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Abstract: In recent trends of Wireless Sensor Networks the deployment of the sensor-nodes over the region to be monitored is an 
important and challenging problem. However, many studies already been done on the coverage problem in 2-D environment. 
But, in real life scenario when the height of monitored area is not negligible along with the length and breadth, then 3-D 
deployment of senor nodes are highly solicited. In this paper we proposed a light weight distributed algorithm for the optimal 
deployment of sensor nodes over the 3-D region, maintaining full coverage of monitored volume and connectivity of the 
networks. 
Keywords: Sensor-nodes, coverage,3-D deployment, lightweight, distributed algorithm, optimal deployment, monitored volume 
etc. 

I. INTRODUCTION 
Designing of networks in two-dimensional is a bit different where it is assumed that all nodes are place on a plane. But this basic 
assumption is invalid in few case where nodes are distributed in a 3D space  such as ocean, atmosphere etc and applications of 3D 
sensor networks are increasing day by day and in future the demand will be high. For example, recently underwater acoustic ad hoc 
and sensor networks have generated a lot of interest among the researchers [1], [2], [3], [4].In real world placing nodes in a 3D 
space is much complicated. As an example we can say that to create 3D network under deep sea needs to be placed sensor nodes in 
different depths of water. 3D network coverage can be helpful in climate monitoring purpose also. 
In this paper, we mainly focuses on the coverage and connectivity issues of 3D wireless networks, where all the nodes have the 
same sensing range and the same transmission range. In particular, we want to answer the following questions:  

A. How can we achieve the 100% coverage with minimum number of nodes when nodes distribution is uniform? 
B. How can we achieve the 100% coverage with minimum number of nodes when nodes distribution is random? 

 
II. RELATED WORKS 

In two dimensional networks the most significant thing is provide sensing coverage and maximum sensing coverage is the 
fundamental aspect for any application of a sensor networks e.g., monitoring, tracking and classification [5], detection [6]. In 2D 
plane cellular systems the cells are considered as regular hexagons, in such a way so that the maximum range of a base station is 
equal to each hexagon. The problem of finding exact locations in base stations on a 2D plane in such way so that the number of base 
stations required is minimized and get the 100% coverage has been solved for cellular networks [7]. In geographic region every 
point within the sensing range of at least one must be covered network. Several algorithms [8], [9], [10], [11] have been proposed to 
achieve the 100% sensing coverage in 2D network Using random network topology a sensor network is deployed. To get the 
maximize lifetime of a sensor network, energy conservation protocols [12], [13], [14], [15]. To maintain the sensing coverage 
dynamically has been done by keeping the nodes active at a particular time. In two-dimensional wireless sensor networks 
performance of greedy geographic routing has been studied in [16].There are few references on a 3D network and the works 
presented in [17] and [18] studied 3D cellular networks However, all these approaches covers the maximum  area but in this paper, 
we show that how we can achieve 100% coverage on a 3D wireless network. 

III. PROBLEM DEFINITION 
3D Area Coverage Using Wireless Sensor Network With less Computation And less Communication. 
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A. Assumptions 
1) All nodes have same sensing range. Each sensor represented by a sphere of radius R. 
2) Here Radius value (R)is very smaller than the length, the width, or the height of the three dimensional area, so that the 

boundary effect is negligible and hence can be ignored. 
3) We are assuming a square cube inside every sphere and will place those cubes in the monitored area. If all the cubes can cover 

the monitored area then obviously the sensors can cover the entire area.  
4) If the locations of the nodes are fixed, their location is arbitrary. If the nodes are mobile, the nodes are initially randomly 

deployed, and their movement is unrestricted. Thus, we ignore the physical constraints of placing the nodes, and we assume that 
the placement strategy is free to place a node at any location in the network. 

5) Goal:Given any R, Find the number nodes and their coordinates in such a way so that sensors can cover the monitored area 
with less number of nodes. 

IV.  ALGORITHM APOROACHES 
In this section, we have analysed our problem from the point of view of the shape of sensor which is a sphere [Fig 1.2] and we have 
implemented two approaches for placing the nodes in the 3D area. One is uniform distribution and another one is random 
distribution.  

A.  Uniform Distribution 
In uniform distribution we are considering the area which is needed to be covered is a cube [Fig 1.2] and sensor nodes are 
considered as sphere. We assumed a cube [Fig 1.3] inside every sphere. We need to place those cube in such a way so that coverage 
is 100%,if cube gives 100% coverage then obviously sensor will give the same, “R” is the radius of the sphere and the diameter 2R 
is the diagonal value. 
To get the length of the sphere cube, 

  A√2 = 2R           
=>A = 2R /√2 

L ,B and  H are the length , breadth are height of the cube respectively.[Fig 1.1] Now consider the axis :  X = B  , Y = H , Z = L 
 
 
 
 
 
 
 

Now we will calculate that how many sensors are to cover X, Y and Z axis completely. 
 
