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Abstract 
 
Abstract: Location information of individual nodes is important in the implementation of 
necessary network functions. While extensive studies focus on localization techniques in 2D 
space, few approaches have been proposed for 3D positioning, which brings the location 
closer to the reality with more complex calculation consumptions for high accuracy. In this 
paper, an effective range-free localization scheme is proposed for 3D space localization, and 
the sensitivity of parameters is evaluated. Firstly, we present an improved algorithm 
(MDV-Hop), that the average distance per hop of the anchor nodes is calculated by 
root-mean-square error (RMSE), and is dynamically corrected in groups with the weighted 
RMSE based on group hops. For more improvement in accuracy, we expand particle swarm 
optimization (PSO) of intelligent optimization algorithms to MDV-Hop localization algorithm, 
called PMDV-hop, in which the parameters (inertia weight and trust coefficient) in PSO are 
calculated dynamically. Secondly, the effect of various localization parameters affecting the 
PMDV-hop performance is also present. The simulation results show that PMDV-hop 
performs better in positioning accuracy with limited energy.  
 
 
Keywords: Range-free localization, sensitivity of parameters, improved algorithm, 
intelligent optimization algorithms. 
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1. Introduction 

In wireless sensor networks (WSNs), localization has received a great deal of attention since 
it facilitates a variety of applications such as environmental monitoring, health care, target 
tracking, and military surveillance [1][2]. This technique is also considered to be a 
fundamental requirement especially when the nodes are randomly distributed to the rugged 
environment, in which the network topology is uneven and unpredictable [3]. Thus, in this 
case, it becomes more difficult for nodes to obtain the location information owing to the 
intricate environment. While, the location information is crucial important for nodes realizing 
the surrounding environment characteristics. It shows that more effective localization 
algorithms need to be exploited for 3D applications [4-6].    

In many practical applications, 3D space is very complex, rendering the irregularity. Such 
as when the nodes spread to the forest plants hierarchical structure, the distribution of nodes 
becomes more complicated. However, the range-free localization algorithm essentially 
depends on the location information of anchor nodes to locate other nodes, the anchor nodes 
own vital effects on the accuracy of algorithm [7]. In recent researches, the common key 
external factors in node location include the following points. (i) Independent unknown nodes, 
having no connectivity and no communication with other nodes, they can’t be located [8]. (ii) 
Independent anchor nodes, no connectivity and no communication with other nodes, locate 
itself with GPS, while not belongs to the 3D WSNs for locating other unknown nodes [9]. (iii) 
Independent nodes group, group of nodes without any communication to other group of nodes, 
so they make no contributions to node positioning. Except for these factors, the anchor ratio 
also has certain influence on the performance of localization algorithms [10]. In other words, 
the higher anchor ratio is, the better  position the localization algorithm performs. As a result, 
the effective distribution of anchor nodes can not only improve the position precision, but also 
can reduce the ratio of anchor nodes, and reduce the localization cost.  

In addition to the external factors, there is some other internal factors in node localization 
which are inevitable in the implementation of localization algorithm. For varied algorithms, 
the internal factors would be different. According to the range-free localization algorithms 
[11][12], the factors affected node positioning accuracy can be divided into the following 
procedures: 
 The average value of the estimated distance per hop: the irregular network topology of 3D 

space, the path for nodes transferring messages becomes more twists and turns. Besides, 
unknown nodes obtain the estimated value from anchor nodes and calculate the distance 
with the hops [13[14], as a result that the average value of the estimated distance per hop 
becomes inaccuracy with even larger deviations. 

 The calculation method of node location: there are many varied calculation methods for 
node location, among which the trilateration measurement method and the iterative 
method of multilateral are widely used in node positioning [15-17]. The former one has 
low computing complexity and implement which is only based on three anchor nodes as 
reference. However, this method would lead to high inaccuracy positioning. In contrast, 
the latter one can improve the positioning accuracy with complex calculation. 
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 The anchor nodes in special position: there exist two conditions that anchor nodes and 
unknown nodes are in special locations [18], so that  they are useless for  node positioning. 
One condition is that all anchor nodes are in one plane. The other condition is that all 
anchor nodes are in one line. So the special location of anchor nodes indeed has much 
effect on the positioning accuracy. 

