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Abstract— Wireless sensor network consists of number of 

sensor nodes that are capable of sensing data and 

transferring those data to the base station (BS). One of the 

major constraints of Wireless Sensor Networks is the 

positioning accuracy of the nodes which are deployed in the 

network. Localization of the nodes can be done for both 2D 

and 3D WSN architecture. Genetic algorithm is mainly used 

to enhance the lifetime optimization of the network. Genetic 

algorithm in WSN is to improve the efficiency of 

positioning among the sensor nodes with least errors. In this 

paper we make a survey on different techniques of node 

localization in WSN using Differential Evolution (DE) for 

3D WSN architecture. 
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I. WIRELESS SENSOR NETWORKS 

The Wireless Sensor Network is a collection of hundreds or 

thousands of tiny nodes and these nodes are deployed or 

positioned within the network (as shown in figure 1.1). 

Nodes can be equipped with a Global Positioning System 

(GPS) for both 2D and 3D network. WSN consist of a large 

number of heterogeneous nodes capable of measuring and 

reporting physical variables related to their environment. A 

WSN consists of spatially distributed autonomous sensors to 

co-operatively monitor physical or environmental conditions 

such as temperature, sound, vibration, pressure, motion or 

pollutants. WSNs have promising prospect in the field of 

military, industry, agriculture, urban management, bio-

medical, environment monitoring, disaster relief, anti-

terrorism, remote control and etc. 

 
Fig. 1: Network Architecture of Wireless Sensor. 

II. SENSOR NETWORK ARCHITECTURE 

In the architecture SNs are deployed being grouped into 

clusters controlled by a single command node. Every cluster 

has a gateway node that manages sensors in the cluster. 

Clusters can be formed based on many criteria such as 

communication range, number and type of sensors and 

geographical location. Sensors receive commands from and 

send readings to its gateway node, which processes these 

readings. Gateways can track events or targets using 

readings from sensors in any clusters as deemed by the 

command node. However, sensors that belong to a particular 

cluster are only accessible via the gateway of that cluster. 

Therefore, a gateway should be able to route sensor data to 

other gateways. Gateway nodes interface the command node 

with the sensor network via long haul communication links. 

A. Challenges of WSN 

The design of the wireless sensor network is affected by 

many challenging factors which must be overcome before 

an efficient network can be achieved in WSNs. In the 

following section, is a try to describe the architectural issues 

and challenges for WSNs. 

1) Node Distribution 

Node distribution in WSNs is either deterministic or self-

organizing and application dependant. The uniformity of the 

node distribution directly affects the performance of the 

routing protocol used for this network. In the case of 

deterministic node distribution, the sensor nodes are 

mutually placed and gathered data is transmitted through 

pre-determined paths. In the other case, the sensor nodes are 

spread over the area of interest randomly thus creating an 

infrastructure in an ad hoc manner. 

2) Dynamicity 

Since the nodes in WSNs may be static or dynamic, 

dynamicity of the network is a challenging issue. Most of 

the routing protocols assume that the sensor nodes and the 

base stations are fixed i.e., they are static, but in the case of 

dynamic BS or nodes routes from one node to another must 

be reported periodically within the network so that all nodes 

can transmit data via the reported route. Again depending on 

the application, the sensed event can be dynamic or static. 

For example, in target detection/tracking applications, the 

event is dynamic, whereas forest monitoring for early fire 

prevention is an example of a static event. 

3) Energy Efficiency 

The sensor nodes in WSNs have limited energy and they use 

their energy for computation, communication and sensing, 

so energy consumption is an important issue in WSNs. 

According to some routing protocols nodes take part in data 

fusion and expend more energy. Since the transmission 

power is proportional to distance squared, multi-hop routing 

consumes less energy than direct communication, but it has 

some route management overhead. In this regard, direct 

communication is efficient. Since most of the times sensor 

nodes are distributed randomly, multi-hop routing is 

preferable. 

4) Data Transmission 

Data transmission in WSNs is application specific. It may be 

continuous or event driven or query-based or hybrid. In case 

of continuous data transmission, sensor nodes send data to 

the base station periodically. In event driven and query-

based transmission they send data to the base station when 

some event occurs or a specific query is generated by the 

base station. Hybrid transmission uses a combination of 
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continuous, event driven and query-based transmission, so 

for architecture and design of WSNs data transmission is a 

very significant issue. 

5) Scalability 

A WSN consists of hundreds to thousands of sensor nodes. 

