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As well as, in RSS method, measuring RSS is used to 
estimate distances between sensor nodes applying precise 
model of RSS-distance dependency [7, 8]. As well as, Wu et 
al. [9] utilized RSS-based localization method to localize 
infrastructure nodes in two steps: first, coarse-grained 
localization with RSS-based method, then a fine-grained 
localization is done using iterative offline inference. 

In range free localization algorithms, sensors do not 
perform any measurement. Actually, the estimation of 
unknown locations is computed using only connectivity 
information [10]. Range-free algorithms have applications in 
coarse grain scenarios which does not need precise location 
estimation for sensors. 

DV-hop approach is a well-known range free method. In 
this algorithm, first the number of steps between two anchors 
is counted, then the distance between two nodes divided by 
the number of steps and approximate distance is obtained for 
each step. Given the number of steps that it is far from an 
anchor node and approximate distance for each step, the 
estimated location for that target node could be obtained   
[11-15]. LAEP method is an extended DV-hop method 
which utilizes WSN parameter to derive the expected hop 
process for computing the distance between any pair of 
nodes precisely. This method has better accuracy than      
DV-hop with less communication complexity [16]. 

Approximate Point in Triangle (APIT) is the proposed 
method by Tian He et al. [17]. Which anchor nodes are 
equipped with high powered transmitter. The algorithm 
divides the field to triangulars between anchor nodes. Being 
in the inner side or outer side of traingulars makes narrower 
the possible places where a target node locates. 

APIT algorithm consists of four steps: (1) beacon 
exchange, (2) Point-in-Triangulation (PIT) test, (3) position 
calculation. Next, we describe each step. 

Jilong Liu et al. introduced novel virtual nodes-based 
range-free localization scheme to improve the APIT scheme 
[18]. 

Also, L. Yi et al. proposed an enhanced hybrid 
localization algorithm with combining the advantages of 
APIT algorithm and DV-Hop algorithm. The proposed 
hybrid algorithm can improve the localization accuracy but it 
has high computational complexity [19]. 

Another range free method developed by Shang et al.   
[20, 21] and improved in [22]. The method uses MDS3 to 
construct a geometric picture from distance-like data. 

In MDS algorithm, first, the shortest paths (i.e., the 
number of hops) between all pairs of nodes are computed. 
Then, using shortest paths values, a distance matrix is 
constructed. Then multi dimensional scaling is applied to the 
distance matrix and an estimated value of the relative 
coordinates of each node is computed. Finally, absolute 
coordinates are obtained from the relative coordinates by 
substituting the absolute coordinates of anchors for the 
estimated relative coordinates. MDS algorithm often has 
good performance when nodes are positioned uniformly in 
space, but it is currently a costly solution. 

R. Nagpal et al. [23] presented a WSN localization 
method with forming a Coordinate system using local 
communication by distributed computations. The algorithm 
works well, except when the number of neighbors of a target 
node is less than 15. 

In centroid [24] algorithm target nodes estimate their 
location as the centroid of the location of  anchor nodes in 

their communication range. This method is not precise and at 
least one anchor neighbor node is needed for location 
estimation of each target node. 

In another range-free method proposed by J. Sheu et al. 
[25] each target node collects the required information via 
two-hop flooding. Also, each target node uses a simple 
method to calculate the estimated rectangular area. Improved 
grid-scan algorithm is used to find the initial location 
estimations for target nodes and a vector-based refinement 
method is utilized to correct the initial estimated locations. 

Also, CPE method proposed by L. Dohetry et al. [26], 
considering WSN localization problem as a linear or 
semidefinite program. The authors of CPE algorithm first 
provide an optimization concept, and then the locations of 
target nodes in a WSN are found as a result of a joint 
optimization problem. Also, an abstract optimization model 
is used to explain how they find the smallest rectangle for 
each target node. Nevertheless, the method in [26] is fully 
cooperative; therefore, it can be considered as a benchmark 
algorithm that one compares other range-free algorithms 
against it. However, CPE is centralized and it is not 
amenable to distributed implementation. 

Also, Xiang et al. [20] proposed an iterative distributed 
algorithm to perform cooperative localization. The method 
uses non-connectivity constraints which hinders distributed 
implementation because it requires communication with   
non-neighbors. In addition, it is not specified how set 
intersections are carried out in practice. 

It is worth considering that approximated energy which is 
needed to execute three million instructions is equivalent to 
the energy which is needed to broadcast 1 bit of information 
over 100 meters [27]. 

Given that, measuring distance between sensors in   
range-based methods raises energy consumptions in sensors 
and requires extra hardware, we proposed a new distributed 
range-free method which is fully cooperative. The proposed 
method uses convex optimization techniques to find the 
bounding boxes that guarantee to contain the locations of 
target nodes. 

Besides good location estimation, the proposed method is 
fully distributed, which allows having small nodes with small 
amount of memory and energy to do small amount of 
computation separately. In addition, being a distributed 
algorithm, makes it scalable easily [1] and attractive for 
large-scale networks. 