The remainder of the paper is organized as follows: section 2 discusses related works. 
Section 3 introduces network models and DV-Hop algorithm in node positioning. Section 4 
presents an improved 3D localization algorithm based on DV-Hop (MDV-Hop), and proposes 
an effective range-free localization scheme based on improved PSO (PMDV-Hop). Section 5 
presents simulation results to evaluate the performance of all the proposed localization 
algorithms. Finally, section 6 concludes and analyzes the work in this paper. 

2. Related Work 
There are many works related to wireless networks. Yang Liu et al.[34-35] have many works 
in varied wireless networks, for example, Mobile Ad Hoc Social Networks and Mobile 
Opportunistic Networks. In contrast to their network, this paper focus on wireless sensor 
networks(WSNs), which consist of many sensor nodes that communicate wireless to monitor a 
physical region. In wireless sensor networks, location information is critical essential and 
indispensable for many applications of WSN. Recently, various localization schemes have 
been proposed, while most research proposals are designed and evaluated only considering 2D 
applications, where the sensing area is assumed flat and node deployment is assumed dense 
enough. However, the real sensing area may have a complex terrain and large altitude 
differences. Such as, sensor nodes may be deployed in a mountainous battlefield for 
surveillance or be suspended in the air for pollution monitoring. In such applications, it is 
unreliable only to simplify the localization problem to 2D level. As a result, the 3D 
localization problem in WSNs poses new challenges for localization scheme design.  

A 3D accurate positioning algorithm based on RSSI [19], which carries out parameter 
matching for wireless signal attenuation model between every pair of beacon node and 
unknown node, and then makes a compensation for the loss of wireless signal using theoretical 
and empirical models when there are obstacles (walls) between them. Cheng et al. [20] 
proposed a novel underwater localization algorithm for sparse 3D acoustic sensor networks, 
which transformed 3D underwater localization to 2D. Chen et al. [21] enhanced conventional 
centroid localization algorithm in 2D space to 3D, which uses a large number of anchor nodes 
with their localization accuracy inversely proportional to the number of anchor nodes 
employed. Besides, the rang-free algorithm DV-HOP is also extended to 3D space by Wang L 
et al. [22]. Shi et el. [23] introduced a 3D localization approach for WSNs. their localization 
approach employs a mobile beacon, which emits Ultra-wideband (UWB) signals to achieve 
location positioning. Upon reception of the UWB signals, each sensor node measures the 
distance to the mobile anchor using the TOA technique. 

Particle swarm optimization (PSO) is a popular multidimensional optimization technique 
[24], which was introduced by Kennedy and Eberhart in 1995. Ease of implementation, high 
quality of solutions, computational efficiency, and speed of convergence are strengths of the 
PSO. As for the applications of PSO in WSNs localization, PSO-Loc for localization of 
n-target nodes out of m nodes based on the a priori information of locations of m-n beacons 
has been proposed by Gopakumar et al. [25], and Kulkarni et al. [26] have proposed a 
distributed iterative localization algorithm PSO-Iterative. For each target node, there exists 



64                                                                                   Wang et al.: PMDV-hop: An effective range-free 3D localization scheme  

three or more beacons in its hearing range and PSO is exploited to minimize the localization 
error. Low et al. [27] have proposed a PSO-based distributed-localization scheme that does not 
involve beacons in which nodes are deployed by an unmanned aerial vehicle equipped with a 
position sensor. Low et al. [28] have proposed PSO-4 Beacon localization scheme in which the 
target node uses PSO to find the best value of α Kalman-filter-based recursive estimation to 
localize itself. Meanwhile, research on performance improvements, including parameter 
studies, combination with auxiliary operations, and topological structures, has been reported 
in [29].  

