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Abstract— Due to the limitation of energy and network lifetime, the routing protocols of wireless sensor network (WSN) must minimize energy 

consumption and thus extend the network lifetime. Systematic packet forwarding approach  is the genuine classical routing protocol in WSN. A 

heterogeneous characteristics is introduced whileforwarding packet to the next node. During data transmission, we are using cooperative 

category routing to communicate with the sink node, so that it can utilize energy more effectively and evenly. By analysing the disadvantage of 

previous routing approach, this paper proposes an improved Systematic packet forwarding approach. The improved routing system  can reduce 

energy consumption and thus prolong the network lifetime. In order to provide energy reduction concept  to the improved routing system , this 

paper introduces energy pool it acts as a mediator for to control overall energy required for communication. 
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1. INTRODUCTION 

In the present century Wireless Sensor Networks 

(WSNs) are being widely considered one of the most major  

technologies for many real time applications [1]. Wireless 

Sensor Networks  

Consists of many tiny sensor nodes and these sensor nodes 

are consists of sensors (temperature, light, humidity, 

radiation, and more), microprocessor, memory, transceiver, 

and power supply [2]. These sensor nodes are commonly 

deployed in a targeted area and communicated through 

internet and wireless links, which provide opportunities for a 

variety of civilian and military applications, for example, 

environmental monitoring, battle field surveillance, and 

industry process control [1]. 

Sensors are deployed in a cooperative manner in the area of 

interest to monitor events and gather data about the 

environment. They have the ability of sensing, data 

processing and communicating with each other in the 

network environment. Multi-hopping in the WSNs can cause 

a sensor node to communicate with a node with is far away 

from it. This allows the sensor nodes in the network to 

expand the monitored area and hence proves its scalability 

and flexibility property [3]. If the node is not able to 

communicate with other through direct link, i.e. they are out 

of coverage area of each other, than the data can be sent to 

the other node by using the nodes in between them. This 

property in WSNs is referred as multi-hoping. 

Though almost all sensor nodes generate a equal amount of 

data packets. The nodes nearer to sink transact a more data 

packets than other nodes presented in the network. That’s 

why nodes which is nearer to the sink completely looses its 

energy(maximum energy consumption) for data transaction 

than data generation.  Hence, overall network lifetime can 

be increased by managing the communication load at around 

sink nodes. This can be called as a energy hole issue and it is 

the most major issue in sensor networks. So many studies 

are there for WSNs such as clustering. 

WSNs are diffused widely, constructing multiple 

overlapping  networks  is more common.  Hence, 

cooperation among sensor networks for to enhance the 

lifetime of the network. Let each sink of WSNs has been 

located in different areas, so that loaded nodes also located 

differently. In this situation, cooperation between multiple 

WSNs will able to advancement the lifetime of the network 

of each WSN by load managing the overall sensor network. 

In a case, multiple WSNs are constructed at the 

same area, they performs their applications own or  of 

course independently and they also have their hetero 

characteristic features. However, now presented studies do 

not consider this characteristics. For example, if capacity of 

the battery is different for different networks, in order to 

cooperate in a beneficial  way , need to consider some 

criteria’s, like energy consumption rate, not only remaining 

battery power. Alternatively, also possible  that some WSNs 

enhance their lifetime but remains shorten their lifetime. So 

that their applications are also different, data sending time 

and/or  packet size also be different. Hence, for systematic 

packet routing with cooperation, it is requires to consider the 

total number of times nodes have to forward the data packet, 

in spite of attention on each and every packet forwards only. 

Further, operation start, total number of nodes and/or 

sensing area of each network are also be different. 

