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Abstract. low power and lossy networks (LLNs) which are interconnected 
with internet to collect data through sensors and store them over the cloud make 
the Internet of Things (loT). The routing protocols in LLNs play the essential 
role of forwarding and routing the packets. IPv6 routing protocol for Low power 
and lossy networks (RPL), used in LLNs has the key features of topology 
formation, control messages, objective function and Trickle algorithm. The 
trickle algorithm is a dynamic algorithm controlling the timer in RPL. There are 
some key parameters in the trickle algorithm that affect the functioning of the 
rickle tier and consequently the RPL itself. The cfficiency, robustness and 
improvement of RPL depends to a great extent on the fine tuning of the trickle 
algonithm and there are no specific standard values provided for the attunement. 
This paper aims at creating a suitable simulation environment in Cooja Simu 
lator over the Contiki operating system and attuning the key parameters of 
rickle algorithm, namely minimum interval (Imin), maximum interval (Imax) 
and redundancy value (k) to find out the optimum reliability of RPL. 

RPL is expanded aslPvó Routing Protocol for Low power and lossy 
networks. 

Keywords: Trickle algorithm RPL · Internet of Things Cooja Simulator 

1 Introduction 

Internet of Things (IoT) is one of the trending areas of scientific research in the field of 

computer technology. It is a technology that enables the interconnected objects in the 

real world that may not be exactly computers, to act smartly for the beneficial of certain 

applications. The objects or things in IoT are given autonomy to make intelligent 

decisions based on the information received [1]. The objects may be the equipment at 

home, or devices like Television, Fan, Refrigerator, washing machine, tube light, 

mobile phone etc. This technology makes the objects to not only compute but actively 

make decisions that may be critical. The objects are interconnected and are enabled 

with intemet facility and they communicate among themselves regularly [2). There are 

millions of devices interconnected at present and the number of devices added every 

day to the network is growing exponentially. 
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The devices or objccts in the loT' arc usually called nodes and they arc devics w.tt, 

minimum processing capacity, memory and energy resourcc. The network of devies uf 

these types are callcd Low power and lossy nctworks (LLNs) [1]. Duc to the linítatin 

and constraints of thc baltery powcr, memory and processing capacity this netwrk in 

also called as constraincd nctwork. Here both the nodes and the routes arc constrainci 

[3]. The nodes in loT are composed of four components, narnely i) Scnsor ndule 

(1) Wireless communication module (ii) Processor module and (iv) Power rmodule. All 
the nodes in the network are considered cqual without any hierarchy. So far there 15 n9 
standard in loT and standardization is still under devclopment (4J. 

The commonly used standard for MAC is IEEE 802.15.4. But the frarne fTInat 
used in the traditional IEEE 802.15.4 was not that suitablc to IoT due to the constraints 

of energy, memory and processing power. Therefore, the extended version of IEEE 
802.15.4 was created to better suit IoT and was named as IEEE 802.15.4e. it has sorne 
specific features like slot frame structure, scheduling, synchronization and channel 
hopping that suit the low power communication. There are also other mediun access 
and communication standards like IEEE 802.11 AH, wirelessHART, Z-wave, Blue 
tooth low energy (BLE), Zigbe, DASH7, HomePlug, G.9959, LTE-A, LoRaWAN, 
Weightless, DECT/ULE designed specifically for LLNs (2). 

The next and most important layer is the network layer where the fiow of data is 
controlled. In the traditional network there are very many network protocols used for 
routing and among them all some eficient ones are worth mentioning, narnely Open 
Shortest Path First protocol (OSPF), Optimized Link State Routing (OLSR), Ad hoc 
On demaud Distance Vector (AODV) [31. Their efficiency in IoT is darmpened com 
paring with the regular networks, due to the Scareity of power, memory and processing 
capacity. In this context, IPv6 based Routing Protocol for Low Power and Lossy 
Networks (RPL) developed by IETF, has emerged as the most suitable and efficient 

network protocol [5]1. 
Topology formation, RPL messages, objective function and Trickle timer are some 

of the key components of RPL [5]. Efforts have been made successfully to improve the 
QoS of RPL by tweaking and tuning the key components. IoT being constituted by 
LLNs essentially lack memory, processing and energy resources. Therefore, the critical 

activities of the network have to be performed reliably with optimum results. Hence, 
the authors strive to fine tune the trickle algorithm based on the adjustments of the key 
parameters of the trickle timer [6]. The results are simulated using the typical simulator 

designed for loT namely, Cooja Simulator run over the Contiki operating system. 

2 Related Work 

It is the responsibility of the routing protocol to forward the packets from the nodes. 
RPL is a distance vector protocol. The usage of link state protocols requires larger 
memory and therefore they are not suitable for LLNs. RPL is also a proactive rouing 

protocol that computes routes in advance and stores in routing tables. These protocols 
periodically send control messages to find out the best route and to propagate routes in 

the network. The nodes send both the control messages and other messages across the 

network, in sharing the information related to the formation of topology [3]. 



Attunement of Tnckle Algonthmn for Optirmum Relabilty of RIM ver lol LNs do not have a specific topology RPL forms a topologIcal structure like a tree 
called Dircted Acyelic Graph (DAG) Each DAG is directed towards a unk n called a Destination Onented Directed Acvclic Ciraph (ODAG) [S) The nodes in the netwon 
choose the parent node based on the opimality conditions and the parent connccts the nodes to the other nodes Every packet sent through the noxles is either meant for it, if tt has an entry in the routing table, or meant for being forwarded to other nodes in the nctwork. Thus, the nodes that are closer to the ro0t will have larger routing tables (3| Ihee ar four idenifiers used in RPL ) RPLInstancelD - hat identifies the DODAs Ther mav be more than on RPLinstance in a network and cach is Identihed by this lD. (2) DODAGID- This is for the identification of a DODAG in the networK (3) DODAG veson number- This number keeps increasing as the reconstruction of a hework takes place (4) Rank - It is a number that specifies the distance of a node from the root ($). 

