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ABSTRACT 
In Wireless Sensor Network (WSN) based applications like object tracking, the node Energy and network lifetime are crucial 
factors. Different approaches have been proposed to reduce the consumed energy level of nodes. Those ideas have been grouped 
into three categories: scheduling based, cluster based and mobile data gathering methods. In Large density network, part of the 
nodes is kept as idle, while others are in active mode for a specific duration and this is implemented in cyclic manner. Cluster 
based methods are used to reduce the consumed energy with the overhead of routing issue. In mobile data gathering methods 
with the repeated patterns, part of the nodes drain energy quickly. The Proposed work considered all these factors and also a 
hybrid model which consumes less energy. A mobile data collecting device removes the routing issue in clustering and also 
transmission cost of Cluster Heads. A dynamic pattern for data collection is proposed in this paper to address the fixed pattern 
issue. The result shows that average residual energy level improved by 35%, 30% improvement in network lifetime and 40% in 
end to end delay.  
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INTRODUCTION 

 
 Wireless Sensor Network (WSN) is the emerging trend for smart network application, were, the collection 
of sensor nodes are grouped into the network to sense a specific parameter or multiple parameters and send the 
sensed data to base station. Based on the application and application field the node size, number of sensors 
attached to each node and number of nodes is considered. In most of the applications the node is to be a small 
sized with one or two sensing elements, distributed over the application field and to be unattended.  
 Each of the nodes consists of sensing units to sense the physical parameter, processing unit to process the 
data, communication unit to transmit the data between nodes and or base station. In addition to this, a small 
irreplaceable power unit is connected for providing energy to all other units. So each node is to be utilized 
efficiently by its network. Node quick drains degrade the network lifetime. Many proposals have been tried to 
improve the network lifetime by reducing the energy consumption. Those methods are grouped in to three 
categories: scheduling based, cluster based and mobile data gathering schemes. 
 
A. Duty-cycling approach: 
 A network approach in which part of the nodes is in sleep and others active is called duty-cycling. Duty 
cycle means the amount of active or ON time when compared with total period. For 50% duty cycle approach 
half of the nodes are active and other half are in sleep state. Nodes that are not currently needed for ensuring 
connectivity will be able to go to sleep and save energy. Thus, topology control and power management are 
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complementary techniques that implement duty cycling with unlike granularity. A topology control scheme 
designed and analysed is the rule of thumb that determines the energy gain obtainable in a network of given 
density [1]. 
 
B. Data driven approach: 
 Data-reduction schemes focused the redundant samples or data, although energy-efficient data collection 
schemes are mainly targeted for reducing the energy consumed by the sensing unit. All the techniques try to 
reduce the amount of data to be delivered to the sink node or next hop. Data compression methods are also be 
applied to reduce the amount of data sent by source nodes [2][3]. They are aimed for data reduction and to 
minimize the number of communication to next hop or sink node. 
 
C. Mobility based approach:  
 Mobility-based schemes are classified into two types: mobile-sink and mobile-data relay, which depend on 
the type of the mobile device used in the application field. Mobile nodes may be specifically designed part of 
the network infrastructure, or be the component of the environment. If the mobile nodes are components of the 
infrastructure, their mobility can be totally controlled. If the mobile nodes are part of the environment, they may 
not be controllable. These nodes follow a strict schedule and have a completely predictable mobility [4]. 
Otherwise they may have a random behaviour so that no reliable assumption can be made on their mobility.  
 A hybrid model is proposed to improve the network lifetime by considering the mobile data collection and 
sleep scheduling in Cluster based network. The paper is organized as follows: In continuation with Introduction, 
section II deals the literature survey. Section III the Proposed work and section IV Experimental setup and 
finally conclusion.  
 
Related Works: 
 LEACH (Low-Energy Adaptive Clustering Hierarchy) [5] introduces the concept of cluster based routing 
method in WSN. Cluster Head (CH) is the node which is elected for every round to collect the information from 
all other nodes. Cluster size is even in the network. 
 Dynamic cluster formation used in the proposed system follows the basic LEACH, but Cluster Head (CH) 
election is based on new threshold values. To make a common prototype, network model follows the threshold 
for node x, as follows, 

T�x� = � ��	��
�������     , n ∈ G
0      ,                            Others�     (1) 

 Optimized Far Zone LEACH [6] eliminates the problem of node mobility in FZ-LEACH. By using 
Exponential Moving Average (EMA), the mobility of the Far Zone Cluster Head is monitored and its next 
movement is predicted by using previous values. If the movement is beyond the limit of Far Zone then 
automatically a new CH is elected without losing the data. If a node is eligible to act as a CH based on residual 
energy level, then its threshold value is calculated and compared with the other nodes value. A node with 
maximum threshold value is elected as a CH and that node sends an advertisement message to other node to join 
as a member of that cluster. The other nodes that receive the advertisement and are willing to join that CH is 
sent a request message to join the cluster. 