 In this paper, consider the heterogeneity of sensor 

networks and proposes a systematic packet forwarding 

approach with cooperation method, for to avoid ugly 
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improvements in the certain networks. Here introducing  one 

or few  shared nodes, so that it can use multiple path 

channels for to forward data packets. Let, the sink  and 

shared nodes can communicate easily through any WSNs , 

different WSNs can make use of cooperation routing with 

each other since shared nodes  allow each sensor nodes to 

communicate data from one to another network. When a 

node receives a packet,  a shared node chooses the path for 

to send a packet, according to the proposed route selection 

approach. This cooperation increases the lifetime of  each 

network equally as possible. 

2. EXISTING SYSTEM 

2.1 Classical approach for longer lifetime 

Clustering is most familiarmethod  because of its good 

scalability and the support for data aggregation. Data 

aggregation merges data packets from multiple  sensor 

nodes into one data packet by eliminating unwanted 

information.  This can  eliminates transaction load and the 

total amount of data. In clustering, the energy  load  is well 

managed by dynamic election of cluster heads(CHs). By 

turning the CH role among all nodes, each node tends to 

expend the equal amount energy all time. Moreover , with 

common multihop forwarding, a CH nearer to the sink leads 

to have higher traffic than other cluster heads. Result 

implies, nodes around sinks vanishes earlier than other 

nodes, even in clustered sensor network. 

           Generally, single WSN has a single sink. The density 

of traffic increases nearer to the sink, that’s why nodes 

around the sink tends to vanishes earlier. This issue is called 

energy hole problem. Similarly, in large scale WSN have a 

large number of sensor nodes, the energy hole problem is 

more dangerous. So many researchers proposed construction 

methods of multiple sink networks. In multiple sink WSN, 

sensor nodes are grouped into a few clusters. Sensor nodes 

belongs to a cluster are linked  to one sink, that belongs to a 

same cluster. In a single sink WSN, nodes nearer to the sink 

collects data from almost all the nodes, nodes around each 

sink transmits smaller amount of data only from nodes 

belongs to a same cluster. That’s why , the communication 

traffic around sink nodes can be eliminated. However, some 

problems will be remains as it is , such as optical location of 

the sink and optical number of sinks. 

2.2 Cooperation between multiple WSNs 

According to the existing system, most researches thought 

a single network is deployed by a single department in the 

sensing area. However, WSN can be utilized more widely, 

multiple WSNs can lead to deployed in the same area. Let 

us consider the example, in UK  few various  networks of 

cameras by various departments such as police, highway 

patrol, and local information departments are deployed on 

the same roads. So that, some researchers proposed the 

cooperation method of multiple WSNs in this type of 

situations. 

However, multiple WSNs are constructed in close 

approximately, so that they can help each other by sending 

data ,all networks involved profitably from merging effort.  

In potential benefits of cooperation in multiple WSNs are 

analysed. The researchers organized the system model 

with objective function and a group of problem 

constraints. For to solve the optimization problem, linear 

programming framework can be used. Due to their aim is 

to investigate the maximum provable sensor network 

lifetime with various multi domain cooperation criteria, 

network lifetime is the only objective of the optimization, 

it can be defined as the time when first node in network 

looses its battery power and vanishes. The researchers 

investigated multiple networks with cooperation manner, 

that are deployed in various locations. 

       Researchers addressed the cooperation problem using 

game theoretic framework. WSN  has a special character 

like rational and selfish, it will cooperate one another 

network, provides services to justify the cooperation 

concept. 

       Game theoretic approaches uses virtual cooperation 

bond(VCB) protocol. Basically VCB  is distributed 

protocol, for to make different networks to cooperate. If 

and only if all the networks got some profit through 

cooperation. The researchers solved cooperation problem 

among different WSNs using cooperative game in game 

theory. In VCB Protocol, data communication can be used 

as costs in the rate of  energy consumption. If  costs tends 

higher then network payoff  becomes lower. A sensor node 

and another node that belongs to another network sends a 

data coming from the other side, only if all networks will 

obtain higher payoffs than null cooperation scenario. The 

transmission energy can be saved between 20% and 30% 

using VCB protocol, this will be showed in simulation 

window. 

