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Abstract 

A wireless sensor network is a wireless network consisting of spatially distributed autonomous devices that 
use sensor for monitoring and recording the physical conditions of the environment and organizing the collected 
data at storage node. Routing in wireless sensor network is a challenging task. This demand has led to a number of 
routing protocols which efficiently utilize the limited resources available at the sensor nodes. All these protocols 
usually find the minimum energy path. By using the minimum energy path deprives the nodes energy quickly and 
therefore the time taken to determine an alternate path increases. Instead of routing all the traffic along a single path 
that multipath routing schemes distribute traffic among multiple paths. Two criteria arise in shortest path routing that 
how many paths are needed and how to select these paths. Obviously, the number and the quality of the paths 
selected dictate the performance of a shortest path routing scheme. This shortest path topology control scheme is 
intended to provide a reliable transmission environment with low energy consumption, by efficiently utilizing the 
energy availability and also the received signal strength of the nodes to identify multiple routes to the destination. 
Simulation results shows that the energy efficient adaptive shortest path topology control scheme achieves much 
higher performance in wireless sensor networks.  
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Introduction 
     A Wireless Sensor Network (WSN) contains 
hundreds or thousands of sensor nodes. These sensors 
have the ability to communicate either among each other 
or directly to an external base-station (BS). A greater 
variety of sensors permits for sensing over larger 
geographical regions with greater accuracy. Sensor nodes 
are usually scattered during a sensor field, which is an 
area where the sensor nodes are deployed. Sensor nodes 
coordinate among themselves to produce high-quality 
information about the physical environment. Each sensor 
node bases its decisions on its mission, the information it 
currently has, and its knowledge of its computing, 
communication, and energy resources. Each of these 
scattered sensor nodes has the capability to collect and 
route data either to other sensors or back to an external 
base station(s).  

A base-station may be a fixed node or a mobile 
node capable of connecting the sensor network to an 
existing communications infrastructure or to the Internet 
where a user can have access to the reported data. 
Networking sensor nodes may have profound effect on 
the efficiency of many military and civil applications. 
Previously there are lots of works have been done on 
wireless sensor network. Different network protocols like 

shortest-path based routing, negotiation based routing, 
query based routing, quality of service based routing etc. 
protocols have been proposed. Among this shortest-path 
routing protocol is widely used for reliable data transfer.  

An energy efficient shortest-path routing 
protocol has been proposed [1] [2]. The aim of this 
protocol is efficiently realize the shortest paths from a 
source to a destination costing of minimum energy.   

 
Tree Based Topology Control Algorithm 
       A tree during which each non-leaf node is 
tagged with the hash of the labels of its kids nodes. Trees 
area unit helpful as a result of the permit economical and 
secure verification of the contents of larger knowledge 
structures.  
To demonstrate that a leaf node an element of a given 
hash tree needs an quantity of knowledge proportional to 
the log of the quantity of nodes of the tree. This contrasts 
with hash lists, wherever the quantity is proportional to 
the quantity of nodes. 
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Figure 1. Tree Network Topology 

  
A. Tree Algorithm  
Algorithm 
Step 1: 
Step 2: 
Step 3: 
 
Step 4: 

The data items in the query result do satisfy the 
query. 
 If the left node exist, verify that is the nearest 
left neighbor of node in the tree topology. 
If the right node exists, verify that query is the 
nearest right neighbor of data items in the tree; 
otherwise, verify that query is the rightmost 
encrypted data item in the tree. 
The computed root value is the same as the 
root value included in verification object. 

 
Graph Based Topology Control Algorithm 

The Traveling Salesman Problem (TSP) is a 
deceptively straightforward combinatorial problem. The 
traveling salesman problem (TSP) or shortest path based 
algorithm is to find the best possible way of visiting all 
the nodes exactly once and returning to the starting point. 
Node locally computes the shortest paths connecting it to 
nearby nodes based on some link weight function, and 
then its logical neighbors in the final topology [8]. 
  The topology of a wireless network with each 
node using its maximal transmission power as an 
undirected graph G = (V, E) within the two dimensional 

plane, where    { }1 2,  ,  ... , nV υ υ υ=    is the set of 

nodes within the network and E is the set of bidirectional 
links. Undirected weighted network topology as show in 
figure 5.1. Each node ʋi may have its own transmission 
power pt

i which may be adjusted by itself. The 

bidirectional link ( ,  )  i j Eυ υ ∈   implies that both ʋi 

and ʋj are covered by one another. 