T�x� = � ��	��
������� ������� !�  , n ∈ G
0      ,                            Others�         (2) 

 In Improved Far-Zone LEACH proposed in [7] Modified Sleep Scheduling algorithm is used to reduce 
active node in one round. Gateway node which is common for two clusters used to move data from one cluster 
to others and update Cluster table (for all nodes) and Gateway table (for Gateway nodes). Uneven clustering 
method is used to improve the performance of the system. Nodes with bellow average energy which are Far 
away from base are grouped and the zone head coordinates the members. 
 BNEPD technique proposed in [8], uses the Bayes Node Energy Polynomial Distribution to Improve 
Routing in WSN. The advantage of BNEPD technique is that the target object sends the polynomial coefficient 
obtained through polynomial regression function instead of sending the entire objects of similar events to the 
higher level. 
 INASDR (In-Network Aggregation Sensor Data Routing) proposed in [9] discusses about the removal of 
redundant information as well as unwanted data forwarding in the collected data in transmission towards base.  
 EFZ-LEACH protocol proposed in [10] uses nodes Minimum Reachability Power (MRP)to enhance the 
lifetime of the network. 
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 A new Mobile Data Gathering method proposed in [11] explains Load BalancedClustering technique and 
Dual Data collection nodes in a mobile device through a fixed path. The fixed path in this method creates quick 
energy drain of specific nodes along the path. 
 
Proposed Work: 
 Wireless Sensor Network lifetime is totally based on nodes life. Enhancement of node’s lifetime improves 
networks too. In this proposal nodes lifetime is improved by considering three factors, the first one is proper 
clustering. Optimized Sleep scheduling and multipath pattern for mobile data collection are the other two 
factors.    
 
A. Initialization and Cluster formation:  
 The Modified Bayes technique obtains the probabilities of object detection of similar events. Then, the 
conditional probability concerning similar events is evaluated. The evaluated similar events are then sent to the 
sink node for further processing. The proposed Bayes principle for node energy distribution is then given as 
follows Prob�TO%|SN�� =  �)��*�+,�|-./� )��*�-./�)��*�+,��           (3) SN�andTO% are the sensor node and target object nodes respectively. Let Dist2 denotes the distance between the 
source and the target object nodes in WSN. Then the distance between SN� and TO% are measured as given 
below:  34567 =  8�9� − 9%�% + ��<� − <%�%�          (4) 
 Based on the distance measurement, sensor nodes sense similar events of corresponding frequency. In a 
similar manner, object detection of similar events is made based on the Bayes probabilities and is sent to the 
sink node reducing the energy consumption. 
 In this section, a decentralized approach using Bayes principles is presented in order to increase the 
performance of the network. The modified Polynomial Distribution is Shown in Figure 1 . 
 

 
 
Fig. 1: Modified Polynomial Distribution Algorithm. 
 
 A novel distribution algorithm called Polynomial Distribution is designed to reduce the inter cluster 
communication overhead issue.  
 Sleep scheduling is nothing but certain sensor nodes stop sensing and transmitting the data to the sink node 
for a time period while others are active.  In large scale distribution, most of the areas are covered by redundant 
nodes. They collect the repeated information and then drain the energy in transmission of unwanted data. In this 
proposal, nodes in a clusters are grouped in to three and only one third of it are active at a time  while others are 
in sleep mode. After a specific time or one round of data collection the active nodes are allowed to go to sleep 
mode and another group of nodes are switched from sleep to active mode by activation signal given by previous 
group members.  
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B. Cluster Election and Data Collection from Member node: 
 Cluster Head election is done by the sending join message from eligible nodes to all other nodes. Eligibility 
is based on the threshold values of each nodes. The modified threshold equation is shown below.    

