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Abstract—Occurrence of natural disasters is a major concern 
for people residing in disaster prone areas and this increases 
the need for Disaster Monitoring. Wireless Sensor Network 
(WSN) technology offers a better solution in disaster 
monitoring to facilitate effective rescue operations. WSNs have 
the capability of quick sensing and transmission of critical data 
and thus prove effective in reliable monitoring and rescue 
operations. As the networks are deployed in disaster prone 
regions, the power, storage resources are limited and data 
retrieval is the major concern. Many schemes like sleep-
scheduling, collaborative sensing have been implemented to 
solve these issues. But, there are many limitations to enhance 
the network lifespan, network traffic and effective data 
retrieval associated with it. In this paper, we propose a novel 
collaborative sensing scheme along with duty cycling to 
enhance the lifetime of the network. Our mathematical 
evaluation prove the energy efficiency of our scheme for 
disaster applications in WSN.  
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I. INTRODUCTION 

Disasters occur in the nature for various reasons but the 
consequence of a disaster disturb natural vegetation, human 
life causing heavy loss. Hence, it is desirable to detect the 
disaster and warn early to plan timely evacuation of the 
space and save human life. However some disasters give a 
late warning with high intensity such as Tsunami, floods etc. 
and there is very less time for precautions and safety 
measures. These early warning systems generate alarm sig-
nals to indicate the dangers associated with disasters. It is 
highly desirable for rescue system to get the precise location 
to launch timely rescue operations. Hence, timely reporting 
and data backup during the event is important for reducing 
the victims and damages in incidents. Another major issue is 
that the disaster may sometimes lead to damage in the net-
work both in terms of hardware and communication me-
dium. This makes it difficult to obtain information about the 

event and to plan an effective data backup from the network. 
The Wireless Sensor Network (WSN) [1] offers a better so-
lution to the afore-mentioned scenarios with their cutting 
edge technology. Typical applications of WSN in disaster 
monitoring systems include Mine Fire warning system, 
Earth-Quake Detection system [2], Land-slide Detection 
system, Volcano monitoring system, Fire detection system 
etc.   

The WSN technology can be used in disaster monitoring 
to facilitate early warning mechanism. In general the sensor 
nodes of a WSN are deployed in the region prone to disaster 
for continuous monitoring and event detection. The sensor 
nodes monitor the physical phenomenon and generate an 
early warning in case it senses any unusual behavior in the 
environment. The sensor nodes are meant to detect certain 
parameters in the environment like humidity, pressure, tem-
perature, sound intensity, etc.  Depending on the application, 
these sensor nodes are deployed in the disaster prone region 
to monitor the environment continuously. Each sensor node 
is equipped with a battery as power source and it consumes 
this energy to perform sensing, transmission and reception 
operations in a continuous manner. The lifetime of the bat-
tery is limited. As the networks are deployed in remote geo-
graphic locations and it is impossible to recharge or replace 
battery if battery is completely exhausted. We need to con-
serve the battery power by minimizing the data transmission 
activity in the network. Hence we propose to use duty cy-
cling in WSN to minimize the data transmissions in the net-
work while also catering to the goals of disaster monitoring.  

Many energy efficient schemes were proposed in WSN 
for optimal power utilization like data aggregation [3], data 
compression [4], and load balancing [5], sleep-scheduling 
etc. Each sensor node has a built-in storage unit, processor, 
sensing unit, battery, transmitter and receiver. The sensor 
node can sense data and store in the storage unit and when-
ever there is an external query from the Base-Station (BS) 



the query is processed and the result is sent to the BS. Alt-
hough data compression algorithms are used to compress the 
sensed data at the node itself. For applications of WSN, mul-
tiple sensor nodes are involved in Query processing, the 
query results would have been from multiple sensor nodes, 
so aggregated data is sent to the BS. The data aggregation 
means to perform the aggregation function (sum, min, max, 
average etc.) on the data so as to reduce the data size which 
will eventually reduce the traffic in the network and as well 
as the communication load on the sensor node. In general all 
the WSN applications, require redundant deployment of sen-
sor nodes, which leads to redundant data in the network. The 
sleep-scheduling mechanism will conserve battery power by 
turning off the radio when not in use. This will aid to energy 
efficiency in the network.  

