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Abstract— Recent years have witnessed the tremendous 

evolution of Wireless Sensor Networks (WSNs). One of the 

main concepts in WSNs is the node deployment strategy 

which affects the sensor node design. A good deployment 

strategy reduces the node redundancy and enhances all the 

functionalities of the network. The optimization goals are 

different in different environment. However, questions of 

where, how many nodes should be deploy remain largely 

unexplored. This paper presents fundamental studies of the 

types of the networks in WSN and the node deployment 

methods for both networks. The effect of design 

preliminaries on sensor node positioning is also studied. 

Also, NSGA-II algorithm is studied in context of multi-

objective node placement (MONP). 

Key words: Wireless sensor network, multi-objective node 

deployment, homogeneous WSN, heterogeneous WSN, 
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I. INTRODUCTION 

AWSN composed of numerous small, low powered devices 

with wireless communication that are randomly or 

deterministically deployment to sense various environment 

changes [1], [3], [9]. The devices have ability to interact 

with the environment. It has applications in wide range of 

disciplines [3], [5], [13], [17] such as intruder detection, 

health care, intensive agriculture, greenhouse monitoring. In 

the literature, Node deployment is covered under different 

expressions: sensor‟s positioning, placement, layout. The 

node deployment strategy affects the sensing coverage, 

network connectivity, network lifetime, energy consumption 

and cost. The deployment is done to achieve one or many of 

these objectives. A good node positioning is used to achieve 

the desired design goals. The main goal of deployment is to 

determine an optimal sensor placement [13]. 

The node deployment strategy comes under two 

categories: Random deployment and deterministic 

deployment [1]. The choice of the deployment model highly 

depends on the types of sensors and the application [17]. 

Random deployment is done by using aircraft in areas that 

are inaccessible and hence node density of the network 

varies. It is used to achieve partial coverage [10] and don‟t 

have pre-defined information about topology of network. In 

deterministic deployment the location of the sensors is 

known in advance before deployment and nodes are 

deployed in pre-defined pattern [15]. Complete coverage 

can be achieved with lesser sensors as compared to random 

deployment. In other words, random deployment has high 

level of redundancy. As sensors are expensive, deterministic 

deployment is generally adopted. 

The deployment strategy is also influenced by the 

type of node used. The node can have three roles in sensor 

network namely sensor, relay (cluster head), base station 

(data sink). Sensor node collects data within its sensing 

range [8]. The sensor nodes are grouped together into 

multiple clusters. Cluster head have powerful 

communication capabilities as compared to sensor node [9] 

and all the sensor nodes send their sensed data to their 

respective cluster head (CH). The CH does the data fusion 

or aggregation of all the sensed data from multiple sensor 

nodes. The BS collects the data from all CHs and do 

analysis and decision making on the sensed data. 

Parameters Description 

s, si Sensor Node 

p, pj Target point 

Pij Probability of detection of event j by sensor i 

dij 
Euclidean distance between sensor node and 

target point 

Rs, rs Sensing range of sensor node 

re Inaccuracy in sensor‟s reading 

α, β Device oriented parameters 

xs, ys 2-D coordinates of sensor node 

x, y 2-D coordinates of target point 

EM Maintenance energy of sensor node 

ET Transmission energy of sensor node 

Pis 

 

Minimum path cost from sensor node i to 

sink node 

ER Reception energy of sensor node 

αi 

 

Number of sensor nodes from which sensor 

node i receives data 

FCost Installation cost 

CWSN Monetary cost of hardware 

NH Number of Clusters head 

NS Number of Sensor Nodes 

CHW Hardware Cost 

K, k 

 

Number of cells used by cluster head and 

sensor respectively 

Ccell Cost of a cell 

Table 1: Description of all the parameters used in this paper 

II. DESIGN PRELIMINARIES OF WIRELESS SENSOR NETWORK 

A. Sensing Model: 

The sensing model of a specific type of sensor is a 

mathematical model that describes the probability of 

target/event detection of the sensor. Suppose Pij denotes the 

probability of event detection of the senor and its value 

depends on many parameters like the Euclidean distance 

(dij) between the sensor and the target point, orientation of 

sensor, movement of the sensor and rs denotes the sensing 

range of the sensor si used to detect the event at a point pj in 

Region of Interest (RoI) [1]. Sensing models are broadly 

classified into two types: Deterministic Sensing Model and 

Probabilistic Sensing Model 
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1) Deterministic Sensing Model also known as Binary 

model, Boolean model or Disk model in literature [1], 

[3], [4], [15]. The sensor node whose sensing range is 

fixed is located at the centre of the disk whose radius 

is rs. In this model, whether a event/target is detected 

by a sensor si at a point pj is determined by the 

Euclidean distance (dij) between si and pj. If the 

Euclidean distance between the event point and the 

sensor location is less than or equal to rs than the 

probability of event detection is „1‟ otherwise it 

would be „0‟. It means the events that are in the disk 

and on the circumference of the disk are sensed by 

the sensor. 

