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Abstract - Wireless sensor networks have been the useful
technology for monitoring in a remote and hostile environment,
in applications such as prediction of landslides where the
frequent sensing and data gathering of seismic parameters are
required in the dynamic surroundings. Since the nodes of the
sensor networks are inadequate in energy, a lifetime of the
network becomes the major criteria for the effective design of
data gathering schemes in wireless sensor networks. In this
paper, we propose an efficient data gathering scheme adaptive to
sensing requirements, where the sensor nodes are equipped with
multiple sensors. To accomplish the task we adopt the response
threshold model for sensing. The results are evaluated through
simulations, our proposed algorithm can accomplish energyefficient data gathering, satisfying dynamically changing sensing
requirements.
Keywords - Wireless Sensor Network, data gathering, adaptive
sensing, response threshold model, Energy efficiency.
I. INTRODUCTION
The Wireless Sensor Network (WSNs) [1,2] were extensively
deployed
and
researched
for
many
applications in recent years, by taking the advantage of smaller
dimension, lower cost and simple structure of the sensor node.
More restrictions come together with sensor nodes due to these
characteristics. Therefore, the limited power of sensor nodes is
the most direct and difficult problem we meet. The limitation on
the energy of sensor node makes the bottlenecks for designing
the suitable routing protocols. In order to solve the problem of
limited energy, power loading of nodes have to be distributed as
possible as it can. If the energy consumption can be shared
averagely by most nodes, then the lifetime of sensor networks
will be enlarged. In many applications of wireless sensor
network, the sensor nodes are required in the form of error-free
data transmission[3] to the Sink node. We proposed an energyefficient data collection program. The method we proposed to
reduce the data transmission is by adaptive sensing mechanism
and transmitting the data to respective cluster heads on the basis
of threshold values of the sensed parameter. In general, the
sensor node in a wireless sensor networks that can be sensed and
the information gathered can be transmitted to a distance are all
fixed, and two are directly related. The greater the distance
between the nodes makes greater power consumption[4]. The
relation between the communication distance and power

consumption are exponentially proportional. Therefore by
transmitting the aggregated information to longer transmission
distance with a lower power consumption to a data collection
node (Sink Node), enormous amount of energy can be saved.
The algorithms to improve the use of time and performance of
the entire wireless sensor network environment becomes one of
the most important research areas in the recent times.
II. PROPOSED WORK
Energy conservation techniques for the radio communication has
been extensively proposed by many authors[5,6]. Here we are
attempting to proposed a mechanism for sensing level. Adaptive
response threshold technique can be applied to achieve energy
conservation at the beginning of sensor level for sensing of a
physical quantity to be monitored, it means switching off the
transceivers system, reducing the amount of data to be
transmitted to the base station one can reduce the energy
consumption without losing the useful information. In fact,
routing protocol used in wireless sensor network play an
important role in balanced energy consumption. There are
different routing protocols have been proposed, many of them
want the same goal as much as possible, improving the survival
time of the wireless sensor network, in order to enable them to
have better usability. To minimize power consumption under the
WSN premises, consider the application target, static use of
environment.
Efficiently
maintaining
the
energy
consumption of sensor nodes by balanced clustering, involving
in multi-hop communication between the cluster heads and
performing data aggregation or fusion in order to decrease the
number of transmitted messages to base station is the main goal
of the routing protocols (cluster based). In order to prolong the
network lifetime, energy-efficient protocols should be designed
to adapt the characteristic of wireless sensor networks.
Clustering algorithm is a kind of key technique used to reduce
energy consumption, which can increase network scalability and
lifetime. Earlier the author has proposed two protocols, a Stable
Energy Efficient cluster based protocol(SHEEP) [7]where the
stability period has increased by making use of energy
heterogeneity and Stable Energy Efficient Protocol with
optimum clustering (SHEEP-OC)[8] where the optimum number
of clusters have been used to overcome energy hole and
coverage hole problems. This paper studies the performance of
clustering algorithm in saving energy for heterogeneous wireless
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sensor networks with adaptive sensing technique, and evaluated
in the (SHEEP-OC) clustering scheme.
Basically in cluster based algorithms[9,10], there are two phases
of cycle in each round,



Normal threshold levels for the purpose of comparison: The
transceiver will be switched off in WSN node but sensor will be
in sensing state, if the change in the parameters is less than
mentioned below values:
1.

