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Abstract
Internet of Things (IOT) system often consists of thousands of constrained connected devices.
Resource-constrained devices one of critical issues in a low- power and lossy network LLNs. RPL is IPv6
routing protocol. It’s designed by IETF to be simple and inter-operable networking protocol to overcome these
resource limitations. The RPL carries out Objective Functions (OFs) in the aim of finding the best path. The OFs
chooses the best parent nodes aiming to build the route and optimize it. The metrics used to build the OF must be
selected in an effective and accurate manner for finding the optimal path and meets all constraints. A survey
about node metrics which can be utilized in OFs of RPL is presented, and node metrics calculations are
explained then discussed thoroughly. The researcher displays the most relevant research efforts regarding the
RPL OFs existing in literature.
Keywords: internet of things (IOT), RPL, LLNs
1. Introduction
Regarding LLNs, it consists from huge number of connected devices by lossy links. These links work only on
data rates that are low (Saaidah et al. 2019). These devices have limited resources along with constraint in
memory, processing power, processing capability, transmission range and battery lifetime (Saaidah et al. 2019).
Different domains are supported by LLN such as home, building automation, health and industrial (Kamgueu et
al. 2018; Kharrufa et al. 2019). The development of using LLN in different domains imposes us to find solution
for constraints that are attached to devices in LLNs. So, special requirements are needed to handle this situation.
These requirements are considered different from traditional wired networks. They are considered different from
the requirements of wireless ad hoc networks as well. The traditional networks concern is limited support to
traffic, scalability, network dynamicity, latency, manageability, convergence time stability, and support to
mobility (Lamaazi et al. 2016). In order to cover this limitation, a routing protocol has been proposed by the roll
working group as a tree .This routing protocol of LLN is RPL (Lamaazi et al. 2016; Saaidah et al. 2019).
RPL support different communication mechanisms, like the multipoint-to-point communications and the
point-to-point (Gaddour&Koubâa 2012; Kim et al. 2017). It only keeps an optimal routing at a time. Moreover, it
just selects one of the parent nodes that are considered to be the best among the rest (Lamaazi&Benamar 2018;
Saaidah et al. 2019). The OFs seeks choosing and optimizing the route that is between nodes. It seeks deciding
which node can join the destination in accordance with specific metrics, like: the delay, power, number of
expected transmission, hop count (HC), link quality level (Gaddour et al. 2014). RPL aims at building a
Destination Oriented Directed Acyclic Graph (DODAG) in accordance with a group of constraints and metrics.
That is done through carrying specific OFs (Gaddour et al. 2014; Sankar& Srinivasan 2017). The metrics that
shall be used for defining the best path was not defined by the working group and left flexible. Which enables it
to meet the requirements of the application and network designs. Figure 1. Displays the Downwards and
Upwards routs DODAG of basic operation for RPL.
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Figure 1. Upwards vs. Downwardss routs DODAG
G
Many reseearches in the last
l years had aan interest in sstudying RPL pprotocol by chharacterize, evaaluate, and pro
opose
enhancemeents. These stuudies range froom choosing tthe optimal paarameter selecttion for speciffic applicationss and
apply perfformance evalluation in diffferent implemeentations and environments such as test-bbed or simula
ations
environmeents. Other stuudies such as ((Kamgueu et aal. 2013; Xiaoo et al. 2014; Aljarrah 20177) focusing on OFs
node metrics, while otheer (Rehman ett al. 2016; Ji eet al. 2018)focuused on link m
metrics and othhers (Nurmio et al.
2015; Shakkya et al. 20177; Lamaazi & Benamar 20199) combine both node and linnk metrics. Chhoosing the me
etrics
should be taken accurateely due to the R
RPL rely on thhat to choose thhe optimal pathh. So, we shouuld understand each
metric to bbe used in suitaable way to geet the result thaat serves the reequirements in any system.
Node metrrics play a siggnificant role tto choose the optimal path ffor LLN. Exissting node mettric can be div
vided
broadly innto six categorries as shown in Figure.2, nnamely; Nodee state and atttributes object, Hop count (HC),
(
Node enerrgy, Number of
o connected nneighbor, and M
Maximum Lifeetime (MLT) . Node state annd attributes object
o
can be furrther classifiedd into Congestiion flag, CPU usage and Avvailable memoory energy. Noode energy can
n also
be classifi
fied into Energgy consumption (EC), Rem
maining Energgy (RE) and Battery dischharge index. EC
E is
classified into CPU power
p
consum
mption, Powerr consumptionn during low
w power modde (LPM), Power
consumptiion during trannsmission and P
Power consum
mption during llisten.

