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1 Abstract

In this work, we have addressed the issue of energy saving in packet retransmission in Wireless
Sensor Network [WSN] by reducing the packet loss in the first attempt. We have formulated the
problem as Markov Decision Process [MDP] based on cross layer design approach and mapped
the system into various states based on system dynamics like channel gain, buffer space, battery
energy and harvested energy. In Wireless Sensor Network [WSN], Adaptive policy management
is the best approach to work out with the variation of system states in a dynamically changing
environment. The policies are defined regarding various controllable parameters like transmission
power, modulation scheme, and transmission rate. The solution is sought regarding best policy
selection as per the individual state of the system. We have evaluated the performance of the pro-
posed Optimum Trans-Receiver Scheme [OTRS] by extensive simulations with existing schemes
like Optimum Energy Allocation [OEA], Adaptive Modulation [ADM] and Adaptive Power Man-
agement [ADP] for the various performance metrics like net bit rate and energy consumption in
retransmission of packets for different system states.

As the further extension of the work, the proposed OTRS scheme is applied for mobile actor
case in a terrestial network. In this work, we have proposed Rendezvous Point Selection Scheme
[RPSS] in which Rendezvous Nodes are selected by set covering problem approach and from that,
Rendezvous Points are chosen in a way to reduce the tour length. The mobile actor’s tour is
scheduled to pass through those Rendezvous Points as per Travelling Salesman Problem [TSP].
We have also proposed novel rendezvous node rotation scheme for fair utilization of all the nodes.
The proposed OTRS scheme works in conjunction with RPSS plays a vital role for optimum policy
defining during packet transmission at rendezvous nodes and improve the system outcomes regard-
ing energy efficiency. We have compared RPSS scheme with Stationery Actor scheme as well as
RD-VT, RD-VT-SMT and WRP-SMT for performance metrics like energy consumption, network
lifetime, route length and found the better outcome in all the cases for a single actor. We have also
applied RPSS for multiple mobile actor cases like Multi-Actor Single Depot termination [MASD]
and Multi-Actor Multiple Depot terminations [MAMD] and observed by extensive simulation that
MAMD saves the network energy in an optimized way and enhance network lifetime compared to
all other schemes.

In the same line of research, we have investigated the performance of OTRS for Under Wa-
ter Sensor Network [UWSN]. For the Under Water Sensor Network, acoustic communication is
preferred over RF communication, which has a serious drawback regarding lower bit rate, higher
bandwidth, and higher Packet Error Rate. Due to this, higher packet loss is intolerable in such
a network. Our proposed OTRS reduce the packet loss and improve the overall net bit rate of
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the system for a single as well as multi-hop packet routing. We have evaluated the performance
of OTRS by extensive simulation with existing Adaptive Modulation Power Adaption [ADM-PA]
and Power Adaption with 2 Ary Frequency Shift Keying [PA 2-FSK] and Power Adaption with
8 Ary Frequency Shift Keying [PA 8-FSK] for various performance metrics like net bit rate and
number of packet loss for different state of the system.

2 Brief description on the state of the art of the research topic

Wireless Sensor Network [WSN] is deployed by multiple wireless sensors which are a small tiny
device equipped with limited battery capacity, small processing, and trans-receiver unit. In the last
decade, extensive research has been carried out by the research community to make WSN more
versatile, and rigorous for diversified applications ranges from agricultural to home automation [5].
It has always been remaining challenging task to make WSN applicable in ubiquitous environment
despite their inherent limitations. Wireless Sensors are also influenced by the environmental factors
as well as time varying nature of the channel and other system parameters which posses a major
limitation on system performance. In such a case no any unique policy is optimum all the time,
to combat the effect of environmental variation, adaptive policy management is the most viable
alternative rather than single policy selection functioning all the time. The major issues involved
in the policy management is effective integration of various system parameters from individual
layers in a common problem formulation. Some of the efforts have been reported in the literature
in this direction to solve this issue by cross layer design approach.

