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Introduction 

Sensor Sensor networks are the wireless networks of 
low cost, tiny, which can monitor, collects and sends 
environmental data to a centre server [1]. WSNs have 
large number of applications in monitoring of 
environment, military applications and senses field 
parameters in inaccessible locations [2]. The 
determination of location/position of sensor nodes 
in a observant field is called Localization [3]. Due to 
application of Global Positioning System (GPS) is 
unreliable because GPS based nodes are very 
expensive and the energy consumption is also high 
therefore sensors are required to self-organizing 
coordinate system. In the WSN, the localization 
systems hold a very high and distinctive value as the 
definition of localization system is a fundamental 
issue for many applications [5]. Due to the random 
deployment of nodes, the position cannot be 
predefined for these nodes so that a localization 
system is required to provide the location 
information of the nodes. 

The need of location/position information is required 
for many factors related to WSNs; some factors are 
object tracking, geographic routing, energy map 
generation, management, identification of gathered 
data, node addressing, evaluation of nodes density 

and coverage and other applications that depend 
upon geographic location. Due to all these 
applications localization has become an essential 
technology for WSNs. In this paper, we will discuss 
the localization problems usually occur in sparse 
wireless sensor networks and will find possible way 
to overcome them. 

This paper identifies the performance challenges for 
localization algorithms in wireless sensors and to 
evaluate the existing localization protocols for a 
selected application environment against the set of 
qualitative performance metrics for any protocol. The 
specific goals of this paper include: 

1. To study localization algorithm proposed for 
wireless sensor networks (WSNs). 
2. To understand and analyze the iterative 
localization algorithms. In a sparse network, nodes 
with limited connectivity are often unable to 
determine their location in the network. It can 
mitigate using a mobile beacon. The mobile 
beacon/GPS enable nodes needs to follow a path 
that should cover maximum sensor nodes for 
possible less time. To propose a iterative localization 
technique using mobile node follow a zigzag path 
that should maximize the localization of nodes and 
their accuracy. 

Abstract 

Wireless Sensor Network (WSN) is deployed to monitor region’s (observant field’s) parameter.  To 
insure the location/position of sensor node in the observant area is called Localization. Earlier many 
localization mechanisms had been proposed; localization with Grid Scan algorithm does not exhibit 
much accuracy and takes more time to localized nodes. In our paper we proposed a mechanism to 
cover whole region by Zig - Zag path from diagonal and from the centre of the observant field. Our 
proposed mechanism also covers the observant field in less time and hence energy utilization 
increases. The algorithm also shows better node localization and reduces Average RMS error. Further it 
is being observed that on varying the different value of sensor and beacons, the proposed mechanism 
increases performance. 
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Mobile Beacon Assisted Sensor Localization with Zig 
- Zag and Diagonal Path Planning Algorithm are 
presenting for solving a problem of node localization 
in sparse and noisy networks. We introduced a 
method for managing noise accumulation in Iterative 
localization. “Mobile Beacon Assisted Sensor 
Localization with Zig - Zag and Diagonal Path 
Planning Algorithm" operation such a way so that 
the node accuracy increases over time and 
operational energy consumption minimized while the 
accuracy of location determination is preserved. 

Multilateration 

Within different wireless positioning methods, it is 
found that the multilateration method is frequently 
discussed and widely used [11]. Fig. 1 shows the 
schematic diagram of the conventional 
multilateration method. To simplify the following 
analysis, it is assumed that all the nodes (including 
the beacon nodes and the non-beacon node) are 
located in the same 2-dimensional coordinate plane. 
As shown in Fig. 4.1, A is the beacon nodes S1; S2; : : : 
SA with fixed two-dimensional coordinates(x1; y1); 
(x2; y2); : : : ; (xA; yA) and S0 is the non-beacon node 
with coordinate (x; y) 

Suppose the distances from the non-beacon node S0 
to each beacon nodes S1; S2; : : : SA are denoted by 
d1; d2; : : : dA, respectively. Then we can get 
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Squaring both sides and rewrite (1) in vector 
notation for A range estimates gives 

         (2) 

 
Fig 1. Multilateration 

Expanding the element of right side gives 

         (3) 

To linearize these equations by subtracting the last 
row to the remaining rows, moving all remaining 
square terms to the left-hand side and factoring the 
unknown variables, resulting in 