Figure 2. Node metrics classsification
Searching through previously presenteed studies in litterature about RPL OFs, no conducted surrvey has focuse
ed on
node metrrics of RPL OF
Fs which led tthe researcherss to conduct thhen write the ppresent surveyy-based paper. This
paper aimss at discussingg the primary efforts exerted for improving the RPL OF bbased on node metric.
Following sections of thhis study are organized as follows: Sectiion II presentss scope of surrvey. Section III is
explainingg the RPL prootocol. In secttion IV discusssion of approoaches used too combine meetrics is prese
ented.
Section V displays a suurvey of node metrics. Sectiion VI presentts a comparisoon between RP
PL OFs Finallly, in
Section VIII summarizes conclusion off the survey papper.
2. Scope oof Study
In this studdy, a review of
o the previouss studies targetting RPL OF’ss enhancementt-based node m
metric is prese
ented.
An analyssis of the currrently existingg mechanisms based on node metrics for selecting opptimal path an
nd its
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implementations for single metric and combine metrics are listed then summarized. The contributions of this
survey paper are as follows:
• Provide a background on RPL protocol.
• Discuss composition approaches used for node metrics.
• Explain calculations of each node metrics.
• Comparative study of RPL OFs based on node metrics is presented.
3. RPL Overview
A routing protocol is used to transfer the packets to nodes. In WSN the routing protocol is classified to Reactive
and Proactive. The reactive protocols like AODV (Al Balas et al. 2019), DSR (Johnson et al. 2001) and TORA
(Sharma & Kumar 2016), set routes when needed only. Therefore, the node doesn’t need to start a route
discovery process. Thus, reactive protocols produce higher latency and lower overhead. Whilst the proactive
routing protocols set the routes before it need any data and every node maintains routing tables that representing
the network topology. Therefore, these protocols need to update routing table periodically. Nodes send two kinds
of messages, namely; the control messages for neighborhood information and data messages for information
among all the nodes.
RPL is distance vector protocol and a proactive routing protocol (Dong & Li 2019). It starts finding the routes
when RPL network is initialized. RPL is a form of tree topology named DAG (Charles &Palanisamy 2018).
Every RPL node has a preferred parent node that plays like a sink for that node. The nodes in RPL network
possess routes for all the nodes down its tree. Path route selection is a very important part of RPL, because it
uses different matrices to compute best paths (rank). Selecting best path in RPL mainly depend on node metrics,
such as: Node Energy and HC, Node State Attribute (NSA). It may depend on link metrics, such as: Throughput,
Latency, Link Quality Level, ETX and Link Color or combined node and link metrics (Gaddour et al. 2014;
Sankar& Srinivasan 2017).
The RPL protocol has four kinds of control messages for making network maintenance and exchanging
information (Aissa et al. 2019). The first kind is named DODAG Information Object (DIO), this kind consider
the fundamental source of routing control information. It seeks storing information about current RPL Instance,
current rank and the root’s address. The second kind is named a Destination Advertisement Object (DAO). It
supports down traffic and it’s employed for propagating the destination information upwards along the DODAG.
The third kind is named DODAG Information Solicitation (DIS), It allows the node to require DIO messages
from a neighbor that’s reachable. The forth kind is a DAO-ACK, It’s sent by a DAO recipient and it’s sent in
response to a DAO message. All of these kinds of control messages in RPL are named ICMPv6
(Gaddour&Koubâa 2012; Kim et al. 2017; Bisen& Matthew 2018). Figure. 3 display basic RPL tree topology.

Figure 3. RPL Tree Topology
4. Metrics Composition Techniques
The composition techniques used to combine more than one metric can be classified into three techniques
namely, lexical, additive and fuzzy logic.
4.1 Lexical Metric
This composition provides a preference between two metrics by comparing them and it is not compulsory for
metrics to have same relation. The first component metrics that provide high or low value according to the
routing characteristic it shall be chosen as being the best parent toward the root. If the first component has equal
3
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values, thee node shall chheck the seconnd componentt. The latter coomponent shall determine thhe DODAG parent
(Karkazis et al. 2012).
4.2 Additivve Metric
This compposition is aboout combiningg multiple mettrics with the same order relation. Addittive composition is
combiningg multiple mettrics to producce one output metric and thhen DIO messsages is used tto advertise output
metric.
4.3 Fuzzy L
Logic
Fuzzy loggic is part of computationaal intelligencee. It’s a popuular research aarea that dealls with processing
numerical data (Michaeel 2005; Negneevitsky 2005; Ingoley & N
Nashipudi 20122). Fuzzy logicc is defined as
a the
encoding of facts usingg mathematicaal expressionss with relevannt membershipp values (Rosssides et al. 2002;
2
Abdel-Jaber & Mahafzaah 2008). Fuzzzy logic used to convert maany linguisticss input variablles into one ou
utput
variable byy using Fuzzyy Inference Prrocess (FIP). F
FIP defined ass “a processes carried out foor mapping from a
specific innput to an outpuut through empploying the fuuzzy sets theoryy” (Mamdani & Assilian 19775; Gottwald 2013).
2
The Mamddani-style FIP is a fuzzy infference techniqque that’s wideely used in fuzzzy logic. Thiss FIP involves four
primary stteps (Mamdanni & Assilian 11975): fuzzificcating inputs, eevaluating rulees, aggregatingg output rules, and
defuzzificaating as shownn in Figure 4.

Figuree 4. FIP processs
5. Node M
Metrics
5.1 Node SState and Attribbutes Object
The node state and attribbute (NSA) obbject is usuallyy employed forr collecting information aboout a node (Ulllah et
al. 2017). The NSA objeect may be exiistent in the D
DAG. It may innclude a groupp of TLVs that is usually use
ed for
conveyingg several node characteristiccs. Currently, tthere isn’t anyy TLV definedd. The format of the latter object
o
body as shhown in Figuree 5. (Ullah et aal. 2017; Bartheel et al. 2012)::
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Figure 5. NSA
A Object Bodyy Format
Res flags are denoted for
f reserved fieeld with 8 bitts. They shoulld be set to 0 on transmissiion and ignore
ed on
receipt. Fllags field is eight bits. The ffollowing twoo bits of the N
NSA object aree defined curreently as: ’A ’flag:
’
data Aggreegation Attribuute. Some appllications may uutilize the agggregation node attribute in theeir routing dec
cision.
That’s donne for minimizzing the amounnt of traffic onn the network. That may incrrease its lifetim
me in environm
ments
that are baattery operated (Barthel et al.. 2012; Ullah eet al. 2017).
’O’ flag: nnode workloadd may be hardd to express annd determine iin some scalarr form. Howevver, node work
kload
could be a useful metrric to consideer during pathh calculation, in particular when queuinng delays musst be
minimizedd for highly sennsitive traffic cconsidering M
Medium Accesss Control (MAC
C) layer delayy. The node may not
be capablee of processingg traffic (Barthhel et al. 2012; Ullah et al. 20017).
5.2 Node H
Hop Count
HC is a m
metric that reppresents numbeer of intermeddiate nodes forr reaching anoother node. H
Here the node to
t be
reached is a parent nodee via which thee data are transsmitted to roott. In best case the route withh minimum number
of hops ressults with miniimum delay annd higher link connectivity (Aljarrah 2017).
It is the m
metric employeed for identifyying the numbber of hops froom source to ddestination. Inn Contiki operating
system, thhe OF zero (OF
F0) is considered the defaullt OF and choooses the path tto the root thaat has the minimum
number off hops (Lamaaazi et al. 20116). Contiki eemploys a 16--bit rank value in units of 256 that allows a
4
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maximum of 255 hops. Each node shall calculate its rank with respect to its parent rank using the summation of
the parent rank and the (default-min-hop-rank-increase) value that is defined as 256 in the RFC 6550. The rank
calculation based on hop count OF may be calculated as it’s displayed through equation 1(Abdel Hakeem et al.
2019).
( )= ( )+(