Setup cycle and
Steady state cycle.

2.

In Set-up Cycle network initiation, cluster head CH
selection takes place and cluster formation will be done. In
steady state cycle, sensor nodes starts sensing and transmits the
sensed data to corresponding cluster heads, subsequently
received data from the nodes will be aggregated and transmitted
to the base station BS.

3.
4.

Rainfall
(reading
from
the
rain
𝛿(𝑅𝑡ℎ𝑟 )
=
1 𝑚𝑚
Tilt
measurement
(inclinometer
𝛿(𝜃𝑡ℎ𝑟 )
=
1°
Pore-pressure
(Piezo-meter
𝛿(𝑃𝑛,𝑡ℎ𝑟 )
=
0.1 𝑘𝑃𝑎
Soil moisture ( soil moisture sensor reading)
∅𝑔,𝑡ℎ𝑟 )
=
3%

gauge)
reading)
reading)
𝛿(

Nodes are connected with multiple sensors, whole sensed
information will be transmitted to the CH if the variation in any
of the parameters crosses the threshold value.
Critical Threshold: In case if there is significant change in the
soil parameter, nodes switches on the transmitters and
immediately sends the information to CH, same time CH relays
the information to the Base station without delay. Following are
the Critical threshold values:
1.
2.
3.
4.

Rainfall (reading from the rain gauge)
𝛿(𝑅𝑐𝑟 ) =
10 𝑚𝑚
Tilt measurement (inclinometer reading)
𝛿(𝜃𝑐𝑟 )
=
5°
Pore-pressure (Piezo-meter reading)
𝛿(
𝑃𝑛,𝑐𝑟 )
=
0.5 𝑘𝑃𝑎
Soil moisture ( soil moisture sensor reading)
𝛿(∅𝑔,𝑐𝑟 )
=
5%

Fig. 1 Adaptive sensing algorithm during steady state phase
After one round of setup and steady state cycle, network goes
back to second round of steady state phase. In the proposed
algorithm, we are going to apply the adaptive sensing algorithm
on SHEEP-OC routing protocol, where after network
initialization and clustering phase, during the data transfer
phase (steady state phase) proposed algorithm will be applied.
During the steady state phase before transmission of data to
cluster heads, each node measures the sensed parameters,
compares the data with the defined threshold values, if they
crosses the threshold then data will be transmitted to
corresponding cluster heads else the node will transmit a beacon
and transceiver will switch off but sensor will remain in sensing
state. For the analysis purpose we have chosen an application
on the landslide prediction. A spatially distributed soil
information of the landslide prone area is necessary to predict
the landslides. The parameters to be sensed includes, Tilt
measurement (using inclinometer), Amount of rainfall (using
rain gauge), Soil moisture sensor and Pore pressure (using
piezometer).

Fig. 1 shows the adaptive sensing algorithm implemented during
the steady state phase of the round in SHEEP-OC (adaptive
sensing) algorithm.
III. SIMULATION RESULTS
Table 1: Simulation Parameters
Description
N, Number of sensors
Area (meter square)
𝐸0 , Initial energy

Value
100
100 x 100
0.5 J

𝐸𝑒𝑙𝑒𝑐 , Electronics energy

50 nJ/bit

𝐸𝐷𝐴 , Energy of data aggregation

5 nJ/bit

K, Data packet size

500 bytes

𝑘𝑏𝑟𝑜𝑎𝑑 , Broadcast packet size

25 bytes
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Simulation was performed using the above scenario as shown in
the Table 1. Comparison has been made with the proposed
mechanism SHEEP-OC with adaptive sensing and LEACH,
SEP, SHEEP. The base was assumed to be at the top middle of
the area. Sensing targets are assumed to be amount of rain fall,
pore pressure, soil moisture and tilt angle. For the purpose of
simulation and analysis each node is assumed to be generating
random number [0,1]. if the generated random number is less
than set threshold value then the nodes do not transmit any
information to the CH.
Nodes transmit the data in their assigned TDMA slot with
following condition:

𝑛

𝑛

𝐸𝐶𝐻 = ( − (1 + 𝑁𝑛𝑜𝑛−𝑡𝑟 )) 𝐿 . 𝐸𝑒𝑙𝑒𝑐 + ( − (1 +
𝑘

𝑘

𝑁𝑛𝑜𝑛−𝑡𝑟 )) 𝐿 . 𝐸𝐷𝐴 + 𝐿 . 𝐸𝑒𝑙𝑒𝑐 + 𝐿

2
. ∈𝑓𝑠 𝑑𝑡𝑜
𝐵𝑆

----(4)

Where 𝐸𝐶𝐻 is the energy dissipation of Cluster head, 𝑁𝑛𝑜𝑛−𝑡𝑟 is
number of non transmitting nodes, 𝑑𝑡𝑜 𝐵𝑆 is the distance between
1

BS and CH; 𝑑𝑡𝑜 𝐵𝑆 = 𝑀√2𝜋 𝑘 where M is the length of the
network area.

𝑇𝑖,𝑡𝑟
={

Where 𝐸𝑒𝑙𝑒𝑐
represents energy required by the
circuit(transmitter and receiver) to transmit one bit. The energy
required by the cluster head in one round is given by the
formula,

𝑅𝑣𝑎𝑙𝑢𝑒 + 𝜃 + 𝑃𝑛 + ∅𝑔 ; 𝑖𝑓 𝑅𝑁𝑅 ≥ 𝑅𝑡ℎ𝑟 ∪ 𝑅𝑁𝜃 ≥ 𝜃𝑡ℎ𝑟 ∪
𝑅𝑁𝑃𝑛 ≥ 𝑃𝑛,𝑡ℎ𝑟 ∪ 𝑅𝑁𝑃𝑛 ≥ ∅𝑔,𝑡ℎ𝑟
𝑏𝑒𝑎𝑐𝑜𝑛
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
----(1)

In case of critical threshold condition, nodes transmit the
information with a critical flag to the CH, when the CH receives
any critical information immediately it transmits to the BS
without delay. The following condition refers to critical
information.
𝑇𝑖,𝑡𝑟,𝑒𝑚 =
𝑅𝑣𝑎𝑙𝑢𝑒 + 𝜃 + 𝑃𝑛 + ∅𝑔 ; 𝑖𝑓 𝑅𝑁𝑅 ≥ 𝑅𝑐𝑟 ∪ 𝑅𝑁𝜃 ≥ 𝜃𝑐𝑟 ∪
{
--(2)
𝑅𝑁𝑃𝑛 ≥ 𝑃𝑛,𝑐𝑟 ∪ 𝑅𝑁𝑃𝑛 ≥ ∅𝑔,𝑐𝑟
𝑏𝑒𝑎𝑐𝑜𝑛
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
On the basis of threshold values nodes of WSN send sensed data
to the respective cluster heads CH. As a result, few nodes will be
in idle condition transmits a beacon and go to sleep, some of the
nodes transmits sensed information if there is variation of
parameters and some of nodes may send critical information if
there is drastic change in the sensed parameters. Cluster Heads
will collect the data and transmits to Base Station after
aggregation.
For the purpose of energy efficiency analysis, radio model
considered as in [7,8], Energy required to transmit information
(L bit) over a distance 'd' is given by
The energy required to transmit L bit of message over a distance
of d is given by the equations below:
𝐸𝑇𝑥 (𝑙, 𝑑) = {

𝐿. 𝐸𝑒𝑙𝑒𝑐 + 𝐿 . ∈𝑓𝑠 . 𝑑2 𝑖𝑓 𝑑 ≤ 𝑑0
𝐿. 𝐸𝑒𝑙𝑒𝑐 + 𝐿 . ∈𝑚𝑝 . 𝑑4 𝑖𝑓 𝑑 > 𝑑0
---- (3)