 (4) 

This can be rewritten as 

(5) 

III. PROPOSED ALGORITHM – “MOBILE BEACON 
ASSISTED SENSOR LOCALIZATION WITH ZIG - ZAG 
AND DIAGONAL PATH PLANNING ALGORITHM 
PROTOCOL” 

In this section, a “Mobile Beacon Assisted Sensor 
Localization with Zig - Zag and Diagonal Path 
Planning Algorithm protocol” has been proposed. In 
this work beacon (Mobile node; aware of geographic 
location by using GPS Systems) and non-beacon 
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(Static; not ware of geographic location) nodes are 
deployed in the network. Initially, multilateration 
technique is used to localize all the nodes. An 
iterative mechanism is used to localize remaining 
non-beacon nodes iteratively. The proposed method 
consists three phases: Initial, iterative and mobile. In 
the first phase, nodes with more than two beacon 
neighbors are localized using multilateration. In the 
second phase, localized non-beacon nodes are also 
used for nodes localization with original beacon 
nodes. In the last phase, a mobile beacon node 
follow zigzag path and broadcast its position for 
node localization. Let’s discuss one by one. 

Initial phase 

At the beginning, all the beacon nodes broadcast 
their positional information using beacon packets 
within their communication range. The beacon 
packet consists of the beacon node coordinates in 
global system and the sensor node id. Once a non- 
beacon node i receives the beacon packet, it stores 
the beacon coordinate along with the distance from 
beacon j to node i obtained by received RSSI value. 
After receiving beacon packet from minimum three 
beacon nodes, each non-beacon sensor node I 
calculates positional coordinates using the 
multilateration method by taking into considering 
the distance calculated through the RSSI value of the 
corresponding beacon node and its coordinates as 
shown in Fig. 3. After that, sensor node i broadcasts 

 
Figure – 2, Node Deployment 

Algorithm 1: Proposed algorithm – Initial Phase 

1: Initialization: Beacon nodes broadcast a beacon 
packet within communication range (γ). 

2: procedure INITIAL PHASE 

3:  for each node i do 

4:   if Total received beacon packets ≥ 3 
then 

5:  Compute coordinates (xi, yi) 

6:  Sensor nodes i broadcast computed (xi, yi) 
within γ. 

7:  else wait for beacon packet 

8:   end if 

9:  end for 

10: end procedure 

Figure 3, Initial Phase Localization 

Iterative phase 

In this phase, non-beacon nodes are localized 
iteratively. Node i with less than three Beacon nodes 
j uses sensor nodes which are already localized to 
obtain location coordinates. This is an iterative phase 
in which each non-beacon node wait for three 
beacon packet, as soon as it gets required number of 
the packet, computes their coordinate using 
multilateration. After that, node i broadcast their 
estimated coordinates which help to other neighbor 
nodes to compute their location coordinates. Repeat 
this process until all nodes gets their location which 
is well connected to the network; it means has more 
than three neighbors. The remaining nodes are 
localized in next phase. 

Algorithm 2: Proposed algorithm – Iterative Phase 

1: Initialization: Beacon nodes (from beacon nodes 
and localized non-beacon nodes) broadcast a 
beacon packet within communication range (γ). 

2: procedure ITERATIVE PHASE 

3: repeat 

4:  for each node i do 
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5:   if Total received beacon packets 
(from beacon nodes and localized non-beacon 
nodes) ≥ 3 then 

6:    Compute coordinates (xi, yi) 
by solving (3.5) 

7:    Sensor nodes i broadcast 
computed (xi, yi) within γ. 

8:   else wait for beacon packet 

9:   end if 

10:  end for 

11: end procedure 

Mobile phase 

A non-beacon with less connectivity is not able to 
compute their location. To solve this problem we 
used a mobile node as a beacon, which moves in a 
predefined path followed randomly in field and 
periodical broadcast location coordinates. The 
mobile beacon path planning mechanism presented 
in this section is named Zigzag path where the basic 
curve of the trajectory shown in Fig. 3.4 is built based 
on the Z shape. For each location mobile anchor 
compute new position using step size (T) defines as 

T = 0.2*γ            (1) 

Where γ is the communication range of the mobile 
beacon node. New position of mobile node 
computed by adding T into x or y which depends on 
the moving direction.  