_min _ℎ

_

_

)

(1)

While R(n) stands for the rank of the node n, R(P) stands for the rank of the node parent and Node (n) chooses
the parent node that shall minimize the value of R(n).
ETX is defined as the expected number of transmissions which are required to send a packet over the
communication link (Lamaazi & Benamar 2018). The path ETX is the sum of the ETX of all the links along the
path. When ETX is applied, the nodes must select the parent that has the lowest ETX value. Each node uses ETX
to calculate the path to the root node and select its parent, which has the minimum overall ETX to the root node.
ETX over a link can be calculated using equation 2(Abdel Hakeem et al. 2019):
ETX = 1/(DF ∗ DR)

(2)

DF stands for how probable to receive a packet from the neighbor node.
DR stands for how probable to receive successfully an acknowledgment. Node (n) is capable of calculating its
rank based on ETX using equation 3 (Abdel Hakeem et al. 2019)
R(n) = ETX + R(P)

(3)

R(P) stands for the rank of the parent node, so the total node rank can be expressed as the rank of its parent with
the addition to ETX of the total path.
5.3 Node Energy
The IoT is a new technology that involves a wide spectrum of applications that concerns smart metering,
industrial control, home automation, e-Health, agriculture and others. In order for those applications to run in an
autonomous manner, the IoT devices must survive for years under energy constraints that are strict. When
developing such applications, it’s very important for the applications to have knowledge about their EC.
The choice of metrics plays a big role in analyzing the performance of the OF through using the routing protocol.
WSN has been used since a long time for supporting several applications (mainly the ones related to detection,
monitoring and tracking). Regarding the Nodes in a WSN, they are resource constrained and battery powered (i.e.
limited size of memory, communication and processing) (Culler et al. 2004). There isn’t any cable attached for
powering those devices. Therefore, they run on limited battery powered resources. It becomes a daunting
challenge to power those devices. Energy is considered a significant metric. As it’s supported to increase the
lifetime of network (Aljarrah 2017).This means that the average energy measured from nodes in the network
over the network lifetime (Lamaazi et al. 2018). So, the researchers categorized the node energy metric as
follows: energy consumption, RE and battery.
Energy Consumption (EC)
EC refers to the energy of nodes that is spent during the exchange of information within the network (Lamaazi &
Benamar 2018). The EC of a node is significant for sensor networks. Therefore, powers saving techniques are
needed to disable nodes for a temporary period in order to conserve energy.
Energy can be managed through assigning states to the nodes of a sensor network as receive, transmit, low
power mode (LPM)which means idle sleep modes, LISTEN, CPU modes. Nodes are at transmitting state while
transmitting a packet and in receive state while receiving a packet. A node consume power at idle state as it has
to listen to the medium so that it can enter receives state if it detects a transmission. In sleep state, a node cannot
transmit or receive any data. The node energy may be calculated from the summation of all states energy as it’s
presented in Equation 4 (Lamaazi & Benamar 2018):
Node energy = ENG-TRANSMIT + ENG-LISTEN+ ENG-CPU + ENG- LPM.

(4)

CPU energy consumption: This represents the energy consumed by CPU ,it calculate using Equation 5
ENG-CPU = (CPU_time*1.8mA)*Vcc / 32768

(5)

Where 1.8mA represent the level of power consumption of nodes in CPU state which are expressed in
milliamperes (mA).
Low power mode LPM power consumption: Energy consumed by the node in low power mode, it calculate
using Equation 6:
5
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ENG- LPM = LPM*0.0545mA)*Vcc / (32768)

(6)

Where 0.0545mA represent the level of power consumption of mote in CPU state which is expressed in
milliamperes (mA).
Transmition Energy consumed by the node DURING TRANSMITION, ,it calculate using Equation 7:
ENG-TRANSMIT =Transmit*19.5mA Vcc / (32768)

(7)

listen power consumption: Energy consumed by the node DURING LISTEN, it calculate using Equation 8:
ENG-LISTEN =Listen*21.5mA Vcc / (32768)

(8)