In [6], the author has proposed Adaptive Modulation [ADM] scheme, with power control. The
problem is formulated as per MDP model, and system states are defined regarding received Signal
to Noise Ratio [SNR]. The optimum set of transmission power and modulation scheme is chosen
as policy in each state to minimize Bit Error Rate [BER] as a whole. In the prescribed work,
the authors have not taken into consideration, the battery and buffer condition to define transmis-
sion strategies. As the packet transmission largely depends on available battery and buffer state,
their exclusion in policy making puts the limitation on this work. Similar work is reported in [7],
with adaptive modulation and coding scheme with various MAC layer protocols to optimize BER.
The Adaptive Modulation with coding enhance the system performance against the Bit Error Rate
[BER], but the work is lacking power control mechanism and higher system state consideration in
policy defining. In [9], the author has proposed OEA and OTEA algorithm to schedule the sensing
and transmission energy simultaneously together. The performance of proposed work is evaluated
regarding throughput by jointly considering channel, buffer, battery, and energy harvesting state,
However, the author has not incorporated Adaptive Modulation Scheme in policy management
makes the system more susceptible to the environmental variation. In [1], the authors have devel-
oped a MDP-based cross-layer model to increase the net bit rate of the system as a function of
the channel state, battery energy, and harvested energy. The action is defined regarding adaptive



2. Brief description on the state of the art of the research topic 3

modulation and transmission power level. In this work, the authors have proposed a novel energy
harvesting model based on empirical data statistics. In this work, the authors have not addressed
the issue related with buffer overflow which makes decision strategies less relevant with the traffic
condition and limits proposed scheme.

The recent literature suggests that an approach to collect the packets by mobile elements [Ac-
tors], moving in the field is more energy efficient than forwarding the packets directly towards
the stationery sink. However, the network formed out in such a case is known as Wireless Sen-
sor Actor Network [WSAN]. The WSAN is identified as a major area of application for policy
management based on cross layer design for packet transmission. However, in WSAN, energy
efficient path schedulization for mobile Actors is challenging task. In some of the recent literature
has addressed this issue [2,8]. Due to the lacking of uniform distribution of rendezvous points
and negligence of rendezvous rotation policy, the existing work does not provide optimum energy
efficient path schedulization. To overcome this limitation, we have developed Rendezvous Point
Selection Scheme [RPSS] in our work for path schdulization which, work along with proposed
Optimum Transreceiver Scheme [OTRS] for policy management in our work.

Under Water, Sensor Network is also a promising area for the cross layer design approach [11].
In Under Water Sensor Network, acoustic communication posses some inherent challenges like
delay in packet transmission, higher PER, and lower bit rate. Due to these, energy consumption
and delay incurred in packet retransmission is unacceptable in such a case. The existing solution
[3,4,6,9] does not well address the issue, as they have not involved higher layer parameters for
like buffer state and battery energy for policy making. There is a need to investigate the policy
management mechanism with UWSN with a higher level of parameter setting.

Research Gaps

As per the literature discussed in the previous section following research, the gap has been identi-
fied.

[1] In the policy making process for packet transmission, the energy and buffer states plays
significant role. The lack of their consideration in the available literature places the major
limitation in system performance in terms of packet delivery ratio and energy saving.

[2] In most of the reported work, packets loss has been studied concerning Packet Error Rate
[PER] only. The packet loss due to buffer overflow is not well addressed in the prior work
which is needed to investigate in detail with a various setting of the system.

[3] To study the performance of the system for various energy harvesting and packet arrival rate
based on realistic model for packet scheduling is also not well investigated in the available
literature.
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[4] The cross layer based packet scheduling approach for packet transmission has not been ex-
plored well for various network scenario and channel condition, i.e., Under water sensor
network.

