SN checks the number of

hops of the received message. If the received number of hops

is larger than the saved number of hops, the SN discards the

Algorithm 1 Process the received position message from the

left direction.

procedure CHECKMSGFROMLEFT(recSeqNum,recHopNum,
sourceIP , xi)

if HopsNumber == 1 then
if recSeqNum == saveSeqNum for the same sourceIP then

return (Repeated message)
else

currentNode ← borderNode
end if

else if HopsNumber > 1 then
if currentNode is a Border Node then

This is a border node.
return (message is coming from longer route)

else if recHopsNum > savedLeftHopsNum then
return (message is coming from longer route)

end if
end if
saveSeqNum ← recSeqNum for sourceIP
Add xi to the position list
if size of position list > 2 then

EstimateNodesPosition()
Send message with current estimated position

end if
end procedure

Node  ( , ) 

Node  ( , ) 

Estimated 
Node  
( , ) 
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,  

,  
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Node  ( , ) 

Node  ( , ) 
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Node  ( , ) 

,  

(b) When ̂Dj,k > 90

Fig. 2: Estimating Node k Using The Estimated Distance.

message as it is coming from a longer route, otherwise the

SN saves the received number of hops and this hop number

represents how far the SN from the edge from the received

direction. The SN then saves the position of the node that sent

the position message. Algorithm 1 shows the main procedure

to check the message coming from the left direction. The same

procedure is done for the right side.

After a SN receives two or more location packets that have

the same number of hops, it estimates the three distances

di,j , di,k, dj,k shown in Fig. 2, for each pair, where the

positions of xi and xj are previously known (i.e. two different

location for two mobile anchor nodes or normal nodes that

have estimated their position in a previous step) and xk is the

location of node k that needs to estimate its position.

In order to estimate xk, we need to estimate the coordinate

of point xl representing the intersection between di,j and the

height h of triangle di,j , di,k, dj,k. The coordinates of xl is

calculated as follow:
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[
xl

yl

]
=

⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩

[
xi

yi

]
+ l

di,j

[
xj − xi

yj − yi

]
for D̂j,k ≤ 90

[
xi

yi

]
+ l

di,j

[
xj − xi

−(yj − yi)

]
otherwise

(2)

where l is calculated as:

l =
√

h2 + d2i,k − (2× h× di,k × cos(L̂)) (3)

In order to calculate l we need to calculate h and angle L̂.

h is given by:

h =
2× di,k × di,j × sin (D̂j,k)

di,j
(4)

where the angle D̂j,k is calculated using:

D̂j,k = cos−1(
d2i,j + d2j,k − d2i,k
2× di,j × dj,k

) (5)

and the angle L̂ as:

L̂ =

{
90− D̂j,k for D̂j,k ≤ 90

D̂j,k − 90 otherwise
(6)

After estimating the coordinates of xl, we need to get the

slope between node i and j to calculate xk to consider the

shift in x and y coordinate caused by the slope of the line.

This allow us to estimate the position of the SN using collinear

and non-collinear anchor nodes. The slope of di,j is:

mdi,j = tan−1 yj − yi
xj − xi

(7)

Node k estimates its position based on the direction of

the message. Thus, if the message is coming from the left

direction, Node K estimates x̃l,p
k using the following equation:

x̃l,p
k =

[
xk

yk

]
=

[
xl

yl

]
+ h

[
sin(mdi,j )
− cos(mdi,j )

]
(8)

otherwise if the message is coming from the right direction,

Node K estimates x̃r,q
k using the following equation:

x̃r,q
k =

[
xk

yk

]
=

[
xl

yl

]
+ h

[− sin(mdi,j )
cos(mdi,j )

]
(9)

where , x̃l,p
k is the estimated position from the left direction

that is p hops away from the left edge and x̃r,q
k is the estimated

position from the right direction that is q hops away from the

right edge. Algorithm 2 shows the procedure for estimating

the node’s position from the left and right directions.

After node k has estimated its location from both directions,

the SN can use the mean to estimate its position. However, the

estimated position from the direction with the larger number

of hops contains more errors than the direction with smaller

hops number (i.e., if q < p, then x̃r,q
k is more accurate than

x̃l,p
k ). By using mean the SN does not take into consideration

the error propagated for each hop. Thus, the weighted mean

can be used to consider the propagation error for each hop.