2.3 Problematic issues 

Let multiple WSNs are planted by different departments in 

the same area. Those WSNs performs various applications 

independently, so they have heterogeneous characters, 

such as battery power, operation start time, number of 

nodes, nodes locations, energy consumption, packet size 

and/or data transmission timing. Thus, most available 

cooperation routing does not consider this hetero 

characters. For example, when capability of batteries on 

nodes are little unique by a WSN, using cooperative 

routing based on residual energy is not suitable due to a 

WSN has the maximum battery power always sends data 

from other networks. Finally, some networks enhance their 

network lifetime and some looses their network lifetime. 
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In such cases, a systematic packet forwarding approach  

with cooperation manner is highly a important issue. 

3.PROPOSED METHOD 

3.1 Assumed environment  

In this paper, let consider the following environment. In a 

sensing area, mdifferent networks constructed, various 

applications are performing in each networks 

independently.  

 

Above figure shows a WSN s are created  . if heavy traffic 

sensor nodes are in various location belongs to WSN s  as 

mentioned in the example ,it is also possible that data can be 

sent via heavy traffic notes through other nodes in another 

WSN. 

 Thus every network adopts various channel  ,so nodes are 

unfortunately unable to communicate with a sensor node 

belongs to another WSN. 

To recover this disadvantage   ,qshared nodes , which are 

big end sensor nodes with multiple channel communication 

unit ,are planted in the  sensor area. Sinks and shared nodes 

are capable to communicate with any sensor nodes belongs 

to all WSNs . 

Nodes requires their energy by only communication , it is a 

reasonable assumption in networks  through simple sensors . 

shared nodes and sinks have sufficiently big batteries or 

power supply . it can also defined as,  the WSNs lifetime as 

the time when a first node depletes its all energy . 

Due to heterogeneity , the battery capacity of a node , 

number of nodes , nodes location , energy consumption by 

communication , packet size , data transmission timing and 

operation start time are  various by each WSN. Also sensing 

area is common in all WSNs so need to achieve  cooperation 

in  overlapped multiple networks  

3.2  System model 

In this section , we calculate the overlapped  WSNs model  

for systematic packet forwarding approach with cooperation  

In a sensing area , mvarious WSNs N1,…….Nm are created 

, and every network Ni ,  1< i<m, ha a set of unique sensor 

nodes                                          

Ni = { ni1 ni2,…..ni| Ni| } 

Let the sink base station BSi . q shared  nodes  s1,……sq 

also available in the sensing area . 

Every WSNs are capable to utilize these shared nodes as 

relay node for data rooting .  

For guaranteeing , the enhancement of  life time by the 

cooperation , consider network lifetime be Li, the estimated 

lifetime of   Ni , is obtained by  below equation  

𝐿𝑖 = min𝑛𝑖𝑗 ∈𝑁𝑖 𝐿𝑖𝑗 (1≤ 𝑗 ≤   𝑁𝑖  )      (1) 

      Lij is the estimated lifetime of node nij  here .it can be 

called as node lifetime . in other side , the calculated lifetime 

of WSN is a minimum     (smaller ) a calculated lifetime of 

its all nodes . every node measures its own details of energy 

consumption  while definite time 𝜏 and formulates LIJ by 

make use of it .  

Let eijt be the remaining energy of the sensor node nij, at 

time t , then , per unit energy consumption can be calculated 

as  

……….(2)  

And Lij is identified by make use of the equation(3). 

          Lij =eij (t+r). 
𝜏

e𝑖𝑗𝑡 −e𝑖𝑗 (𝑡+𝑟)
……..(3) 

By interchanging Lij periodically from neighbour nodes , 

every node updates Li. In addition to this , minimum 

lifetime 𝐿𝑖
0 , the calculated lifetime here of no cooperation , 

is estimated by every node . specifically , every WSN 

performs with no cooperation from time t=0 to t=0 +𝜏 =𝜏, 

and after the duration 𝐿𝑖
0  is formulated equation (4). 