[5] The available solution for path scheduling for mobile actor case is insufficient and less effi-
cient for a large number of nodes. The existing rendezvous point selection approach is not
quite powerful in due to nonuniform distribution of rendezvous nodes and laking of appro-
priate rendezvous node rotation policy.

3 Definition of the Problem

In Wireless Sensor Network [WSN], packet loss incurred due to Packet Error Rate [PER] and
buffer overflow resulted in packet retransmission. It adds extra cost to the system in terms of re-
transmission energy consumption and delay. As the system is discretely changing its state based
on available condition and environmental factors, i.e., channel, buffer space, battery energy, har-
vesting energy, etc. It suggests identifying individual policy in each state of the system to reduce
packet loss rather than single stationery policy in all the state.

In this case, policy management is quite challenging task as the system has a different set of
parameters in every state. We have addressed this issue in our work and sort out the problem in
terms of optimum policy identification as per the system state.

4 Objective and Scope of work

To fill the research gap in our research domain, following objectives are defined in proposed work.

[1] To develope a policy management model based on cross layer design approach to improve
packets delivery ratio for various states of the system.

[2] To investigate the effect of proposed model for different network condition with various
parameters setting.

[3] To develope an energy efficient path scheduling algorithm for single as well as multiple
mobile actor case to reduce energy consumption and increase the lifetime of the network.

[4] To develope a novel a packet routing strategies and rendezvous nodes rotation scheme for
fair utilization of available resources.

[5] To investigate the effect of policy management scheme for various channel conditions and
energy harvesting rate on system performance concerning the various performance metrics.
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5 Original Contribution by Thesis

Our contribution by this thesis has been presented as follows.

[1] We have proposed Optimum Trans-Receiver Scheme [OTRS] for packet scheduling in wire-
less sensor network to deal with the time varying system parameters. We sought the solution
in terms of best policy state wise and stored in the memory in the form of a look up table
and executed as per the state of the system. We have evaluated the performance of proposed
scheme by extensive simulation with existing solution in terms of net bit rate and retrans-
mission energy consumption.

[2] We have demonstrated that the OTRS scheme improves the packet success ratio by adaptive
policy management mechanism for various channel conditions, buffer state, battery state,
and various energy harvesting rate compared to the recently available solutions.

[3] We have developed Rendezvous Point Selection Scheme [RPSS] for path schedulization
and energy saving in Wireless Sensor Actor Network for single and multiple mobile actor
case. The performance of OTRS scheme is evaluated for Wireless Sensor Actor Network in
conjunction with Rendezvous Point Selection Scheme [RPSS] at rendezvous points.

[4] We have developed novel rendezvous node rotation scheme and packet routing algorithm for
variable dead line case to improve the energy efficiency of the network and network lifetime.

[5] We have investigated the effectiveness of OTRS for Under Water Sensor Network for single
hop as well as multi hop case and derive the conclusion based on the simulation results.

6 Methodology of research, results, and Comparisons

We have developed Optimum Trans-Receiver Scheme [OTRS] for policy managment in Wireless
Sensor Network and evaluated the performance of proposed scheme by extensive simulation with
existing solutions for various performance metrices.

Optimum Trans-Receiver Scheme [OTRS]

It has been suggested in [6,9], that transmission and reception of packets are most energy con-
suming activity. Packet retransmission is the another major source of energy consumption. A
higher number of packet loss due to Packet Error Rate [PER] and buffer overflow trigger the re-
transmission of packets. As per that, reducing the packet loss by adaptively selecting the best set
of the controllable parameters is a key, to minimize the energy consumption in a retransmission.
The whole problem is formulated as MDP model [10], and a solution is sought in the form of the
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best course of action or policy in individual system states. For the time-saving purpose, this is
computed offline and stored in the form of the look-up table in the memory of wireless sensor.
The major components of MDP models are system states, transition probability, reward and a set
of actions or policy which governs the system to a new state. As we have considered all related
parameters to reduce energy consumption in our work, the proposed model is more accurate and
robust compared to the existing schemes.

