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I INTRODUCTION 

WSN is a wireless network consisting of spatially distributed sensors to monitor the physical and environmental 

conditions. WSN’s are emerging as a promising technology for information extraction from the surrounding 

environment. Small-sized electronic devices, the sensor nodes have sensing capability with limited processing 

and storage. Sensor nodes can sense and record any changes within a limited range. Information collected at the 

source is aggregated and communicated to the destination (sink node) via multi-hop routing paradigm. 

Numerous such nodes are deployed within an area of interest either through an Unmanned Aerial Vehicle (UAV) 

or manual deployment. Post deployment, the nodes communicate amongst each other forming a WSN [1]. 

Network Connectivity is the crucial part and also an important QoS of WSN [2, 3, 4, 5]. For an information to 

travel from the source node to the sink node, the whole network with the sink node and sensors should be 

connected throughout the lifetime of the network. Two nodes are said to be connected if they are within each 

other’s transmission radius. In Fig. 1, the nodes are connected and adjacent nodes are within the nodes sensing 

radius δ. 

 

ABSTRACT: 

In the present scenario, Wireless Sensor Network (WSN) is widely used in applications such as Disaster 

Relief operations, Biodiversity mapping, Intelligent Buildings or Bridges, Machine Surveillance and 

Preventive maintenance, Precision Agriculture, Medicine and Health care etc. which has led to the 

deployment of enormous sensor nodes leading to the complexity of the network. Extensive research work 

has been carried out for monitoring these sensor devices for connectivity, coverage, load balancing, 

network structure etc. Study on these complex networks is a challenging task. Such networks can be 

modelled with the help of a graph, which exhibits the properties of a nonplanar graph. In this paper, we 

would like to propose an algorithm “Coordinate theory On Line Segment” (COLS) to reduce a nonplanar 

graph to a planar graph by removing the crossing edges carefully. The proposed algorithm preserves the 

topological structure without compromising Quality of Service of the original network. 
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The design-complexity of WSN can be modelled using Graph Theory concepts. The topological 

structure of a WSN can be viewed as a graph [6, 7]. A graph G is denoted as G = (V, E), where V is the set of 

vertices and E the set of edges. If a topology of WSN consist of x nodes then, 

V = {n1, n2, n3…nx} where ni is the node number 1 ≤ i ≤ x, 

E = {eij} where eij is defined as a possible communication between node ni and nj, 

 

i.e., Ɐ (i, j) Є E iff there exists an edge between i 

and j, 1 ≤ i, j ≤ x and i ≠ j 
(1) 

 

Such graphs are simple by construction. They are loop-free and do not exhibit any parallel edges. The 

graphs are always by default bi-directional as the sensor ranges are identical. In this paper we assume that the 

sensor nodes are static and the graphs are thus static graphs. 

There are many types of graph formations viz. Simple Graph, Peterson Graph, Partite Graph, Bipartite 

Graph, Planar and NonPlanar Graphs etc. [8]. If a graph can be embedded on a plane, i.e., the edges only 

intersect at the vertices, then such a graph is called a Planar graph (fig. 2a). The characteristics of these graphs 

exhibit no crossing edges or intersecting edges. A graph which is not planar is a Nonplanar graph (fig. 2b). In a 

Nonplanar graph, edges can intersect anywhere on a given plane. Concepts of Planar graph and Nonplanar 

graph can be used in WSN for building the topology. 

 

 
 

Fig. 2a: Planar graph Fig. 2b: Nonplanar graph 

 

In WSN, the information travels from source node to the sink node via intermediate nodes. this exchange 

of information between the source node to the sink node is done through multi-hop routing paradigm. Various 

routing protocols [9, 10] are used to calculate the best path from the source to the destination. The best path for 

the data transmission is computed with the help of routing tables. The fundamental requirement of all these 

routing protocol is that the topological structure of a network should always be connected. As WSN can also be 

represented as a nonplanar graph, it can be easily simplified to a planar graph and yet retain the original 

connectivity. 

Muhammad and Egerstedt [11] proposed a mathematical model using the technique Maximal Simplicial 

Complex. The authors used the concept of crossing generators, graph amalgamation and isomorphism to 

simplify a given graph. Lili Wang and Xiaobei Wu [12] used the concepts of [11] to deduce a nonplanar graph to 

a planar one. In this paper, we would like to propose a technique called Coordinate theory On Line Segment 

(COLS) to reduce a given nonplanar graph (complex) to a planar graph (simple). 

Location information can be obtained by using either the Position Sensor or a Global Positioning 

System (GPS) embedded sensor. 
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The rest of the paper is organized as follows: Section II deals with the mathematical concept which 

brings out different formal theories. Section III explains the COLS algorithm. Section IV describes the 

simulation setup. Section V tabulates the results of various topologies used in the experiment. 