The initial deployment of sensor nodes is important in 
achieving energy efficiency in WSN. One of the primary de-
sign aspects in WSN is connectivity in the network. Hence, 
the deployment of nodes is densely done to maintain connec-
tivity. Many WSN applications require a dense deployment 
of nodes. Due to this deployment strategy, the sensor nodes 
exhibit redundancy in their collected data. (Also due to spa-
tio-temporal correlation [6] found in sensor data, there is cer-
tain amount of redundancy)  If all the nodes are active at the 
same time, it will dissipate energy fast and shorten the net-
work lifetime. Therefore, it is essential to make some of the 
nodes sleep, while others are active and sensing. Hence, a 
significant amount of energy savings can be achieved by 
turning off some nodes, which will eliminate redundant data. 
There has been various sleep-scheduling schemes proposed 
to suit different scenarios. By maintaining sufficient cover-
age and connectivity, the sensor nodes employ suitable duty-
cycling schemes to conserve the network power. 

In this paper, we propose an energy efficient collaborative 
sensing scheme for effective disaster monitoring using WSN 
with mesh topology. Our approach is based on the following 
concepts. 

1. A novel collaborative sensing scheme by creating a 
cluster of nodes,  

2. To reduce the amount of energy exhausted by indi-
vidual node using sleep-scheduling in the cluster. 

3. The data retrieval in case of disaster or partial damage 
in the network.  

We outline the latest work done so-far in the area of Col-
laborative Sensing in WSN, in Section II. Our proposed 
scheme is described in Section III. Then we evaluate the per-
formance of the proposed approach in Section IV. Finally, 
we conclude the paper in Section V. 

II. RELATED WORK 

In this Section, we give a brief description of the research 
work done in the collaborative sensing and duty cycling in 
WSN along with the schemes adopted for disaster 
monitoring.  

The initial deployment of sensor nodes is important in 
achieving energy efficiency in WSN. One of the primary 
design aspects in WSN is connectivity in the network. 
Hence, the deployment of nodes is densely done to maintain 
connectivity. Many WSN applications require a dense 
deployment of nodes. Due to this deployment strategy, the 
sensor nodes exhibit redundancy in their collected data. 
(Also due to spatio-temporal correlation found in sensor 
data, there is certain amount of redundancy)  If all the nodes 
are active at the same time, it will dissipate energy fast and 
shorten the network lifetime. Therefore, it is essential to 
make some of the nodes sleep, while others are active and 
sensing. Hence, a significant amount of energy savings can 
be achieved by turning off some nodes, which will eliminate 
redundant data. There has been various sleep-scheduling 
schemes proposed to suit different scenarios. By maintaining 
sufficient coverage and connectivity, the sensor nodes 
employ suitable duty-cycling schemes to conserve the 
network power. 

The work in [7] has proposed a method to estimate the 
number of nodes to be deployed to ensure a predetermined 
lifetime. First the deployment area is divided into equal sized 
strips and nodes are deployed in such a way that the density 
of deployed sensors increases as the distance between a strip 
and the sink decreases. In a tree topology, it is a well-known 
fact that the nodes nearer to the sink node (intermediate 
nodes) consume more energy than the leaf nodes. Hence, 
there is a requirement of dense deployment in the strip nearer 
to the sink than the strip farther from the sink. The energy 
consumption in the network is computed using the energy 
dissipation model [8]. But, this method neither considers the 
coverage issues nor handles the node failure situations. 
Further this work does not consider the energy dissipation 
pattern for data forwarding sensor networks with sleep based 
energy saving support. 

Collaborative sensing of sensor nodes has been a very 
significant technique to utilize the power at a node and 
transmit critical data for a prolonged time period in an 
optimal way. Various Collaborative schemes have been 
proposed with both tree topology and graph topology. As the 
tree topology schemes have a critical limitation that the child 
nodes (usually the storage nodes) have only a single path to 
transmit their data. During a critical disaster event there is 
negligible possibility of data retrieval if the intermediate 
nodes fail. Hence, we concentrate on the recent works of 
mesh topology. 

A gradient based sensor deployment scheme has been 
proposed in [9] to assure the complete coverage and 
maximum network lifetime. The major drawback of the 
work is that it assumes regular terrain and does not consider 
the pattern of data forwarding tree. It can be noted that the 
existing schemes do not consider all aspects of deployment 
design like potential irregularity in terrain, gradient in traffic 
load distribution for tree-based [10] data gathering, 
requirement of redundant sensors. 