2.1 Topology Formation 

RPL ceates a tree-like topology. called as Directed Acyclic Graph (DAG). There are 
two types of the movement of traffic ) Upward and (iü) Downward. The upward 
movement specifies the movement of traffic from the leaf nodes to the root and the 
downward movenment vice versa [5]. 

2.2 RPL Messages 

RPL uses four ypes of control messages. (1) DODAG Information Object (DIO) � 
This message caries information regarding the RPL coniguration and he related 
information. This infomaion is essential to the formation and maintenance of the 
topology. (2) DODAG Information Solicitation (DIS) � This message is used by any 
node to propagate information about the node and tO solicit the DIO messages from 
other neighboring nodes. If a node is not able to receive DIO immediately, then DIS 
messages are riggered until it gets a DIO message. (3) DODAG Destination Adver 
tisement Object (DAO) � This message carries information regarding the destination 
and it is directed upward towards the root. (4) Destination Advertisement Object 
Acknowledgement (DAO-ACK) � This message is used mainly in unicast communi 
cation (5). The construction of DODAG directed towards the root is the aim of this 
upward routing. It allows mulipoint to point communication [3). Destination Adver 

tisement Object (DAO) messages serves RPL to establish the downward rouing. These 

messages are used to establish point-to-mulipoint or point-to-point communication [3]. 

2.3 Routing Metrics 

Rouing metrics are used in calculating the path cost in making a routing decision. The 

routing metrics are of quantitative values used by the objective functions to find the 

cost of a path [7). The traditional networks have mostly the link metric alone. but LLNS 
have in addition the node me tric too. The link metric gauges the link quality whereas 

the node metric specifes the quality of the node. Node State Atribute (NSA), Node 

Energy and Hop Count are the node metrics and Latency. Throughput. Link Quality 
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Level, Expected Transmission Count (ETX), Link Color are the link metrics H 

count and ETX are used as metrics by default in RPL. Hop count is the count of the 

intermediate links between the source and the destination. ETX is the quality metrics of 

the link. It is an integer which is calculated as the expected number of transmissions 

before a successful one, over a link. The primary need of the LLN is to minimize the 

memory use and power consumption. Therefore, we can use these metrics as con 
Sraints also. We set a threshold value to the metrics while using them as constraints (8J. 

2.4 Objective Functions 

The RPL objective function is responsible for making the intelligent decision of 
choosing the best path based on the information available. The objective function 
(OF) determines which link or node metric is to be used in selecting the best path [9). 
RPL provides with two inbuilt objective functions, namely Objective Function Zero 
(OF0) and Minimum Ranking with Hysteresis Objective Function (MRHOF). In OF0, 
the hop count routing metric is used and ETX is used in MRHOF. Each RPL instance 
has its own objective function. It is also possible to create multiple objective function, 
one for every instance of RPL [10]. 

2.5 Trickie Algorithm 

The trickle algorithm provides an efficient mechanism of avoiding the control traffic overhead in the network. The trickle timer is regulated in such a way to be aware of the density and stability of network. When a node's data is not consistent with the existing data then .the trickle algorithm acts quickly to increase the speed of the transmission of 
control messages to bring consistency in the network. Whereas when the network is stable and consistent the trickle slows down the control traffic [6]. Trickle algorithm was originally developed for the programming languages and due to its efficiency, it is 
employed in RPL. Trickle algorithm is highly robust, simple and scalable. The trickle 
primitive is very simple that it sends messages until it hears from the nodes that the data 
is redundant [11]. The data sent may contain information related to the network. like 
routing state or network update version. For example, if a node A has information n and 

B has information n + 1, then while A receiving the message from B it updates it to 
n+1, whereas if B received from A, then it ignores the message. Here it does not 
matter that who sends first, but what is sent, is more important. Trickle is also density 

aware prinmitive, that it reduces the firequency of messages in dense network and 
increases the speed in sparse network [12]. 

2.6 Problem Description 

Trickle algorithm is aimed at providing the optimum reliability and robustness to the 
network. But the efficiency of the algorithm is dependent on the environment and the 
network. The main problem of Trickle is short-listen problem, where all the nodes are 
not synchronized and redundant messages are sent across the network. Some works try 
to improve the efficiency of trickle by. tweaking the algorithm. The enhanced trickle (E 
Trickle) tries to solve the short-listen problem by tweaking the trickle. I attempts to 



choose the random timer t value from the range 0 to I, instead of I2 to I as in the 
original trickle [13]. The authors vouch that they have solved the short-listen problem 
to a greater extent. Extended trickle (Trickle-Plus) tweaks the trickle by introducing a 
shift factor, that oversteps a calculated number of double intervals [14]. The authors 
who propose optimized trickle take a midway between the E-trickle and the original 
trickle, by dynamically choosing the random timer t either from between 0 and I or I2 

and I [15]. They bring out the results showing the consistency of network and the 

optimized results. 
The RFC 6206 for Trickle algorithm specifies that any effort to tweak Trickle may 

not provide the desired result unless there is a constitutive change based on proper 

experiments. In spite of that many efforts, as given above, have been made to tweak the 

trickle. This proposed work tries to optimize the trickle without tweaking it, by tuning 

the key parameters of trickle namely Imin, Imax and k to get the best results for any 

given network environment. Therefore, the objective of this work is to tune the trickle 

with the three important parameters and obtain the optimum result. 

2.7 

Node 1 

Attunement of Trickle Algorithm for Optimum Reliability of RPL over loT 5 

Trickle Parameters and Variables 

Trickle algorithm has three important parameters that determine its efficiency, namely 

minimum interval size Imin, maximum interval size Imax and the redundancy constant 

k. The minimum interval time Imin is defned in milliseconds or seconds. The maxi 

mum interval size Imax is the number of doublings of Imin, i.e. if Imin is 100 ms then 

if Imax is given as 10 then the value of Imax is 100 * 210 = 100 * 1024 = 102400 ms. 