This definition is depicted in [1], [15] and in 

terms of coverage in [4] as  

(2.1) 
The drawback of this model is that it doesn‟t 

reflect the real sensing capabilities of sensor in all 

directions [1], [2], [3], [4]. The sensor readings 

cannot be fully accurate due to the presence of noise. 

2) Probabilistic Sensing Model considers the factors that 

affect the sensor‟s readings [1]. It is used when the 

sensing ability changes as the distance between 

sensor and the target changes [14]. The sensor‟s 

sensing capability depends upon the type of 

propagation model used [4]. The study in [1], [2] 

proposed model as 

   (2.2) 
Where re measures the inaccuracy in the 

sensor reading, α and β are device oriented 

parameters with value between „0‟ and „1‟. Note that 

the Boolean sensing model is the special case of 

probabilistic sensing model when re =0. 

Fig.1. specify, there are two concentric 

circles around a given sensor. A sensor can detect an 

event in circle of radius rs - re with probability „1‟. 

The event detection probability between the two 

concentric circle of radii rs - re and rs + re have value 

between „0‟ and„1‟ and outside the wider circle of 

radius rs + re is „0‟[1], [3]. 

 
(a) 

 
(b) 

Fig. 1: Different sensing models: (a) Boolean sensing 

model, (b) Probabilistic sensing model 

B. Coverage and Connectivity: 

Sensing coverage and network connectivity ensure effective 

area monitoring and uninterrupted data communication in 

WSN. These terms have equal importance in sensor 

network. So they can be treated collectivity to measure 

Quality of Service (QoS) [19]. Coverage and connectivity 

are intertwined in the sensor network. Only providing 

coverage isn‟t sufficient. The sensed data must be routed to 

the base station. For this purpose connectivity in the 

network is needed. The communication can be single hop or 

multi hop [1], [3].  

Every sensor has a limited sensing range and a 

limited communication range. The union of sensing ranges 

of sensor network is defined as the sensing coverage. The 

coverage of sensor network shows how well the node senses 

the changes of the target area. It is a measure of longevity of 

sensor network [26]. A point is covered by a sensor if the 

Euclidean distance between the point and sensor is less than 

the sensing range, rs [3], [6] 

d(s, p) ≤ rs  (2.3) 

When the entire region of application field is 

covered by at least one sensor and there is no coverage hole 

then the area is fully coverage [3]. In terms of co-ordinate 

system [6] 

            (2.4) 
Where sensor s(xs , ys) covers a point p(x, y) in 

Field of Interest. Coverage maps set of sensors to set of area. 

The K-coverage is achieved when each point of the given 

area is covered by at least k-sensors [15]. The coverage is 

classified into depending on the application: Area coverage, 

Point Coverage, Barrier coverage [12], [16], [26].In area 

coverage entire RoI is covered by at least one sensor. It 

deals with how to cover RoI. In point coverage, all the target 

point should be covered. Barrier coverage deals with the 

movement of the sensor and stops the penetration into 

barrier area by the intruder. 

Network connectivity is provided to ensure each 

sensor to report its sensed data. Connectivity and coverage 

are coupled to achieve optimal network [26]. Sensors are 

said to be neighbors if their Euclidean distance is atmost the 

communication range. It means for communication, sensor 

must be in communication range of neighbor [3], [8]. The 

sensor network is said to be connected when there is 

communication between all sensors and there is no isolated 

sensor in the network. Otherwise it is un-connected. To 

transmit data from one node to other, there must be atleast 

one communication path between them. 