 
Figure 4 (A), Beacon Trajectory – Zig – Zag 
Diagonally 

 
Figure 4 (B), Beacon Trajectory – Zig – Zag from 
center of both side. 

The key motivation for designing the Zigzag is that 
such a trajectory has short jumps to overcome the 
collinear beacons problem and creates a path for 
transmitting three consecutive non-collinear beacons 
in order to reduce the localization time and maximize 
coverage. If the mobile beacon moves on the Zigzag, 
non beacon nodes have the chance to be localized 
more accurately while the trajectory is maintained 
through the border of the deployment area and the 
whole network field. 

As soon as non-beacon node get three beacon 
packet from the static or moving beacon, it 
computes location coordinate as shown in Fig. 4.6. 
Localized non-beacon nodes may also use new 
position coordinates to update their estimated 
location on reception of beacon message from 
mobile beacon node. The received message from 
mobile beacon node should have higher received 
signal strength or nearer than one of the 
neighboring nodes used for location computation. 
The selection of beacon coordinates depends on the 
RSSI value. It can affect the localization accuracy. The 
topological arrangement of the node is not a 
constraint. Hence, the all beacon packet considers for 
location computation. Finally all nodes get their 
location coordinates as shown in Fig.4.7. The process 
of localization is summarized in Algorithm 4. 

Algorithm 3: Proposed algorithm – Mobile Beacon 
Assisted Sensor Localization with Zig - Zag and 
Diagonal Path Planning Algorithm 

1: Initialization: Beacon nodes broadcast a beacon 
packet within communication range (γ). 

2: procedure INITIAL PHASE 

3:  for each node i do 

4:   if Total received beacon packets ≥ 3 
then 
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5:    Compute coordinates (xi, yi) 

6:    Sensor nodes i broadcast 
computed (xi, yi) within γ. 

7:   else wait for beacon packet 

8:   end if 

9:  end for 

10: end procedure 

11: procedure ITERATIVE PHASE 

12: repeat 

13:  for each node i do 

14:   if Total received beacon packets 
(from beacon nodes and localized non-beacon 
nodes) ≥ 3 then 

15:    Compute coordinates (xi, yi) 
by solving (3.5) 

16:    Sensor nodes i broadcast 
computed (xi, yi) within γ. 

17:   else wait for beacon packet 

18:   end if 

19:  end for 

20: end procedure 

21: procedure MOBILE PHASE 

22:  Compute step size T = 0.2* γ 

23:  Compute new position for mobile node (xnew, 
ynew) = (x+T, y+T) or (x, y+T)  

24:   if Total received beacon packets == 
3 then 

25:    Compute coordinates (xi, yi) 
by solving (3.5) 

26:    Sensor nodes i broadcast 
computed (xi, yi) within γ. 

27:   else Total received beacon packet ≥ 
4 

28:   Update (xi, yi) 

29:   Sensor nodes i broadcast 
computed (xi, yi) within γ. 

30:   end if 

31:  Call Iterative Phase () 

32:  Until each node i obtained (xi, yi) 

33: end procedure 

SIMULATION RESULTS AND ANALYSIS 

In this section, we discuss the performance of the 
“Mobile Beacon Assisted Sensor Localization with Zig 
- Zag and Diagonal Path Planning Algorithm”. We 
use MATLAB Simulator to measure the performance 
of the proposed approach. We varied/changes the 
different parameters to observe the performance of 
proposed mechanism. The measuring metrics for 
performance are time taken by a mobile beacon for 
localization, total node localized and Root Mean 
Square Error (RMSE) [11]. 

 
We simulate a network of sensors in a 

200m×200m sensing field. There are hundred sensor 
nodes (n = 100) and they are randomly distributed in 
the field. For doing this, the vertical and horizontal 
coordinates on every sensor are randomly taken 
between 0 and 200. The beacon nodes are also 
randomly distributed. The mobile node can move 
randomly within sensing field with maximum speed 
up to ten meters per second.  