The redundancy. constant k is a non-zero positive integer. Apart from the parameters 

there are also three other variables used in the trickle algorithm. They are the curent 

interval time I, time within the current interval time t, and the counter c (6]. The trickle 

algorithm is figuratively given in Fig. 1. 

Node 2 

Node 3 

Node 4 

DIO Traasmission 
DIO Suppressed 
Reoeption 

Listeaing Period 

K=1 

Fig. 1. Functioning of Trickle algorithm 
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The 

interval 

time 
is 
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to 
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c 
is 
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and 
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is 
a 
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time 
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chosen. 
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the 
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of 
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is 
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0 
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is 

randomly 

chosen 

between 
the 

values 
V2 
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the 
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if 
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is 
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data 
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of 
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of 

the 

interval 
I, 
it 
is 
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If 

the 

doubling 

value 
is 

3 Method Adopted Attunement Mode! 

3.1 The 

performance 

and 

efficiency 
of 

trickle 

algorithm 
is 

mainly 

controlled 
by 
the 

three 

parameters 

Imin, 

Imax 

and 
k. 

Imin 
is 

the 

minimum 

time 

between the 

consecutive DIO 

messages 

sent 
in 
a 

network. 

When 

the 

network 
is 

stable 
the 

number 
of 

DIO 

messages 

are reduced and 

when 

there 
is 
an 

inconsistency, 

then 
a 

greater 

number 
of 

DIO 

messages 

are 

random 

timer 
t 

expires, 

then 

check Ifk 

is less 

than c, then 

Transmit DIO 

consistent, then 

longer 

than 

Imax 

then 
I 
is 
set 
to 

time 

specified 
by 

Imax. 

Imax 
is 
the 

product 
of 

Imin 

transmission 
at 

time t 

takes 
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as 

long as the 

value 
of 
c 
is 
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than 
the 

redundancy 

with 

two 
to 
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power 
of 

Imin. 
If 
the 

network 
is 

found 

inconsistent 

when 

the 

value 
of I 

is 

greater 

than 

Imin 

then 
it 
is 

reset 
to 

Imin 

[6]. 

transmitted 
to 

bring 

back 

stability 

and 

consistency. 

The 

control 

traffic 

overhead 
in 

the network 

directly 

affects 

the 

QoS 

parameters. 

Therefore, 

setting 

the 

Imin 
to 
an 

optimum 

value 
is 

essential 
in 
a 

network. 

RPL 

does 
not 

propose 
any 

default 

optimum 

value. 
In 

our 

work 
we 

have 

decided 
to 

evaluate 
the 

Imin 

values 

between 
2 
to 
20 

with 
an 

increase 
of 
2 
in 

order 
to 

find 
the 

optimum 

yielding 

result. 
In 
the 

same 

way 
we 

check 
the 

Imax value also. 

Imax 
is 

the 

maximum 

time 

allowed 

between 

two 

consecutive 

DIO 
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Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 6: 
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Description 

Initialize I with a random value Imin 
Assign the value of I to T; 

3.1 

Assign a random value between I/2 and I to t; 
Set c to 0 and start the timer 
If the trans1mission is consistent, then 

If the transmission is inconsistent, then 
Set I with Imin 

If the random timer t expires, then check Ifk is less than c, then 

Transmit DIO 

Else 

Increment c 

If the Interval I ends, AND the transmission is consistent, then 

Double the Interval I until it reaches Imax and go to Step 2 

3 Method Adopted 

Suppress DIO 

If the transmission is inconsistent and Imax is less than or equal to I, 

Then, set Imax as the Interval I and go to Step 2 

The interval time is initially set to Imin. c is the counter value and t is a random time 

value chosen. When the interval begins the value of c is set to 0 and the time t is 

randormiy chosen between the values I2 and I. At the time when t is equal to I the 

interval ends. The value of c is incremented by 1 if the network is consistent. The data 

transmission at time t takes place as long as the value of c is less than the redundancy 

value k. At the time of expiry of the interval I, it is doubled. If the doubling value is 

Jonger than Imax then I is set to time specified by Imax. Imax is the product of Imin 

with two to the power of Imin. If the network is found inconsistent when the value of I 

is greater than Imin then it is reset to Imin [6]. 

Attunement Model 

The performance and efficiency of trickle algorithm is mainly controlled by the three 

parameters Imin, Imax and k. Imin is the minimum time between the consecutive DIO 

messages sent in a network. When the network is stable the number of DIO messages 

are reduced and when there is an inconsistency, then a greater number of DIO messages 

are transmitted to bring back stability and consistency. The control traffic overhead in 

the network directly affects the QoS parameters. Therefore, setting the Imin to an 

optimum value is essential in a network. RPL does not propose any default optimum 

valuc. In our work we have decided to evaluate the Imin values between 2 to 20 with an 

increase of 2 in order to find the optimum yielding result. In the same way we check the 

Iniax value also. Imax is the maximum time allowed between two consecutive DIO 
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also 

used 
to 

Control 
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of 
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of 

imsn 
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be 

doubled. 

We 

proposc 
an 

evaluation 

model 

with 
an 

analyss 
of 
the 

Imax 

values 

between 
2 
to 
20. 

The 

parameter k 
is 

the 

number 

greater 

than 
) 
to 

specify 
the 

numher 
of 

times 

the 

DIO 

nessages 

can 
be 

suppresscd 

The 

various 

values 

ranging 

from 
2 
to 
20) 

are 

taken 
for 

cvaluation. 

Author Proof 

3.2 Sinmulation Setup 

The 

simulation 
is 

performed 
in 

Contiki 

Cooja 

Simulator 

with 
a 

single 

sink 

and 
a 

area. 
A 

square 

area 

with 

1000 
m 

is 

chosen 

for 

simulation. 