Motivated by above observations, our research attempts to get an effective localization 
scheme for 3D WSNs localization. Among the distributed localization algorithms, DV-hop is 
a neat scheme without considerring the error from distance measurement method. Hence, for 
further investigation in 3D node positioning, DV-hop is the preferred algorithm to be exploited 
among all the range-free localization techniques. For more localization accuracy, PSO 
algorithm is also introduced. In a word, this paper proposes a novel effective scheme with 
improved PSO algorithm based on DV-hop technique. Our contributions can be summarized 
as follows:  

We propose a localization algorithm (MDV-Hop) based on dynamic error correction and 
multi-hop scheme according to the DV-Hop localization algorithm. Further to improve the 
accuracy of node positioning in 3D space, an improved particle swarm optimization of 
intelligent optimization algorithm is expanded to MDV-Hop localization algorithm which is 
called PMDV-Hop. The effect of various parameters affecting the performance of proposed 
algorithm is also presented. The efficiency of the proposed algorithm is established through 
the comparison simulations of four localization algorithms including DV-hop, MDV-hop, 
PDV-hop and PMDV-hop. 

 

3. Network model and DV-hop algorithm in 3D space 

3.1 Network model 
The localization definition: give a multihop network G=(V,E), and a set of beacon nodes  and 
their positions ( ), ,i i ix y z ,  we want to find the position of unknown nodes (x,y,z)  as many  as 
possible , then employ these  nodes  to locate other unknown nodes. 
In localization network G=(V,E) there are varied models for localization. Fig. 1 shows typical 
network models of 3D space localization. In these models, at least four anchor nodes are 
required to locate unknown nodes, and all the four anchor nodes can’t be in the same line or the 
same plane. Fig. 1(a) shows the case that one unknown node D  can be located by the four 
anchor nodes ( A , B ,C , D ). The second case shown in Fig. 1(b) indicates that four anchor 
nodes ( A , B ,C , D ) in the same plane could calculate two potential positions ( E , F ). In Fig. 
1(c), four anchor nodes are in the same line, the exact position cannot be located because all 
the positions 1 2 n( , , , )α α α  in the circle may be the right position. 
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(a) Typical network mode       (b) Four anchor nodes in one plane        (c) Four anchor nodes in one line 

 

Fig. 1. The Localization Network Models in 3D Space 
 

3.2 DV-Hop algorithm in 3D space 
This section describes conventional DV-Hop algorithm. In the algorithm simulation, a large 
number of sensor nodes are deployed in 3D space, in which there exist two types of nodes, 
normal nodes and anchor nodes [30]. The normal nodes own identical sensing, processing and 
communication capabilities with the same battery power, and the anchor nodes are equipped 
with GPS receiver except for the characteristics of normal nodes. Meanwhile, all the nodes are 
static, and , the DV-Hop algorithm is mainly divided into the following steps: 

First step, anchor nodes flood and broadcast their position information to adjacent nodes. 
The receiving nodes select the message owning the smallest hop information among all the 
messages sent by neighbor anchor nodes, and transfer the message to neighbors with the hop 
added one count. As a result, the minimum hop to anchor nodes is updated. From Fig. 2, it can 
be observed that the smallest hop of unknown node Node  to the anchor nodes  

1Anchor , 2Anchor , 3Anchor , 4Anchor , 5Anchor  are 5, 3, 4, 4, 1 respectively. 
Second step, according to Eq. (1), the average distance per hop is calculated with the 

minimum hop to the other anchor nodes and their obtained localization information. 
Meanwhile, the message containing the average distance per hop would be broadcasted to 
network, some messages selectively discarded, owing to that unknown nodes only receive the 
message from the nearest anchor node, it can be assured that the anchor node is the closest 
node. 
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i j i j i ji j
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=
∑
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Here, ( ), ,i i ix y z  are the coordinates of anchor node i . And the other anchor nodes can be 

