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Abstract - Sensor node Placement scheme has the straight 
and strong impact on performance and lifetime of a Wireless 
Sensor Network. To obtain a satisfied performance of Wireless 
Sensor Network, an adaptable sensor placement for various 
applications is essential. It is a challenging task to optimally 
deploy a limited number of sensors in an environment which is 
harsh. An efficient decision of locating the sensors in WSN can 
lead obtaining a required degree of 3D coverage and 
connectivity. The emerging computational geometric data 
structure, the Delaunay Triangulation, the Voronoi approach 
has a unique advantage for maximizing the coverage in a 
WSN. In most of the research, it has played a vital role in 
sensor deployment scheme with respect to the field of WSN.  
This article aims at investigation and analysis of the sensor 
node deployment methods those are based on Computational 
Geometric data structures.  
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1. INTRODUCTION  
 
Sensors in a Wireless Sensor Network (WSN) should be 
located in a region to sense events and transmit the collected 
information to sink node for further operation. 
 
A robust sensor deployment method [21] is essential to 
obtain a satisfied QoS of a Wireless Sensor Network for 
various applications. The degree of sensor coverage is a key 
performance metric of sensor deployment method. There 
are plenty of research is going on, for WSN node deployment 
scheme. Each work proposes a new method for sensor 
location based on different evaluation factor of a network.  
Deployment of sensors in a WSN with Computational 
geometric data structures has been extensively studied and 
analyzed in the last decade. In this paper, the existing 
deployment methods based on Delaunay Triangulation and 
Voronoi approach in a wireless sensor network are 
summarized and discussed.  
 
The paper is organized as follows: In Section II, the 
computational geometry data structures Delaunay 
Triangulation and Voronoi diagram are described and its 
impact on WSN is summarized. Section III includes the 
performance and lifetime evaluation of a WSN. In Section IV, 
the related studies on deployment methods based on 

Delaunay Triangulation and Voronoi approach are reviewed 
and the paper is concluded in Section V.  
 

2. COMPUTATIONAL GEOMETRY 
 
In the late 70s, Computational Geometry has emerged from 
the field of algorithm design and analysis. It studies various 
problems of computer graphics, geographic information 
system, robotics, wireless sensor networks recently and 
others in which geometric objects can play fundamental 
roles.  Most of the geometric algorithms are designed to 
study the structural properties like convex hull, 
triangulation; both regular or Delaunay, Voronoi approach, 
and so on.  
 

2.1 Delaunay Triangulation 
 
A Delaunay Triangulation is a data structure of 

Computational Geometry proposed by Boris Delaunay in 
1934 [17]. A Delaunay Triangulation of set of points is 
defined as every triangle in the triangulation such that no 
point of the dataset is inside the circumcircle of the triangle. 
This is an optimized algorithm [22] as it maximizes the 
minimum angle of each triangle, making the triangles as 
equiangular as possible. So, it has a benefit to maximize the 
network coverage. 

 

                 
   
Fig -1: Delaunay Triangulation 

 

2.2 Voronoi Diagram 
 
A Voronoi Diagram [17] of a plane is the subdivision of 

the plane into a number of regions, one for each site in the 
plane. Delaunay Triangulation is the dual structure of the 
Voronoi Diagram in 2-D plane. It satisfies the empty circle 
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property [6] i.e. for each edge in Delaunay triangulation, a 
circle can be found that passes through the edge’s endpoints 
enclosing no other points of the dataset.  

 

                
 
Fig -2: Voronoi Diagram 

 
Computational Geometry plays a vital role in designing a 
WSN providing an estimated environment to work on. Also, 
it has a great advantage on performance evaluation of WSN 
in terms of coverage and connectivity of the network dealing 
with some of the geometric data structures. Delaunay 
Triangulation and Voronoi Diagram data structures [18, 20] 
are used to solve many applications as follows: 

 
 Collision Detection 

 Pattern Recognition 

 Geographical Optimization 

 Geometric Clustering 

 Closest pair Algorithms 

 K-nearest-neighbor queries and so on.  
 