C. Network Lifetime or Energy Consumption: 

Network Lifetime is defined as the time span of process 

which starts when node starts sensing and ends when data 

isn‟t successfully delivered to sink node [7].  The reason for 

undelivered data is some nodes stops working i.e. they run 

out of their battery [8]. So, the lifetime of the network 

depends upon the energy consumption of the nodes during 

communication, processing, sensing, and moving. The 

nodes that are near the BS or the sink are more likely to die 

early because they transmit large amount of data to sink 

[14], [17].So the nodes near the BS should be provided with 
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high initial energy. In short, the positions of the nodes have 

an effect on lifetime. The author [18] calculates the energy 

consumption of each node considering the energy 

consumption during sensing, receiving, aggregation and 

transmission (See Table I for parameters description) as: 

                                     (2.5) 

D. Cost: 

In literature, the interpretation of cost is done in different 

aspects. The author in [8] describes installation cost of the 

sensor network. It depends on coverage. Increase in 

coverage cause more sensors to be deployed. Hence 

installation cost increases. In case of heterogeneous static 

network, the nodes have different properties so their cost 

must be different. The nodes having high sensing and 

communication range have more cost. It also depends on 

RoI. When nodes are deployed in dangerous RoI, their 

installation cost increases.  

                       (2.6) 
Whereas the author in [9] takes cost as monetary 

cost which includes the hardware cost and the battery cost 

(See Table I for parameters description). 

      (2.7) 

The author in [10] considers sensing cost of the 

system. But the limitation is that it doesn‟t include the 

hardware cost. From above discussion it is clear that the cost 

depends upon the node‟s functionality and power supply. 

E. Types of Nodes: 

The sensor nodes are classified as static and mobile. The 

static nodes can sense the events and transmit the sensed 

data. The position of these nodes is same throughout the 

lifetime of the network. But the position of the nodes can be 

changed by external factors like wind so there is a need arise 

to provide motion to the node. So, locomotive capabilities 

are added to the nodes. These nodes are known as mobile 

nodes. The network with mobile nodes is known as mobile 

wireless sensor network (MWSN). The mobility add several 

benefits but at the same time make the network complex [1]. 

The benefit includes redeployment and reconfiguration. 

After the initial random deployment, the mobile nodes are 

redeployed to provide effective coverage and avoid energy 

holes. For communication, there must be connectivity 

between the nodes. When hop dies, the mobile node 

reconfigures itself to provide acceptable connectivity for 

communication. The disadvantage of mobile nodes is that 

they consume energy during movement and hence die early 

[16]. 

The static and mobile nodes are further classified 

as homogeneous and heterogeneous nodes [1], [16]. The 

Static homogeneous nodes are those static nodes that have 

same capabilities in terms of processing and battery power, 

sensing range, communication range. MWSN is 

homogeneous if it contains all mobile nodes or it can be 

heterogeneous if it contains both static and mobile nodes. 

F. Type of Network: 
There are two types of networks in WSNs: Homogeneous 

network and heterogeneous network. Homogeneous 

networks are those in which sensor nodes have same 

capabilities (sensing range, communication range, 

processing power, amount of battery) [16]. It means the 

sensor nodes are identical and hence same algorithm can be 

applied to all the nodes. So far, there has been a lot of 

research on homogeneous network [19], [12], [24], [13], 

[23], [6]. 

The author in [19] used a new approach based on 

NSGA-II. NSGA-II is fast and elitism preserved approach. 

Initially the nodes are deployed with minimum number of 

sensor nodes and fitness value. Using the above values 

WSN is deployed to achieve better coverage and 

connectivity. The paper [12] works on the improvement of 

area coverage and saves battery of the sensor nodes(67%).   

Method 
Optimization 

Criteria 

Deployment 

Model 

Sensing 

Model 
Assumptions Limitations 

MOTPSMA compared 

with MOEA/DFD & 

integer linear 

programming [18] 

 Coverage 

 Energy 

 Connectivity 
Deterministic Disk Obstacle free RoI 

Comparison isn‟t done 

with different types of 

nodes. 