signed as ( ), ,j j jx y z . ijh  is the minimum hop of anchor node i  to another node j .  In Fig. 2, 
assumed that the coordinates of anchor nodes are obtained and the distance between anchor 
nodes 1 5Anchor Anchor , 2 5Anchor Anchor , 3 5Anchor Anchor , 4 5Anchor Anchor  are 56m, 52m, 32m, 
47m respectively. And the minimum hop of 5Anchor  to the other anchor nodes are 6, 4, 3, 4 
separately, the average distance per hop of 5Anchor  is  ( ) ( )56 52 32 47 6 4 3 4 11m+ + + + + + = .  
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Fig. 2. Schematic Diagram of DV-Hop Localization Algorithm  

 
Third step, according to the obtained hop distance and minimum hop, the distance of 

unknown node to all anchor nodes 1Anchor , 2Anchor , 3Anchor , 4Anchor , 5Anchor  are calculated 
as 1 5 11 55ad m= × = , 2 3 11 33ad m= × = , 3 4 11 44ad m= × = , 4 4 11 44ad m= × = , 5 1 11 11ad m= × = , 
respectively.  

Fourth step, assumed that the coordinate of unknown node is ( ), ,x y z , the coordinates of 
anchor nodes are ( ) ( ) ( )11 2 21 2, , , , , , , , ,n n nx y z x y z x y z… , and the estimated distance of unknown 
node to anchor nodes are 1 2, , , nd d d… ,  Eq. (2) can be obtained and simplified to Eqs. (3)-(5) 
according to the formula AX b= . As a result, A , b  and X  can be acquired based on Eqs. 

(3)-(5) respectively. So the coordinate of unknown node can be derived as: ( ) 1T TX A A A b
−

= . 
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4. Effective range-free localization scheme 

4.1 MDV-Hop: improved localization scheme based on DV-Hop 
In accordance with the above section, the estimated distance per hop has vital effect in 
localization application, we proposed a scheme in order to improve the localization accuracy. 
As Fig.3, node s receives average distance per hop of anchor nodes 

1 2 1 2 3 5 14 2 3 4 5 6, , , ,, , , ,, , ,a a b b b b b c c c c c c, , as well anchor nodes with the same distance to node s  
are in one group. With the distance per hop in each group calculated, the estimated distance to 
the unknown node can be obtained. From Fig. 3, it is observed that node 1 2,a a  are in same 
group marked 1G  in one hop to node s . Similarly, 1 2 3 4 5,, , ,b b b b b  and 1 2 3 4 5 6, , , , ,c c c c c c  are 
marked into group 2G  and group 3G  respectively in two hops and four hops to node s .  

For the grouped anchor nodes, firstly, the average distance per hop is adjusted dynamically 
with its distance to unknown node and the average distance error per hop. Secondly, the 
weighted value can be calculated based on the RSME of anchor nodes, meanwhile, the 
distance per hop in one group is the sum of all the distance per hop of anchor nodes with 
weighted value. Finally, the distance of the unknown node to anchor node can be computed 
with the distance per hop of unknown nodes in varied groups. For node s , the distance to 
anchor nodes in this group can be estimated with the distance per hop in 1G  group. Similarly, 
the step is executed in 2G  and 3G .  

 

 
Fig. 3. Multipath Schematic Diagram based on DV-Hop Localization Algorithm 
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Step 1: in DV-Hop localization algorithm, assumed that there exist m  anchor nodes in 
which the coordinates of one anchor node and the other anchor nodes are ( ), ,i i ix y z  and 

( ), ,j j jx y z  respectively, the distance of one anchor node to the other anchor nodes is 
calculated as Eq. (6) and the RMSE value is obtained based on Eq. (7).  