3. EVALUATION OF WSN 
 
The evaluation of a WSN is basically on the basis of two 
major parameters of the network those are network 
performance and lifetime of the network.  
 
The performance [29] of a WSN is the measurement of how 
well the network is sensed with an excellent quality of 
throughput. And the lifetime is how long the network is 
giving a quality of throughput.  
 
Performance and lifetime of a WSN are related to each other. 
A good degree of network performance can maximize the 
lifespan of the network. Performance and lifetime of a 
network with QoS [16] ensure the quality of coverage and 
connectivity, quality of throughput, less energy consumption.  
There are various factors which may reduce the 
performance of a network and create a bad condition to 
make the network idle or completely damaged. The factors 
are as follows: 
 

 Sensor localization 
 Sensing quality 

 Routing Algorithms 

 Environment to be sensed. 

 Presence of obstacles on the field 

 Superposition with respect to sensor count 
and so on. 

 

4. SENSOR DEPLOYMENT IN WSN 
 
Deployment of the sensors in a WSN is the process of setting 
up a new position of the sensors from where it is ready for 
doing productive work in a real environment. Localization of 
the sensors can hamper the network performance and 
lifetime as well [7 - 9]. It can be measured with the coverage 
and connectivity rate obtained after the placement of the 
sensor. The degree of coverage and connectivity can be 
improved placing the sensors in an appropriate position in a 
WSN [16].  
 
There are various methods for placing a sensor in a WSN, but 
Delaunay Triangulation based method has become the 
center of attraction in most of the research providing a 
satisfied degree of QoC [27] in 3D WSN to discretize the 
surface. In [10, 23] it was shown that Delaunay based 
deployment is better compared to grid-based deployment 
considering various network parameters. The main concern 
of this paper is to study the various sensor deployment 
methods those are based on Computational Geometric data 
structures.  
 

4.1 Coverage holes: Delaunay Triangulation-Score 
(DT Score) 

 
DT-Score is a centralized deterministic sensor placement 

approach with a fixed number of sensors [5]. The aim of the 
algorithm is to maximize the area coverage in presence of 
obstacles. The algorithm consists of two phases of 
deployment. Largest empty circle property was used to get 
the best location for the sensors.  

 
In the first phase, contour based deployment is used to 

eliminate the coverage holes near the boundary of the field 
and then the obstacles. In placing the sensors near the 
boundary of the field a distance of 2R/√2 (where R is 
sensing radius) between the sensors is maintained to ensure 
the full coverage along the boundary with the least number 
of sensors. And while placing the sensors along the obstacles 
a distance of R/√2 is maintained from the obstacles based on 
the slope and 2R/√2 distance between each pair of sensors.  

 
In the second phase, a Delaunay triangulation based 

deployment method is used for the uncovered regions in the 
field. New candidate positions are generated in the 
uncovered region based on empty circle property of the 
Delaunay triangulation. The centers of that circumcircle are 
considered as the new position for the sensors. 
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The complete algorithm for DT-Score placement method [5] 
is as follows: 

 

Algorithm DT-Score () 
 

1. sensor_num=0; 

2. /*initialization step*/ 

3. Initialize obstacle vector with coordinates of 
obstacles; 

4. Initialize sensor vector with coordinates of the 
sensor points; 

5. /*contour points generation step*/ 

6. Add sensors along the boundary of sensing area 
and the edges of obstacles; 

7. while (sensor_num<limit_num) 

8. /*Candidate generation step*/ 

9. Construct Delaunay triangulation from the 
sensor vector; 

10. for (all circumscribed circles of the triangles) 

11. Find a center p with the largest radius; 

12. if (p is not located on any obstacles) 

13. add p to candidate[]; 

14. if(candidate[]has k elements) break; 

15. /* candidates scoring and sensor addition step*/ 

16. Score(candidate[]); 

17. Add a candidate with the highest score to sensor 
vector; 

18. sensor_num++; 

End of DT-Score 
 
In [5], evaluation of the DT-score algorithm was done with a 
comparison to grid-based deployment algorithm and 
MAX_MIN_COV [31] algorithm and a random deployment 
method. And the result showed that the area coverage in DT-
Score is better than that of the two methods in most of the 
cases. The DT-Score can achieve higher coverage as the 
number of deployable sensor increasing. 
 