FIGURE 1: System Model of Proposed OTRS

In markov Process Model [MDP], the following elements are essential to define

[1] State of the System

[2] Transition Probabilities

[3] Reward Function

[4] State of Action or policy

In, our work, the system state vector is defined as (CHi,Bj ,Eb,EH), where CHi define the
channel state, Bj represent the available packets in the buffer, Eb represents the battery state and
EH describes the harvested energy state. The reward is identified in terms of a number of successful
packet transmission and policy is the tumple of transmission power, adaptive modulation scheme,
and packet transmission rate. The detailed structure of our system model is shown in Fig.1.

Simulation Results - Phase I (Selected)

In general, to adopt the changes in channel condition, the system should switch over from lower to
higher modulation scheme to take advantage of higher transmission rate as the channel condition
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FIGURE 2: Net Bit Rate at
Various Channel Codition

FIGURE 3: Net Bit Rate at
Various Battery Level

improves. The simulation results presented in Fig.(2) represents the same scenario. It is also
observed that net bit rate improves at higher SNR regime due to the selection of higher modulation
scheme. The simulation result suggests that OTRS outperform the existing schemes in terms of
the net bit rate for various channel condition. In the scheme like OEA [9], adaptive modulation
mechanism is not adopted to combat the effect of channel variation; similarly, battery condition
and buffer state is also excluded in policy management which affect the net bit rate mainly, hence
this scheme under performing than OTRS. In the other scheme like ADM [6] and ADP [6] use the
adaptive modulation and power control consecutively but not considering the effect of battery and
buffer states in policy making which resulted in a poor performance than OTRS in terms of net bit
rate achieved.

As, lower modulation scheme decrease PER at lower transmission power level but put the limit
on transmission rate and hence reduce the net bit rate, the better net bit rate can be achieved at
higher transmission power with the higher modulation scheme. The system in higher battery state
is capable of providing a higher power or energy for transmission with the higher modulation
scheme. As a result, at higher battery state, the net bit rate is improved consecutively till the
performance of the system is saturated at very less PER and net bit rate become constant, the trend
is shown in Fig. 3. In proposed OTRS scheme, the transmission rate is adaptively changed based
on battery level that gives optimum performance compared to OEA, Adaptive Power [ADP] with
fixed modulation scheme and On-Off scheme.

The buffer state also plays a significant role in policy selection, as, in higher buffer state, the
system has a higher number of packets for transmission. The higher probability of buffer overflow
also drives the system for higher packet transmission rate. As a result, a higher net bit rate is
achieved at higher buffer state. In proposed OTRS, the higher level of parameters setting improve
the net bit rate compared to ADM, ADP and On-Off scheme as shown in Fig. 4.
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FIGURE 4: Net Bit Rate at var-
ious Buffer State

FIGURE 5: Retransmission
Energy consumption at various

Channel

Energy consumption in retransmission of packets can be reduced by reducing the number of
packets for retransmission which in other sense, is to reduce the packet loss in the first attempt. As
OTRS scheme simultaneously reduce the packets loss due to PER and buffer overflow compared
to ADM which concentrate mainly on packet loss due to PER only. The performance of OTRS is
similar to ADM at lower SNR region but improves at higher SNR as shown in Fig. 5.

Rendezvous Point Selection Scheme

We have Chosen Wireless Sensor Actor Network,(WSAN), as the major area od application for
OTRS Scheme. In WSAN, we have proposed Rendezvous Point Selection Scheme [RPSS] for
energy efficient path schedulization for single as well as multiple mobile actor case. It follows
following steps.

[1] Step 1:- We select rendezvous nodes, based on set covering approach in which, distribution
of rendezvous nodes is more uniform compared to RD-VT [8], RD-VT-SMT [8] and WRP-
SMT [2]. In our work, rendezvous nodes work as a cluster head and store packets behalf of
the network

[2] Step 2 : In the second phase, we select the rendezvous points based on selected rendezvous
nodes in a way to reduce travelling length. Rendezvous Points are virtual locations from
which mobile actor’s path transverse.