----

𝑛

2
𝐸𝑛𝑜𝑛−𝐶𝐻 = (𝑘 − (1 + 𝑁𝑛𝑜𝑛−𝑡𝑟 )) (𝐿 . 𝐸𝑒𝑙𝑒𝑐 + 𝐿 . ∈𝑓𝑠 𝑑𝑡𝑜
𝐵𝑆 ) ----

(5)
𝐸𝑛𝑜𝑛−𝐶𝐻 is the energy dissipated by all non CH nodes of the
cluster, 𝑑𝑡𝑜 𝐵𝑆 represents the distance between the cluster head
and the node. Now the total energy dissipation during the one
round of transmission is given by
𝐸𝐶 = 𝐸𝐶𝐻 + 𝐸𝑛𝑜𝑛−𝐶𝐻 ----------(6)
if 'k' is the total number of the clusters,
𝐸𝑡 = 𝑘 𝑋 𝐸𝐶 -----------------(7)
'k' represents the number of
clusters, '𝐸𝐷𝐴 ' is energy required for data processing.
and energy expended by cluster member node is given by the
equation,
2
𝐸𝑛𝑜𝑛𝐶𝐻 = 𝐿 . 𝐸𝑒𝑙𝑒𝑐 + L . ∈𝑓𝑠 𝑑𝑡𝑜
𝐵𝑆

Total energy consumed by the network is given by,
2
2
𝐸𝑡𝑜𝑡 = 𝐿 (2𝑛. 𝐸𝑒𝑙𝑒𝑐 + 𝑛. 𝐸𝐷𝐴 + ∈𝑓𝑠 (𝑘 𝑑𝑡𝑜
𝐵𝑆 + 𝑛 𝑑𝑡𝑜 𝐵𝑆 ) )

a. Evaluation of simulation results
Fig. 2 shows the number of alive nodes with respect to number
of rounds, it is observed that the proposed algorithm
outperforms the LEACH, SEP, SHEEP AND SHEEP-OC due to
reduced number of transmissions by using adaptive sensing
algorithm, as a result the algorithm can increase the lifetime of
the network by 33% compared to the SHEEP-OC without
implementation of adaptive sampling technique
In fig.3 it can be observed that the length of stable region has
been extended for different values of energy heterogeneity,
proposed protocol SHEEP-OC-AS has longer stable region,
almost 50% improvement over SHEEP-OC
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Fig.2 Network lifetime (No. of alive nodes VS simulation time)
SHEEP-OC (adaptive sampling) with LEACH, SEP & SHEEPOC

Fig.3 Length of the stable region for different values of
heterogeneity comparison of SHEEP-OC-AS with LEACH,
SEP, SHEEP & SHEEP-OC.

Fig.4 Node death percentage per analysis of SHEEPOC(adaptive sampling) with LEACH, SEP, SHEEP& SHEEPOC protocols.

Fig.5 End to End delay comparison for the proposed with
LEACH, SEP , SHEEP & SHEEP- OC.
Fig.5,6&7 shows the end to end delay, throughput analysis and
PDR perfomance of the proposed SHEEP-OC-AS with the
existing LEACH, SEP, SHEEP & SHEEP-OC Protocol. From
the results, it shows that the proposed system can successfully
transmits the data in lesser time with high rate due reduced
number of transmissions.

Fig. 6 Throughput analysis for proposed SHEEP-OC (adaptive
sensing) with the existing LEACH, SEP, SHEEP & SHEEP-OC
Protocols.

Fig. 7 Packet delivery ratio of SHEEP-OC with the existing
LEACH, SEP and SHEEP Protocols.
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IV. CONCLUSION
Performance evaluation of these protocols are performed by
conducting comparative simulation study along with discussions
in terms of well defined performance measures. These
performance measures are stability period, network lifetime,
throughput, end to end delay, packet delivery ratio. It has been
noticed that the lifetime and stability period of the network. Fig.
2 & 4 shows that how many nodes are alive as the number of
rounds increases. Results show that SHEEP-OC(adaptive
sensing) has maximum network lifetime as compared to the
other protocols. Maximum stability of SHEEP-OC(adaptive
sensing) is also a significant achievement. Stability period of
SHEEP-OC(adaptive sensing) is almost 150 %, 100 %, 75 %,
50 % greater than LEACH, SEP, SHEEP and SHEEP-OC,
respectively. Main reasons behind this drastic improvement are
threshold based transmissions.
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