NSGA-II based 

Approach compared with 

GA, Tabu Search, Grid & 

Random Deployment 

[19] 

 Coverage 

 Connectivity 

 Min. no. of 

sensors 

Deterministic Disk Obstacle free RoI 

Packet loss ratio is 

higher than random 

scheme 

Tessellation as rectangle 

[12] 

 Area 

Coverage 

 Coverage 

ratio-0.954 

 Saves 67% of 

battery 

 Overlapping 

area-36.2m
2
 

Deterministic Disk 
Sensors have same 

sensing area 

Area is not fully 

Covered (19.85%) 

Parsing Crossover 

Scheme [24] 
 Coverage Random Disk 

No obstruction on the 

line of sight between 

sensor & point 

Don‟t consider all 

types of terrain 

irregularities 

MOEA/D [13]  Lifetime Random Disc No collision at any Problem Specific 
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 Power sensor during data 

communication 

And Parallel execution 

of sub tasks become 

complex 

MOEA/DFD compared 

with MOEA/D-DE, 

NSGA-II [23] 

 Coverage 

 Lifetime 

 Energy 

 Connectivity 

 No. of sensors 

Deterministic Disk 
Tree structure for 

data communication 

Comparison isn‟t done 

while varying sensing 

& communication 

range 

BICPSS, CoCMA, 

Localized Coverage 

Algorithm [6] 

 Coverage 

Problem 

 Lifetime 
Deterministic Disc 

Location of all 

neighbors is known 

and 

Uniform Deployment 

Only 1-Coverage is 

considered 

Table 2: Comparison of Homogeneous Sensor network Node Deployment Strategies 

They analysed several deployment methods and 

proposed the deployment tessellation as rectangle with 

sensors deployed at the corners. They assumed sensors into 

two modes-active and sleep and comparison of three 

evolutionary algorithms namely GA, CoCMA, Localized 

coverage [6]. 

 The author [13] works on the efficiency of the 

operators of optimization algorithm. The proposed operators 

are M-Tournament Selection, adaptive crossover, adaptive 

mutation used in MOEA/D (Multi-objective evolutionary 

algorithm based on decomposition). In this, the multi 

objective problem is decomposed into single objective sub-

problems. The author [23] merges the MOEA/D with fuzzy 

dominance concept (MOEA/DFD) and uses two metrics for 

measuring performance namely c-metric and spacing metric. 

The author [18] compares the proposed Multi-objective 

territorial predator scent marking algorithm with the 

MOEA/DFD and integer linear programming.  

 Table II shows the various methods used to deploy 

homogeneous WSNs. 

 Heterogeneous network contains nodes with 

different capabilities [16]. The variation in these properties 

causes the different deployment cost of WSN. The 

deployment schemes for heterogeneous network are 

depicted in [21], [11], [22], [10], [7], [8], [9]. 

 The author[11] consider the energy imbalance 

problem that arises due to relaying of data from different 

parts of the network towards BS due to which nodes are 

provided with different initial energy based on the layer in 

hexagonal model. 

 The author [22] proposed a fitness-based crossover 

that considers parent‟s fitness and eliminates crossover 

operator parameters. To ensure complete coverage, a 

deployment pattern [10] and constraint dominance and 

scatter mutation operator [8] are proposed. 

 For energy balance, two types of nodes are used 

having different initiation energy and tasks [7] and in [9] 

monetary cost is calculated which determines whether the 

application is feasible or not. 

 Table III shows the various methods used to deploy 

heterogeneous WSNs. 

Method 
Optimization 

Criteria 

Deployment 

Model 

Sensing 

Model 
Assumptions Limitations 

Comparison between 

NSGA-II, SPEA-2, 

PAES [21] 

 Coverage 

 No. of active 

nodes 

 Cost 

 Bandwidth 

Deterministic Disk 
Connectivity is taken as 

constraint 

Don‟t consider 

obstacles in 

network 

LEDS compared with 

non-uniform and 

energy balanced 

deployment [11] 

 

 Enhance 

Lifetime 

 Energy 

Consumption 

Random Disk 

CH communicates with 

other CH for transmitting 

data to BS via the 

shortest path & No 

Retransmission 

No optimized 

result 

Fitness Based 

Crossover EA 

Compared with 

NSGA-II [22] 

 Coverage 

 Installation 

Cost 
Deterministic Disk Uniform deployment 

Quality of 

solutions isn‟t 

considered 

Pattern Based [10] 

 Complete 

Coverage 

 Sensing Cost 
Deterministic Disc Obstacle free RoI 

Sensor failure 

effect isn‟t 

considered and 

Increase in 

messages in 

network 

B-ENERGY 

compared with 

LEACH,TEEN [7] 

 Lifetime 

 Nodes Ratio 

 Energy 

consumed 

Random Probabilistic 

Energy of both nodes is 

consumed 

simultaneously and 

Obstacle free RoI 

Don‟t consider 

energy consumed 

during sensing, 

processing, saving 
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during 

communication 

data 

Novel genetic 

Operators Compared 

with NSGA-II, 

SPEA-2 [8] 