There had been various schemes for event detection in 
disaster monitoring applications of WSN. We focus on event 
detection done at node level with a pre-fixed threshold value 
specific for applications of WSN. The work in [11] proposed 
an in-network decentralized approach for event detection in 
WSNs based on machine learning techniques. This approach 
adopted decision trees for distributed event detection and a 
reputation-based voting method for detected results 
aggregation over the sensor nodes in order to reach a 
consensus decision. The work makes use of decision trees 
and achieves highly accurate results in terms of detection 
accuracy. Although the time complexity of the machine 
learning techniques used to design this approach was 
thoroughly discussed, the communication overhead which is 
the main player of energy consumption was not investigated 
Sleep-scheduling of sensor nodes has been a very significant 
technique to utilize the power at a node in an optimal way. 
As mentioned earlier according to this approach, a node will 
go to sleep mode for some time thus consuming minimal 
power.   

The work in [12] proposes a protocol for rare-event 
detection and not for continuously reporting readings from 
the sensor network. As there is no continuous data 
transmission the nodes need not adopt a synchronized sleep-
scheduling, which will lead to energy wastage. Initially, each 
node randomly selects a wakeup time and communicates it 
to its neighbors. In the following iterations, each node 
recalculates its wakeup time exactly once per iteration, based 
on the most recently updated neighbor schedules. Therefore, 
at any point of time the network has a partial sensing 
coverage. This is done by turning on a subset of nodes to 
form primary nodes sensing and covering the network for 
some time and then wakeup their neighbors and go to sleep 
to improve network lifetime. Further each sensor node is 
duty cycled in co-ordination with its neighbors such that the 
average detection delay is minimized. For a rare event 
detection the sensor nearby detects the event and transmits 
to the sink via the intermediate nodes. As the network is an 
unconnected graph at times, due to the duty cycling of nodes 
non-uniformly, there is a time delay in the transmission of 
this event. 

In one of the research works, a data storage scheme called 
Distributed Index-Based Dominating Set (DIDS) [13] is 
proposed to efficiently process data queries. This scheme 
proposes, that sensed data is stored at the node close to the 
event detecting nodes and the location information of these 
storage nodes is pushed to some index nodes close to them. 
So the queries are only routed to the index nodes instead of 
flooding the whole network. Therefore DIDS uses limited 
network and computational resources while providing timely 
responses to queries. 

Now, we list out the limitations of the existing schemes 
mentioned in the preceding discussion. This scheme, is 
based on hierarchal distribution on nodes. Though it strictly 
does not follow the tree topology but after the cluster for-
mation is done, several parts of the network shall have a tree 
topology obtained and hence the limitation of data retrieval 

during a disaster surfaces back. Also as the intermediate 
nodes are the ones which lose the most amount of energy 
when data is transmitted back, in this scheme the intermedi-
ate nodes are the storage nodes and hence we can expect a 
greater loss of data.  

Now, we present our proposal in Section III, followed by 
the mathematical evaluation of our scheme to prove its effi-
ciency in Section IV.  

III. THE PROPOSAL 

The proposed collaborative sensing scheme is based on the 
mesh topology and in this work we propose three modules: 

1.  Deployment  
• Cluster Formation  
• Twins Formation 

2. Sleep-scheduling  
3. Data retrieval on node failure  
 
A. Deployment 
      In this model, the sensor nodes are deployed in the long 
tunnels of the mine. To address node failure in WSN caused 
due to fire disasters, we place multiple sensor nodes in the 
same region. This may lead to sensor nodes sensing the same 
physical phenomenon thus causing redundancy. 
Redundancy ensures backup data in case of node failure. We 
also employ sleep-scheduling model to achieve energy 
efficiency in WSN. 
 