 
 
 
 
 
 
 
 
 
 
NodeX = L/A   
NodeY = B/A    
NodeZ = H/A               

 

 

 
Fig:Sensor 
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As A is the diameter of the sphere so by dividing l, h and b by a we can get the number of nodes i.e. NodeX, NodeY, NodeZ. 
After getting the number of nodes, there will be a condition check. If all those axis are totally covered by NodeX, NodeY and 
NodeZ, then we will proceed towards next step, otherwise we will increase the number of nodes by 1. 
Now node placement comes into picture. For that we need to find the possible X, Y, Z coordinates as they are placing uniformly so 
there will NodeX no. of X coordinates , NodeY no. of Y Coordinates and NodeZ no. of Z coordinates and store those coordinates in 
to memory. 
Now we need to find out the possible combination of coordinates along X, Y, Z axis. 

For i=1:nodez 
     For j=1:nodey 
         For k=1:nodex 
Place(arrx(1,k),arry(1,j),arrz(1,i)); 
end 
end 
end 

B. Uniform Distribution Algorithm 
Step1: Find the number o f nodes along X, Y, Z axis. 
Step2: Find the possible combination of coordinates along X, Y, Z respectively. 
Step3: For i=1:nodez 
              For j=1:nodey 
                For k=1:nodex 
Place(arrx(1,k),arry(1,j),arrz(1,i)); 
end 
end 
end 
 
C.  Random Distribution 
In random distribution we are considering the area which is needed to be sensed is a cube and sensor nodes are considered as sphere 
which is the sensing range. Let’s consider a cube having height, length and breadth H, L, B respectively. Now let’s consider a 
sphere having radius R and 2R is the diagonal values of the square which resides inside the sphere. 
To get the length of the sphere cube, 

  A√2 = 2R           
=>A = 2R /√2        (2) 

Now we will randomly choose any point to place the sensor nodes inside the cube. 
X = random (0, L) 
Y = random (0, B) 
Z = random (0, H)    (3) 

Here random () is a function to choose any point randomly and we will store those values in an array to compare with the others 
generated values just to avoid wastage. 
For that we have to check the distance between the newly generated random point and points which are stored in the array. The 
distance denoted by d is- 
Distance calculation between two points on a 3D plane 
   D= (푥 − 푥푖) + (푦 − 푦푖) + (푧 − 푧푖)   (4) 
Where XI, YI, ZI are denotes points stored in the array. 
Now we have to compare value of d with those points, 
If D >R then the newly generated point will be placed in the cube which will be a newly placed sensor node.  

D. Random Distribution Algorithm 
Step 1: Generate a random X, Y, Z coordinate. 
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Step 2: Check whether it is lies within the sensing range of other sensors. 
Step 3: if lies then go to Step 1 else Step 4. 
Step 4: Add the point into array. 
Step 5: End 
 

V. SIMULATIONS 
We wrote our simulation in MATLAB implemented the strategies provided in subsection Uniform Distribution & Random 
Distribution. The graphical output shows that placing nodes according to equations (1), (2), (3), and (4) indeed covers the whole 
space. 

A. Uniform distribution simulation 
In uniform distribution simulation ,we have considered an area having (length X breadth X height) as (200 X 160 X 240) units. 
Radius of the sensor was 45 units. 

 
[Fig.1] 2D view of the covered area 

 

 
    [Fig2] Assuming Cube inside every Sphere 
 

 
[Fig 3] Simulation if uniform distribution 

 
B. Random Distribution Simulation: 
In random distribution simulation [Fig 5], we have considered an area having length 40 units. Radius of the sensor was 
18 units. 

 
[Fig 4] 2D view of the covered area 

 
[Fig 5] Simulation if random distribution 
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Further we have studied in our simulation project that, we consider an area having length (40). 
sensor node is a sphere which radius (R) is-In simulation (4:1) is no, of nodes vs. coverage. Here the radius of the graph 
is fixed. If we increase the no. of nodes then the area of that particular value gives 100% coverage. In our graph if the no. 
of nodes is 6 then it will give 85% (approx) coverage. Then we increase the no. of nodes to 8, 10, 12 then it will give 
95 %( approx), 98 %( approx), 99 %( approx) converge respectively. And finally if we take 14 nodes it will give 100% 
coverage. So, there we can see if radius is fixed coverage percentage is increasing with the no. of nodes. 
Our second graph is radius vs. coverage where no of nodes is fixed. For a certain no of nodes of it does not give 100% 
coverage, then we increase the radius of nodes. So than it can give100% coverage. And as increasing the radius of nodes 
the coverage will also increase. And at 21 unit of radius the area of that a particular value is give 100% coverage. So in 
here with increasing of radius of nodes it will give 100%coverage. 

 
Fig [6] Nodes vs. Coverage Graph 

 

 
Fig [7] Radius vs. Coverage graph 

 

 
Fig [8] Number O Nodes Vs Radius Where Coverage Is 100% 

VI. CONCLUSION 
We have proposed a solution to the three-dimensional coverage problem for wireless sensor networks. We have shown that using 
the random distribution we can get 100% coverage with minimum number of nodes. This problem in a 3D space can be done at 
polynomial time. The result may be used in deploying sensors in 3D space and in reducing on-duty time of wireless sensors. 
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