 

 ( ) ( ) ( )2 2 2
ij i j i j i jdis x x y y z z= − + − + −

 
(6) 
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Here, 1m −  is the number of  the other anchor nodes as reference. j  varies from 1 to m . ijh  is 
the minimum hop of the anchor node to the other anchor nodes. iHop  is the average distance 
per hop of this anchor node. For the best error evaluation, iHop  can be calculated based on 
Eqs. (8)-(9), and average distance of anchor nodes on Eq. (10).’ 
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Step 2: In multipath schematic diagram, the coordinates of anchor node and the others are 
denoted as ( ), ,i i ix y z  and  ( ), ,j j jx y z , separately. Based on the average distance per hop of 
anchor node i , iHop  calculated with the minimum hop and the anchor node i  to the other 
anchor nodes signed as ijh , then the estimated distance between them can be calculated 
according to Eq. (11). Meanwhile, the average error per hop and the RSME value are obtained 
based on Eq. (12) and Eq. (13) respectively.  
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ij i ijdis Hop h= ×                                                           (11) 
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Here, m  is the number of anchor nodes and the distance of anchor node i  to the other anchor 
nodes is ijdis . 
 

Step 3: Anchor node  i  broadcasts a message containing the average distance error per hop 
and RMSE information to unknown nodes, and update the average value per hop in each group 
dynamically. Assumed that there exist k  groups of anchor nodes related to unknown node s , 
in which the hop to the kth group is sih  and the hop to the furthest anchor node is _k maxh , the 
hop of the kth  anchor node group can be updated as follows. 

 
MDV-Hop algorithm: the first improved procedure on DV-Hop 
Requirement: The matrix containing the distance per hop, the distance error per hop and root 
mean square error(RMSE) information that anchor node broadcasts received by each unknown 
nodes, and the hop number that unknown node to each anchor nodes has been preserved in 
nodes 
1:// Adjust the distance per hop of anchor nodes dynamically  
2:Back up the group message each unknown nodes receives that anchor nodes broadcast the 
second time 
3:Choose the biggest hop to the anchor node 
4:For each anchor node  
5: If the hop value=1 
6:     Keep the distance value per hop without any adjustment 
7: Else 
8: Adjust the distance value per hop based on the formula φ  i iHop e e− ×  % iε is the 

RMSE value in the preserved matrix and ϕ  is _φ si k maxh h= − ,here, i  ranges 
from 1 to the number of anchor nodes in kth  group. sih  is the minimum hop and 

_k maxh  is the maximum hop in one group  
9: End  
10: End  
 
 

Step 4: obtain the weighted RSME value as following MDV-Hop algorithm. Here, the 
updated distance per hop of i node in kth  group is denoted as _k ihop . The number of anchor 
nodes in kth  group is q  and the weighted value of each anchor nodes is _μk i . 
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MDV-Hop algorithm: the second improved procedure on DV-Hop 
1:    // Calculate the distance per hop in each group with weight value  
2:    For each anchor node  
3:    Record the hop of one anchor node for grouping  
4:    Mark out all anchor nodes in one group with the subscripted value of anchor nodes in the 
same hop  
5:    Count up all the weighted value  
6:    For each group node  
7:        The weighted value is ( ) ( )( )_ 11μ 1q

k i i iiγ γ== ∑ % iε  is the RMSE value in the 

preserved matrix 
8:    End 
9:    For each group node  

10:       The distance per hop in one group is _ _ _μ
i

q
k hop k i k i

i k
s hop

=
⋅= ∑  

11:   End  
12:   For each group node 
13:       Add the group hop message to the group message of anchor node 
14:       Mark the node that has been adjusted 
15:   End 
16: End 
 
The estimated distance of unknown node s  to anchor nodes can be calculated as Eq.(14). Then 
the unknown node can be located by quadrilateral algorithm. 

 _ _ _k i k hop k idis s h= ×                                               (14) 

4.2 PMDV-hop: An effective range-free localization scheme based on PSO 
PSO is one of the most important swarm intelligence paradigms, whose main idea is to 
improve social information sharing among particles in a swarm. In PSO algorithm, each 
individual is called a particle, and each particle moves around in D-dimensional search space 
with a velocity constantly updated by the particle’s own experience and the experience of the 
best particle (which may be a neighbor). All of the particles have fitness values, which are 
evaluated by the objective function to be optimized, and they also have velocities. At each 
iteration t, each particle keeps memory for best solution. 
A. Conventional PSO algorithm  

In our simulation, the number of particle swam is s  in the D-dimensional search space, and 
the particle swam is randomly distributed among [ ],min maxx x  with initial position idx . Here 

1, ,i S∈ …  and 1, ,d D= … . The speed of each particle is idv  distributed among [ ],min maxv v . 