0.0545mA represent the level of power consumption of nodes in CPU state which is expressed in milliamperes
(mA). In order to calculate the power consumption in milliwatt per seconds; we should multiply the total
consumption by voltage and divide by the number of clock ticks per second which is RTIMER_SECOND Where
the value of RTIMER represents the number of ticks per second which is equal to 32768 ticks per second that
is used for measuring the processing time (measure the time duration of the nodes running on specific
mode)(Patel 2008).Vcc represent node battery voltage which almost equal to 3v(Patel 2008; Information
Resources Management Association 2015).
In (Shakya et al. 2017) proposed a new OF named Smart Energy Efficient-OF (SEEOF). It aimed to provide
energy efficiency techniques and extend the network lifetime. SEEOF uses an additive combination of both ETX
and EC. As a result, SEEOF improved the network lifetime by up to 27%. In addition, it permits making the
energy consumed by nodes more uniformly. That shall make them alive for long period of time. The SEEOF
aims at improving the performance of RPL protocol. However, it was compared to the standard MRHOF only.
That makes its efficiency unknown in comparison with candidate proposals.
In (Lamaazi & Benamar 2018) authors proposed a new OF. That was done based on combined metrics through
the use of Fuzzy Logic named (OF-EC). For overcoming the limitations of using a single metric and optimizing
the route or for choosing the suitable path for nodes to reach destination, the proposed OF-EC considers the link
metrics and the node metrics, namely the ETX, HC and EC. Thus, the proposed OF-EC allows equalizing the
distribution of the EC of all nodes. That shall decrease the probability of having network failure and raise the
lifetime of nodes. OF-EC compared with OF-ETX, ENTOT, and OFFUZZY. It was found that OF-EC provide
more efficiency compared other even if the network topology and the transmission range change.
In (Sousa et al. 2017) proposed an OF to be used for IoT applications called Energy Efficient and Path
Reliability Aware OF (ERAOF) to ensure efficient energy for reliable transmission of data. It is based on
combining both energy and link routing quality metrics. ERAOF is based on two routing metrics, namely; energy
consumed (EC) and ETX. In ERAOF, EC making the RPL aware of network EC and ETX plays a role to
specify quality of link through network nodes. This leads to better performance by decreasing use of connections
with less condition. Each network node will compute a value T(ni), which is quality of node (i) in terms of EC
and ETX and the Equation 9 is used as follows:
( )=

( )+

( ,

)

(9)

Where, FEC(ni) represents the function which returns the energy consumed by the node i since the beginning of
its operation. Then, in terms of EC and ETX quality of route r, is defined as Q(r), and its value is computed by
the sum of T(ni) values of the nodes which compose it, as in Equation 10.
( )=∑

( )

, , ∈

∗

(10)

The experiments’ results showed that proposed OF kept effective EC with increasing the ratio of packet delivery
and using less hops.
(Lamaazi & Benamar 2019) proposed assessment approach for RPL performance using its own components.
They have suggested using both OF and trickling algorithm. A comparative study was conducted between
RPL-EC with OF depending on ETX and power consumption being combined through fuzzy logic, and RPL-FL
using trickle algorithm that’s flexible. Implementations of both suggested RPL-EC, RPL-FL along with the
standard RPL were conducted to detect improvements of them. Five main measurements were chosen to assess
the improvement, namely; overhead, convergence time, packet delivery ratio (PDR), EC, and the lifetime of
network. It was found that OF and trickle algorithm has effect on RPL performance. RPL-EC has better values
for convergence time and network lifetime in comparison with the standard RPL. On the other hand, RPL-FL
given best values in terms of overhead, EC, PDR.
While in (Kamgueu et al. 2015) a two- phases employing fuzzy logic procedures was proposed to integrate three
6
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linguistic input variables called ETX, energy and delay. In the first phase, the ETX and delay were integrated for
producing output variables call Quality of Service (QoS). Through the second phase, energy was integrated with
the QoS value and fuzzy output is quality. The proposed fuzzy-logic is assessed in comparison to ETX-RPL
based on a real testbed network consisting from twenty-eight sensor nodes. A comparison between ETX-RPL
and proposed fuzzy-logic in terms of EC, packet loss ratio and routing stability. It was found that the fuzzy-based
approach-that was proposed- has outperformed ETX-RPL in terms of end-to-end delay and packet loss ratio.
Furthermore, the proposed approach built a more stable topology in comparison to ETX-RPL with. Figure 6
below, depicts Fuzzy Inference Engine of proposed fuzzy-logic.

Figure 6. Fuzzy Inference Engine of proposed fuzzy-logic
(Musaddiq et al. 2018) proposed an efficient energy-aware adaptive trickle (EAAT) timer mechanism. This
mechanism aims at adjusting the DIO transmission in accordance with the residual energy (RE) and future
energy (FE). The FE is calculated based on Equation 11:
FE = ETX. WL. e(d)

(11)

WL stands for the workload of the elected parent node. e(d) stands for the energy required for transmitting one
packet at a distance d. The node ranks were set and establish in the DIO message along with their RE values. The
change of trickle redundancy constant k can influence the number of the DIO messages transmission. Regarding
the parent, it measures its current RE and value of FE. The k value was calculated as shown in Equation 12:
=[

%−

%]

(12)