Routing protocols must be workable with this huge number 

of nodes i.e., these protocols can be able to handle all of the 

functionalities of the sensor nodes so that the lifetime of the 

network can be stable 

6) Connectivity 

High node density in sensor networks precludes them from 

being completely isolated from each other. Therefore, sensor 

nodes are expected to be highly connected. This, however, 

may not prevent the network topology from being variable 

and the network size from being shrinking due to sensor 

node failures. In addition, connectivity depends on the, 

possibly random, distribution of nodes. 

7) Coverage 

In WSN, each sensor node obtains a certain view of the 

environment. A given sensor's view of the environment is 

limited both in range and in accuracy; it can only cover a 

limited physical area of the environment. Hence, area 

coverage is also an important design parameter in WSN. 

III. NODE LOCALIZATION 

Node Localization is an important processing task, both as a 

process itself, and as a component in other processes. Node 

localization is one of the main challenges in Wireless Sensor 

Networks (WSNs). In all sensor network applications, it is 

important to know the origin of collected data and reported 

events. Accurate localization of sensor nodes have a strong 

influence on the performance of a wireless sensor network 

(WSN). In applications like target detection in military, 

forest fire detection etc., the network needs to know the 

physical locations of thousands of nodes in WSN unless the 

acquired data by sensors will be meaningless. The process 

of computing the physical location of deployed nodes in a 

network is termed as localization. 

A. Node Localization Algorithms 

Node Localization algorithms are broadly classified into 

following main categories: 

1) Centralized Algorithm 

In centralized algorithms, basically one central base station 

is present for computation. Disadvantage is overhead 

increase and cost also increases. In centralized schemes, all 

information is passed to one central point or node which is 

usually called “sink node or base station”. Sink node 

computes position of nodes and forwards information to 

respected nodes. Computation cost of centralized based 

algorithm is decreased, and it takes less energy as compared 

with computation at individual node. 

2) Distributed Algorithm 

In distributed algorithms, the computation is done by own 

self and the nodes communicate with each other to get their 

position in the network. In distributed schemes, sensors 

calculate and estimate their positions individually and 

directly communicate with anchor nodes. There is no 

clustering in distributed schemes, and every node estimates 

its own position. 

3) Anchor Based and Anchor Free 

In anchor-based mechanisms, the positions of few nodes are 

known. Un-localized nodes are localized by these known 

nodes positions. Accuracy is highly depending on the 

number of anchor nodes. Anchor-free algorithms estimate 

relative positions of nodes instead of computing absolute 

node positions. This estimation depends upon location of the 

sensor nodes in the network solely. 

4) GPS Based and GPS free 

GPS-based algorithms are very costly because GPS receiver 

has to be put on every node. Localization accuracy is very 

high as well. GPS-free algorithms do not use GPS, and they 

calculate the distance between the nodes relative to local 

network and are less costly as compared with GPS-based 

schemes. Some nodes need to be localized through GPS 

which are called anchor or beacon nodes that initiate the 

localization process. 

5) Range based Algorithms 

In this method, the distance between a sender and a receiver 

can be calculated by using the received signal strength or the 

time-of-flight of communication signal which is sent to the 

receiver by the sender. However, the accuracy of the 

estimation completely relies on local environment, medium 

of transmission and intricate hardware. 

6) Range Free Algorithms 

In this method, there is no need of calculating absolute 

point-to-point distance by using received signal strength 

because the hardware design is very simple and the 

reference nodes have pre-knowledge about their location, 

which ultimately suits the use of WSNs. 

IV. LITERATURE SURVEY 

Hongyang Chen et al [1] proposed a cooperative localization 

algorithm that considered the existence of obstacles in 

mobility assisted wireless sensor networks (WSNs). The 

localization accuracy of the algorithm claims to be improved 

further by changing the transmission range of mobile anchor 

node. The algorithm took advantage of cooperation between 

MAs and static sensors while, at the same time, taking into 

account the relay node availability to make the best use of 

beacon signals. In the simulation results they showed that 

the proposed cooperative localization scheme can 

significantly improve the localization accuracy by including 

a mobile element. 

Po-Jen Chuang et al [2] proposed a new neural 

network-based node localization scheme to enhance both 

localization accuracy and localization success rates. Their 

theory tends to embed GPS in anchor nodes only and locate 

the other nodes by their estimated distances to the anchors, 

to reduce the cost. This new scheme can achieve more 

efficient application of NNs and more accurate inter-node 

distance estimation using online training and correlated 

topology-trained data to make the trained network model 

completely relevant to the topology. 

Zhiwei Li et al [3] presented a Physical-layer 

Network Code (PNC) based node localization mechanism. 