The rest of the paper is organized as follows. Section 2 
has described the system model; section 3 defines a 
distributed area based method for WSN localization. In 
section 4, the convergence proof of the proposed algorithm is 
pointed out. Section 5 presents comparison of the algorithm 
and with other methods. Section 6 discusses about the pros 
and cons of the proposed algorithm and finally, the paper is 
concluded in Section 7. 
 

2. System Model 
 
Location of M target nodes are unknown (x୧ א Թ୫; i=1,…, M) 
and positions of N anchor nodes are priorly known (a୨ א Թ୫; 
j=M+1,…, M+N). 

Also, Neighborhood of target node i is defined as: 
 

N୧ ൌ ቄkቚk ് i, node k is in the  communication range of 
node i 

ቅ         (1) 
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Figure 7. Comparison of the proposed method with 7 other range-free algorithms in heterogeneous WSNs 
 

As well as, communication complexity of Amorphous 
method is OሺMm maxୱ hሺsሻ  (h: the numbers of hops in the 
algorithm). 

Also, communication complexity of DV-hop [11] method 
is bounded by 2O(NM). Also, Communication complexity of 
CPE algorithm [26] as the benchmark for range –free and 
cooperative algorithms is O(K(M + N)m). As it is obvious in 
previous statements, communication complexity of the 
proposed method is acceptable along with good accuracy 
among other mentioned methods. 
 
5.3. Run Time Comparison 
 
To demonstrate the efficiency of the proposed method, 
average run time of the proposed algorithm has been 
compared with its counterparts, in table 2 along with their 
RMSE for N=20 and M=40. 

Note that this run time is the metric that shows average 
amount of runtime when the localization method is simulated 
in Matlab environment and it does not show runtime on real 
test bed, where each node has its own processor. 

In this regard, average runtime of each algorithm over 50 
simulations with random topologies are considered. All 
algorithms are simulated on same computer with 1.6 GHz 
CPU and 2 GB RAM and the network has same 
characteristic as section 5.1. 

Second column of table 2 shows the runtime of 
simulation for different range-free algorithms. Centroid 
algorithm has the lowest runtime but also has the lowest 
accuracy among all the algorithms. The proposed method has 
the lower run time than other methods but slightly more than 
Centroid method. Also, run time of APIT method is more 
than all of other methods. Table 2 shows that the proposed 
method has acceptable runtime in comparison with the other 
range-free methods and LAEP method's runtime is a little 
lower than APIT. 

According to above discussions the proposed method 
promises to have acceptable accuracy with almost low run 
time. It provides better accuracy than CPE method (which is 
the benchmark range free method) because of its distributed 
nature. 

Also, runtime of the proposed method is slightly more 
than Centroid algorithm (which has the lowest run time in 
range free algorithms). 

Vector refinement has more runtime than the proposed 
method. 

As well as, distributed nature of the proposed algorithm 
make it capable to scale up for large networks easily. 

Also, it is worth nothing that because of simple nature of 
the algorithm, it does not need very sophisticated and time-
consuming settings. 
 
Table 2. Comparison of the proposed method with its 
counterparts along with their RMSEs for N=20 and M=40 

 

The Localization 
Algorithm 

Average Runtime(s) RMSE (R) 

APIT [17] 24.54 23.5 

Centroid [24] 6.11 32.7 

Amorphous [23] 22.38 13.8 

DV-hop [11] 18.76 6.3 

CPE [26] 21.43 3.56 

Vector refinement [25] 14.9 26.37 

LAEP [16] 23.45 8.46 

The proposed 
algorithm 

10.69 2.4 

 

6. Discussion 
 
As the previous section demonstrates, the proposed method 
has acceptable accuracy in comparison with considered 
range-free methods, although it is still low compared with 
range-based methods. Communication overhead of the 
algorithm is acceptable among other methods. Also, the 
proposed method does not need any extra initialization and 
the number of iteration is set to be 3 in all experiments. But, 
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it is possible for some different scenarios to have more or 
even less number of iteration to perform more optimal. 

Also the extended bound radius is the worst case and it 
has to determine more effectively through more researches. 

The computation complexity of the proposed method is 
directly dependent on the optimization problem which is 
solved to find the bounding box area and it could be reduces 
through finding new methods with lower complexities. As 
well as, communication complexity of the proposed method 
is low and this helps energy saving. 
 

7. Conclusion 
 
WSN localization is a key factor in many applications, like 
routing and etc. Because range based methods require 
additional hardware and have higher energy consumption, 
particularly, a new range free algorithm has been presented 
in this paper, which trade-off accuracy for simplicity as it 
only measures proximity of nodes. However, it does not rely 
on any external hardware to do so. 

Being cooperative allows having good location 
estimation even with low number of anchors. Distributed 
nature of the algorithm makes it easily applicable in large 
scale networks. The main idea behind the proposed method is 
to find the smallest rectangular area which contains each 
target node through solving two constrained convex 
optimization problems. Also, a new kind of cooperation has 
been presented with extended communication range for 
target nodes. The bounding box area iteratively shrinks 
because cooperation makes estimation more precise after 
each iteration. 

Also, in comparison with seven other well known 
localization algorithm, the proposed method is of better 
efficiency in homogeneous and heterogeneous WSNs. 
Runtime comparison and communication complexity 
analysis show the acceptable performance of the proposed 
method. 
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