 (i) Cluster Formation 
       All the nodes which sense similar temperature readings 
form a cluster. The Sensor nodes are deployed in the area of 
interest.  Each node will sense data for a certain time period. 
One of the nodes will initiate the clustering activity and is 
termed as the coordinator node. The coordinator will send a 
cluster request along with its sensed data to all its one hop 
neighbors. Each node compares this ‘index compare’ data 
with their own readings and if the node sensed data is simi-
lar, then the node sends an ‘ack’ back confirming to be part 
of the cluster as shown in Figure 1. If the coordinator node 
receives ‘ack’ from a unique node id, then the cluster coun-
ter (k) is incremented by one. This new member of the clus-
ter starts sending the cluster request to its one hop neighbors. 
The process continues till the cluster counter is either 8 or 
when the first dis-similarity in data is observed. If the coor-
dinator node counter reached 8 or receives rejection (which-
ever is first) then the node which has sent the acknowledge-
ment/rejection becomes the coordinator for the next cluster 
and the procedure is repeated till all the nodes in the network 
are covered as shown in Figure 2. 

      The number of members in a cluster range from 1 to 8. 
Depending on the tunnel dimensions, the number of sensor 
nodes with in the proximity of a coordinator vary. Also, if 
the sensors exhibit dis-similar data then they cannot be part 
of the cluster. Hence, a dis-similar reading will lead to a 
different cluster formation. The maximum size of the cluster 
is fixed as 8 because with an increase in this size will lead 
to high redundancy and communication cost constraints. For 



any cluster size less than 8, the nodes work for longer 
duration leading to decrease in lifetime. The detailed 
algorithm is given as follows: 

Algorithm: 

1: Choose a root, r Ԑ V (using global Leader Selection Algorithm) 
2: Root r becomes the first coordinator node c. 
3: c has a counter k=1, k1=0; every node has an index compare counter i=0; 
    k = increments when a node sends acknowledgement. 
    k1= increments when a node sends nack. 
    i = 1; when the index compare data of c is similar to that of the node 
    i = -1; when the index compare data of c and the node is dissimilar 
    i = 0; when the index data of c is not yet compared to that of the node. 
3: Compute the hop distance from r to each node (using Breadth First Search 
(BFS))  
4: n = c; 
while (k<=8 && k1<1) 
{ 
          if (n has neighbor nodes) 
          { 
             Transmit index compare data to all 1 hop neighbors if i=0; 
             All nodes with i =1, return ack to c (for every ack k++); 
             All nodes with i =-1, return nack to c (for every nack k1++); 
            Every individual node with i = 1 becomes n and follows this 
iteration. 
            All i=1 nodes form a cluster; 
         } 
} 

 
Fig. 1 Cluster formation, with k=8 

 
Assumption:  

1: Nodes 1, 2, 3, 4, 5, 6, 7, 8 have similar data readings 
2: Only diagonals are 1 hop distance. 
3: 1r (root node and 1st coordinator node) 

States: 
1: 1r                    {k=1, k1=0 ;} 
2: 13                   {i = 01; 3 Ԑ n; 3 sends ack; k++ (k=2)} 
3: 32                   {i = 01; 2 Ԑ n; 2 sends ack; k++ (k=3)} 
    34                   {i = 01; 4 Ԑ n; 4 sends ack; k++ (k=4)} 
    35                   {i = 01; 5 Ԑ n; 5 sends ack; k++ (k=5)} 
4: 46                   {i = 01; 6 Ԑ n; 6 sends ack; k++ (k=6)} 
    56                   {i = 1;} 
5: 67                   {i = 01; 7 Ԑ n; 7 sends ack; k++ (k=7)} 
    68                   {i = 01; 8 Ԑ n; 8 sends ack; k++ (k=8)} 
6: 79                   {k>8; 9new coordinator node} 
Assumption:  
1: Nodes 1 to 6 have similar data readings and 7, 8 has dissimilar data. 
2: Only diagonals are 1 hop distance. 
3: 1�r (root node and 1st coordinator node) 
States: 
1: 1�r                    {k=1, k1=0;} 
2: 1�3                   {i = 0�1; 3 Ԑ n; 3 sends ack; k++ (k=2)} 
3: 3�2                   {i = 0�1; 2 Ԑ n; 2 sends ack; k++ (k=3)} 
    3�4                   {i = 0�1; 4 Ԑ n; 4 sends ack; k++ (k=4)} 
    3�5                   {i = 0�1; 5 Ԑ n; 5 sends ack; k++ (k=5)} 
4: 4�6                   {i = 0�1; 6 Ԑ n; 6 sends ack; k++ (k=6)} 
    5�6                   {i = 1;} 
5: 6�7                   {i = 0�-1; 7 sends nack; 7 is new coordinator node} 
    6�8                   {i = 0�-1;} 
 

 
 

 
Fig. 2 Cluster Formation, with i = -1 

 

 

The first node with i=-1 or when k>8 (whichever occurs 
first) becomes the coordinator node for the new cluster and 
process continues till all the nodes of V are clustered. 