Many 

evaluations 

have 

random 

network 

topology, 
in 

order 
to 

distribute 
the 

nodes 
of 
the 

network 
in 
the 

chosen 

proved 

that 

MRHOF 
is 

better 

and 

more 

efficient 

than 

OF0 
n 

many 

scenarios. 

Therefore, 
we 

have 

chosen 

MRHOF 
for 
the 

evaluation. 
We 

have 

chosen 

100% 
for 

both 

the 

TX 

and 

RX 

success 

ratio. 

We 
are 

taken 

the 

range 
of 

Imin, 

Imax 

and 
k 

from 

the 
set 
2 

to 
20. 

Table 
1 

gives 

the 

simulation 

environment 

setup. 

Table 
1, 

Contiki 

Cooja 

simulation 

environment 

Value 

30 

Objective function MRHOF 

TX 

Ratio/RX 

ratio 

100% 

Number of motes 

Parameters 

100 m 2-20 

Imin 

2-20 

Imax 

2-20 

K 

15 min 

Simulation time 

1000 m 

UDGM: distance loss 

Squared area 
Wireless channel 

4 

Evaluation 
of 

Results 

Evaluation Metrics 

4.1 The 

network's 

capability 
to 

provide 

higher 

performance 

and 

service 
is 

regarded 
as 

quality 
of 

service 

(QoS). 

The 

performance 
of 
a 

network 
is 

gauged 

by 

the 

QoS 

parameters 

like 

latency, 

power 

consumption, 

throughput, 

convergence 

time 

and 

packet 

delivery ratio. 

Latency Latency 
is 

the 

overall 

delay 
of 
a 

packet 

starting 

until 
its 

successful 

reception 
at 
the 

destination 

[16]. 

The 

latency 

can 
be 

computed 
as 
a 

difference 

between 
the 

time 
of 
the 

dispatch 
at 

source 

and 

delivery 
at 

destination 

[17). 

TX range 
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Total Latency =(k = I to n) (Received Time (k) - Scnt Time (k) () 

Energy Consumption 
One of the critical issues in LLNs is the energy consumption. It is not only the 

consumed energy of a node but also the remaining energy is taken into consideration 
181. The Cooja simulator gives the details of the energy consumption, namely CPU 
energy, LPM energy, Radio on time Energy, Listen time energy [19). 
Network Convergence Time 
Convergence time is the time duration between the first DIO message and the last 

control message. Shorter convergence time provides more stability to the network [20]. 

Convergence Time = Last DIO joined DAG � First DIO sent 

Packet delivery Ratio (PDR) 
Packet delivery ratio is the ratio between the number of packets received and sent to a 

node. PDR value is directly proportionate to the reliability [21]. 

(2) 

Packet Delivery Ratio =(Total Packets Received)/(Total Packets Sent)) * 100 
(3) 

Control Trafic Overhead 

The control me_sages generated in RPL for setting up and-maintaining the network. 

These control messages are necessary for the formation of DODAG. Control traffic 

overhead is the sum of all control messages in the network. The eficiency of the 

routing protocol depends on reducing the control traffic overhead [21]. 

4.2 Evaluated Results 

The simulation performed with varying Imin and Imax - from 2 to 20 with the interval 

of 2- and k -from 1 to 20 - are used to cull out the desired results. Figures 2, 3 and 4 

depict the graph of convergence time again the varying values of Imin, Imax and k. 

Similarly, the rest of the QoS measures given above are compared with the varying 

values of Imin, Imax and k and presented in the figures. Figures 5, 6 and 7 show the 

latency results and Figs. 8, 9 and 10 the packet delivery ratio. 

The control traffic overhead results for the given values of Imin, Imax and k are 

given diagrammatically in Figs. 11, 12 and 13. Finally, the energy consumption of the 

motes to the different values of Imin, Imax andk are given in the Fig. 14, 15 and 16. In 

all these graphs evaluating the given five QoS measures we could see a general trend of 

optimized values for the key features. This trend gives us the notion of the optimizing 

condition for the trickle according to the various conditions present in the simulation. 

The optimum values evaluated from the results are given in the Table 2. The fîve 

metrics namely latency, PDR, Energy consumption, Control traffic overhead and 

convergence time were evaluated and the results give a clear indication that the Imin 

value is 12, Imax is 14 and k value 10. While the other conditions with varying values 
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One 
of 

the 

critical 

issues 
in 

LLNs 
is 

the 

energy 

consumption. 
It 
is 

not 

only 

the 

consumcd 

energy 
of 
a 

node 

but 

also 
the 

renmaining 

energy 
is 

taken 

into 

consideration 

||8). 

The 

Cooja 

simulator 

gives 
the 

details 
of 
the 

energy 

consumption, 

namely 

CPU 

energy, 

LPM 

energy, 

Radio 
on 

time 

Energy, 

Listen 

time 

energy 

[19]. 

Network Convergence "Time 

Convergence 

time 
is 
the 

time 

duration 

between 

the 

first 

DIO) 

message 

and 

the 

last 

control 

message. 

Shorter 

convergence 

time 

provides 

more 

stability 
to 
the 

network 

(20]. (2) 

Convergence 

Time 
= 

Last 

DIO 

joined 

DAG 
-

First 

DIO 

sent 

Packet 

deiivery 

Ratio 

(PDR) 

Packet 

delivery 

ratio 
is 
the 

ratio 

between 
the 

number 
of 

packets 

received 

and 

sent 
to 
a 

node. 

PDR 

value 
is 

directly 

proportionate 
to 
the 

reliability 

[21]. 

Packet 

Delivery 

Ratio 
= 

((Total 

Packets 

Received)/(Total 

Packets 

Sent) ) 

100 (3) 

Control Traffic Overhead 

The 

control 

messages 

generated 
in 

RPL 
for 

setting 
up 

and 

maintaining 

the 

network. 

These 

control 

messages 

are 

necessary 
for 

the 

formation 
of 

DODAG. 

Control 

trafâc 

overhead 
is 

the 

sum 
of 
all 

control 

messages 
in 

the 

network. 