𝐿𝑖
0 = eij𝜏.

𝜏

𝑒𝑖𝑗 0−𝑒𝑖𝑗𝜏
……(4) 

𝐿𝑖
0 is also interchanged and updated from sensor nodes . a 

shared node sk  (1≤ k ≤ 𝑞), has m routes 𝑅𝑘𝑙
𝑖  to the base 

station BSi  through the network Nl(1≤ 𝑙 ≤ 𝑚) . that’s why 

sk selects one of the m paths when sk receives a data from 

the sensor network Ni .if i ≠ 𝑙 , 𝑁𝑖 gains the energy source  

from Nl  

Thus , it can also define root lifetime L𝑅𝑘𝑙
𝐼  has the calculated 

lifetime of the route 𝑅𝑘𝑙
𝐼 . The perfect definition is as follows 

L Rkl
I =

min

nij ∈Rkl
I ..

  Lij     ……..(5) 

Equation (5) means that L𝑅𝑘𝑙
𝐼  is the smaller lifetime among 

the sensor  nodes being contained in route 𝑅𝑘𝑙
𝐼 . 
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3.3  Route discovery 

       Every sensor node constructs its own routing table 

based on its routing protocol . in this paper , ad hoc on 

demand distance vector (AODV)is used as a routing 

protocol , due to AODV was invented for wireless networks 

and was adopted for some certain WSN protocol like zigbee 

and ANT .in route finding , every node finds its route not 

only for its own sinks in WSN but also different sinks 

belongs to different WSNs for opportunities to send data 

from sensor nodes in various WSNs to their own sink ..that s 

why ,the routing table of every node has m routes 

corresponding to all sink in all WSNs . 

 A shared node finds its own route with a little different 

mechanism . a shared node constructs  m routes through  m 

different WSNs to sink .There are m sinks ,in total 

,corresponding to m WSNs. .that’s why , a shared node has 

m × 𝑚 routes . 

In AODV protocol selects a route that has less number of 

hops to the sink . thus , the proposed method does not mind 

about the number of hops but in terms of cost in calculated 

by simple accumulation , so that large number of routes are 

established through shared nodes . this is because various 

WSNs used only shared nodes as alter routes . specifically , 

set 1 as the general cost from all over the sensor node and 

we set x (0<x<1) as the cost follows through a shared node . 

if every node finds a route , its selects a route in such a way 

that minimum cost estimated as the total traversing sensor 

nodes. in addition to that, it has a merit like Proposed route 

discovery uses shared nodes , which have perfectly large 

batteries or power supply ,is expected to eliminates 

maximally power consumption of other sensor  nodes .  

3.4 Gaining Lifetime Information 

For cooperation routing , it considers systematic approach 

among different WSNs , shared node sk   maintains 

calculated lifetime information , network lifetime Li  , 

minimum lifetime 𝐿𝑖
0 and route lifetime L 𝑅𝑘𝑙

𝐼 . Gaining these 

information is as follows .  

At the period of sending a data packet , sensor node nij  adds 

the values  of its network lifetime Li and route lifetimeL 𝑅𝑘𝑙
𝐼  

to the MAC frame header of the packet .if the sensor node 

does not have any  related information  on network lifetime 

or route lifetime yet , for example at the time immediately 

after constructing or updating the path , its own node 

lifetime Lij is summed alternatively . every sensor node 

updates these information by waiting for packets from other 

sensor nodes . specifically , if node nij waits for a data 

packet , it compares cost of the network lifetime in the data 

packet and Li in its own information and update its own Li 

to the minimum value between them .however , if the data 

packet from node which have 𝑅𝑗𝑖
𝑖  , the path from nij to base 

station , it verifies the value of route lifetime at the place of 

packet header , and updates its value by as small as possible 

in the case  of updating Li. After that , the over hearing 

sensornode quit the packet immediately if it is not a 

destination node . network lifetime for the time      0 to 𝜏  is 

identified as a minimum lifetime 𝐿𝑖
0 . to calculate this value , 

every sensor node update its minimum lifetime with the 

value of network lifetime on an over heard data packet , 

from the period 𝜏 𝑡𝑜 2𝜏 figure 2 shows the mechanism for to 

gain lifetime information . 