 

II MATHEMATICAL CONCEPT 

 
 

In a nonplanar graph as shown in the fig. 3, the path taken by a data packet to traverse from the source 

to the sink is shown with a dashed arrowed line. The path between the source and destination modifies based on 

the density of packets in the network. At a given instance of time, only one edge is used for traversing between 

node v1 to node v2. Number of edges incident from a given node vi is defined as deg (vi). At any instance of time 

only one edge is selected for communication between the two nodes and thus fewer edges can be removed from 

the graph without disturbing the topology. This further helps in removing crossing edges from the graph and thus 

simplifying it. Mathematical concepts play a vital role in the simplification of a given graph. In this paper we 

would like to use the mathematical concept of Coordinate theory on line segments for removing the crossing 

edges. 

 

Axiom/ Postulate: 

Any non-planar graph G = (V, E) can be reduced to a planar graph P = (V, E`) where E`Ɐ E and is obtained by 

carefully removing the crossing edges and yet retain the cardinality of the graph i.e. V = V`. 

Using Direction of a reference point: 

Two line segments ̅𝑝̅𝑞̅ and 𝑟̅𝑠 intersect if (p, q, r) and (p, q, s) have different directions and (r, s, p) and (r, s, q) 

have different directions [13]. 

For a given ordered triplet (x, y, z), the different directions of a reference point z with respect to the line segment 

𝑥̅̅𝑦̅    is as shown   in fig 4. 

Using Slope of a given line: 

Let 𝑝⃡  𝑞   and 𝑟⃡ 𝑠  be two lines. The slope of 𝑝⃡  𝑞    can be computed by 

 

m1 = (q - b)/ p (2) 

m2 = (s - b)/ r (3) 

From (2) and (3) if m1  = m2 then the slopes of the lines 𝑝⃡  𝑞   and 𝑟⃡ 𝑠 are same. Thus the lines are parallel as shown 

in the fig 5. Similarly if m1  ≠ m2  then the slopes of the lines 𝑝⃡  𝑞    and 𝑟⃡ 𝑠   are different i.e., the lines are not 

parallel and they intersect at some coordinate. 
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In this paper, we have used the concept of “Using the Direction of a reference point” i.e., Orientation technique 

for eliminating the crossing edges in a network. 

 

I. Algorithm for implementing the Orientation technique 

Algorithm NonplanarToPlanar (G: Graph) 

 

Step 1: initialize k 
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Step 2: repeat for each of the node n in a Graph G 

Step 3: repeat for each of the one-hop neighbor of a given node in G 

Step 4: 

//store the edges of each node into the list EEN: 

//EdgeofEachNode 

EENk0 = Edgei0 EENk1 = Edgeij 

Step 5: increment k 

Step 6: do for all subsequent edges 

//Algorithm doIntersect returns true if the two given line segments intersect 

if doIntersect(EENx0,EENx1,Edgei0, Edgei1) then 

decrement k 

 

 

 

Using Cross Product on the coordinates: 

Two line segments ̅𝑝̅𝑞̅ and 𝑟̅𝑠 are said to intersect each other if the ends of one segment i.e. ̅𝑝̅𝑞̅ are on the either side 

of the other segment 𝑟̅𝑠 and vise-versa as shown in fig. 6. i.e., if point r is towards the left of point p and point s is 

towards the right of point q, then 𝑟̅𝑠  is intersecting the line ̅𝑝̅𝑞̅. This can be computed by calculating the cross 

products on the coordinates of the points. Computing the cross products, one for p and the other for q: 

 

(𝑞(𝑥) − 𝑝(𝑥))(𝑟(𝑦) − 𝑞(𝑦)) − (𝑞(𝑦) − 𝑝(𝑦))(𝑟(𝑥) − 𝑞(𝑥)) (4) 

(𝑞(𝑥) − 𝑝(𝑥))(𝑠(𝑦) − 𝑞(𝑦)) − (𝑞(𝑦) − 𝑝(𝑦))(𝑠(𝑥) − 𝑞(𝑥)) (5) 

 

If the results have the same sign, the coordinates are on the same side of the line, the segments don’t intersect. If 

one is positive and the other negative, then the coordinates are on the opposite sides. 

 

break end if end for 

Step 7: loop to Step 3 

Step 8: loop to Step 2 

 

The time complexity of the algorithm is O(k). 

 

III SIMULATION 

The performance of Coordinate theory On Line Segment - COLS algorithm using simulations is 

evaluated in this section. The topologies consists of varying number of sensor nodes. The sensor nodes are 

randomly deployed in an 800 m × 800 m region to set up connected networks. Each node had a transmission 

radius of 250 m. We also changed the node transmission range while keeping the number of deployed nodes 

same. The results of the individual experiments are averaged over 20 trials for different network topologies. 