 Coverage Area 

 Installation 

Cost 

 No. of isolated 

Clusters 

Deterministic Disc 
Connectivity is taken as 

constraint 
Complex Network 

Heuristic Search [9] 

 Monetary Cost 

 No. of sensor 

node and 

cluster head 

 No. of battery 

cell 

Random Disc 

Don‟t use adaptive 

power control Schemes 

& Cluster have equal 

Size 

Don‟t consider 

energy consumed 

during sensing, 

processing, saving 

data 

Table 3: Comparison of Heterogeneous Sensor network Node Deployment Strategies 

III. NON DOMINATED SORTING ALGORITHM (NSGA-II) 

In many applications, a set of conflicting objectives are to be 

optimized simultaneously known as pareto-optimal solutions 

[23]. A solution can‟t be better than other based on only one 

objective. There are two goals of multi-objective 

optimization [19], [23]:  

 Better convergence to pareto-optimal solutions. 

 Maintenance of diversity in solution. 

There are many methods to deal with multi-

objective optimization. In classical optimization method, the 

multi- objective problem is converted to the single objective 

optimization problem. To find multiple solutions, it has to 

be applied many times. 

In literature [5], [19], [20], a number of multi-

objective evolutionary algorithms (MOEAs) have been 

suggested. Here we discussed the criticism of NSGA and 

how NSGA-II overcomes these criticisms. The main 

criticisms of the NSGA approach are [20]:-  

1) High computational Complexity: NSGA has 

O(MN
3
) computational complexity where M is the 

number of objectives and N is the population size. 

As the population size increases, NSGA becomes 

expensive. 

2) Lack of elitism: Elitism means adding the good 

solutions from the previous population to the new 

population. It speeds up the convergence of GA. 

3) Need for specifying sharing parameters: To ensure 

diversity in the solutions, a user-defined sharing 

parameter has to be specified. 

In NSGA-II, a fast non-dominated sorting 

approach, an Elitist preserving procedure and a parameter 

less diversity ensure operator is used [19]. SPEA (Strength-

pareto evolutionary algorithm) saves better solutions over 

generation [5] and PAES (pareto-archived evolution 

strategy) are two more elitist MOEAs. The table IV depicted 

comparison between the three MOEAs [21]. 

Metric 
SPEA-

2 
NSGA-II PAES 

Selection 

Criteria 

Based 

on 

fitness 

Crowded 

comparison 

operator 

Non-

Dominated 

members of 

its archive set 

Computational 

Time 
Less More Less 

Quality of 

solution 
Low High Low 

CPU Time Less More Less 

Convergence to 

Non-dominant 

Solution 

Weak Better Weak 

Table 4: Comparison of various Multi-objective 

Evolutionary Algorithms 

The fast non-dominating sorting procedure requires 

O(MN
2
) computations which is improved as compared to 

naive approach that requires O(MN
3
) computations. In this, 

two entities are calculated [20]: 

1) The number of solutions that dominate solution p, 

np 

2) A set of solution dominated by solution p, Sp. 

In NSGA, a user-defined sharing parameter is used 

which define the extent of sharing required in a problem. It 

defines the largest value of distance metric. The problems 

with this sharing function approach [20]: 

1) The diversity in the set of population is largely 

dependent on the value of parameter. 

2) The complexity of sharing function approach is 

O(N
2
) because each solution is compared with all 

other solution. 

But in NSGA-II, the sharing function approach is 

replaced with crowded comparison approach. It doesn‟t 

require any user-defined parameter for maintaining 

diversity. 

In crowding distance approach, the population is 

sorted according to each objective function in ascending 

order of magnitude then normalized and crowding distance 

is calculated. The crowding distance measures how much an 

individual is close to its neighbors [19], [20]. Large 

crowding distance results in better diversity. The solution 

with larger crowding distance is selected. 

IV. CONCLUSION 

In this paper, we classified the sensor network into two 

types and studied the various multi-objective evolutionary 

algorithm based node deployment strategies which have 

been presented in the literature and compare them. Most of 

the work in node deployment is done by keeping 

connectivity and coverage as constraints. In most of the 

paper, node deployment is done by only considering energy 

consumption during sensing. We discussed the fundamental 

design preliminaries of WSN and discussed how they are 

calculated in the literature so far. In the end, a brief account 
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on NSGA-II is presented and compared with SPEA-2 and 

PAES. 
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