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ABSTRACT : With the arrival of the internet of things concept, a new vision of wireless sensor networks has been
adopted allowing them to be addressed with ipv6 addresses, thus forming 6LowPAN networks. It is categorized as a
new technology being developed and improved. This causes issues about the networks performance to create the com-
munication path and collecting data. Therefore, IETF has proposed an IPv6 based routing protocol with low cost and
power constraints RPL that builds a Destination Oriented Directed Acyclic Graph (DODAG) based on a set of metrics
and constraints via a specific Objective Functions (OFs). This objective function selects the best parents and construct
the routes. Our research is focus on performance analysis of two objective functions that are Minimum Rank with Hys-
teresis Objective Function (MRHOF) and Objective Function Zero (OFO) in a small area under a large scenarios and
topologies. This comparison is focused on energy consumption of the network in the given scenrios to distinguish
which objective function is the most optimal to guarantee long life expectancy of the sensor networks especially in

static environment.
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INTRODUCTION

Internet of Things (IoT) is a recent paradigm that
enables the communication between things in a ubiqui-
tous way through different technologies. IoT scenarios
can cover different application such as urban sensor,
industrial monitoring and home automation. In order to
allow an IoT application to achieve its objectives, it is
necessary that a routing protocol can provide data
communication with best performances. The routing
protocols should take into consideration an important
requirement that is the power consumption that allows
a long lifetime of the IoT network.

Otherwise, IoT is based on Low-Power Wireless Per-
sonal Area Networks (LoOWPAN), that are embedded
devices with constrained in term of energy, processing
and memory. With the arrival of IPV6 era, the Internet
Engineering TaskForce (IETF) defined IPv6 addressing
on LoWPAN networks (6LowPAN) which allows
these devices to be connected to the internet, thus sup-
porting the integration vision of wireless sensor net-
work (WSN) into the internet of things. For that the
IETF defined a new routing protocol for low-power
and lossy networks RPL (IPv6 routing protocol for
low-power and Lossy networks).

RPL protocol uses routing algorithms and Destination
Oriented Directed Acyclic Graph (DODAG) in order to
build a graph-based topology. The DODAG uses an
objective function as a path selection mechanism to the
root node that collect all data into the WSN. RPL offers
two objective functions ; Minimum Rank with Hyste-
resis Objective Function (MRHOF) uses the minimum
Expected Transmission Count (ETX) metric on the
path to the route. In the other hand, objective function
zero (OFO0) is based on the minimum number of hops
on the path to the route.

Our primary purpose in this paper is to provide a large
study of the two objective functions MRHOF and OF0
in two kind of toplogies in order to have an idea of
suitability performance of RPL in each scenario.

The rest of this paper is organized as follow. In section
II we give a overview of the routing protocol RPL,
Section III : the methodology, Section IV we present
results that we obtain and a discussion of performances
in each scenario and finally a conclusion is given in
Section V.

IPV6 ROUTING PROTOCOL FOR LOW POWER
AND LOSSY NETWORKS (RPL)

Topology construction

RPL is the IPv6-based vector distance routing
protocol designed for sensor node in network. It’s also
designed to integrate the routing protocol at the stan-
dard of IEEE 802.15.4 with the IPv6-based IP protocol
in order to cope with the heterogeneity in the IoT con-
cept [1].

RPL has to discover links and then select peers in such
a way that no cycles are present. To this end, a Direc-
ted Acyclic Graph (DAG) built according to one or
more Destination Oriented DAGs (DODAGS), one
DODAG per root using an Objective Function (OF) to
reach specific objectives [2]. RPL use ICMPv6 control
messages to form and manage the nodes that constitute
the WSN. Tree messages are present : DODAG Infor-
mation Object (DIO), DODAG Information Solicita-
tion (DIS) and the DODAG Destination Advertisement
Object (DAO).

In order to build a DODAG, the root sends periodically
DIO to its neighbors containing several parameters
such as rank, metric, routing cost and DODAGID.
Then neighbours nodes decide to join DODAG accor-



ding to the OF. The algorithm of rank calculation is
illustrated in figl.
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fig 1 : Process of calculation rank node

The process of building DODAG continue with nodes
that decide to join the DODAG. Once this process is
completed, each node has a routing table to its parent,
hop-by-hop take to the root node. Also , the node may
sends a DIS used to request information from its
neighbors when waiting for DIO message. In order to
maintain the network more stable, RPL uses the Trickle
algorithm, to periodically refresh the DODAG. The
DAO are transmitted according to two mode of opera-
tion (MOP); storing mode and non-storing mode. In the
first one, once the neighbors nodes recept the DAO
from the sensors, RPL maintain a routing table contai-
ning all reachable destinations. In second mode, the
DAO messages are directly unicast to the root [3].

The structure of RPL and its creation has been illustra-
ted in fig.2.

fig 2 : Process of DODAG construction with RPL
Path selection mecanism by objective function

The Objective Function is used to define one or
more metrics to help nodes to translate these metrics

into ranks. It is responsible for selecting the routes in a
DODAG. Rank computation is fulfill using the OF
depending on routing metrics as a reference like link
quality and delay, and the other side to express the
distance between a node in the network and the DO-
DAG root [11]. RPL can separate the OFs from the
core of the protocol which allows it to meet the diffe-
rent optmization criteria required. Each DODAG ins-
tance in RPL’s DAG is associated with a particular OF.
Otherwise, two objective functions are defined in

RPL : Objective Function Zero (OF0) and Minimum
Rank Hysteresis Objective Function (MRHOF).
MRHOF is an objective function that use minimum
value of Expected Transmission Count (ETX) on pa-
rent node selection. ETX is an expected number of
transmission that required for it to be received without
error at its destination [4].