The weighted mean estimation is calculated as follow:

x̃k =
(x̃l,p

k × q) + (x̃r,q
k × p)

p+ q
(10)

Algorithm 2 Estimate the position of Node k

procedure ESTIMATENODEKPOSITION(xi, xj , di,k, dj,k,
messageDirection)

di,j ←
√

(xj − xi)2 + (yj − yi)2

Calculate angle D̂j,k using eq 5

Calculate the length of h using eq 4

if D̂j,k ≤ 90 then
L̂← 90− D̂j,k

Calculate l using eq. 3

xl ← xi +
l

di,j
× (xj − xi)

yl ← yi +
l

di,j
× (yj − yi)

else
L̂← D̂j,k − 90
Calculate l using eq. 3

xl ← xi +
l

di,j
× (xj − xi)

yl ← yi +
l

di,j
×−(yj − yi)

end if
Calculate mdi,j using eq 7

if messageDirection == left then
p← savedLeftHopNum

estimate x̃l,p
k using eq 8

else if messageDirection == right then
q ← savedRightHopNum

estimate x̃r,q
k using eq 9

end if
end procedure

Estimated 
position from 
right direction 

Estimated 
position from 
left direction 

Kalman  
Filter 

Χ , = Χ +   

Χ , = Χ +   
+ 

- 

+ 

- 

Χ , − Χ ,  

Estimation 
error of right 

direction 

Χ ,  

Fig. 3: The Kalman filter left/right integration for p < q [17].

However, the weighted mean does not take into considera-

tion the error gained from each hop. We propose to use Kalman

Filter in place of the weighted mean. The Kalman Filter

reduces the estimation errors by taking into consideration the

error gained from each hop along with the number of hops.

C. Location Enhancement using Kalman Filter

Kalman Filter is an optimal estimation tool that enhances

one measurement giving a more accurate measurement from

another source using a sequential recursive algorithm [17].

We use a loosely coupled Kalman Filter, where it corrects the

estimated location of the side that has larger number of hops

using the information provided from the side that has smaller

number of hops. This helps to estimate the error resulting from

the larger number of hops. Fig. 3 shows the Kalman Filter

block diagram used in this study.

In order to develop the state-space of the discrete time

kalman filter equations, the system dynamic and measurement

models for the SN has to be defined. The system dynamic and

measurement models equations if p < q (x̃l,p
k and x̃r,q

k are

switched if q < p) are represented as follows, respectively:

xl,p
k = φk,k−1xk +Qp

k (11)

xr,q
k = φk,k−1xk +Rq

k (12)

4
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where xk is the actual position of the SN, φk,k−1 is a dynamic

matrix that relates xk with its previous state. Since there is no

change in the node state (i.e. position), the φk,k−1 matrix is

represented as an identity matrix, Qp
k = E[ωp

k (ωp
k)

T ] and

Rq
k = E[νqk (νqk)

T ] are the covariance matrices for the p and q
hop count coming from the left and right directions. Qk and

Rk are assumed to be uncorrelated as they are received from

two different directions with different numbers of hops.

Cho et al. calculate Qk and Rk for single hop as R3

2 ×
I , where R is the normal distribution of error placement for

single hop [18]. In order to calculate Qk and Rk for multihops,

we expanded their proof to calculate Qk and Rk for multiple

hops1. Qp
k and Rq

k are calculated in our work as follows:

E[ωp
k (ωp

k)
T ] =

⎡⎢⎢⎣
p∑

i=1
(σ2

i )
3

2
0

0

p∑

i=1
(σ2

i )
3

2

⎤⎥⎥⎦ (13)

E[νq
k (νq

k)
T ] =

⎡⎢⎢⎣
q∑

i=1
(σ2

i )
3

2
0

0

q∑

i=1
(σ2

i )
3

2

⎤⎥⎥⎦ (14)

where
p∑

i=1

σ2
i , is the summation of the uncorrelated noise in

equation 1 from hop 1 to hop p and similar for
q∑

i=1

σ2
i .

Kalman Filter equations

Covariance matrix initialization:

P0 = E〈x̃0x̃T
0 〉 (15)

Priori covariance matrix:

Pk(−) = φk,k−1Pk−1(+)φT
k,k−1 +Qk−1 (16)

Kalman gain matrix:

Kk = Pk(−)HT
k (HkPk(−)HT

k +Rk)
−1 (17)

Update the estimated position:

x̂r
k = x̃r

k +Kk(x̃
l
k − x̃r

k(−)) (18)
A posteriori covariance matrix:

Pk(+) = (I −KkHk)Pk(−) (19)

TABLE I: A Summary of Kalman Filter Equations for p < q.

The Kalman Filter equations used in this study are sum-

marized in Table I. The steps of using Kalman Filter are as

follow if p < q (x̃l,p
k and x̃r,q

k are switched if q < p). First, the

covariance matrix is initialized at the left border node using

equation 15. After that, the SN calculates the priori covariance

and Kalman gain matrices using equations 16 and 17. Then,

the right position x̃r
k is updated to x̂r

k using equation 18.