4.2 Coverage Measurement Method: Delaunay 
Triangulation 
 
In this method, partitioning is done via triangulation of the 
sensor locations to identify the coverage level in different 
area fields. For a network with more than three sensors, 
Delaunay triangulation (DT) is an optimized with the 
following properties as shown in [12].  
 

 The outer polygon of the triangulation for set points 
is convex. 

 Each sensor is connected by triangle edges to its 
closest neighbor. 

 If no three sensors lie in a one shared straight line, 
each sensor has a degree of two. 

 The circumcircle of each triangle contains no other 
sensors. 

 
In [12], DT is modified slightly in two phases to get the 
quality of coverage.  
 

 Phase1: Add extra sensors in the corners of the area 
field, assuming convex. 

 Phase2: If three sensors are collinear i.e. cannot 
form a triangle, move them by a random multiple of 
0.5m to let the DT create the triangulation. 

 
Largest empty circle property was used to determine the 
uncovered area [12] rather than the best position of the 
sensor in the network [5]. 
 
In [11, 30], Delaunay triangulation based method is used for 
node deployment to get the coverage of total target field. In 
[30], the analysis was done with respect to Watson’s 
Algorithm and found that DT based method gives an efficient 
result for an irregular area field to partition the field in a 
number of triangles and each triangle was covered by the 
sensors.   
 

4.3 Coverage and Connectivity: Dual Delaunay 
Triangulation  

 
In this method, the positions of the sensors are selected 

based on the maximum area coverage and existence of 
communication among them. The position selection process 
considers the vertices of the triangles generated from the 
Delaunay triangulation as the candidate position.  

 
In this placement method, the field or the surface where 

to place the sensors is discretized with the Delaunay 
triangulation approach, splitting the geometric domain into a 
number of triangles.   

 
In [25], the problem of minimum set coverage was solved 

using the dual Delaunay triangulation placement method for 
the node deployment. And the results were significant, with 
coverage area between 84% and 95% for distinct types of 
reliefs. 

 

4.4 Fault Tolerant and Energy Saving: Constrained 
Delaunay Triangulation 
 
A constrained Delaunay triangulation (CDT) is the 
generalized version of Delaunay triangulation that forces 
certain required segments into the triangulation. Delaunay 
triangulation is unique for a given set of points but CDT is 
most likely to contain some edges which are not Delaunay. 
 
Fault tolerance is one of the fundamental issues in a WSN 
since it becomes critical in real deployment environment 
where reliability and reduced inaccessibility times are 
important. In [24], a fault-tolerance technique was proposed 
for a coverage area that enhanced the energy efficiency by 
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reducing the communication with the help of CDT and 
concluded that CDT approach performed better than 
Delaunay triangulation approach.  
 

4.5 Complete Coverage: Improved Delaunay 
Triangulation (IDT) 
 
In this method, original Delaunay Triangulation is improved 
excluding boundary effect issues on coverage. The boundary 
effect is caused by the fact that the coverage status in the 
bordering region is different from the center region. In [4], 
IDT was implemented and applied as follows: 
 
IDT Algorithm run at sensor s () 
 

1. Collect 1-hop neighbor information 

2. Construct the local Delaunay triangulation based on 
the existing algorithm [5] 

3. For each triangle 3 sensors at its vertices s, t, u do 

4. Determine weighted centroid for each triangle 

5. mx= {E(s)*sx+E(t)*tx+E(u)*ux}/{E(s)+E(t)+E(u)}       
%E(s,t,u) are current residual energy of the sensors 
in the vertices s, u, t % 