OFO is an objective function that use minimum value
of hop to reach root node. Each node will calculate
rank based on the hop value to the root node. The fe-
wer number of jumps will get higher priority link to be
selected by OF0. Rank value on child node is always
higher than the parent node.

METHODOLOGY

The performance analysis of the objective func-

tions implemented in RPL has been evaluated under
Cooja [5]. It’s a cross approach that allows to emulat
the hardware and software levels of a mote or node
based on Contiki OS [6] [7]. It’s a lightweight, highly
portable open source operating system, it is dedicated
for WSNs applications. It’s known as being the king of
operating systems for environment monitoring applica-
tions.
Otherwise, four algorithms are used in our simulation :
udp-sink.c, udp-send.c, rpl-config.h, of0.c and mrhof.c,
distribued as open source codes, that we modified ac-
cording to the aims of our study. Collect View allowed
us in the other hand to collect the parameters that we
want to exploit.

Network setup

In this study we have simulated two topologies
with a single sink node: Linear and Random. The
nodes are distributed in a squared area with a side L=
100 meters, and the sink placed 30 meters near the area
monitored by senders motes.

We have designed our RPL network with the two ob-
jective functions MRHOF and OFO, and two densities
(10 and 37 nodes) including the sink mote.

Likewise, we varied the RX value (50, 75, and 100%)
and study the performance of the routing protocol in
term of power consumption.

The default parameters used in our study are represen-
ted in Tab.1.



Parameters

Value

Radio model

Unit Graph Disc Model —
Distance Loss

Hardware platform Skymote
Transmission/Interference 50m/ 55m
range

Transmission ratio Tx (%) | 100
Reception ratio Rx (%) 50, 75, 100

Topologies Linear, random
Mode of operation Storing mode
Traffic communication MPTP

Objective function (OFs) | MRHOF-ETX, OF0
Number of sender nodes 10,37

Number of sink nodes 1

Simulation time 10 minutes

Squared area (m) 100*100

Tab.1 : Parameters of simulation
Metrics evaluated

In this paper, we are interested to evaluate the RPL
performance in term of power consumption.

The power consumption indicates the energy measured
from nodes in the network over the network lifetime
[11]. It’s the sum of power used in each node on the
network. There are four types in power measurement :
Low Power Mode (LPM), CPU power, radio listen, and
radio transmit. Power consumption is a total of all
calculation off all type above. LPM is a power con-
sumption parameter that indicates the power used when
in sleep condition. CPU power is a power parameter
that indicates the level of node processing. While radio
listen and transmit is parameter related with node
communication (transmit and receive).The formula
used to calculate the energy of nodes according to the
following equation.

Energy (mJ) = (Transmit * 19.5 mA + Listen * 21.5
mA + CPU time * 1.8 mA + LPM * 0.0545 mA) *3 V/
(32768)

Simulation network topologies :

The deployement of wireless sensors in streets
of any city will be close to linear and random topolo-
gies as shown in Fig.1 and Fig.2. We have two types of
nodes. The node with the green color represents the
sink mote, and it’s placed 30m near of all the other
nodes. On the other hand, the nodes with the yellow
color represent the senders motes, placed in a area with
side 100m.
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Fig.4 : Random topology with 37nodes

RESULTS AND DISCUSSION

Performance analysis of Power Consumption (PC) :

According to Fig. 5-8, we can conclude that both topo-
logies, OF0 perform better than MRHOF-ETX in term
of power consumption and this comes back to the fact
that the MRHOF-ETX prefer long paths with more
stable link quatilies than short paths with poor link
qualities which leads more nodes in the routing of a
packet and therefore higher power consumption for
transmission radio. In addition to that, the calculation
algorithm of the metric ETX for MRHOF is more
complex than OF0 which is based on the rank of the
node. Also, OF0 is based on minimizing the number of
hops to the root what leads to less retransmition of
packets hop by hop and less usage of radio.

Otherwise, we can see from Fig. 9-16 that the average
power consumption is widely spent in listenning for
both objective functions that can be explained by the
number of packets that circulate in the network, so each
node consumes more energy in listening to the channel
in order to recept or transmit a packet to avoid the
collisions .
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Fig.5 : Average PC vs RX in linear topology for 10
nodes
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Fig. 10 : MRHOF CPU, Listen, Transmit and total
Power Consumptions vs RX in linear topology for 37

nodes
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Fig.11 : OF0 CPU, Listen, Transmit and total Power
Consumptions vs RX in linear topology for 10 nodes
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Fig.12 : OF0 CPU, Listen, Transmit and total Power
Consumptions vs RX in linear topology for 37 nodes
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Fig.15 : OF0 CPU, Listen, Transmit and total Power
Consumptions vs RX in random topology for 10 nodes
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Consumptions vs RX in random topology for 37 nodes

CONCLUSION

Wireless sensor Networks have crucial constraints like
low computing performance, memory and energy in
these devices which make the routing in these kinds of
networks more rigid, that’s why the routing protocol
must have the best performances.

In our work, we evaluated the two objectives functions
MRHOF-ETX and OF0 of RPL in two topologies un-
der different parameters and constraints which allowed
us to see that OF0 perform better than MRHOF-ETX in
term of power consumption. Finally, we can conclude
that for applications which monitor a small area, we
must choose OF0 as an objective function for RPL.

So as a future work, we prospect to design a new ob-
jective function to minimize more the power consump-

tion of the network thus extend the lifetime of the net-
work.
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