 

(ii) Twin Node selection within a Cluster 
         The nodes in the cluster operate in twin-mode with 
one node being a ‘primary node’ and the other node ‘sec-
ondary node’. The role of primary node is to sense and 
transmit the data to the BS and secondary node senses and 
stores the data for back up. In this way, we have fewer data 
transmissions and redundancy elimination to BS. The node 
closest to the BS is termed as link node. The link node by 
default is a ‘primary node’. For a cluster of size ‘n’, it can 
have ‘m’ number of primary nodes where m is computed as 
follows:    
m= n/2; if n is even. 
m=Integer (n/2) +1; if n is odd. 
      The m-1 nodes closest to the link node become the 
primary nodes. The primary nodes looks for its twin (nodes 
other than primary) which are close to them. Priority of twin 
formation depends on the distance of the primary node from 
the link node as shown in Figure 3. The farther the primary 
node the less the priority to be a twin node. If the number 
of nodes in a cluster are not even then the primary node with 
the lowest priority does not have a secondary node and 
hence acts as an independent node in the cluster. 
      In case of partial damage in the network, leading to 
failure of some of the nodes in the cluster, we will be able 
to retrieve the critical data from its twin node. After the 
failure of primary node, the secondary node becomes the 
independent primary node and will take up the 
responsibility of transmitting data to BS.  

Algorithm: 
1: Choose a link node (the closest node in the cluster to r, using BFS) 
2:     n = no of nodes in the cluster; 
        m = no of primary nodes;  
        n1= no of secondary nodes;  
         i=1, j=1; 
3: Every node has a primary counter p=0; 
     And a secondary counter s=0; 
4:    if (n == even) 
            m=n/2; 
       else 
            m=n/2+1; 
5: The m-1 nodes closest to the link node become primary nodes; higher 
the priority number starting from 2. 
t=link node; 
while (m>0) 
{ 



  Transmit to all the 1 hop distant cluster member; 
   If (p==0) 
   { 
    t= 1 hop neighbor 
    P=i++; 
    m--; 
   } 
} 
6: Link node becomes the first primary node; (priority=1) 
7: The remaining nodes are termed secondary nodes. The higher priority 
number starting from 1. 
t= the node which got m value as 0; s=1; 
while (n1>0) 
{ 
  Transmit to all the 1 hop distant cluster member; 
   If (s==0) 
   { 
    t= 1 hop neighbor 
    s=j++; 
    n1--; 
   } 
} 
8: The primary and secondary nodes with same priority number are 
forming twins to follow same sleep schedule. 
9: The node p and s are primary and secondary priority of each node. 

 

  

Fig. 3 Twin node selection, for k=8 
 

 
B. Sleep-scheduling of Nodes 
       Sleep-scheduling basically defines the time slot for 
which a twin/independent node is awake and senses the 
data. Once twins are formed, two nodes in the twins will 
have same sleep-schedule. Data is transmitted by the 
primary nodes of the cluster three times in every 24 hours 
(once every 8 hours). Hence the 8 hours is divided into ‘m’ 
slots and each slot is assigned to the primary nodes (both 
the twin and the independent node) according to their 
priority (higher the priority lower the slot number). In the 
assigned time slot the twins/independent node sense and 
store data every 1 min and the data transmitted at the end of 
8 hours to the base station. The data sent is the aggregate 
computed on the stored data. Thus the twins/independent 
primary nodes sense their data in their time slots in periodic 
cycles.    

       The link node or the first primary node aggregates the 
data from the other primary nodes and transmits it during 
its activity time. The same is followed by the other primary 
nodes in the cluster during their activity time.  
 