 

Fig 2. Gaining lifetime info 
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Fig 3. Cooperative routing with a shared node concept 

3.5  Cooperative data forwarding 

Hence , a node has a single route for to forward data to a 

sink in its WSN ,it sends  a packet immediately to the next 

node on the route .on the other side , a shared node sk has m 

routes for the sink through m network , that’s why it can 

selects appropriate path for data sending .  

Thus, the lifetime of network depends on the lifetime of the 

nodes which have energy bottleneck in the WSN , using 

cooperative data forwarding through alternate nodes belongs 

to another WSN instead of nodes  which have energy 

bottleneck is expected to advanced the lifetime of the WSN 

.let us consider the example described in the below figure3. 

here the nodes of WSN 2 between the shared node and the 

sink belongs to WSN 1can send data to same sink using 

alternative routes through another WSN . however , if the 

alter sensor nodes are also suffering from bottleneck from 

their WSN ,then lifetime should be a shortened .to overcome 

this result , a shared node is capable is select the alternate 

route if and only if alternate are  not suffering from 

bottleneck . this meant that ,condition for to forward  the 

packet from shared node sk to the sink base station in WSN 

through route lifetime of WSN available in the network can 

be calculated as follows. 

   L Rkl
I >𝐿𝑙

0               ………….    (6) 

            Using above condition , lifetime discretion of every 

WSN by sending data from other WSNs can be minimized , 

and it guarantees the improvement in lifetime .  

A shared nodes has various routes to the sink ,but an 

algorithm to chooses an approximate route is required . 

proposing a systematic packet forwarding approach with 

cooperation manner have 2  route selection algorithms . the 

first one is pool based route selection . here using 

cooperative forwarding , shared nodes maintains the energy 

pool ,the summation of overall energy consumption used by 

cooperative routing continuously. When a sensor node 

nljbelongs to the network Nl sends a data packet from 

another network Nu, this implies that energy pool at Nl 

increases and at Nu decreases. Choosing a route is totally 

based on the energy pool value, using cooperation manner 

energy consumption can be noticeably decreases in 

heterogeneous environment. Also, this method is capable to 

manage the energy consumption by cooperation manner 

even though if every WSN starts to perform from various 

time. 

If  a shared node sk retrieves  a data packet , if and only if it 

has multiple available paths to the sink, also it initially 

compares the energy pool value Pl in every network, after 

that it chooses the path in such a way that it has minimum 

pool value P. Let consider 𝑅𝑘𝑣
𝑖  indicates selected path from 

shared node sk to the sink base station through the network 

Nv. Pv is the value of energy pool belongs to the network 

Nv. If 𝑅𝑘𝑣
𝑖 belongs to the network is increased and also Pi, 

the energy pool of the network Ni(source node) is decreased. 

The density of increase and decrease ∆P  is the energy 

consumption by data sending from  shared node sk to the 

base station.  

It is calculated by equation 7  

i.e.. ∆P=   ℎ𝑅𝑘𝑣
𝑖 ( E𝑟𝑣 + E𝑡𝑣)    …………(7) 

 Above equation contains the parameters like Hop count on 

𝑅𝑘𝑣
𝑖 ,Reception energy, and Transmission energy. 