The position information and the current speed of the ith  particle are ( )1 2, , ,i i i iDx x x x= …  and 
( )1 2, , ,i i i iDv v v v= …  respectively. Meanwhile, the optimal history position of the ith  particle 

and the optimal location of the whole particle swarm are ( )1 2, , ,i i i iDp p p p= …  and 

( )1 2, , ,g g g gDp p p p= …  separately. 
The ith  particle speed of kth  generation in D-dimensional search space can be updated as 

Eq. (15).  
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( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )1 21 ? ·id id id id id id gd gdv k wv k c rand p k x k c rand p k x k + = + − + −       (15) 
 
Where w  is the inertia weight and varies in [ ]0,1 , 1c  and 2c  are the acceleration coefficients 
(nonnegative constant), and ( )·idrand  are random numbers independently generated within 
[ ]0,1 .  

Based on Eq. (16), the location of ith  particle can be updated. Once each particle moves, the 
optimum location would be calculated as Eq. (17). If all particles swarm finish their movement, 
the optimum location of whole particle swam will be computed according to Eq. (18).  
 

( ) ( ) ( )1 1id id idx k x k v k+ = + +                  (16) 
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B. Improved PSO algorithm 

In PSO algorithm, the global search ability and local search ability are vital factor for 
optimization of algorithm performance. In order to balance the global search ability and local 
search ability of particles, we propose an improved Inertia weight and trust coefficient scheme 
of concave function.   

There are many varied ways to obtain the value dynamic inertia weight. Here, the strategy 
of nonlinear inertia weight reduction is exploited for the inertia weight according to concave 
function as Eq. (19).  

 ( )( ) ( )( )2/ 2 /fir last cur max last fir cur max firw w w t t w w t t w= − + − × +
       (19) 

 
Here, firw  is the initial inertia weight. When 0t = , w is the larger inertia weight firw . When 

maxt t= ,  w  is the smaller value lastw .  
According to Eq. (19), ( )1 ·idc rand  and ( )2 ·idc rand  have a great influence on the speed of 

particle swarm. When 1c  and 2c  are small, the trajectory of the particle swarm is smooth and 
it would be allowed to find a better solution themselves until they are back to original area. 
When the values are a bit larger, the particle swarm owns a larger acceleration, it can search 
the solution in the discrete. Usually, 1c  and 2c  are assigned constant values, so that algorithm 
convergent or divergent earlier. According to that, a scheme is proposed that trust coefficient 
dynamically changes with time and is calculated based on Eq. (20) and Eq. (21). 
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It is assumed that there exist m  anchor nodes in D-dimensional space, the coordinates of 
unknown node and anchor nodes are ( ), ,x y z  and 

( ) ( ) ( )1 1 1 2 2 2, , , , , , , , ,i i iA x y z A x y z A x y z… respectively. And the estimated distance of 

unknown nodes to anchor nodes are ' ' '
1 2, , , ? id d d… , the formula based on the RSME is as Eq. 

(22). 

 
( ) ( ) ( ) ( )

2
2 2 2 '

, ,
1

1 n
i i i ix y z

i
f x x y y z z d

m =

 = − + − + − − 
 

∑
            (22) 

Here, when the objective function is the minimum that means ( ), ,x y z  is the coordinate 
closest to the actual position of unknown node. And the pseudo code of  PMDV-hop algorithm 
is shown as follows. 
 