 
Figure 2. Undirected weighted graph Network Topology 

It define the physical neighbor set of each node ʋi as, 

{ }| ( ,  )   ( )  ( ,  )   ( )i
p k i k k iNS E G or E Gυ υ υ υ υ= ∈ ∈

                                                                                   (1)                                                      

The logical neighbor set i
lNS  may be a set of 

i
lNS  i.e   i i

l pNS NS⊆  . In TSP, every two-way link is 

assigned a weight which may be derived from the load 
perform w. therefore the load of a link (ʋi, ʋj) may be 
expressed by ( ,  )w i j . It uses link weight to represent the 

facility consumption needed within the transmission on a 
link and use path weight to represent the total of all link 
weights of a path. Therefore, it defines the marginal 
energy path because the path with the marginal path 
weight among all the methods connecting 2 given nodes. 
The computation of ( ,  )w i j sometimes relates solely to 

ʋi and ʋj, at the most to their neighbors. This makes it 
attainable that every node runs TSP solely consistent 
with the regionally collected data. However, the 
algorithmic rule won't miss any logical neighbor that is 
placed on some marginal energy path within the original 
network. Therefore, TSP preserves marginal energy 
methods within the final topology [3] [4]. 
 
A. Traveling Salesman Problem Algorithm 
TSP Algorithm 
 
Step 
1: 
Step 
2: 
 
Step 
3: 

First, find out all (n-1)! Possible solutions, 
where n is the number of nodes. 
Next, determine the minimum weight by 
finding out the weight of every one of these (n-
1)! Solutions. 
Finally, keep the one with the minimum weight. 
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The algorithm mainly consists of following steps: 
 

i. Link weight calculation 
ii.  Link weight information exchange 
iii.  Local topology construction 

 
B. Link Weight Calculation 

Each node in this step locally collects the 
information required within the weight calculations for 
all links related to it, and calculates link weights. Note 
that different energy model may require different 
information in the calculations. [5] [6] for the design of 
the weight function w, it should have the same value for 
both directions of a link. This makes sense since 
communication always consists of 
transmissions(including data transmissions and 
management message transmissions) in each directions, 
and moreover this ensures that for any two nodes, it have 
the same minimal energy path connecting them. 
However, in some energy model the two end points of a 
link (ʋi, ʋj) may derive different weights (called 
unidirectional link weight, and denoted as ( ,  )w i j a 

respectively). In this case, ʋi can know ѡ(j, i) and ʋj also 
can know ( ,  )w i j   in the following second step by 

information exchanging. Thus ( ,  )w i j can be designed 

as 

( ,  ) ( ( ,  ) ( ,  ) ) / 2w i j w i j w i j= +r r

                                                    (2) 
 C. Link Weight Information Exchange 

In this step, each node ʋi exchanges the 
unidirectional link weight information derived in the first 
step with its 1-hop neighbors by broadcasting using its 

maximal transmission power max
ip  . After that, ʋi knows 

all the weights calculated at the nodes within the set 

of{ }   i
i pNSυ U .  Therefore, for any two 

nodes { },      i
x y i pNSυ υ υ∈ U , if there is a 

bidirectional link ( ,  ) ,  x y iυ υ υ can derive 

(  , )w x y  according to (2). Two points should be 

mentioned. First, node vi may receive ( ,  )w i j from node 

ʋj while ʋj is out of its range. In this case, link ( ʋj , ʋi) is 
not considered by  ʋi . Secondly, ʋi only receives 

(  , )w x y  and does not receive(  , )w y x
r

, which is 

because { }    i
y i pNSυ υ∉ U . Thus, link (ʋx, ʋy) is still 

not considered. The information exchange in this step is 
avoidable if each node ʋi can obtain the information 
required to calculate the unidirectional link weights for 

all the nodes in i
lNS . In this case, each node does all the 

weight calculations for all links. Although this approach 
needs additional computation time and stricter 
preconditions, it reduces the number of data exchanges to 
one [6]. 
D. Local Topology Construction 

In this step, each node ʋi computes the local 

shortest path connecting it to each node iυ to 

  i
j pNSυ ∈ according to the derived link weights [7]. 