C. Data Retrieval on Node Failure 
(i) Critical Event Detection 

If the difference between two consecutive readings of a 
twin/independent node exceeds the defined threshold 
value then the system goes to critical event detection 

state. In this state the twin/independent node activates the 
other twin/independent nodes and they immediately start 
transmitting the data to the base station irrespective of 
their sleep-scheduling slots. The twin/independent node 
also sends an alert signal to the BS. 

(ii) Rescheduling 
If the primary node fails due to any other reason other 
than critical event detection, then sleep-scheduling of 
nodes depends on whether the primary node was one of 
the twin or independent node. 

 
Case 1: If the primary node is one of the twin node, in this 
case, if the secondary node is still working then the sleep-
scheduling of the cluster is intact and the secondary node 
now becomes the independent primary node. If the 
secondary node of the twins fails then the immediate next 
primary node in priority is triggered to immediately start 
sensing (even though it is not its slot to sense) and the 
sleep schedule is rescheduled. When rescheduling occurs, 
the time slot of each twin/independent node is now 
redefined. Each twin/independent node senses data for a 
time slot of 8/(m-1). 
Case 2: If the primary node is independent, in this case, 
there is no secondary node and hence the node next in 
order is triggered to immediately start sensing and the 
sleep schedule is rescheduled. 

 
D. Routing 
      In normal case, the data transmission from the primary 
nodes follow the hard coded routing path to reach the BS. In 
case of disaster leading to failure in the hard coded routing 
path the primary nodes follow DSR routing from that point 
with a goal to reach BS. Hence the techniques proposed 
when applied to WSN that uses a mesh topology for routing 
will increase the efficiency w.r.t., storage space, power 
utilization, and query processing. We propose a 
mathematical evaluation for our proposal in Section IV.   
 

IV. MATHEMATICAL EVALUATION 

      In this Section we present the Mathematical evaluation 
of the proposed collaborative Sensing Scheme in 
comparison with the DIDS Scheme. 
eₒ = the maximum energy of all the nodes at time t=0 
eth = the minimum energy below which node ceases to 
function 
E(n) = the energy left in a node at time t 
Condition for the node t function: E(n)-eth > 0                    (1) 
Let Ԑ = eₒ - eth 
Hence, Ԑ > 0  
Energy consumption of a node = energy consumption by 
battery + Energy needed to transmit data + Energy needed to 
receive data. 

The energy consumption for control signal transmission 
and reception, data processing, data sensing is negligible and 
hence is not taken into calculation. 
Energy consumption by battery = K1 ekt, where K1, k are 
constants, and t is the time. 



However as the sensor nodes used in the disaster prone 
areas have long life time, the slope of the energy 
consumption becomes constant from exponential and hence 
the equation becomes constant 
 
Energy consumption by battery = K1 t 
Energy consumption on data reception = Er 
Energy consumption on data transmission = Et 
Total Energy consumption of a node = K1 t + Er + Et 
Energy of the node =  
E(n) = Initial Energy – Energy consumption till time t   
            = eₒ - K1 t + Er + Et 
 
Putting (1),    E(n) - eth > 0             
eₒ - K1 t + Er + Et - eth > 0 
eₒ - eth > K1 t + Er + Et 
Ԑ> K1t+Er+Et                                                                                                           (2) 
 

Let us consider that no of queries for each node is constant 
over a certain amount of time. Therefore, taking each query 
comes after a time slot tslot, the no of queries in time t is 
t/tslot  

As the main focus is on the intermediate nodes (storage 
nodes specially) as these are the nodes which have maximum 
energy consumption and hence when their energy is 
exhausted the data retrieval from that part of the network 
stops, our focus is thus to find out how long does the network 
functions. The longer the life time of these intermediate 
nodes, the more efficient and successful our proposal is 

For the DIDS Scheme, It’s a hierarchial structure and we 
shall consider the storage nodes energy consumption. Every 
storage node has its own data to transmit. It receives all the 
data from the sensing child nodes and storage child nodes. It 
transmits this data further. 
Er = er.nc.(t/tslot), where er is the energy consumption on every 
reception by a node and nc  is the number of child nodes 
 
Et =  et.nc.(t/tslot) +  et.(t/tslot) 
 et.(nc+1).(t/tslot), where et is the energy consumption on 
every transmission by a node and nc  is the number of child 
nodes. 
Energy Consumption = K1 t + Er + Et 