The proposed EAAT operates in sequential manner starts with the elected parent start to measure the number of
the routing metrics for the current intervals. Primarily, a node shall measure the link quality based on the ETX.
This metric shall predict the paths with lowest expected number of transmissions is needed which indicates the
node EC in transmission phase. Then, a workload is measured that indicates the capacity of buffer. The node
measures its RE by measuring the energy need through packets, processing, transmission, idle state energy, and
reception. Every node obtains rank based on EAAT calculation. This rank information is attached to update child
node and DIO message. Every node sets the trickle setting in accordance with the FE and RE values. The EAAT
can manage the energy hotspot nodes through balancing the EC and control traffic overheads. The results
obtained from simulation show that EAAT can increase the lifetime of the network and improves the
performance of routing.
A study which optimized RPL OF to select best parent using the fuzzy logic was proposed by (Santiago &
Arockiam 2017). The proposed OF used a Three phase fuzzy logic procedure to integrate five linguistic input
variables HC, energy, ETX ,delay and Throughput: In the first phase, the ETX and delay are integrated to
produce output variables call Quality of Service (QoS). Through the second phase, the energy, hop count and
Throughput are integrated to produce output variables call Route Quality (RQ).The third phase includes two
inputs. These inputs are considered the output resulting from second and first phases. Output fuzzy of all phases
is new Rank, which indicate the best parent. Figure 7 depicts Fuzzy Interface System.
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Figure 7. Fuuzzy Interface S
System
The membbership functioons of first fuzzzy output QoS are considerred very low, sslow, average,, fast and very fast.
The membbership functiions of seconnd output RQ are awful, bad, degraded, average, accceptable, good
d and
excellent.
5.3.1 Rem
maining Energyy
The RE m
metric refers to the energy whhich resides orr still in the nodes. Many ressearchers consiider RE as the only
metric andd other combinne with other m
metrics to calcuulate the path.
In (Kamguueu et al. 20133) an OF was pproposed nameely; OF-energyy that use a RE
E as the only m
metric to selec
ct the
next hop ttoward the sinkk. The proposed method usees a single meetric same as sstandard routinng protocol such as
MRHOF & OF0. That result
r
indicatess that the OF-eenergy providees more satisfaactory results through the en
nergy
distribution between alll nodes to enssure transitionn accuracy. Ass a result, thee network lifettime will incrrease.
However, this OF cannoot be able to accommodate thhe link quality of network duue to using an eenergy as metric.
Also, (Nurrmio et al. 2015) proposed an OF based on nodes’ RE to equally disstribute energyy among all nodes.
The main goal was to exxtend network lifetime. The OF was desiggned based on ETX and pareent node RE to
o find
best preferrred parent. Exxperiments weere conducted on Contiki OS
S and its Coojja simulator. R
Results showed
d that
proposed O
OF increases first
f
node lifetiime comparedd to MRHOF. IIt was also fouund that EC ratte through network
nodes usinng the proposedd energy-awarre OF was closser to each otheer compared too network noddes using MRH
HOF.
(Yunis & D
Dujovne 20144) evaluated thhe performancee of different m
metrics and prroposed a mixtture of HC and RE
under mulltiple restrictioons for reducinng the power cconsumption ddispersion on the network inn order to increase
LLN noddes lifetime. LLN nodes use the IEE
EE 802.15.4 standard annd nodes alloow point-to-p
point,
multipointt-to-point and point-to-multip
p
point traffic paatterns. Simulaation conducteed using J-Sim simulator and
d they
used Averaage latency, Average
A
packett loss, Averagee Power Consuumption and A
Average numbeer of dead nod
des as
evaluationn matrices. Sim
mulation resultts showed thatt a mixture off the HC and R
RE metrics shhall decrease power
consumptiion. That appliies even in nodde loss conditioons without incrementing lattency or packeet loss.
(Taghizadeeh et al. 20188) tried to solvve the dynamiic load networks limitation in current RP
PL. A new routing
protocol w
was introducedd. This protocool is called Coontext-aware aand Load-balaancing RPL (C
CLRPL). It aim
ms at
minimizinng the packet loss
l
ratio and maximizing thhe network liffetime in LLN
N with highly-vvariable traffic
c and
heavy thrroughput. Thee CLRPL prootocol is connsisting of thhree phases. T
The first phaase, called CAOF
(Context-aaware OF), in this phase thee OF calculatees the rank of node using ET
TX, residual eenergy for the node
and its parrent, and the parent’s
p
rank. The latter infoormation is addded to DIO m
messages. It’s sstored by the node.
n
That’s donne after receivving it. After m
measuring thee rank of eachh DIO sender bbased on the saved informa
ation,
CAOF em
mploys an algoorithm for sortiing the nodes based on the rank (rangingg from the bestt ones to the worst
w
ones). Theerefore, DIO thhat has the prreferable rank is broadcastedd first. As for the second phhase, it’s called the
CARF (Coontext-Aware Routing
R
Metriic). CARF empploys informattion that conceerns the status of the queue chain
c
in path. It employs inforrmation that cooncerns the rannk of the node that was calcuulated through using the CAO
OF. It
also emplooys informatioon that concernns the index oof the networkk traffic dynam
micity for obtaiining a value to be
used in chhoosing parentt. As in CAOF
F, the informaation employeed by CARF is carried in thhe DIO. The Third
T
phase is a parent selectiion mechanism
m. This mechaanism aims at choosing the parents that hhas the lower value
v
calculated by CARF. In case both of tthe candidate pparents have thhe same value of CARF or nnot, the mecha
anism
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shall choose the parent that has the lower number of children nodes. The three phases are considered directly
linked and exercise cooperative work. Therefore, through considering the workload of the paths together with
information about link quality and energy, CLRPL is capable of reducing the consumption of energy and
enhancing the packet loss rate. Thus, CLRPL shall reduce the changes of the best parent and EC where it
increases packet loss ratio. Moreover, it increased end-to-end delay.
(Lazarevskal et al. 2018) proposed a novel OF for RPL called NEWOF to provide energy efficient and reliable
parent selection for healthcare. The NEWOF was built based on additive metric approach consists from several
metrics (i.e. reliability, mobility and EC). The NEWOF employed three metrics for calculating the best path
namely: RE, ETX and RSSI.ETX illustrate the reliability through the overall number of link layer transmissions
for producing a transmission successfully. The RE of the node illustrates the subtraction between the initial
energy of the node and the consumed energy. As for the RSSI, it’s a signal strength in a WSN illustrate the
current power in a received radio signal, while link being assumed. The RSSI changes based on the location
sensor nodes, thus representing the dynamics of the nodes. In the study select best parent is done by comparison
of the path costs of the potential parents. The path cost is measured by adding the rank and the link cost, where
the link cost used additive function of the chosen metrics (RE, ETX and RSSI) with different weight values for
each metrics. Both rank and path cost measured based on the following Equations (13-16). The rank stands for a
monotonously increasing function which is employed to avoid loops and chooses the non-optimal paths for
routing.
(13)
(14)
(15)
(16)
(Mortazavi & Khansari 2018) had proposed an RPL routing protocol for Internet of Multimedia Things through
considering RE of nodes in the routing of IoT traffic. RE routing metric was calculated using Equation 17:
(17)
Where Ei indicates the node’s initial energy and ER indicates the node’s RE. In case the node is idle and didn’t
consume energy, the ER value shall be equal to 1, and the ER amount shall increase with reducing the amount of
the RE of each node. When the node die, the ER value is consider one. ER is calculated using the following
Equation:
(18)
EC stands for node Energy Consumption. It’s calculated in accordance with the amount of the packets received
and sent. The results of simulation indicate that employing the proposed RPL protocol shall enhance the
network’s lifetime while distributing the load of multimedia traffic routing between all routers. It shall extend the
availability of nodes by 34% in comparison to the standard RPL protocol.
(Santiago et al. 2018) proposed on energy aware load balancing algorithm (EALBA) for IoT network through
employing the event rate. The proposed algorithm adopts the Nested Un-weighted Pair Group Method (UPGM)
with event rate. As for the algorithm process, it consists from two stages; Cluster UPGM and Expected Lifetime
Time (ELT) for choosing parent. That’s followed with forwarding packets. The EALBA algorithm proves the
lifetime of the devices. It improves the lifetime of the parent nodes for network. The EALBA algorithm stores a
significant amount of energy. However, the disadvantages of EALBA algorithm; it ignored investigating
overhead, scalability and fault tolerance. EALBA algorithm was implemented through Cooja simulator and
Contiki OS. The results showed that proposed technique Improved network lifetime and decreased EC.
(Mishra & Chinara 2019) proposed a protocol Clustered Additive RPL it’s named (CA-RPL). This protocol
employs a weight-based clustering method for meeting the efficiency of a scalable network. The node calculates
the rank through combining three parameters (i.e. ETX, HC, & available energy). CA-RPL applies clustering
in it, the cluster heads are chosen based on the battery power of a node. They are chosen based on the degree
connectivity of a node. CA-RPL was simulated through using COOJA simulator in Contiki OS. It was noticed
9
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that the CA
A-RPL outperfforms HC-RPL
L, ETX-RPL aand Additive-R
RPL. It outperfforms them in tterms of end to
o end
delay, PDR
R and EC in neetwork.
(Sankar & Srinivasan 20018b) proposeed a fuzzy logiic-based energgy aware routinng protocol caalled (FLEA-R
RPL).
They conssider three lingguistic input vvariables (i.e., ETX, routing metrics load aand residual ennergy (RER)).. The
output is cconsidered the best route seleection. FLEA--RPL applies ffuzzy logic on those input m
metrics for choo
osing
the best rooute to be trannsferred to the network data in an efficiennt manner. Thee membership function evaluates
the linguisstic input variaable, to providee the accurate measurement of input and ouutput variable.. Authors selec
ct the
trapezoidaal shape membbership functioon for input vvariable and trriangle shape membership ffunction for ou
utput
variable inn the fuzzy loggic system. Baased on the results of simulaation, the FLE
EA-RPL enhannces the lifetim
me of
the networrk by 12%-10%
%. It enhances the ratio of tthe packet dellivery by 2% - 5%.Figure 8 shows FLEA--RPL
system.