The table (table no.5.1) below shows the different 
values used in our simulation:- 

TABLE 1, Simulation Parameters 

S. 
No. Parameters Values/Range 

1. Deployed Area 200m×200m 

2. Total Deployed 
Nodes 100-1000 

3. Beacon Node 10% 

4. Communication 
range 20 – 30 meters 

5. Error in distance 
estimation 01% to 20% 

 

The following parameters are observed and 
simulated  
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a. Number of nodes deployed in the field, 
b. Time Taken by Beacon Nodes 
c. Communication range of sensor node 
d. Deployed Area. 
e. Error in distance estimation. 
 
Number of nodes deployed in the field 

To observe the performance of proposed (Mobile 
Beacon Assisted Sensor Localization with Zig - Zag 
and Diagonal path planning Algorithm) approach we 
uses beacon nodes as 10% of the total node for 
simulation, deployed area is 200m×200m, node 
communication range is taken as 15 to 20 m. The 
error in the distance is considered as 10% of the 
respective distance. 
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Figure 5 shows the performance of proposed 
approach increases with increase in the sensor nodes 
v/s number of deployed sensor nodes. 

Figure 5 plots the average RMS error (meters) with 
deployed sensor nodes for the “Mobile Beacon 
Assisted Sensor Localization with Zig - Zag and 
Diagonal Path Planning Algorithm”. We observe that 
in our propose algorithm average RMS error is 
decreased as number of static beacon nodes 
increases. This is happens because in initial phase as 
number of nodes increases the communication 
between the nodes also increases. 

Time Taken by Beacon Nodes 

It is observed that the time taken by mobile node 
decreases with increase in sensor node as shown in 
figure 6. It happens because with an increase in 
sensor node nodes connectivity increases which 
increase the chance of getting more neighbor for 
localization.  
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Figure 6, Time taken for mobile node 

Communication range 

To observe the performance of proposed approach 
with varying connectivity, a different value of 
communication range has been taken for simulation.  
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Figure 7 Time taken by mobile node v/s 
Communication range (% of area) 

Figure 7 shows simulation of Time taken by beacon 
node (anchor node) and between the 
communication ranges which is percentage (%) of 
total deployed area. Time taken by mobile anchor 
decreases as communication range is increases. The 
time taken by mobile anchor is almost constant after 
18% of deployed area. 
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Figure 8, Average RMS error (meters) v/s 
Communication range. 

To observe average RMS error over specified 
communication ranges, the average Root Mean 
Square (R.M.S.) first decreases up-to 16 % of 
deployed area and after this average RMS error 
increases and it is clearly depicted from the figure 8 
that average Root Mean Square (R.M.S.) error is 3.1, 
2.7, 2.5, 4.8 and 6.8 at 12, 14, 16, 18 and 20 nodes 
respectively.  

Deployed area 

To observe the performance of “Mobile Beacon 
Assisted Sensor Localization with Zig - Zag and 
Diagonal Path Planning Algorithm” for deployed area 
has been taken for simulation. For this 300 sensor 
nodes with beacon nodes as 10% of the total node 
are deployed in sensing area. The communication 
range of a node is taken as 13% of deployed area. 

It has been observed that increase in deployed area 
increases the average RMS error as shown in figure 9. 
Figure 10 show that the time taken by the mobile 
node increases as deployed area increases. 
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Figure 9 Average RMS error. 
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Figure 10 the performance of proposed approach 
with deployed area and Time taken for mobile node 

Error in distance estimation 

To observe error in distance estimation over 
specified the average Root Mean Square (R.M.S.) 
error. The average RMS error increase as error in 
distance estimation is increases.  
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Figure 5.9: Average root mean squared error with 
varying error in distance estimation. This happens 
because the probability of getting true distance 
decreases with measurement error. Although, error in 
distance estimation do not merely affect the time for 
localization. 

Conclusion  

In this paper, we proposed a new localization 
algorithm which iteratively localizes sensor nodes 
with the help of using Mobile beacon. It localizes 
sensor nodes with less error while managing time 
and reliability for node localization. “Mobile Beacon 
Assisted Sensor Localization with Zig - Zag and 
Diagonal Path Planning Algorithm” is very simple to 
implement in the short range sensor nodes. The 
sensor network energy consumption is maintained, 
and all nodes are successfully localized in limited 
time. Simulation results show that “Mobile Beacon 
Assisted Sensor Localization with Zig - Zag and 
Diagonal Path Planning Algorithm” has better 
localization accuracy as well as requires less than 
existing protocols. 
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