PMDV-hop algorithm 
1:   //Estimate distance  
2:    Initialization, calculate the minimum hop ijh  between nodes 
3:    Anchor nodes calculate the average distance per hop based on RSME value, meanwhile, 
the average distance error iε  and RSME error ir  can be derived and broadcasted in the 
network  
4:    Begin 
5:    The group information of anchor nodes are received by unknown nodes, and the anchor 
nodes with the same ijh  are grouped  
6:    While( 1ijh > ) 
7:    Repeat 
8: The distance per hop of each group anchor nodes _k ihop  is adjusted dynamically 
based on ijhop  
9:    End 
10:  Calculate the weight value _k iµ  of anchor nodes hop in each group 
11:  Calculate the weight hop distance sum of anchor nodes in each group, namely, hop 
distance of group 
12:         Estimate the distance to anchor node _k idis  based on hop distance of group 
13:    //Estimate coordinate  
14:    Initialize each parameter value of particle swarm algorithm 
15:    Do 
16:    Repeat 
17:        The number of iterations 1cur curt t= +  
18: Calculate fitness value of particle  
19: Update local optimum ip  of particle and global optimum gp  
20: Update the speed and position of particle (k 1)idv +  and (k 1)idx +  respectively  
21:    End 
22: While (reach to the positioning accuracy or the number of iterations maxt ) 
23: Output: the estimated coordinate of unknown node 
24:    End 
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5. Sensitivity of localization parameters  
This section provides a comprehensive analysis of our improved algorithm performance in 3D 
environment through extensive MATLAB simulations. Relevant simulation parameters are 
outlined below and listed in Table 1. 

 The network consists of nodes varied from 80 to 280 (including anchor node ratio 
varied from 5% to 30%) randomly deployed in a 3D region with a size of 
100*100*100 units. 

 Communication range varies from 20m to 60m to control the connectivity of the 
network. 

 The outcomes of all simulations are averaged over 300 network instances based on the 
controlling variables method. 

 
Table 1. Each parameters initialization of PMDV-hop algorithm 

Parameter Initialization value Parameter  Initialization value 
D  3 

1c  
2 

S  20 
2c  

0.5 

firw
 

0.95 
maxt  

20 

lastw  
0.4 

idx  
Randomly 

minc  
0.5 

idv  
Randomly 

maxc  
2 ip  initialize ip  based on 

the fitness of particle 

gp  the optimum value of  
initial value ip   

  

 
As shown in Fig. 4, * represents anchor nodes, ·signifies unknown nodes,×  denotes the 

estimated coordinate of unknown nodes. 

 
Fig. 4. True and Estimated Position after Localization for 30 Anchor Nodes and 200 Unknown Nodes  

 
 



74                                                                                   Wang et al.: PMDV-hop: An effective range-free 3D localization scheme  

5.1 With varied anchor node ratio 
To begin with, the average localization error (ALE) with respect to the anchor node ratio 

varied from 5% to 30% is investigated in the WSNs. Herein, the number of unknown nodes is 
fixed to 200 and the communication range is 30m. As observed from Fig. 5, we can observe 
the average localization error is reduced as the anchor node ratio increases. Wherein, the 
localization error scheme is smaller than the conventional localization with a smooth gap 
varied from 0.64 to 0.81. In addition, the localization error comes to be paralleled, so the 
improved algorithm based on the particle is steady in 3D space localization. 

 
Fig. 5. Comparison of MDV-hop, PDV-hop and PMDV-hop for Varied Anchor Node Ratio  

in Simulation. 
 

5.2 With varied number of nodes 
In this section, Average localization error of normalization (ALEN) with respect to the 

number of unknown nodes varied from 80 to 280 is assessed in WSNs. Herein, anchor node 
ratio is 15% and the communication range is 30m. From Fig. 6, it is observed that our 
algorithm is fairly stable with the number of unknown nodes varied. ALEN is reduced with the 
number of nodes increased. If the number is less than 160, ALEN changes greater. On the 
contrary, as the number is more than 160, ALEN value is stable. Thus we conclude the best 
localization performance can be obtained when the number of nodes is 160. Contemporary, we 
detect when the number of nodes is varied, ALEN is decreased as 3.64%、1.76%、2.50%、

2.47% 、 2.30% 、 2.57% in comparison with conventional localization algorithms. In 
conclusion, the improved algorithm is more stable with higher localization accuracy in 3D 
space. 
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Fig. 6. Comparison of MDV-hop, PDV-hop and PMDV-hop for Varied Number of  

the Nodes used in Simulation. 