Below figure (4) shows a flowchart of pool based route 

selection at time when sk receives data from  network Na. 
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Fig 4. Pool based route selection 

Similarly other one is named as the life based route 

selection, this chooses route in such a way that route which 

has maximum network lifetime. If  consider a energy pool 

based route selection procedure, it gives attention towards 

the nodes remaining energy. But here, life based is focusing 

on traffic loads by calculating the route lifetime. That’s  

why, the heavily loaded nodes manages their loads to other 

network nodes and it emerges to a  longer lifetime. Below 

figure(5) shows the flowchart of  life based route selection at 

time when sk receives data from  network Na. 

 

Fig 5 Life  based route selection 

4       Simulation  Resultsand Analysis 

The proposed  project is implemented in ns-2 simulator. 

In our scenario, we are comparing the existing routing 

algorithm  with the proposed systematic packet forwarding 

approach in cooperation overlapped network in 

heterogeneous environment. 

Here receiving rate means the rate of sensor nodes that send 

data packets to their base station successfully. So that a 

single node can not communicate with its base station as a 

dead node, instead of remaining battery power. 1 is the 

maximum receiving value. 

In this simulation model, 

 Simulated 4 WSNs, such as 

WSN1,WSN2,WSN3,and WSN4. 

 Every WSN has 49 sensor nodes based  on 

randomness. 

 Dimension of sensing field is 490𝑚 ×490m square. 

 PHY mode = IEEE802.11b, data rate is 2mbps. 

 Radio transmission range is 150m. 

 Each sink located @ each corner of the network. 

 Shared node will be @ centre. 

 Each node sends 512 bytes data asynchronously 

every 10 seconds. 

 Assumed that sink and shared nodes had large 

battery with unlimited capacities 

In this scenario, we are comparing the proposed algorithm 

with AODV protocol and DSR via some performance 

metrics. 

a. Throughput:  

     It can be defined as the total number of 

delivered data packets to the total time 

required for simulation.   

The comparison throughput results of the proposed 

algorithm with  AODV protocol and DSR reveals that the 

throughput of proposed  systematic  routing protocol is more 

than existed one. 

 

Fig 6 Throughput 
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b. Packet Delivery Ratio (PDR): 

      It’s a ratio between total number of packets 

received at destination to the total number of 

packets sent by the source. 

 The comparison  PDR results of the proposed 

algorithm  with  AODV protocol and DSR reveals that 

proposed  systematic routing protocol is better than 

existing one. 

 

Fig 7  packet delivery ratio 

Packet Retrieval: 

It is a success rate of receiving a data packet at the 

destination node. That is number of successfully  received 

data packets among total number of packets sent. 

        The comparison  throughput results of the proposed 

algorithm  with  AODV protocol and DSR reveals  that  the 

success rate is more for proposed routing protocol compared 

to existed one.  

 

Fig 8 Packets retrieval 

c. Packet Drops: 

    Source sends data packets to the destination node via 

communication channel, in between many problems may 

arises like energy hole, bottleneck etc. Due to this, data 

packets may be wasted like drops. So that required 

information can retrieved at the destination because of 

packet drops. 

                The comparison  packet drops results of the 

proposed algorithm  with  AODV protocol and DSR reveals  

that the proposed routing protocol has less packet drops 

compared to others. 

 

Fig 9 Packet drops 

d. Average Energy Consumption: 

                The comparison average energy consumption 

results of the proposed algorithm  with  AODV protocol and 

DSR reveals  that the proposed routing protocol is less 

compared to others. 

 

Fig 10 Average Energy Consumption 
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5. CONCLUSION 

       In  this proposed routing system, here mainly gives 

attention towards heterogeneous characteristics for 

overlapped networks, built at common area.  At this stage, 

expecting their lifetime has to be improved through 

cooperation manner in multiple sensor networks. Till up to 

existing system, they never consider heterogeneity in every 

network, systematic approach in terms of improvement in 

lifetime is needed. Proposed  systematic packet forwarding  

approach for cooperative routing method via shared nodes, 

with aim is to achieve a noticeable improvement in lifetime 

in hetero overlapped sensor networks. 
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