Figure 8. F
FLEA-RPL Syystem
(Nassar et al. 2017) propposed an enhannced OF with a multi-objecttive metric thaat considers the RE and delay the
FQS automatiically
in the batttery nodes aloongside with tthe quality of the links calleed OFQS. The proposed OF
adapts to the number of instancess offering a QoS differenntiation basedd on the diffferent Smart Grid
applicationn-related requiirements. OFQ
QS is based onn MRHOF as it relies on the same rank ccalculation method.
OFQS adoopts hysteresiss for preventiing the routinng instabilities and decreasiing the parentt switches und
der a
specific thhreshold. Basedd on the simulations results, OFQS offers a packet delivery latency thaat is low. It offfers a
PDR that iis higher. It exttends the lifetiime of the netw
work more thann MRHOF andd OF0.
5.3.2 Batteery Discharge
Battery discharge Indexx (BDI) indicaates how muchh percentage oof energy deplleted from batttery present in
n the
node. The index of batteery discharge dderives from rresidual energyy. As for the reesidual energyy, it calculates from
each node of RER (Ni), i.e., current ennergy and initiial one. The foormula used foor the residual energy calculation
is providedd in Equation (17).
(
(

)=

(17)

Regardingg the Battery discharge Inddex, it calculaates for node “Ni” as (1- Residual Eneergy). The wa
ay of
calculatingg BDI (Ni) is illustrated throuugh Equation (18).
(

) = (1 −

(

))

(18)