6. my= {E(s)*sy+E(t)*ty+E(u)*uy}/{E(s)+E(t)+E(u)} 

7. s.R=max(s.R,||sm||)   %assign sensing range % 

8. end for 

9. sensors at border increase the sensing range 

10. if s has the highest priority among all the neighbors 
&& NOT complete perimeter covered then 

11. Adjust the sensing range to max Rs 

12. Ask all useful neighbor nodes to adjust the sensing 
range to max Rs 

13. End if 
 
In [4], IDT was compared to the original Delaunay 
triangulation (ODT) based deployment for the coverage and 
proved that IDT gives complete coverage in all the cases 
improving the network lifetime as well, where ODT fails.   

 

4.6 Energy efficient Deployment: Voronoi Diagram 
 
Energy consumption in a WSN can be minimized with a 
proper node deployment strategy while locating the nodes in 
the network. A considerable number of approaches use the 
Voronoi diagram in the network to deploy an optimal 
arrangement for the sensors.  Since Voronoi diagram simple 
and stable geometric structure so it has a great impact on the 
implementation of the network design with its robustness 
[20].  
 
 

4.6.1 Optimal Deployment: Centroidal Voronoi 
Partition  
 
In this method, the surface or the field for the sensor 
deployment is partitioned with the Voronoi approach for 
sensor location. Surface parameterization is used to extend 
the centroidal Voronoi partition on a planar convex shape to 
3D surfaces by projecting computed 2D results back to 3D 
based on the inverse of the surface mapping.  There are 
multiple matured algorithms to compute the Voronoi 
partition of a set of discrete objects on a planar domain [17]. 
 
Centroidal Voronoi placement () 
 

1. Build the Voronoi partition of a set of sensors 
deployed inside a convex shape on a plane. 

2. Compute the centroid of each planar Voronoi region, 
and move each sensor onto its respective centroid. 

3. Repeat step 1 and 2 until the moving distance of 
every sensor in step 2 is smaller than the threshold. 

 
In [19], the optimal surface deployment problem was 
formulated by a general function to measure the sensing 
unreliability of the entire network on the field. And it was 
proven that the optimal sensor deployment problem can be 
solved under a generalized centroidal Voronoi partition.  

 

4.7 Improvement of Node Interference: Geometric 
Algorithm 
 
In this method, the node deployment problems are 
converted to geometry problems and then the problems are 
solved using Geometric Algorithms. The algorithm includes 
plane sweep method for detection of line intersection, 
Voronoi approach to search neighboring nodes and Delaunay 
triangulation to reduce the interference among the nodes. In 
[14], Geometric Algorithm based method was used to solve 
the interference problem in stepwise as follows: 
 
Interference Reduction () 

 
1. Deploy the nodes and position them 

2. Broadcast the locations of the nodes 

3. Transform the deployment issues to geometric 
problems 

4. if (line of intersection==true) % Plane Sweep 
Algorithm % 

5. {Search for the neighboring nodes Voronoi ()} 

6. else Triangulate the topology with Delaunay 
Triangulation() 

7. Path Modification 

8. Transmission power adjustment 

9. if(Insertion or Deletion of node ==1) 

10. {Broadcast the new locations} 
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In [14], it was proved that this method is effective in 
reducing the interference problem in O (n log n) time with 
increasing throughput with respect to the delay and loss 
data rate. 
 

5. CONCLUSION 
 
Sensor deployment in a WSN is a key aspect and depends on 
various applications, the WSN is designed for. Sectoring the 
WSN with Computational Geometric data structures can 
produce a quality of network performance. There is various 
research is going on to improve the deployment strategy in a 
WSN with the computational geometric approach on 3-
dimensional surfaces. 
 
From the above studies on sensor placement method based 
on computational geometry, it is observed that most of the 
critical and real-world applications deal with the Delaunay 
and Voronoi data structures for designing the network 
topology with a promising result.  
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