Shortest path undirected weighted network topology as 
show in figure 5.2. Denote the local shortest path 

connecting iυ  to    i
j pNSυ ∈     as 

, , ,  ,0 1 1

, ( ,  ,  ... ,  )
i j i j i j i jn n

i j
p i p p p jpath υ υ υ υ υ υ

−
= = =

                                                                     
(3) 

     Where 

 ,
 ,  1,  2,  ...   1.

i jm

i
p pNS m n and nυ ∈ = ≥ Th

en the logical neighbor set i
lNS  can be 

Represented by 

{ }, 1

|   
i x

i i
l p x pNS NSυ υ= ∈

                                                                                                                     
(4) 
  That is, all the second nodes on the paths compose the 
logical neighbor set. Note that the path is bidirectional 
since every link on the path is bidirectional. However, 
the path j, i is not the reverse of pathi,j 

since   i j
p pNS NS≠  .    Another point it is not every 

neighbor close to ʋi is its logical neighbor and mean 
while not every logical neighbor of ʋi is close to it since 
the short link is not always power efficient according to 
some realistic energy model. Through the construction of 
the local shortest paths, each node can derive a local 
route table which is described as 
 

i. Link Weight 
ii.  Next hop 

Destination 
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Figure 3. Shortest Path Network Topology 

 
Each physical neighbor (the destination) has an 

entry in the table [7]. The link weight represents the 
weight of the link connecting the current node and the 
next hop. It can be used by upper level routing algorithm 
to find a least weighted path. The network topology 
under TSP is all the nodes in V and their individually 
perceived logical neighbor relations. This approach can 
take less computation time and increase the network 
lifetime. 
 
Experimental Result 

  The performance of two approaches are 
analyzed and discussed. In tree topology approach, 
when using 100 packets for transmission, it achieved 
delay by 4.74 milliseconds but in the graph based 
approach has been achieved delay by 3.34 milliseconds. 
The approach of tree traversal source to destination has 
achieved packet delivery ratio is 86%. The approach of 
graph based traversal source to destination has achieved 
packet delivery ratio is 94%. Thus, the end to end delay 
and packet delivery ratio has been described in the 
following tables and graphs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1. Shows the Comparison between TSP and TREE 

 
Table 1 shows the comparative values for both TREE 
and TSP. This represents the results of End to End Delay 
in multidimensional data collection in wireless sensor 
networks. 

 
Graph1.   End to End Delay in 1-dimensional data 

 Graph1 as shows the end to end delay for 1-
dimensional data transfer from source to destination 
node. End to End Delay refers to the time taken for a 
packet to the transmitted across a network from source to 
destination. In TSP, when using 100 packets achieved 
3.34 milliseconds delay. In TREE, when using 100 
packets achieved 4.74 milliseconds delay. Finally, 
minimum end to end delay achieved by using TSP for 1-
dimensional data communication. 

End  to End Delay 

1 Dimensional Data 2 Dimensional Data 3 Dimensional Data 

TSP 
millisec
onds 

TREE 
millisec
onds 

TSP 
millisec
onds 

TREE 
millisec
onds 

TSP 
millisec
onds 

TREE 
milliseco
nds 

2.2 3.2 4.4 6.4 23.2 35.2 

2.4 3.5 4.8 6.5 25.4 37.2 

2.6 3.6 4.9 6.6 27.2 35.6 

2.8 3.9 6.4 6.9 26.2 37.8 

3.2 4.3 6.6 8.6 26.6 36.4 

3.5 4.6 6.8 8.8 28.4 37.3 

3.8 4.2 8.2 10.6 29.5 38.4 

4.2 5.2 8.4 10.8 34.2 39.6 

4.3 7.3 8.6 11.2         
26.8 

41.2 

4.4 7.6 8.8 11.3 29.5 45.3 
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Graph2. End to End Delay in 2-dimensional data 
In TSP, when using 300 packets it achieved 6.79 
milliseconds delay for transmission. In tree, when using 
300 packets achieved 8.77 milliseconds delay. 

 
Graph3. End to End Delay in 3-dimensional data 

     In graph 3 as show the end to end delay for 3-
dimensional data transfer from source node to destination 
node. End to end delay refers to the time taken for a 
packet to the transmitted across a network from source to 
destination. 

 
Graph4. Packet Delivery Ratio in 1-dimensional data 

 
Graph5. Packet Delivery Ratio in 2-dimensional data 

 
Graph6. Packet Delivery Ratio in 3-dimensional data 

Table 2. Comparison between Tree and Traveling 
salesman problem (Graph) 

 
 
             Table 2 shows the comparative values for both 
TREE and TSP. This represents the results of Packet 
Delivery Ratio. From these experimental results, it 
clearly shows that the Traveling Salesman problem or 
shortest path algorithm (graph) based topology control 
algorithm is more suitable for wireless sensor networks. 
 
Conclusion 

In this paper a graph based topology control 
algorithm based on the Traveling salesman problem has 
been introduced. This proposed technique significantly 
reduces the energy consumed for each node and 
consequently improves network life time in Wireless 
Sensor Networks.  Computation time is also reduced by 
this approach. Simulation results demonstrate that the 
energy efficient adaptive shortest path topology control 
scheme achieves much higher performance in 
multidimensional data communication. 
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