(Sankar & Srinivasan 2017)
2
proposeed a new RP
PL routing meetrics for LLN
Ns namely (L
LE-RPL). It usses a
composite routing metric Load and baattery dischargge index (BDI)). These composite metrics uused to balance the
data trafficc to enhance thhe energy efficciency. The rannk calculates frrom minimum
m load and BDII values of the node.
The participant node choooses the pareent deemed thee best from DO
ODAG. The siimulation was conducted thrrough
employingg COOJA netw
work simulatorr. The performaance of the prooposed work w
was assessed inn terms of the ratio
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of PDR and the lifetime of network. Based on the results of the experiment, the proposed system offers a better
level of performance. It is associated with lower level of packet loss ratio. Also, it enhances the lifetime of the
network more than the existing OF0, RER, ETX, Load and RER (BDI).
(Hassan et al. 2016) proposed a new composite metrics based RPL protocol in LLNs namely RERBDI. The EC
of the battery powered sensing devices during the network operations can significantly affect the lifetime of the
network in case there is a route selection that’s inefficient, the energy depletion from even a few nodes in the
network can cause damage to the network reliability and integrity. Such damage can occur through creating holes
within the concerned network. RERBDI based on residual energy (RER), battery discharge index (BDI) and
ETX for enhancing the energy conservation on the constituent nodes. Simulations were conducted for comparing
its performance level with RER and ETX. It was found that the proposed scheme enhances the lifetime of the
network through preferring routes with high average residual energy, and at the same time ensuring that energy
depleted nodes aren’t overburdened while carrying out the process of the route computation
(Sankar & Srinivasan 2018a) proposed a new energy and load aware routing protocol (EL-RPL). EL-RPL is a
composite routing metrics protocol. In fact, it’s based on the combination of battery depletion index (BDI), load
and ETX .Where other existing work does not consider the load metric in combination with ETX and BDI. In
EL-RPL, the participant node chooses the parent deemed the best among the preferred parent based on DODAG
rank. The rank is calculated from OF and rank increase. Each node and link associates with Load, BDI and ETX
metrics in LLNs. EL-RPL is compared with other similar protocols RER (BDI) RPL and fuzzy logic based RPL
(OF-FL RPL). Based on the results of simulation, EL-RPL offers better performance in terms of PDR, lifetime of
the network, and end-to-end delay in comparison with OF-FL RPL and RERBDI RPL.
5.4 Number of Connected Neighbors
This metric denotes the connectivity between a node and its neighbor. Each node will be connected to its
one-hop neighbors for performing data transmission.
(Aljarrah 2017) proposed a multi fuzzy logic model for OF for RPL (Ml-FL). This model consists of three
metrics: channel-oriented, node-oriented and link-oriented ones for uncasing. The Ml-FL chooses the parent
deemed the best for unicast through 9 individual metrics. Three other parameters were used for defining each one
of the 9 metrics. That was done for ensuring that the parent node selection shall be effective. For overcoming
fuzzy logic complexity, multiple fuzzy logic blocks were processed in parallel. In addition, an enhanced- BMRF
algorithm was proposed with the minimum level of delay and duplicate packets. IEEE 802.15.4 standard was
applied over OMNeT++ simulator for evaluating the effectiveness of the proposed RPL. The outcomes that were
reached through employing the proposed RPL are considered promising in terms of end to end delay, energy, HC,
packet delivery ratio and packet loss rate.
5.5 Maximum Lifetime
(Iova et al. 2014) designed a routing metric –that’s new- for extending the lifetime of the network through
balancing the load energy. This ELT metric made RPL provide closer performance to ETX in regard of delay and
reliability. Furthermore, ELT had registered the best worst case among others in terms of the delay. In addition
ELT showed an EC that’s lower and an energy balanced topology that is higher.
6. Summary of Node Metrics Related Research
A comparison between of the most relevant research efforts regarding the RPL OFs are discussed in this section
in term of metrics that used, metrics composition, description, objectives weakness, performance evaluation
metrics and the method that used in evaluation as shown in table 1.
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Table 1. Summary of Node Metrics related research
Ref

Metrics

Metric

Description

Objectives

disadvantages

composition

Performance

Compared

evaluation

with

metrics
(Aljarrah

RE

2017)

Single

design an OF for

For increasing

1. Using only

1.Remaining

metric

RPL which

the network

one metric 2.

Power

employed node RE

life time and

More packet

Distribution

as a metric

distributes

loss

MRHOF

2.

energy evenly

Transmission

among nodes

Accuracy

without
having low
level of
transmission
accuracy
(Kamgueu

RE, ETX

et al. 2015)

and Delay

Fuzzy logic

Design anew RPL

To

1. Regarding

1. Packet Loss

OF that involves

minimizing

the slightly

Ratio

several metrics that

end to end

improved

2.Routing

use fuzzy logic

delay, reduce

delay and the

Stability

the rate of

enhanced

packet loss

stability, they

and minimize

aren’t

the EC during

justified.

data

2. Very

transmission.

low-quality

MRHOF

3.Average
Remaining
Power
4.End-to-end
delay

paths still
could be
chosen.
3. of-fuzzy
compared only
with the ETX
that use a
single metrics.
4. Does not
consider
mobility.

(Nurmio et

RE and

al. 2015)

ETX

combination

propose 2 OFs

To extended

1. Al most

(PEOF) and(PEOF2)

network

Similar packet

2.Packet

In the aim of

lifetime and

delivery ratio

delivery ratio

with MRHOF.

equalizing the

equalized the

distribution of

consumption

2. Compared

energy among the

of energy.

to the standard

nodes with an

1.RE

MRHOF

MRHOF only

extension of the
lifetime of the
network
(Yunis &

RE, HC,

Combinatio

Design a new RPL

To reduce

1.No

1Average

100%HC

Dujovne

ETX and

n

OF which involves

power

consideration

latency

100% ETX

2014)

PFI

HC and RE

consumption

of link metrics

2.Average

100% PFI

2.With PFI: no

packet loss

conditions

retransmission

3.Average

without

is

Power

under node
loss
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Consumption

75% HC +

latency nor

a guarantee

4.Average

25% ETX

the packet

number of

loss

dead nodes

(Aljarrah

RE, ETX,

Multi-Fuzzy

Propose OF based

For the

Comparison

1. Average HC

OF-FL

2017)

neighbors

model

on a Multi fuzzy

improvement

simulation

2. Packet loss

OF0

connectivit

logic model. The

of PDR,

Environments

ratio

y

model considers

delay, energy

are not same

3 categories of

& HC

3.Average

capacity,

ML-FL is

number of

RSRQ,

metrics (i.e. channel,

tested in

parent changes

bandwidth

node, & link

OMNET++

metrics)

4.Energy

but OF-FL

utilization

stability,

and OF0 are

5. Delay

HC and

tested in

mobility

cooja

Delivery Ratio

link

6.Packet

(Taghizadeh

RE, queue

Proposed

Propose a new RPL

1. increases

1. Not

1. queue loss

et al. 2018)

utilization,

their own

version named

the network

considering

ratio

and context

combination

context-aware and

lifetime

fault tolerance.

2. Packet loss

awareness

of OFs

load balancing

2. Decrease

2. Compared

ratio

protocol, CLRPL in

the packet

only to the

order to solve the

3. Number of

loss and

problem of handling

standard RPL

alive nodes.

overhead.

the heavy and

4. Network

dynamic loads in the

lifetime.

standard RPL.

5. Network

RPL

energy
consummation
.
6. DIO
overhead.
7. Parent
change.
8.inter packet
arrival

(Lazarevska

RE ETX,

Additive

Design a theoretical

For offering a

Not good for

1. Average

l et al. 2018)

RSSI

approach

framework for RPL

parent

mobile node.