[3] Step 3 :-In the third phase, We apply TSP to find the traveling length. If tour is longer than
the tour length constraints lmax then the set of rendezvous nodes and points are updated till
optimum set found.
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[4] Step 4 : In packet routing, packets are routed from source to rendezvous nodes and from
there, to the mobile actor at rendezvous points. Unlike to the fixed routing path followed by
RD-VT, RD-VT-SMT, and WRP-SMT for packet routing, we follow energy efficient packet
routing path, which saves the network energy in better way.

[5] Step 5: Rendezvous nodes rotate periodically surrounded to fixed rendezvous points, to
reduce overutilization of them.

[6] Step 6 : OTRS scheme is applied for the policy management during packet transmission
from source to rendezvous node and from rendezvous node to mobile actor at rendezvous
point.

RPSS scheme achieves better energy saving and enhances network lifetime compared to their
alternatives for the number of sources and traveling length, which is shown by extensive simula-
tion. We have extended our work from single to multiple mobile actors and achieved better results
in terms of energy. The system model of proposed RPSS is shown in fig.6.

RPSS Scheme

Path 

Schedulization

Rendezvous 

Point Selection

Rendezvous 

Node Selection

Rendezvous 

Node Rotation

Optimization 

Prob. [GA]

Set Covering 

Problem

Travelling 

Salesman 

Problem

q Performance 

Metrics

 Energy 

Consume

 Tour length

 Packet Drop.

 Hop Count

q Compared with

 Stationery Actor

 RD-VT Scheme

Multi Actor Multi 

Depot 

Termination

Variable Dead 

Line Algorithm

Multi Actor Single 

Depot 

Termination

Multi- Actor 

Problem 

q Performance 

Metrics

 Missed Dead Lines

 Tour length

 Packet Drop

q Compared with

  Single 

actor[Mobile]

 Stationery Actor

Actor’s Stop

Tour length 

minimization
Optimization 

Problem

Phase-II

Phase-I

FIGURE 6: System Model of Proposed RPSS

Simulation Results -Phase II & III (Selected )

Some of the selected simulation results of proposed RPSS scheme are presented here.
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FIGURE 7: Energy Consump-
tion at various round

FIGURE 8: Energy Consump-
tion at for various number of

sources

In fig. 7, we have compared RPSS Scheme with various existing scheme in terms of remaining
energy of the network at the end of each tour. It has been observed that RPSS outperform other
existing schemes for energy saving. The main reason behind this is the more uniform distribution
of rendezvous nodes compared to RD-VT, RD-VT-SMT, WRP-SMT. In our scheme packet deliv-
ered to the rendezvous nodes with less number of hops and from there it is delivered to mobile
actor at single hop when actor stops at rendezvous point. In this whole packet routing process,
the number of hops is very less compared to RD-VT, RD-VT-SMT and WRP-SMT. In the selec-
tion of next hop node for packet routing, the best node is selected in terms of remaining energy
and closeness towards rendezvous node, where in RD-VT,RD-VT-SMT and WRP-SMT scheme,
packet is always forwarded from child to parent node, by fix path along Spanning Minimum Tree
[SMT ]. Due to this, some of the parent’s nodes are over utilised, and their energy depleted more
rapidly, this is not the case in our scheme. Our rendezvous node rotation policy also reduces the
over utilization of nodes and save energy in better way.

In fig. 8, it has been shown, how energy consumption increase with some sources. In RD-
VT, RD-VT-SMT and WRP-SMT, as the number of sources increases, the length of tree also
increase and packet routing path becomes longer for fixed length constraint which resulted in more
energy consumption in these scheme during packet routing. In our RPSS scheme, tree structure
is not followed hence energy consumption due to more number of sources is compensated by the
availability of more number of suitable nodes for packet routing. As a result, energy consumption
in RPSS is minimum and less deviated with some sources compared to other schemes.