T�x� = � ��	��
������� ������� !�=>?   , n ∈ G
0      ,                            Others �         (5) 

 Distance d from base is calculated and communication cost required by the node is estimated and added for 
the threshold calculation. The residual energy of the node also lead for CH election. After updating each node 
T(x) value, the eligible nodes are identified. Three CH model is proposed here to make load balancing inside the 
clusters and also the data collection. Minimum distance between each is to be fixed to make the three nodes in 
triangle form, mostly in the corners of the cluster.  
 The CHs send the TDMA slots to their member nodes and collect the data and do the aggregation process to 
remove unwanted and repeated information’s. After that the CHs in specific clusters synchronized their 
collected data. Figure 2 and figure 3 show the flow chart for cluster formation and cluster head selection 
respectively.  
 
C. Mobile Data Relay (RealyCar):  
 A mobile Collection device called RelayCar with multiple patterns for data collection is proposed. The 
mobile device is highly configured with rechargeable energy source and cover large radius to reach sink from 
the application field. Single path system leads energy drain in nodes which are near by the path. The proposed 
system with RelayCar passes through multiple paths and avoids the quick drain of nodes nearby the path. The 
path selection is based on direction given by sink.  
 

 
 
Fig. 2: Flow chart for Cluster formation. 
 
Simulation Results: 
 In this section, simulation results are compared with cluster based LEACH protocol, Mobile data gathering 
protocol and proposed hybrid model. Table 1 shows the simulation parameters used. Performance analysis is  
focused for lifetime enhancement of network with three parameters Packet delivery ratio, End to end Delay and 
Energy Consumption.  
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 The Energy Consumption of the node includes data collection, Aggregation and Communication to mobile 
data collector. Based on the role of 
proposed is to balance the energy consumption of each node. Figure 4 shows that the proposed 
average residual energy to keep the network 
 

Fig. 3: Flow graph for CH election. 
 
Table 1: Simulation parameters. 

 

 
Fig. 4: Average Remaining Energy.
 
 Packet Delivery Ratio (PDR) is the process
received at base with number of packet
protocol with the other two and it shows considerable improvement.
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The Energy Consumption of the node includes data collection, Aggregation and Communication to mobile 
of the node the work may vary. The Load balanced data collection method 

proposed is to balance the energy consumption of each node. Figure 4 shows that the proposed 
to keep the network alive for a long run. 

 
 

Parameter 
Number of nodes 

Network Grid 
Channel BW 

Size of data packet 
Initial energy of nodes 

Processing Delay 
εfs 
εmp 
Εelect 
EDA 

 

. 

Ratio (PDR) is the process to  find the loss ratio by considering 
received at base with number of packets transmitted by CHs. Figure 5 shows the PDR comparison of proposed 

other two and it shows considerable improvement. 
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The Energy Consumption of the node includes data collection, Aggregation and Communication to mobile 
the node the work may vary. The Load balanced data collection method 

proposed is to balance the energy consumption of each node. Figure 4 shows that the proposed method has high 

Value 
100 

500×500m2 
1 Mbps 

500 bytes 
1J 

50µs 
10pJ/bit/m2 

0.0013pJ/bit/m4 
50nJ/bit 

5nJ/bit/signal 

find the loss ratio by considering the number of packet 
transmitted by CHs. Figure 5 shows the PDR comparison of proposed 
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Fig. 5: Packet delivery ratio. 
 
 End to end delay is used to identify the efficiency of the network and also finds 
looping. Figure 6 shows the improvement in proposed protocol when compared with other two. 
 

 
Fig. 6: End to end Delay. 
  
Conclusion: 
 The proposal is focused on the network lifetime enhancement. Optimized Sleep scheduling and Multipath 
mobile data collection methods are used to reduce the energy consumption in each node. In
aggregation and modified Bayes polynomials are used
clustering. Network lifetime improves when compared with
average residual energy level. Multipath method of mobile data collection improves the performance of the 
network in a better way. A Dynamic path selection scheme may improve the performance much more and it
the future scope of the work. 
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The proposal is focused on the network lifetime enhancement. Optimized Sleep scheduling and Multipath 
mobile data collection methods are used to reduce the energy consumption in each node. In
aggregation and modified Bayes polynomials are used for reduction of communication c
clustering. Network lifetime improves when compared with the other existing methods by improving
average residual energy level. Multipath method of mobile data collection improves the performance of the 

better way. A Dynamic path selection scheme may improve the performance much more and it
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