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Abstract

The increasing demand of wireless sensors in mission critical applications renders the Quality-of-Service (QoS) to be one of vital issue in
wireless sensor network. It is necessary to deal with the underlying variance between energy efficiency and QoS, since sensor networks
have different resource constraints. To manage these constraints such as unreliable links, limited power and other environmental factors
in sensor networks, cross-layer approach is designed to ensure QoS. Recent routing protocols rely on the duty-cycle which causes sensor
nodes to lose ample amount of energy by monitoring idle channels. In addition, opportunistic forwarding of packet leads to multiple re-
ceiver’s receiving the same packet which induces redundancy. To address these issues, we propose a novel Opportunistic Routing with
Adaptive REceiver (O-RARE) protocol as an alternative to duty cycle mechanism. The proposed work aims at reducing idle listening and
redundancy by enabling low-power receiver at physical layer. Hence O-RARE is designed to ensure reliable and adaptive routing in our

work through interactions among cross-layer.
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1. Introduction

Wireless Sensor Networks (WSNs) can be defined as a self-
configured and infrastructure-less wireless network that can coop-
eratively pass their data through the network to sink [5]. Sensors
deployed in WSN are energy limited devices and therefore energy
efficient communication techniques are the main requirements in
these networks [2]. The challenges involved with routing proto-
cols in these networks are the resources limitation of the network
such as critical resource constraints of sensor nodes [11], unrelia-
ble link and rough environmental conditions [1]. The extent of
energy consumed by sensor due to radio communication is ample
compared to other components in the network [7].

The routing protocols in recent days rely on the duty-cycle mech-
anism that allows sensor nodes to wake up synchronously or asyn-
chronously for forwarding the packet [3]. So the sensor nodes tend
to listen to the idle channel during their wake-up period which
causes significant energy consumption [9]. In addition, the micro-
controller unit of sensor node also loses its energy by overhearing
packets sent to the neighboring nodes [8].

Moreover opportunistic routing protocol makes use of the broad-
cast medium of wireless communications during data forwarding
[6]. Thus forwarding a packet in broadcast manner can cause mul-
tiple receivers to receive the same packet which leads to duplica-
tion [4]. Cross-layer design is required to provide efficacy through
interactions in Physical layer to network layer [10].

In O-RARE approach, information about the lower layer is dis-
seminated to higher layers for improving the performance of the
network. At the physical layer, the power consumed by sensor
node is controlled using a novel mechanism which triggers main
radio on reception of data packet. Microcontroller unit in a sensor
node is in control of radio which consumes energy by overhearing
message that is not addressed to it.

Secondly, MAC layer is responsible for deciding upon channel
utilization and SNR where scheduling has to be performed for
efficient routing. Then in the network layer, reliable routing
mechanism is used to route the packets with minimal energy con-
sumption.

The objective of the work is to minimize energy consumption of
sensor nodes and eliminating duplicate forwarders by using novel
mechanism, Opportunistic RARE.

The rest of the paper is organized as follows. Section 2 presents
the proposed O-RARE protocol. In Section 3, the experimental
setup and the simulation results are given. The obtained results are
discussed in Section 4. The paper is concluded in Section 5 with
focused future work.

2. Proposed Methodology

In this section, the design of Opportunistic Routing with Adaptive
REceiver (O-RARE) is described to address the above design
challenges. A cross-layer design is devised between the network
and MAC layers in which the QoS requirements are imposed in
the next hop by using adaptive receiver. It is determined based on
the link quality and residual energy of the neighboring nodes as
shown in Figure 1. MAC layer is in charge for allocating shared
wireless channel and for scheduling the packets for reliable trans-
mission. MAC layer also enforces the link level QoS parameters
through the process of scheduling. Opportunistic routing decision
is based upon the residual energy of the sensor’s node in the net-
work layer along with the link rate adaption using admission con-
trol. Each node maintains its forwarder set and the node forwards
its packet to any of the nodes in the set by computing forwarder
score estimation.
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Fig. 1: Architecture of O-RARE
2.1. Adaptive Receiver Mechanism

The proposed novel mechanism given is the best candidate for
replacing traditional duty cycled MAC protocols. Our QoS goal is
to achieve QoS requirements in terms of energy consumption and
reliability of data transmission while extending the network life-
time.

In scheduling phase, a methodology to provide a reliable delivery
mechanism over an unreliable wireless medium is devised. The
link quality is estimated initially for the set of forwarding candi-
dates and then best relay node is selected as forwarder.

The solution focuses on tuning the receiver adaptively through
limited flooding transmission for the receiving nodes. The packet
is initially flooded to those neighboring candidates which satisfy
required QoS constraints.

The chosen forwarder nodes will tune its power to low-power for
receiving flooded packets. Once the packet is received by chosen
forwarders, the best relay node among them will forward the
packet similarly until it reaches destination. Thus through the lim-
ited flooding transmission and adaptive tuning of receiver at phys-
ical layer energy consumption is reduced.
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Fig. 2: Functioning of Adaptive receiver

To solve the problem of idle listening adaptive receiver is devised
by enabling the nodes to wake up on demand using trigger mecha-
nism. Node is controlled with low power mode until it receives
packet addressed to it. So the scheduled duty cycle approach with
periodic wake-up is replaced with this Opportunistic Routing with
Adaptive REceiver mechanism. This proposed approach allows
sensor nodes to switch from low power mode to optimal power
mode on reception of trigger as shown in Figure 2.