Later, the SN calculates the posteriori covariance matrix using

equation 19 and forward its value to the next hop SNs. The

SNs that are away from the edge of the network do the same

steps except they use the received posteriori covariance matrix

instead of creating a new one. Finally the nodes estimate their

new position using the following equation:

x̃k =
x̃l,p
k + x̂r,q

k

2
(20)

1Details are not shown for space limit.
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Fig. 4: Relation between localization error and hops.

IV. PERFORMANCE EVALUATION

In this section, we evaluate the performance of our scheme

in two localization scenarios. The first scenario investigates

the accuracy of the localization estimation as the number of

hops increases. The second scenario compares the effect of

increasing the number of hops by increasing the width of

the simulation area. We compare the localization mean square

error between four different estimation techniques. The four

estimations are: 1) using one direction that has fewer number

of hops; 2) using the mean of both sides; 3) using the weighted

mean of both sides using equation 10; and 4) using Kalman

Filter using equation 20.

In our simulation, using NS3, the communication range of

anchor and SN is set to 30m. The range measurement noise

εi,j is a zero-mean white Gaussian processes with variance

σ2
i,j = d2/SNR, where SNR is the signal-to-noise ratio

received by the node [16]. All results are averages of ten

different independent runs with distinct random seeds.

A. Localization error per number of hops

In this scenario, we compare the localization error for each

hop level as the number of hops of the shortest side increases

in the same simulation area. We randomly deploy a 200 SNs in

a simulation area with dimension of 400m× 100m, since we

are interested in studying the effect of the number of hops on

our localization accuracy, which is affected by the width of the

simulated area. Thus, we increase the width of the simulated

area to be 4 times the length. The maximum number of hops

from one end to another using the above dimension is 17.

Fig. 4 illustrates that as the number of hops increases the

localization error increases for all the estimation techniques

except for the mean estimation. The figure shows that using

Kalman Filter gives least estimation error, while the mean

estimation gives the highest estimation error. The mean esti-

mation gives the worst estimation when the difference between

the number of hops is larger as the error from the direction

that has a larger number of hops is huge, which affects the

overall estimation accuracy when we take the mean. However

by taking the weighted mean, we give a lower weight for the

estimation from the direction that has a larger number of hops.

5
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The improvement of Kalman Filter over the weighted mean

is between 19% and 13% with an overall mean of 15.6%.

The position estimation using one side only gives a very high

accuracy when the difference between the two directions is

the max (i.e. when the SN is near the edge of the simulation

area). However, the estimation error increases dramatically for

SNs that are 4 hops away from the edge of the network and

reaches the maximum in the middle of the network to perform

worse than the Kalman Filter by 51.7%.

B. Localization error per width change

In this scenario, we compare the overall localization error as

we increase the number of hops by increasing the simulation

area. We randomly deployed a 200 SNs in a simulation area

with width of 100m and the width of the simulation area is

changed from 200m to 400m with 40m step.

Fig. 5 shows that using the mean gives the worst localization

accuracy while using the Kalman Filter gives the best accu-

racy. Kalman filter gives a better localization accuracy than

weighted mean by 15.6% on average and better than a single

side by 31% on average. The reason that the Kalman Filter

gives a better results than the weighted mean is the Kalman

Filter estimates and assigns the weights automatically. More-

over, Kalman Filter takes into consideration the propagation

error per hop while the weights in the weighted mean are

fixed and the propagation errors per hop are not taken into

consideration.

V. CONCLUSION

In this paper, we propose a new localization scheme to

localize SNs using two mobile anchor nodes through multihop.

Our new scheme is divided into two phases. The first phase,

the scheme estimates the location for each node from two

different directions using the estimated distance between nodes

and the flow direction of the message. The second phase,

we apply Kalman Filter to improve localization accuracy.

Simulations results show that the proposed scheme, which

estimates positions from both directions, gives better results

than estimating the position from a single direction especially

when the number of hops increases. Moreover, the results show

that using Kalman Filter increases the accuracy of our scheme.

The SNs use the information coming from both directions to

improve the localization accuracy. To achieve a similar either

to use a high density of stationary SNs, which increases the

cost of the WSN, or to use a mobile anchor that have to access

the isolated area, which is not feasible in some environment.

Moreover, our new localization scheme estimates the position

of SNs using a collinear and non-collinear mobile anchor

nodes, where in previous work they have to ensure that the

path of the mobile anchor is avoiding the non-collinearity of

the mobile anchor node.
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