The proposed approach does not require the wireless nodes 

to be equipped with any special hardware such as 

synchronized clocks. They proposed several schemes at the 

physical and network layers to transform the idea into a 

practical approach. The analysis shows that the difference 

between the starting points of interference at the receivers 
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can be used to determine the hyperbolas based on the 

positions of the anchor nodes. We can estimate the positions 

of the nodes by calculating the intersection points of the 

hyperbolas. 

Waleed A. Saif et al [4] presented a weighted 

Fastmap (WFM) algorithm in which more than one pair of 

anchor nodes is used to evaluate the one-dimensional 

coordinates of the unknown nodes while in the original 

Fastmap (FM) algorithm only one pair of anchor nodes was 

employed. The optimal WFM weights were determined via 

(constrained) minimization of the mean-squared error 

(MSE) of the estimated node co-ordinates. It has been 

shown that the WFM algorithm improves the overall 

performance substantially compared to the original FM 

algorithm but with a slight increase in the complexity. 

Zhikun Liu et al [5] examined a node self-

localization algorithm based on Chaos-PSO for higher 

precision. This paper   introduced chaotic motion to PSO, 

which expands the searching range and makes the solution 

jump out of local extreme interval. The new algorithm has 

been used in node self-localization, and the simulation 

results showed that the performance of localization has been 

improved by this new algorithm. Compared with least 

squares method which is widely used in the field of node 

self-localization, this new algorithm claimed to have better 

robustness. Simulation results showed that the cost of 

system could be effectively reduced and the algorithm 

claims to be applicable in wireless sensor network.  

Liangyin Chen et al [6] presented the RLAN 

algorithm for node localization, which not only used the 

neighbor information in multi-hop networks, but also fully 

considered the impact of the anisotropy of nodes on the hop 

count. Hence this algorithm highly reduces the error of the 

estimated distance and improves the localization accuracy of 

the unknown nodes in the wireless sensor network (WSN). 

In this letter , a novel range-free localization algorithm 

called range-free localization based on the anisotropy of 

nodes (RLAN) is proposed. 

Saroj kumar Rout et al [7] presented a research 

work in which efficient and effective secure node 

localization and a dynamic key management solution for 

wireless sensor networks have been introduced. They 

presented secure node authentication with distance 

measurement and called secure information verification by 

malicious node cleaning. They also presented key 

management schemes. In this paper, the localization 

correctness has been represented by cleaning the malicious 

node in sensor network with some key management 

strategies. 

Martin K. Mwila et al [8] presented an accurate and 

efficient localization method that makes use of an improved 

RSSI distance estimation model by including the antenna 

radiation pattern as well as nodes orientations. They 

developed mathematical models for distance estimation, cost 

function and gradient of cost function that can be used in a 

distributed localization algorithm. This study also 

introduced a sensor data fusion approach, combining 

accelerometer data, RSSI, antenna radiation pattern and 

node orientation to reduce the errors and improve efficiency 

of the network. 

Chin-Shiuh Shieh et al [9] presented a paper based 

on comparison amongst some popular heuristic optimization 

methods like Genetic Algorithm (GA), Particle Swarm 

Optimization PSO) and some recent optimization methods 

like Grey Wolf Optimizer (GWO), Firefly Algorithm (FA), 

and Brain Storm Optimization (BSO) algorithms in 

estimating the location of sensor nodes about accuracy. The 

improvement in localization algorithm is also proposed to 

enhance the number of nodes that can be localized. In this 

paper a brief review of node localization problem in WSN 

and some proposed heuristic optimization methods are 

given. 

S.Niranchana et al [10] proposed an original 

method for target tracking in controlled mobility sensor 

networks. Having a moving target at each time step, the 

method consists of estimating the current position of the 

target and then predicting its following position using a 

second-order prediction model. The estimation and 

prediction of nodes are done by Interval Theory and the 

Relocation of Nodes is done by using Ant Colony 

Optimization (ANO).  

Sen Zhang et al [11] introduced an ON-LINE 

approach that can estimate the sensor nodes location and 

simultaneously localize the mobile sensor nodes together 

with the target. In the algorithm, they developed a sensor 

movement optimization algorithm that achieves near-

optimal system tracking performance. They also presented 

an sensor nodes management scheme in order to deduce the 

computation complexity when localizing the static sensor 

nodes The effectiveness of this approach is validated by 

extensive simulations. 

Yan Zang et al [12] introduced a new type of three-

dimensional localization mechanism in wireless sensor 

networks. Aiming at the shortage of three-dimensional 

localization algorithm, the space vector model has been built 

for localization, on the basis of number of beacons within 

the unknown node communication range. Network 

characteristics, architecture, performance evaluation of 

WSN and classification and performance evaluation criteria 

of WSN localization have been researched and analyzed. 