The 

efficiency 
of 

the 

routing 

protocol 

depends 
on 

reducing 
the 

control 

traffic 

overhead 

(21]. 

Evaluated Results 

4.2 

The 

control 

traffic 

overhead 

results 

for 

the 

given 

values 
of 

Imin, 

Imax 

and 
k 
are 

given 

diagrammatically 
in 

Figs. 
11, 
12 
and 
13. 

Finally, 
the 

energy 

consumption 
of 
the 

motes 
to 

the 

different 

values 
of 

Imin, 

Imax 

and 
k 
are 

given 
in 
the 

Fig. 
14, 
15 

and 

16. 
In 

all 

these 

graphs 

evaluating 
the 

given 

five 

QoS 

measures 
we 

could 
see 
a 

general 

trend 
of 

optimized 

values 
for 
the 

key 

features. 

This 

trend 

gives 
us 
the 

notion 
of 
the 

optimizing 

condition 
for 
the 

trickle 

according 
to 
the 

various 

conditions 

present 
in 
the 

simulation. 

The 

optimum 

values 

evaluated 

from 
the 

results 
are 

given 
in 
the 

Table 
2. 

The 

five 

metrics 

namely 

latency, 

PDR, 

Energy 

consumption, 

Control 

traffic 

overhead 
and 

Convergence 

time 

were 

evaluated 

and 
the 

results 

give 
a 

clear 

indication 
that 

the 

Imin 

value 
is 
12, 

Imax 
is 
14 

and k 

value 
10. 

While 
the 

other 

conditions 

with 

varying 

values 

The 

simulation 

performed 

with 

varying 

Imin 

and 

Imax 
-

from 
2 
to 
20 

with 
the 

interval 

of 
2-

and 
k 

-from 
l 
to 
20 
-
are 

used 
to 

cull 

out 

the 

desired 

results. 

Figures 
2, 
3 

and 
4 

depict 
the 

graph 
of 

convergence 

time 

again 

the 

varying 

values 
of 

Imin, 

Imax 

and 
k. 

Similarly, 

the 

rest 
of 

the 

QoS 

measures 

given 

above 

are 

compared 

with 

the 

varying 

values 
of 

Imin, 

Imax 

andk 

and 

presented 
in 
the 

figures. 

Figures 
5, 
6 

and 
7 

show 
the 

latency 

results 

and 

Figs. 
8, 
9 

and 
10 
the 

packet delivery ratio. 
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Atunement 
of 
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Algorithm 
for 

Ontimun 

Reliability 
of 

RPL 

over 
Io1 

of 

Imin, 

lmax 

and 
k 
do 
not 

provide 
the 

ontimum 

OoS 

results, 
the 

evaluated 

paramee 

Table 
2. 

Attuned 

parameter 

values 

ParametersValue 
12 

Imin 

[4 10 

Imax 

k 

5 Conclusion 

The 

trickle 

algorithm is 

attuned 

using 
the 
key 

parameters 

minimum 

interval, 

maximum 

interval 
and 
the 

redundancy. 

Though. 
the 

optimum 

values 

obtained 

through 
this 

attunement 

raodel 

satisfies 

different 
size 
of 
the 

network. 
still 
is 
not 

final, 
It 
is 

possible 

yet, 
to 

tweak 
the 

trickle 

algorithm. to 

solve 
the 

issues 

inherent in 

trickle 
like 

short-listen 

problem 
etc. 
to 

obtain 
the 

optimum 

possible 

result. 
The 

attunement 

model 
has 

really 

produced 
the 

optimum 

expected 

result 
to 

bring 

better 

reliability to 

RPL. 
The 

future 

work 

would 
be 
to 

tweak 
the 

RPL 

timer 
to 

improve 
this 

result 
as 

well 
as 
to 

check 
the 

results 
not 

only 

with 

simulation 
but 

also 

with 

test 

bed 

environment. 
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Abstract 
The Insurance companies would benefit through tailoring their offering to high 

value customers that is high net investors and the telecom companies have been 
suggested to develop chn prediction models by using tools like data mining. Customer 
Relationship Management (CRM) n0w playing an inevitable role in the business world. 
Every institution wants to atract more and more customers and always struggling to 
retain their existing customers. CRM leads to modern trend in the field of business. 
Nowadays Customer Relationship Management is attracting the expanded attention of 
scholars and practitioners. In order to maintain customer relationship, life inswance 
conpanies should provide proper service whenever and wherever it is required. The 
present stucy cam serve as a platform for fuure work on the subject and this will 
natwally stimulate new ideas and also further research on the subject. This article 
highlights the customer relationship management practices in life insurance companies 
in Madurai city 
Key Words: Customer Relationship Management, Financial Institutions, Life Insurance 
Companies, Relationship Practices and Attitudes. 

INTRODUCTION 
At present, the customer relationship management (CRM) is the latest idea of 

managing and propagating insurance business more successfully. It is a tool that helps to 
design insurance products which match with the customer expectations. It also helps to 
build customer trust and develops loyalty of the customer. The main strategy of CRM is 
to pay attention to customer needs, innovative marketing ch¡nnels, uniform quality 
outlets and identification of target market and also customer groups. 

The new generation companies claim to grow by customer services by tuning up 
technology, training staff and tackling existing markets. Private players are picking up 
market share from competitors. With better prospects offered in the technology sector, 
the capacities and capabilities of the life insurance sector to retain and improve customer 
base is strengthened. The timely and efficient policy towards customer service makes this 
possible and acceptable to the insurers. 