3. Simulation Setup

All paragraphs must be justified alignment. With justified align-
ment, both sides of the paragraph are straight.

O-RARE protocol performance is simulated using OMNeT++, a
Wireless Sensor Network simulator that supports the design of
cross layer approach. We evaluated O-RARE with the former
related routing methods such as CLAC, DOF, CL-HEEP in multi-
hop wireless networks. The QoS parameters such as Energy, la-
tency and throughput are considered as the performance metrics to
do a fair comparison.

About 19 MICAz motes and Sink are evenly deployed and orga-
nized in the form of a matrix 4 x 7. B MAC protocol is used in the
second layer that reflects realistic radio model that can vary the
power of sensor nodes for packet transmission. To support mis-
sion critical applications in the realistic deployable environment
critical parameters such as Beacon interval, Wake-up interrupt,
Listen period, Wake-up signal etc are dynamically tuned in O-
RARE protocol.

Depending upon the size of network the parameters used for this
experiment is given in Table 1. Simulation is originated by sink
node and by this means each node in the network creates its own
look up table with the routing metrics. The power level is set up
with the baseline power with general processing power.

Table 1: Experimental parameters

Parameter Value
Sleep current 570 nA
Receiver current 24.5 pA
Bit rate 4 kbps
Timeout window 10 ms
Interrupt call size 35 bits

The low-power in the node can preserve the energy for performing
neighbor discovery and transmission purpose. In such situations
802.11 radio can save energy in the low power mode and can be
turned on for critical situations.

Thereby the nodes can be coordinated for choosing best relay node
and interrupting the relay node for packet transmission. For evalu-
ating this, MiXiM framework is used in the OMNet++ supporting
the extensions for estimating energy consumption. The transmis-
sion of data packets is initiated from a random node as per the
requirements of application which generates packets to transmit.
The packet is then forwarded with respect to the constraints of
routing metrics opportunistically along with the adaptive receiver.
The relay node has to be chosen dynamically by the forwarder
node from the candidate set in this Opportunistic routing approach.
Once the relay node is selected then the node then switches its
power to optimal power mode and receives the packet.

4. Results and Discussions

The proposed O-RARE algorithm is evaluated under varied link
quality and the experimental analysis of OMNET++ simulation
results are conferred here. The link quality and reliability is en-
sured as proposed work opportunistically determines the path and
tune the receiver to forward the packet.

Figure 3 depicts that energy consumption of Opportunistic Rout-
ing with Adaptive Receiver (O-RARE). Thus the obtained energy
consumption seems to be less when compared to CL-HEEP, DOF
and EEDS. The retransmission is avoided since algorithm operates
based on the dynamic environment and overhearing can be elimi-
nated due to the on-demand wake up.

Furthermore, the optimal power receiver selects the best forwarder
node based on the constraints specified per hop path. The power
consumption of the O-RARE is decreased and number of awaken
forwarders is decreased as the duty cycle is decreased. The fluctu-
ation in power consumption in the CLAC was because of duty
cycle and its periodic wake up of sensor nodes.
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Fig. 3: Energy consumption

The CLAC chooses the first awake node as forwarder rather than
best forwarder and retransmission count expires for awaken for-
warders. Since O-RARE protocol uses selective broadcast for
three best nodes overall power is slightly higher when compared
to CLAC.
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Fig.4: Delivery ratio

From the Figure 4, let N denote the number of nodes evaluated
and the corresponding results depict delivery ratio. The nodes are
prioritized as per the constraint of delivery ratio at different time
period. O-RARE protocol achieves good delivery ratio for each
forwarder without the need of retransmission.
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Fig. 5: Packet delay

Figure 5 shows the End-to-End Delay and a delivery ratio of O-
RARE, CL-HEEP and CLAC. From the Figure 5 it has been seen
that CLAC attains 95% at 15s delay constraint. ETX attains in-
creased delivery rate over time and delivers 55% packet at 15 s.
CL-HEEP experienced lower delay than EEDS and attains 90%
delivery ratio.

Thus O-RARE protocol outperforms the existing routing methods
and achieves energy, reliability and better delivery ratio with user
bound constraints.

The outcomes that gained from this work are listed as follows,

1. A cross-layer approach to guarantee the successful data
transmission through Opportunistic Routing with Adaptive
Receiver (O-RARE).

2. Designing low-power receiver to adaptively tune the power
of sensor node for transmission to save the energy of sensor
nodes.

3. Ensure QoS in terms of latency, reliability and energy in an
effective way by considering joint functionalities of adaptive
receiver and opportunistic routing across layers.

5. Conclusion

Cross layer plays a vital role in determining channel utilization
and energy consumption for scheduling paths dynamically. Hence
O-RARE is designed to eliminate redundancy and overhearing
which might cause tremendous power loss in mission critical ap-
plications is controlled using interrupt call. Proposed work pro-
vides a good alternative for energy saving compared to the duty-
cycle approach and outperforms existing routing algorithms. The
joint functionalities of reliable routing along with the low power
receiver will reduce the energy consumption. In future the effi-
cient and reliable routing mechanism will be implemented along
with the security features for ensuring confidentiality of interrupt
request since false alarms might cause energy consumption.
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