The number of rendezvous nodes selection depends on traveling length constraint, larger value
of that give a chance to include some nodes in a set of rendezvous nodes. As the selected ren-
dezvous nodes are large in number, they are more uniformly distributed which can reduce the
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FIGURE 9: Energy Consump-
tion for various delay

FIGURE 10: Network lifetime
estimation

average number of hops for packet routing and largely impact on energy consumption. It is re-
vealed in fig.9, as the packet delivery time increase, same proportionally tour length constraint
also increase and energy consumption decrease. Due to more uniform distribution of rendezvous
nodes, energy consumption is minimum in RPSS compared to their counterpart.

Network lifetime is the time from network establishment to the first node dies. In our RPSS
scheme, network lifetime is significantly improved as shown in fig.10. The main reason behind
this is the periodical rotation of rendezvous nodes. In other compared scheme, once the rendezvous
nodes define on the SMT it remains forever and never rotate, due to the time they are over utilized
and their energy depleted at faster rate which reduces the network lifetime. Besides to this, RD-
VT, RD-VT-SMT and WRP-SMT follow tree structure for packet routing. It does not care about
remaining energy of the node in packet routing process, unlike to this, in our RPSS scheme packet
is forwarded to the next node based on their remaining energy and closeness to the rendezvous
node. As a result, network lifetime in our scheme is higher than other schemes.

OTRS for Under Water Sensor Network

In our proposed work, we have developed Optimum Trans-Receiver Scheme [OTRS] to minimize
the packet loss due to Packet Error Rate [PER] and buffer overflow for Under Water Sensor Net-
work. The problem is formulated as per MDP model [10], and performance of the proposed work
is evaluated for various performance metrics with existing scheme. The MDP model is executed
with following steps.

[1] Step 1: Define state of the system in terms of- channel condition, buffer state and level of
available energy.
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FIGURE 11: Net Bit Rate at
Various Channel Codition

FIGURE 12: Net Bit Rate at
Various Buffer State

[2] Step 2 : In the second phase, All transition probabilities are identified to move from any state
i to another state j.

[3] Step 3 : Reward function is defined in terms of Packet loss due to PER and buffer overflow.

[4] Step 4 : Policy is considered in terms of- Transmission power levels, Adaptive Modulation
scheme and Transmission Rate.

[5] Step 5: Problem is formulated as per MDP model, and optimum policy is investigated in
each state of the system based on value iteration method.

[6] Step 6: The optimum policies are stored in the look up table state wise and executed as per
the system state available.

Simulation Results- Phase IV (Selected)

The effect of net bit rate at various channel condition is investigated and presented in fig. (11). In
PA 2-FSK [3,11] and PA 8-FSK [3,11], power adaption is applied with single modulation scheme
where in proposed OTRS scheme, power adaption is adopted with various modulation scheme as
per the channel state. In this wok, better channel condition drives the system to implement higher
modulation scheme and transmission rate which resulted in improved net bit rate at higher Signal
to Noise Ratio (SNR). In contradictory to OTRS, PA 2-FSK have single modulation scheme which
makes a limit on net bit rate at higher SNR and PA 8-FSK is not more suitable for lower SNR
region which degrades their performance compared to OTRS in terms of net bit rate as shown in
fig (11).
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FIGURE 13: Packet Loss at
Various Node Density

FIGURE 14: Packet Loss at
Various Transmission Range

A Higher number of packets in buffer increase the risk of packet loss which in turn, the prob-
ability of buffer overflow. As in proposed work, this situation triggers the system to choose the
policy with higher packet transmission rate to balance the flow of incoming packets. In Adaptive
Modulation with Power Adaption [ADM with PA] and ADM without PA, packet loss due to PER
is addressed with adaptively managing power and modulation scheme as per the channel condi-
tion, but it lacks to consider the loss of packet due to buffer overflow. Due to this, it has been
observed in fig.(12) that ADM with PA and ADM without PA under performing to improve net bit
rate proportionally with a number of packets in buffer compared to OTRS.