5.3 With varied communication range  
For the sensitivity of varied communication range, the average localization error (ALE) 

with respect to the communication range varied from 20m to 60m is simulated in the WSNs. 
Herein, anchor node ratio and the number of nodes is 15% and 200, respectively. From Fig. 7, 
we observed that our algorithm perform fairly stable for the varied communication range, 
while algorithms perform best at the specific range of 30m.When the transmission range is less 
than 30m, ALE is reduced, once more than 30m, the error is increased. When the 
communication range is 20m, the change of ALE is due to that more nodes would turn to 
isolated nodes; nevertheless, if the communication range is 40m, the location error becomes 
relative bigger for that the nodes will directly communicate with each other. The hop turns 
smaller so that the distance error per hop becomes bigger. From the results, we infer that the 
communication range of 30m to 40m is appropriate choice for the better evaluation of 
localization algorithms. Meanwhile, the both algorithms are paralleled with a fixed gap. In 
other words, the improved algorithm is steady in the positioning evaluations. 

 
Fig. 7. Comparison of MDV-hop, PDV-hop and PMDV-hop for Varied Communication Range of  

the Nodes used in Simulation. 
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5.4 The comparison of 3D localization algorithms on accuracy   
The evaluation results are shown in Fig. 8, which intuitively shows the comparison of each 

coordinate error simulated by four localization algorithms with the same experimental 
parameters, i.e. the number of nodes is 120, the anchor node ratio is 25, and the 
communication range is 30m. Meanwhile, the estimated error of node coordinate respectively 
calculated by four algorithms is decreased successively and the estimated error of coordinate 
simulated on the improved particle swam optimization based on MDV-Hop positioning 
algorithm is minimized and fluctuation. From the simulation analysis and comparison,  the 
improved particle swam optimization based on MDV-Hop owns  the better accuracy in 3D 
space localization. 

  
Fig. 8. Comparison of Localization Error based on the DV-hop, MDV-hop, PDV-hop, and 

PMDV-hop Localization Algorithm 

6. Conclusion 
In this paper, an effective range-free 3D localization scheme was proposed to improve 
localization accuracy. From the assessment results, it can be inferred that the improved 
localization algorithm can be applied to obtain more accuracy location information of nodes. 
The algorithm has been simulated for varied node densities, anchor node ratio and 
communication range. The analysis of simulations results indicates that (i) as the number of 
anchor nodes increases, localization error decreases, (ii) as the node density increases, 
localization error decreases, and (iii) as communication range of nodes in network increases, 
localization error decreases. 

A scheme is applied in the proposed algorithm that the distance per hop dynamically 
adjusted with weighted value to solve the localization accuracy problem  in WSNs. In addition, 
for optimizing the estimated error of the node coordinate, we present an improved algorithm 
based on the particle swarm, in which the inertia weight based on concave function is applied 
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for the rapid optimization. Meanwhile, due to the performance of trust coefficient, the particles 
can obtain the optimal solution following their own trajectory and quickly converge to the best 
location. We have compared PDV-hop, MDV-hop and PMDV-hop with varied parameters of 
the nodes used in simulation in terms of localization error.  

In addition, it will be discussed that the path loss affecting the communication range 
considering the irregularity radio in localization is very important in our future study. 
Different simulation scenario would be further analyzed to obtain the influence of the 
uncertainty of the indicator value on assessment results, for example, the intricate deployment 
of nodes as mountains. Also, the nodes in the simulations are all considered static without any 
mobile nodes, so it will be our another step that the mobile nodes is considered in localization 
work. 
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