 K1 t + er.nc.(t/tslot) + et.(nc+1).(t/tslot) 
 K1 t + [er.nc+ et.(nc+1) ](t/tslot)  
 (K1 + [er.nc+ et.(nc+1) ]/tslot).t  

Putting (1) & (2), 
       E(n) - eth > 0                                                           (1) 

 Ԑ > K1 t + Er + Et                                                                     (2) 
 Ԑ > (K1 + [er.nc+ et.(nc+1) ]/tslot).t 
 Ԑ/(K1 + [er.nc+ et.(nc+1) ]/tslot) > t , this is the time 

for which the storage node lives 
But the storage node has a backup with E(n1) > E(n2), 

and hence  t2 < t1 . 
Therefore condition of total life time of that network sec-
tion = 

t2 + t1 < 2Ԑ/(K1 + [er.nc+ et.(nc+1) ]/tslot) 
t2 + t1 < 2Ԑ/(K1 + [er.nc+ et.(nc+1) ]/ tslot) 

t2 + t1 < 2Ԑ.tslot/[er.nc+ et.(nc+1) ]                 (3) 

For the proposed Collaborative Sensing Scheme, As all 
the primary nodes are the intermediate connections between 
the secondary nodes of the cluster and next cluster nodes we 
shall take an assumption that the life time of a cluster 
depends on the actively functioning primary nodes. If all the 
primary nodes fail then the network section dies. It receives 
data from the other primary nodes in the cluster and 
transmits the aggregated data further. It receives all the data 
from the child clusters. It transmits this data further. 

Taking the case of k = 8, 
Er = 3er.(t/tslot) + er.ncg.(t/tslot)   
er.(ncg+3).(t/tslot), where er is the energy consumption on 
every reception by a node and ncg  is the number of child 
clusters 
Et = et.ncg.(t/tslot) +  et.(t/tslot) 
et.(ncg+1).(t/tslot), where et is the energy consumption on 
every transmission by a node and nc  is the number of child 
clusters. 

Energy Consumption = K1 t + Er + Et 
 K1 t + er.(ncg+3).(t/tslot)+ et.(ncg+1).(t/tslot) 
 K1 t + [er.(ncg+3)+ et.(ncg+1)](t/tslot)  
 (K1 + [er.(ncg+3)+ et.(ncg+1)]/tslot).t  

 
Putting equation 1 & equation 2, 
       E(n) - eth > 0 

 Ԑ > K1 t + Er + Et                                                                (2) 
 Ԑ > (K1 + [er.(ncg+3)+ et.(ncg+1)]/tslot).t  
 Ԑ/(K1 + [er.(ncg+3)+ et.(ncg+1)]/tslot)> t1 , this is the 

time for which the 1st primary node node lives 
Total cluster life time = t1 + t2 + t3 + t4 = ttotal 

 ttotal < 4Ԑ/(K1 + [er.(ncg+3)+ et.(ncg+1)]/ tslot) 
ttotal < 4Ԑ. tslot /[er.(ncg+3)+ et.(ncg+1)]         (4) 

For a network with large number of nodes (>100) 
ncg << nc                                                                                                         (5) 
 

Now comparing the lifetime of network sections for both 
DIDS and proposed collaborative sensing with equal num-
ber of nodes: 
2Ԑ.tslot/[er.nc+ et.(nc+1)] < 4Ԑ. tslot /[er.(ncg+3)+ et.(ncg+1)] 

Therefore it is mathematically proved that the proposed 
collaborative sensing has a multifold increase in the lon-
gevity of network life. 

V. CONCLUSION 

In this paper we have proposed an energy efficient data 
retrieval scheme which is best suited for disaster monitoring 
applications of WSN. The goal of our proposed approach is 
the availability of critical data during disasters. Our mathe-
matical evaluation have proved the efficiency of our ap-
proach in terms of longevity of the network, load balancing 
and reduction of traffic due to frequent communication be-
tween neighbors to enhance network lifetime. The proposed 
collaborative sensing scheme focus essentially on the disas-



ter monitoring and hence twin node sensing mode and clus-
ter formation ensure the longevity of network and critical 
data retrieval. The sleep scheduling technique further lets the 
twin nodes to be in sleep for almost half of the time and thus 
energy efficiency is multifold. Our mathematical evaluation 
stands in support of our scheme.  
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