The quality of customer relationship is often the differentiator. It is more so for 
life insurance business because the insurers are in the business of improving the qualily 
of life of the customers. The understanding that a life insurance business is esentially 
one of partnership in helping customers and meets their lives, opportunities and 
adversities will go a long way in aligning the functional arms in the business. 
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This study includes the analysis of customers view in maintaining CRM 
practices, their opinions on requirement of CRM practices by the service providers and 
their intensions regarding satisfaction, retention, repurchase and in referring to new 
customers and the enhancement which can be made through good relationsl1y 
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management practices, Addod to it the opinions of people who are likely to have coe contact with eustomers like doalerN and employees with customer contacts are analyrd Analysis of demographics and their eflects are also made. 
Rajeswari and Kartheeswari (2011) determined that the customer satislactio As the perception of customers on the service whether that service has met his nceds and expectations. Service quality, personal factors, perception of cquity and fairnes, price:, product quality, situational factors and attributions for service success or failure are th: factors that influence the customer satisfaction. However, the perceptions and expectations of the policyholders who have taken the policies from Life Insurance Companies vary from person to person. This study emphasizes the perceptions of the policyholders about the service rendered by the LIC of India and intends to promote a better theoretical understanding and recognition of the complexities to service quality and its measurement with respect to life insurance. 

REVIRW OF LITERATURE 

Annamalah (2013) determined that in Malaysia, the life insurance industry has grown the strength and plays an important role in the capital market. This study examincs the various socioeconomic and denmographic factors associated with decisions to life insurance purchasing behaviour and total policies expenditures on life insurance by 
Malaysian married couples. Primary data from a survey were used in this study. The 
Logit model was formulated to investigate life insurance purchasing decisions and total 
expenditure on life insurance policy amongst married couples. Results from the empirical 
analysis showed income and education level of the household head supports the 
explanatory variables for life insurance purchasing decisions. In addition, the profile of 
life insurance policy purchaser is constructed to identify the segment of people and to 
provide good understanding on the demand for life insurance in Malaysia and would help 
in the formation of policies for further developing of the insurance industry. 

Sectors. 

OBECTIVES OF THE STUDY 
1. To analyse the outlook of life insurance companies in India. 
2. To know the advantages of Customer Relationship Management in Insurance 

3. To evaluate employees' attitude towards CRM practices adopted by life 
insurance companies in Madurai city. 
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METHODOLOGY AND RESEARCH DESIGN 
The study is based on both primary and secondary data. Primary data are 

collected for understanding the customer relationship management practices of the 
policyholders in Madurai city. In Madurai city policyholders is mainly concentrated in 
LIC of India, SBI life insurance, Birla sun life insurance, ICICI Prudential life insurance 
and Bajaj Allianz life insurance. Hence, the study is based on primary survey, 

concentrates only on large area of policyholders in Tami Nadu. Primary data were 

collected from a sample of 130 policyholders from Five Insurance Companies in Madurai 

city. The secondary information has been collected from the reports of the select 

insurance companies and related agencies. Further books, journals, reports and websites 
have been referred. 
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L CRM ln ladias Inaurance Neetors With the inerease in the number of insuranse ompanies n the mae d consuners becoming more aware of different poicies. InsurenA umpnies hare realized the importance of CRM, The oost of altrating a new usmes is five ties mn than that in inoured to make an existing customer happy. Therefore, arvive in h market, insurance eompanies need to implement CRM in their oryanizetina This is the key to sucoess in the industry. The orpanizatione can succeed who have been whle u bik a base of their loyal customers, because a loyal oustomer advetes h ngnieN products much better than the oryanization itself. The basic existenns of the yisali lies in the hands of its customers. It can be asily conciuded that for wus, is necessary to implement CRM in the right manner Insurance companles avallable in India 

1. Life Insurance Corporation of India 2. SBI Life Insurance Co. Lad 
3. Tata AIG General Insurance 
4. New India Assurance 
5. Oriental Insurance 
6. ING Vysya Life Insurance 
7. Shriram Life Insurance 
8. ICICI Prudential Life Insurance 
9. HDFC Standard Life Insurance 

10. Bajaj Allianz General Insurance 
11. IFFCO TOKIO General Insurance 
12. ICICI Lombard General Insurance 

13. Birla Sun Life Insurance 
14. Aviva Life Insurance 
15. Max Life Insurance 
16. MetLife India Insurance 
17. Reliance Life Insurance 
18. Sahara India Life Insurance 
19. Om Kotak Mahindra Insurance Company 

20. Agriculture Insurance Company of India Ltd 
21. Amsure Insurance 

22. ANZ Insurance 
23. Cholamandalam General Insurance 

24. Employee's State Insurance Corporation 
25. Peerless Smart Financial Solutions 

26. Royal Sundaram Alliance Insurance India 

27. Export Credit Guarantee Corporation of India Ltd. 

II Advantages of CRM 
CRM is the process of acquiring, retaining and growing profitable custoners, t 

requires a clear focus on the service attributes that represent value to the custonicr that 

create loyalty. Customer relationship management has several advantages: 

> Company can easily find the needs of the customers. 
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o I te ighy compeuuve insurance market to survive and have a 
cOCgeve edze. nsurarce companies need to implement CRVI not only 
teicaly but also as part of the culture 

* The epioyees stould be rained on interpersonal skills so as to provide 
Doiteness. comfor. and indrvidual attention o their customers. 

c�served that the branches have no authority for CRM. So, that the 
itsurce companies shoud consider CRM department for every 
branctes 

o Ençoyee engagement needs to be properly designed in order to feed a 
Iarze umber of customers etaining satistaction at the same time. 

