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Abstract—In the near future, IP-based wireless sensor
networks will play a key role in several application
scenarios such as smart grid, smart home, healthcare,
and building
automation...
An
IPv6
routing
protocol is e xpected to provide internet connectivity
to any IP-based sensor node. In this paper, we propose
IRPL protocol for IP-based wireless sensor networks.
IRPL protocol uses a combination of two routing
metrics that are the link quality and the remaining
energy state of the preferred parent to select the
optimal path. In IRPL protocol, we combine two
metrics based on an alpha weight. IRPL protocol is
implemented in ContikiOS and evaluated by using
simulation and testbed experiments . The results show
that IRPL protocol has achieved better network
lifetime, data delivery rat io and energy balance
compared to the traditional solution of RPL protocol.
Index Terms —Improved IPv6 routing protocol,
wireless sensor networks, contiki operating system,
network performance evaluation.

I. INTRODUCTION
Internet of Things (IoT) [1] is a scenario in which the
billions of devices are connected together and each
device has a unique global address. In this scenario, IPv6
Wireless Sensor Networks (WSNs) have a key role since
they will be used to collect several environment
information. The applications of WSNs such as
healthcare, building automation, and smart grid,...[2] with
multi-hop commun ication model that use IEEE 802.15.4
standard will also be a part of IoT [3].
At the beginning, the wireless sensor network
community rejected the IP architecture based on the
assumption that it would not meet the challenges of
wireless sensor networks. In fact, many have moved to IP
because of the interoperability with existing systems and
the well-engineered architecture based on the end-to-end
architecture.
Therefore, the Internet Engineering Task Force (IETF)
has created 6LoWPAN (IPv 6 over Low-Power W ireless

@IJRTER-2017, All Rights Reserved

N.Kurmaiah
Assistant professor, ECE Department
Nalla Narasimha Reddy Educational Society’s Group of
Institutions

Personal Area Networks) and Ro LL (Routing over Lowpower and Lossy networks) working groups to
standardize the IP architecture for WSNs [4]. While the
work from the 6LoWPAN working group opened the
possibility of using IPv 6 in IEEE 802.15.4 networks,
standardizing a routing protocol was outside the scope of
that working group. This led to the creation of the Ro LL
working group in 2008. Ro LL Working Group has
studied on standardization issues of IPv6 routing protocol
for constrained devices over low-power and lossy
networks. This group has proposed RPL protocol as an
IPv6 routing protocol for WSNs.
In [5], Nguyen Thanh Long et al. presented a
comprehensive study of the performance of RPL when
compared to collection tree protocol. The study shows
that the number of switching parents (Churn) in the RPL
network is very low. Currently, RPL uses ETX (e xpected
transmission) as its routing metric to avoid lossy links [6].
However, ETX doesn’t address the problem of energy
balancing. Therefore, RPL is prone to the hot spot
problem: certain nodes belong the routes that have good
link quality will carry much heavier trans mission load
than other nodes. These nodes are likely to run out of
battery faster than the ordinary nodes, which may create
holes and undermine the network lifetime. In this paper,
we will propose improved RPL (IRPL) protocol in order
to overcome this disadvantage of RPL protocol. IRPL
uses two routing metrics that are ETX and the energy
state of sensor nodes to choose the optimal path. The
contribution of this paper is threefold: Firstly, we propose
a combined routing metric and show how to estimate it
for each node; Secondly, we present an algorithm to
choose the optimal path based on this routing metric;
Finally, we implement and evaluate our proposal by using
simulation and testbed experiments.
The remainder of this paper is organized as follows.
Section II shows the related works. Section III introduces
IRPL’s implementation principle. In section IV, the
performance of IRPL protocol is evaluated and compared
to the original RPL protocol; Finally, we conclude the
paper.
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A. Simulation and Evaluation
This section presents the performance evaluation of
IRPL. We used the COOJA network simulator [18, 21] to
simulate IRPL and analyze the results. In order to
evaluate the benefits of IRPL for WSNs, we compared its
performance to RPL’s. We evaluated the performance of
two protocols with the same simulation scenario.
Fig. 5 shows the network topology of 26 nodes which
are placed randomly in the sensor field and the node 1 is
the DODAG root (Sink). The size of the network is 100m
x 100m. Each node generates data packets for every 15
seconds. The sink collects the data packets and forwards
the data packets to the PC.
Table 2 shows the simulation scenario in detail. We
changed the alpha weight to evaluate the in fluence of this
weight on the performance of the network. The value of α
was chosen in the range of 0.8, 0.85, 0.9, 0.95.