This paper focuses the characteristics and inadequacy of DV 

Hop algorithm.  

Minu Mubaraka C et al [13] proposed a bio-

inspired method for solving the WSN localization problem 

which has been formulated as a non-linear optimization 

problem. Their research used an artificial immune inspired, 

population based optimization algorithm called Clonal 

Selection Algorithm (CSA) for locating nodes in a sensor 

network scenario. This algorithm has given better results in 

node localization than Particle Swarm Optimization 

algorithm, which is also a population based optimization 

algorithm.  

Parham H. Namin et al [14] developed a two-step 

distance-based algorithm to sensor network localization 

carried out in a centralized architecture. The first phase of 

the algorithm utilizes an improved version of the DV 

distance method used to provide coarse position estimates 

for all the nodes. In the second phase of this paper, several 

techniques are also used to address the main problems of 

localization such as flip ambiguity, collective translation and 

error propagation. Particle Swarm Optimization (PSO) is 

performed to fine tune and obtain accurate estimation of the 

locations.  
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Neelam Barak et al [15] presented an indigenous 

and efficient techniques for global optimization 

methodology based on particle intelligent swarm to be 

utilized for locating the nodes in a Wireless Network of 

sensors. The proposed work, uses a modified particle swarm 

optimization technique which is computationally efficient 

and subsequent simulation results have proven the better 

convergence results derived from the algorithm over 

traditional methods of particle swarm optimization 

technique. 

Sonia Goyal et al [16] used Flower Pollination (FP) 

algorithm for WSN localization problem in the random 

population topology of flowers. In this paper the node’s 

position calculated using FP algorithm is compared with the 

diverse variants of Particle Swarm Optimization (PSO) 

algorithm. WSN node localization with FP algorithm has 

given improved position accuracy of the node than the 

various PSO variants in G best, wheel and square 

topologies. 

Wang Suzhe et al [17] discussed a grid localization 

algorithm based on RSSI probability distribution in order to 

reduce the effect on node positioning accuracy due to 

received signal strength (RSSI) fluctuation in wireless 

sensor network (WSN). The collection sphere of receiver is 

divided into several grids. The center coordinate of the grid 

with the maximum value is taken as the estimated location 

of an unknown node. 

Suman Bhowmik et al [18] used a range-free 

localization scheme based on fuzzy-logic approach for 

Wireless Sensor Networks. The proposed localization 

scheme has used the received signal strength (RSS) from the 

anchor nodes according to their proximity to the sensor 

nodes node so that nodes does not need any extra 

complicated hardware to obtain distances like Angle Of 

Arrival, Time Of Arrival, or Time Difference Of Arrival and 

fuzzy logic has been used to build the relationship between 

RSS and distance to evaluate accurate localization.  

Yaping Zhu et al [19] investigated localization 

algorithm with the support of software-defined network 

(SDN) technique and propose a localization node selection 

algorithm based on the Cramer-Rao lower bound 

(CRLB).The issues into a 0-1 programming problem on the 

premise of energy satisfaction have been formulated by 

making use of the global network knowledge provided by 

the SDN controller. 

Neeraj Jain et al [20] proposed a non-linear 

manifold learning technique, Adaptive Locally Linear 

Embedding (ALLE) for node localization using the noisy 

RSSI distance estimates. It has been discussed that 

Clustering reduces the communication overhead, but 

localization accuracy also decreases in regions with sparse 

or non-uniform node deployment. The paper concludes 

proposing that neighborhood adaptation and uniform dense 

node deployment were found to be the key to localization 

accuracy. 

ZHAO Shuaishuai et al [21] proposed a 

localization algorithm based on dynamic differential 

evolution strategy (DDES-L). The previous position 

information of sensors has been used as vital anchor nodes 

in order to improve the convergence rate and positioning 

accuracy. This work also compared the proposed 

localization results with the genetic algorithm localization 

(GA-L) and least squares method (LS). 

V. CONCLUSION 

In this paper, several localization techniques for the nodes in 

wireless sensor network are summarized and analyzed. The 

paper proposed that node localization is a fundamental 

problem in 2D and 3D wireless sensor networks. Some of 

the recent and successful advances in the field are the 

methods considered in the literature survey. The main 

objective of this paper is to review the techniques that can 

minimize the errors using improved DE and improve the 

efficiency of the localization of the nodes in 3D wireless 

sensor networks. 
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