Te surnce companies should formulate a sound customer knowledge 

strtegy t should realize that one time coliection of customer data is not 

encugh. Customer kaowledge gets built when information is collected 

sy stematically over a period of time. This can be done through regular 
Suveys and during customer interactions. 
insurance companies must introduce new ways and means that makes its 

customer highiy delighted with its quality of services. 
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CUSTOMER RELATIONSNIP MANAGEMENT PRACTICES IN LIFE 
INSURANCE COMPANIES IN MADURAI cITY 
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Abstract 
The Insurance companies would benefit through tailoring their offering to high 

value customers that is high net investors and the telecom companies have been 
suggested to develop chn prediction models by using tools like data mining. Customer 
Relationship Management (CRM) n0w playing an inevitable role in the business world. 
Every institution wants to atract more and more customers and always struggling to 
retain their existing customers. CRM leads to modern trend in the field of business. 
Nowadays Customer Relationship Management is attracting the expanded attention of 
scholars and practitioners. In order to maintain customer relationship, life inswance 
conpanies should provide proper service whenever and wherever it is required. The 
present stucy cam serve as a platform for fuure work on the subject and this will 
natwally stimulate new ideas and also further research on the subject. This article 
highlights the customer relationship management practices in life insurance companies 
in Madurai city 
Key Words: Customer Relationship Management, Financial Institutions, Life Insurance 
Companies, Relationship Practices and Attitudes. 

INTRODUCTION 
At present, the customer relationship management (CRM) is the latest idea of 

managing and propagating insurance business more successfully. It is a tool that helps to 
design insurance products which match with the customer expectations. It also helps to 
build customer trust and develops loyalty of the customer. The main strategy of CRM is 
to pay attention to customer needs, innovative marketing ch¡nnels, uniform quality 
outlets and identification of target market and also customer groups. 

The new generation companies claim to grow by customer services by tuning up 
technology, training staff and tackling existing markets. Private players are picking up 
market share from competitors. With better prospects offered in the technology sector, 
the capacities and capabilities of the life insurance sector to retain and improve customer 
base is strengthened. The timely and efficient policy towards customer service makes this 
possible and acceptable to the insurers. 

The quality of customer relationship is often the differentiator. It is more so for 
life insurance business because the insurers are in the business of improving the qualily 
of life of the customers. The understanding that a life insurance business is esentially 
one of partnership in helping customers and meets their lives, opportunities and 
adversities will go a long way in aligning the functional arms in the business. 
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This study includes the analysis of customers view in maintaining CRM 
practices, their opinions on requirement of CRM practices by the service providers and 
their intensions regarding satisfaction, retention, repurchase and in referring to new 
customers and the enhancement which can be made through good relationsl1y 
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management practices, Addod to it the opinions of people who are likely to have coe contact with eustomers like doalerN and employees with customer contacts are analyrd Analysis of demographics and their eflects are also made. 
Rajeswari and Kartheeswari (2011) determined that the customer satislactio As the perception of customers on the service whether that service has met his nceds and expectations. Service quality, personal factors, perception of cquity and fairnes, price:, product quality, situational factors and attributions for service success or failure are th: factors that influence the customer satisfaction. However, the perceptions and expectations of the policyholders who have taken the policies from Life Insurance Companies vary from person to person. This study emphasizes the perceptions of the policyholders about the service rendered by the LIC of India and intends to promote a better theoretical understanding and recognition of the complexities to service quality and its measurement with respect to life insurance. 

REVIRW OF LITERATURE 

Annamalah (2013) determined that in Malaysia, the life insurance industry has grown the strength and plays an important role in the capital market. This study examincs the various socioeconomic and denmographic factors associated with decisions to life insurance purchasing behaviour and total policies expenditures on life insurance by 
Malaysian married couples. Primary data from a survey were used in this study. The 
Logit model was formulated to investigate life insurance purchasing decisions and total 
expenditure on life insurance policy amongst married couples. Results from the empirical 
analysis showed income and education level of the household head supports the 
explanatory variables for life insurance purchasing decisions. In addition, the profile of 
life insurance policy purchaser is constructed to identify the segment of people and to 
provide good understanding on the demand for life insurance in Malaysia and would help 
in the formation of policies for further developing of the insurance industry. 

Sectors. 

OBECTIVES OF THE STUDY 
1. To analyse the outlook of life insurance companies in India. 
2. To know the advantages of Customer Relationship Management in Insurance 

3. To evaluate employees' attitude towards CRM practices adopted by life 
insurance companies in Madurai city. 
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METHODOLOGY AND RESEARCH DESIGN 
The study is based on both primary and secondary data. Primary data are 

collected for understanding the customer relationship management practices of the 
policyholders in Madurai city. In Madurai city policyholders is mainly concentrated in 
LIC of India, SBI life insurance, Birla sun life insurance, ICICI Prudential life insurance 
and Bajaj Allianz life insurance. Hence, the study is based on primary survey, 

concentrates only on large area of policyholders in Tami Nadu. Primary data were 

collected from a sample of 130 policyholders from Five Insurance Companies in Madurai 

city. The secondary information has been collected from the reports of the select 

insurance companies and related agencies. Further books, journals, reports and websites 
have been referred. 
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L CRM ln ladias Inaurance Neetors With the inerease in the number of insuranse ompanies n the mae d consuners becoming more aware of different poicies. InsurenA umpnies hare realized the importance of CRM, The oost of altrating a new usmes is five ties mn than that in inoured to make an existing customer happy. Therefore, arvive in h market, insurance eompanies need to implement CRM in their oryanizetina This is the key to sucoess in the industry. The orpanizatione can succeed who have been whle u bik a base of their loyal customers, because a loyal oustomer advetes h ngnieN products much better than the oryanization itself. The basic existenns of the yisali lies in the hands of its customers. It can be asily conciuded that for wus, is necessary to implement CRM in the right manner Insurance companles avallable in India 

1. Life Insurance Corporation of India 2. SBI Life Insurance Co. Lad 
3. Tata AIG General Insurance 
4. New India Assurance 
5. Oriental Insurance 
6. ING Vysya Life Insurance 
7. Shriram Life Insurance 
8. ICICI Prudential Life Insurance 
9. HDFC Standard Life Insurance 

10. Bajaj Allianz General Insurance 
11. IFFCO TOKIO General Insurance 
12. ICICI Lombard General Insurance 

13. Birla Sun Life Insurance 
14. Aviva Life Insurance 
15. Max Life Insurance 
16. MetLife India Insurance 
17. Reliance Life Insurance 
18. Sahara India Life Insurance 
19. Om Kotak Mahindra Insurance Company 