Total Control

(Lazarevska
l et al. 2018)

RE

aims at offering

selection

Traffic

energy efficiency

that’s energy

Overhead

with taking into

efficient and

2. Packet

consideration the

reliable in a

Delivery Ratio

mobility of the

mobile

sensor nodes in

environment

WSNs for mobile

for smart

and static nodes.

healthcare

3. Duty Cycle
4. Average EC

Additive

propose an RPL

To enhance

Total EC of

1. Average

approach

routing protocol that

lifetime of the

network nodes

Network

considers the RE of

network by

almost same

Lifetime

nodes for

extends the

with total

2. Nodes

Multimedia Things

nodes’

MORHF.

Availability

availability.

2. Compared

Index

only to

3. Distribution
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MRHOF

of nodes RE
4. RE

(Santiago et

ETX, HP

Combinatio

propose a method

To Improve

1.Ignored

1.Maximum

al. 2018)

and ELT.

n

that adopts the

network

investigating

Energy

Nested Unweighted

Lifetime and

scalability,

2. EC

Pair Group

decrease EC

fault tolerance

Method with event

and overhead

rate for handling the

2. Compared

energy-aware load

to the

balancing issue.

standard RPL

RPL

only
(Mishra &

ETX ,HC
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Propose congestion

For reducing

1.not sufficient

1.Ratio of

Additive-RP
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and

approach

a multipath routing

the ratio of

to improve

packet

L

available

protocol and

the packet

RPL to avoid

delivery

MRHOF

energy

avoidance through

loss and the

congestion

2.Average end

the use of a

time delay

HC-RPL

(AE)

2. Compared

to end delay

2019)

composite routing
metric.

only to the

3. Average

RPL

radio on time
4. Average
power
consumption
5. Average
duty cycle

(Sankar &

ETX , load

Proposing a fuzzy

For improving

The efficiency

1. Average

RPL

Srinivasan

traffic

logic that is based on

the network

of the

Number of

MRHOF

2018b)

Residual

energy aware routing

lifetime, PDR

FLEA-RPL

Parent

FL-RPL

energy

protocol

and the

isn’t displayed

Changes

reduction of

in terms of

2. Average

end-to-end

overhead

End-to-End

and load

Delay

Fuzzy logic

(RER)

delay

balancing

3. Average
Packet Loss
Ratio
4. Average RE
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ETX, Delay

lexical
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Improving the

Compared

1. Network

MRHOF

al. 2017)

and

and

that is new and

lifetime of

with the

lifetime and

OF0

RE

additive.

employs a

network,

MRHOF and

load balancing

multi-objective

PDR, and End

OF0 only

2. End-to-End

metric for

to-End delay.

delay

Balancing the

delivery ratio

optimizing the RPL

3. Packet

protocol with the
smart grid

traffic load

requirements in

among the

terms of service

nodes.

quality
(Shakya et
al. 2017)

EC
and ETX

Additive

Propose A new

Utilizing the

1.The

Packet
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parent selection

EC in an

improvement

Delivery Ratio

algorithm named

efficient

of the life time

(PDR) and

SEEOF

manner and

of the network

energy

Developing a new

improving

hasn’t been

consumption

cost function to

improve

significant

carry out parent

lifetime of
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testing.
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3. No

both the link quality

considerations

and the energy in

for mobility.

terms of lifetime.

4.Compared
only to
MRHOF

(Lamaazi &

ETX, HC

Benamar

and EC

Fuzzy logic

2018)

Proposing a new OF

Improving

1.Provide high

PDR, network

based on combined

routing

preferred

lifetime,

ENTOT,

metrics through

performances

parent change.

overhead,

OF-FUZZY.

using Fuzzy Logic

in terms of

named (OF-EC)

overhead and

considers the link

PDR and

and the node

allowing the

metrics.

2. No
considerations
for mobility.

OF-ETX,

convergence
time, latency
and EC.

equalization
of the EC of
nodes
throughout
the network

(Sousa et al.

EC and

Combinatio

Propose an Energy

Improve

1. Compared

Packet

2017)

ETX.

n

Efficient and Path

routing

only with

delivery ratio,
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OF0, MRHOF.
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OF (ERAOF) for

offer high

hops, and

IoT

packet

spent energy
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delivery ratio
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for IoT

data packet.

composition of

applications

energy and link
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quality routing

efficient

metrics.

OF0

MRHOF

power
consumption
of network
resources.

(Lamaazi &

ETX and

Benamar
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Fuzzy logic
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1.Only

overhead,
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compare with
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components (i.e. the
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lifetime.

combined
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algorithm
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the listen-only
period.

(Musaddiq
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Combinatio

Propose an efficient
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et al. 2018)
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energy-aware

network

using one
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adaptive trickle
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routing
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mechanism for

performance.
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scaling the DIO

MRHOF

2.Compared
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only with

on the future energy

RPL-ETX
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complexity
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2.Compared
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delivery

MRHOF
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3. End-to-en
d delay
(Iova et al.
2014)

Expected

Single

Designed a new

to extend

1.Single

Reliability

ETX

Lifetime

metric

routing metric

network

metric OF

End-to-end

Residual

namely ELT that

lifetime via

2. ELT provide

delay

energy

take into account its

balancing

worst delay

residual energy, the

load energy

EC

compared with

link reliability to its

others

neighbors and the
quantity of traffic to
forward.

7. Conclusion
RPL is being one of the most attractive topics in networks field. Researchers had studied it thoroughly in the
literature. One of the vital components of RPL is OF and it has been under study for the last decade. Due to
massive amount of studies presented in this regard, a complete survey is needed to classify the work in order to
simplify its study.
This Survey aimed at listing, discussing and explaining node metrics RPL research papers which studies
different OF along with different metrics. OFs can be classified into single or multiple metrics one. The main
conclusion of this survey is that compound metrics OF RPL outperformed single metric OF RPL.
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