As, node density increase, the hop distance decrease and the number of hops increase between
source and rendezvous node. Due the lacking of better policy management PA with 8-FSK and
PA with 4-FSK doesn’t able to transfer packet efficiently as OTRS does, which resulted in higher
packet loss in these schemes compared to OTRS as shown in fig. (13).

It has been shown as the packet transmission range increase, packets are more probable to for-
ward to far end node rather than nearer node by source, in such a case higher energy consumption
rate is observed, OTRS performs better than their counterpart by controlling packet transmission
rate with adaptive management policy compare to their counter part which resulted in lesser packet
loss in proposed OTRS scheme shown in fig. (14).

7 Achievements with respect to objectives

As per the objective, following achievements are obtained in the present work.

[1] We have developed OTRS model, which adaptive change the transmission policy as per the
state of the system. we have evaluated the performance of proposed scheme with existing
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schemes like ADM, PA and OEA and obtained better outcome of the system regarding net
bit rate and packet loss reduction for the various channel state, buffer state and energy state.

[2] We have extended the work, for WSAN and developed RPSS scheme for path schedulization
of mobile actor. We have incorporated OTRS for Packet scheduling in RPSS. We have
proven by extensive simulation that the RPSS outperform the other existing schemes like
RD-VT, and WRP-SMT for reducing energy consumption and improving network lifetime.

[3] We have achieved the better performance for OTRS for under water senor network, for vari-
ous performance metrics under different channel condition, buffer state and available battery
energy compared to the existing solutions.

8 Conclusion

In this work, we have investigated best stationary policy to optimize the system performance ac-
cording to the system state. The work is mainly concerned with reducing the retransmission energy
cost as a function of packets loss due to the buffer overflow and packet error rate. As it has been
observed in the simulation results that proposed OTRS outperform OEA in terms of net bit rate and
retransmission energy consumption due to the lacking of adaptive modulation and power control
mechanism in policy management. We have even achieved optimized transmission policy than
ADM, ADP and On-Off scheme by making transmission rate as a function of battery energy and
energy harvesting rate. As the existing schemes consider insufficient parameters for policy mak-
ing, they under perform than OTRS in terms of net bit rate and energy consumption. The scheme
OTRS adaptively manage their policy for various system states and gives nearer to the optimum
solution for the different channel and environmental conditions.

We have developed RPSS for energy saving in Wireless Sensor Actor Network, incorporating
OTRS for policy management and packet scheduling. In our proposed RPSS scheme, we have
achieved more uniform distribution of rendezvous node compared to RD-VT,RD-VT-SMT and
WRP-SMT scheme. Uniform distribution of rendezvous nodes decrease the average number of
hops for packet routing and saves the network energy in an efficient manner. Besides to this, our
packet routing policy selects the best rendezvous nodes in terms of available energy and closeness
to the rendezvous node, so better load balancing is achieved in our scheme compared to another
scheme which turns to better energy saving. Our rendezvous node rotation policy reduce over
utilization of nodes and improve network lifetime. The OTRS scheme selects the optimum policy
statewide and improves the energy efficiency further by reducing packet loss along with RPSS.
As a result, proposed RPSS scheme outperform all other schemes in terms of energy saving and
network lifetime.

The performance of OTRS has also been investigated for the Under Water Sensor Network,
where, the proposed scheme reduces the number of retransmission of packets by improving the
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packet success ratio which in turn reduces the delay in packet transmission and improve the en-
ergy efficiency of the network. The Proposed OTRS Outperform existing solution for various
performance metrics like packet loss reduction and overall improvement of net bit rate for various
channel conditions as well as various parameters of the system. The merit of OTRS is highlighted
in simulation results.
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