 

 

IV EXPERIMENTAL SETUP 

The experiment was conducted using a Network Simulator NS2. Different sets of topology were 
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considered where the nodes ranged from 20, 50, 100 to 150. We assume that the topology created was a strongly 

connected network. For e.g. in a topology of 5 Nodes as shown in the fig. 6, every node is connected to every other 

node in the network. The coordinates or positional information and the final result matrix where only the non- 

intersecting edges are considered are shown in result 1. 

 

Topology 1: 

 
Result 1: Information of a network with 5 nodes 

Nodes Connected to 

 

For the above topology, G = (V, E) V = {0, 1, 2, 3, 4} and 

E = {(0,1)(0,2)(0,3)(0,4)(1,2)(1,4)(2,3) 

(3,4)} 

 

Topology 2: 

 
Fig. 7 depict a network with 8 nodes and the positional information along with the final result is shown in 

result 2. 

Result 2: Information of a network with 8 nodes 
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Nodes Connected to 

N0 (100.00, 100.00) 1 2 3 4 5 6 7 

N1 (200.00, 100.00) 0 2 3 4 5 6 7 

N2 (200.00, 200.00) 0 1 3 4 5 6 7 

N3 (100.00, 200.00) 0 1 2 4 5 6 7 

 

N0 (100.00, 100.00) 1 2 3 4 N4 (45.00, 45.00) 0 1 2 3 5 6 7 

N1 (200.00, 100.00) 0 2 3 4 N5 (20.00, 140.00) 0 1 2 3 4 6 7 

N2 (200.00, 200.00) 0 1 3 4 

N3 (100.00, 200.00) 0 1 2 4 

N4 (45.00, 45.00) 0 1 2 3 

 

After eliminating crossing edges in the graph, the remaining edges are: 

(v01, v02, v03, v04, v12, v14, v23 and v34) 

 

N6 (120.00, 20.00) 0 1 2 3 4 5 7 

N7 (200.00, 60.00) 0 1 2 3 4 5 6 

 

After eliminating crossing edges in the graph, the remaining edges are: 

(v01, v02, v03, v04, v05, v06, v07, v12, v17, v23, 

v35, v45, v46, and v67) 

 

For the above topology, G = (V, E) V = {0, 1, 2, 3, 4, 5, 6, 7} and 

E = {(0,1)(0,2)(0,3)(0,4)(0,5)(0,6)(0,7) 

(1,2)(1,7)(2,3)(3,5)(4,5)(4,6)(6,7)} 

 

 

Topology 3: 

 
 

Fig. 8 is a network of 8 nodes similar to fig. 7. Here node 2 is moved out of the sensing range and thus 

disconnects itself with the rest of the nodes, i.e. node 2 is not a one-hop neighbor to any of the remaining nodes. 

Thus edge (1 3) is considered because it no more intersects edge (0 2) as in fig. 7. The positional information 

and the final result of non-intersecting edges are tabulated in result 3. 

 

 

Result 2: Information of a network with 8 nodes in which node 2 is out of the transmission range 

Nodes Connected to 

 

N0 (100.00, 100.00) 1 3 4 5 6 7 

N1 (200.00, 100.00) 0 3 4 5 6 7 

N2 (350.00, 350.00)       
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N3 (100.00, 200.00) 0 1 4 5 6 7 

N4 (0.00, 0.00) 0 1 3 5 6 7 

N5 (20.00, 140.00) 0 1 3 4 6 7 

N6 (120.00, 20.00) 0 1 3 4 5 7 

N7 (200.00, 60.00) 0 1 3 4 5 6 

 

After eliminating crossing edges in the graph, the remaining edges are: 

(v01, v03, v04, v05, v06, v07, v13, v17, v35, v45, 

v46, and v67) 

 

For the above topology, G = (V, E) V = {0, 1, 2, 3, 4, 5, 6, 7} and 

E = {(0,1)(0,3)(0,4)(0,5)(0,6)(0,7)(1,3) 

(1,7)(3,5)(4,5)(4,6)(6,7)} 

 

V CONCLUSION 

WSN can be modelled as a graph. A graph is said to be connected if the sink and the entire sensor nodes 

are connected at any given point of time throughout the network’s lifetime. A WSN thus reduced on a graph 

exhibits the properties of a nonplanar graph. Any nonplanar graph can be reduced to a planar graph by carefully 

removing the crossing edges. The reduced planar graph is also connected and preserves the original topological 

structure of WSN. Coordinate geometry over line segments COL plays a vital role in reducing a complex graph 

to a simple one. Our algorithm scales up with the topology and provides the most efficient solution. 

 

VI FUTURE WORK 

The graphs reduced from nonplanar to planar don’t have a unique solution. Solutions depend on the 

node sourcing the data to the sink. For e.g. if a network consists of n nodes, then there are n different solutions. 

These different solutions, or paths can be further utilized to load balance a given network. Load balancing is a 

concept used to increase the capacity and reliability of concurrent applications by distributing the load on 

different systems (nodes) available, rather than burdening the server. The experiment can also be conducted on 

mobile nodes and their impact on the algorithm can be recorded. 
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