Fig. 6, 7, 8 show respectively the comparison between
IRPL and RPL based on the alive node ratio, the data
delivery ratio, and the energy balance indicator with
different α.

Fig.6. Comparison of alive node ratio in the simulation.

Fig.7. Comparison of data delivery ratio in the simulation.

Fig.5. Network topology in the simulation.

Table 2. Simulation Scenario
Parameter
Radio model

Fig.8. Comparison of energy balance indicator in the simulation.

Value
UDI (Unit Disk Graph with
Distance Interference) [22]

Number of nodes

26

Network size

100m x 100m

Communication range of node

Transmission range: 30m,
Interference range: 50m

Initial energy

10J

Data packet interval

15s

Data packet initialization

All nodes except the DODAG
root

MAC protocol

CSMA/ContikiMAC [23]

The simulation results show that IRPL with the α
weight of 0.9 provides the best performance in terms of
the alive node ratio (in Fig. 6). In this paper, we choose
the threshold of ANR is 100% to determine the network
lifetime. With this threshold, the network lifetime
increases by up to 46% compared to the original RPL
protocol. The simulation results in Fig. 7 also show that
IRPL with the α weight of 0.9 achieves higher data
delivery rat io than RPL does. From Fig. 6 and 7, we can
see that IRPL with the α weight of 0.9 guarantees the best
balance between the network lifetime and the data
delivery ratio.
B. Testbed Experiments and Evaluation

and also to analyze the performance of IRPL in real
experiments.
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IRPL is evaluated through a testbed (small-scale). The
testbed results are used to calibrate the simulation results,
The experiments were carried out in the 1 st floor of a
smart home. The e xpe riments consisted of 9 TUmotes in
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a grid topology and the sink on the edge, as depicted in
Fig. 9. The e xperiments were carried out in an indoor
environment. In this scenario, the nodes were deployed in
rooms of the smart home. The experiments were
conducted in a real world environment in the presence of
continuous movement of people and other wireless
network devices, which caused noise and interference.
Testbed experiments were also conducted to evaluate
IRPL and compare its performance to RPL’s in terms of
the network lifetime, the data delivery rat io, and the
energy balance indicator in e xpe riments into the real
environment. The e xpe riments were set up to allow each
node to send a data packet to the sink with an interval of
30 seconds. In Fig. 9, the sink collects the data packets
and forwards the data packets to the PC. From the
simulation results, we chose IRPL with the α weight of
0.9. Table 3 shows the testbed scenario.

energy consumption for all sensor nodes.

Fig.10. Comparison of alive node ratio in the testbed.

Fig.11. Comparison of data delivery ratio in the testbed.

Fig.9. Network topology in the testbed.

Table 3. Testbed Scenario
Parameter

Value

Transmission environment

Indoor

Number of nodes

9

Transmit power

0 dBm

Initial energy

10J

Data packet interval

30s

Data packet initialization

All nodes except the sink

MAC protocol

CSMA/ContikiMAC [23]

Fig. 10, 11, 12 show respectively the comparison
between IRPL and RPL for this testbed. The testbed
results are also similar to the simulation results. Fig. 10
shows that IRPL increases the network lifetime by up to
17% compared to RPL. This is due to the fact that IRPL
uses a load balancing scheme that provides uniform

Fig.12. Comparison of energy balance indicator in the testbed.

Fig. 11 shows the results of the data delivery ratio
when using RPL or IRPL as the routing protocol. It is
important to point out that IRPL achieves higher data
delivery ratio than RPL does. This is due to the fact that
the alive node ratio is higher when using IRPL. Thus, the
more nodes survive in the network, the more data packets
received at the sink.
Fig. 12 shows the energy balance indicator for this
testbed. RPL presents unbalanced energy consumption
between sensor nodes. IRPL does not increase energy
consumption while improving the energy balance
indicator.

II. CONCLUSIONS
In this paper, we have proposed IRPL. IRPL uses two
routing metrics that are the link quality and the residual
energy indicator to select the optimal path. IRPL was
evaluated by using simulation and testbed experiments to
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show its effects and benefits when compared to existing
solution. Testbed results were used to calibrate and
confirm the accuracy of the simulation e xperiments, as
well as present the impact of IRPL in the real scenario. At
the same time, the simulation e xperiments were useful to
evaluate IRPL and compare it to RPL in terms of the
alive node ratio, the data delivery ratio, and the energy
balance indicator in the large-scale scenario. In the largescale network, the simulation results showed that IRPL
increases the network lifetime by up to 46% compared to
RPL.
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