20. Agriculture Insurance Company of India Ltd 
21. Amsure Insurance 

22. ANZ Insurance 
23. Cholamandalam General Insurance 

24. Employee's State Insurance Corporation 
25. Peerless Smart Financial Solutions 

26. Royal Sundaram Alliance Insurance India 

27. Export Credit Guarantee Corporation of India Ltd. 

II Advantages of CRM 
CRM is the process of acquiring, retaining and growing profitable custoners, t 

requires a clear focus on the service attributes that represent value to the custonicr that 

create loyalty. Customer relationship management has several advantages: 

> Company can easily find the needs of the customers. 
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* The epioyees stould be rained on interpersonal skills so as to provide 
Doiteness. comfor. and indrvidual attention o their customers. 

c�served that the branches have no authority for CRM. So, that the 
itsurce companies shoud consider CRM department for every 
branctes 

o Ençoyee engagement needs to be properly designed in order to feed a 
Iarze umber of customers etaining satistaction at the same time. 

Te surnce companies should formulate a sound customer knowledge 

strtegy t should realize that one time coliection of customer data is not 

encugh. Customer kaowledge gets built when information is collected 

sy stematically over a period of time. This can be done through regular 
Suveys and during customer interactions. 
insurance companies must introduce new ways and means that makes its 

customer highiy delighted with its quality of services. 
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rwN NWtin obiatie is to identity the perception 
mner traNing attributes on private insurance 

anplevs in wothukudi Distric. Stratified random 

snping ws emplov ed to selet 102 employees; frm Private 

Insurn Nnnnv has located in Th0othukudi District. From 

the stu, ii is ind that there is a lot of scope to improve 

CwN the poyer branding attributes called work 

etV i DAtent, ompensation & reward, work life balance and 

Snholi enetit in the study area since most of the employee 

perive s low in all other empioyer branding attributes and 

leset number ot emplov ees pereive it as high 
Keyverds Percepion Branding Image. 
nioves ni Retention 

INTRODUCTION 

Insurance. 

In tie revent years in organizations, competition concerming 

attrating and retaining the best possible competent employees 

has increased significantly. This competition will increase 

even more since the worldwide population ages because in the 

worid population nearly 60 percent employees are in the age 
of 20-60 vears and this vill decrease in near future to 45 

percent. In market minted with high competition, obtaining 

and retaining right employees becomes increasingly dificult 

2$ applicants per vacant post decrease. The competition for 

the best employees will be as important as the competition for 
Customes in future. Hence there is an increased need for 

orgiaizations to develop strategies essential to ensure that 

thei| employee will remain in the future. In this regard 

stracgies needed can be summarized under the name of 

employer brand. 

II. REIEW OF LITERATURE. 

Punitha (2016) this study discusses the concept of crmpioyer 
branding in private life insurance companies. eneraliy, 
cmployer branding is how the company create the brand 
image to the market. Here employer plays a major role like a 
"brand promoters". This study covers the Western region of 
Tamilnadu as geographical area, which incudes seven 
ditterent districts. The total sample size incuded 73) 
Employees. The objective of this study is to find Gut the 
emplovees' opinion towards the human resource practices, 
employees' perception towards the value proposition and 

employees' satisfaction level towards the empioyer branding 
components among the private Life Insurance companies. The 

present study is based on both primary and secondary data. A 

special care was given to design the interview schedule to 

collect the primary data. The present study is applied the 
proportionate Stratified Random sampling technique. Data 
analyzed by using Chi-square test, Garrett Ranking. 
Independent-Samples T Test, Analysis of Variar.ce. This 
study reveals that in private life insurance companies, 

employees are working like rolling stones instead of brar.d 
ambassadors. Hence private life insurance companies have to 
implement the employer oranding concept. This concept could 
help the industry to create a right opinion about heir 
organization to employces, control the attrition, improve the 
employee attraction as w ll retention. 

Objectives of the study 
To assess the profi!le of private sector insurance 
companies employees in the thoothukudi district 

To know the perception on employer brandirng attributes 
on private insurance employees in thoothukudi district. 
To identify the attributes of employer branding with 
demographic variables of private insurance ernployees. 

III. RESEARCH DESIGN AND METHODOLOGY 

The present study carried ot by the researcher is an ernpirical 

in nature and the study is based on the survey nethod. The 
researcher collected the data required for carryinz out the 

present study in two Stages. In the first stage, the personal arnd 

occupational data relating to sarnple respondents, their 

perception about the employer branding atributes and their 
retention intention attitude were collected arnong the selecttd 

sample respondents with the help of the questionnaire 

specially designed for this purp0se. During the seuond taze 
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Stratitict random sampling was cnplovd t0 elet 0) respondents, ivate thom insurahce vompanies lN atcd m lhoothuk udi Disttict. Fu analyziny the data collotel during the investigatiu), the tollowing statistical tools such 
description analysis and 1 (est wero tscd used upon the 
nature of data reeivd fron respondents 

Source: Primary data; 
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S, No 

3 

5 

Age 

Gender 

Profile of Private Sector Insurance Respondents 

Variable 
Indices of Profile 

Marital Status 

Type of Family 

Educational Qualification 

Monthly Income 

Designation 

Experience 

Table No. I 

Below 30 
31-40 
41-50 

Above 50 

Total 

Male 

icodents belong to the ape proup of 40 / st I' 

Iepondeuty helong to the aye group of 4-3) years 

epoodents ctog to clde ngc group of more than years, 

( the bt ot gender, 73 resondents are male cmployee 

female empluyees, ,nsidering the 

maital status, 34 respondents c married and G8 respirleits 

are un nmarried. ln terms of faily structure, 72 revpndt 

helong to nuclea fnj and 30 respondeits ive in int 

family structure., 

Female 
Total 

Married 

Unmarried 
Total 

Nuclear 

Joint Family 
Total 
UG 

PG 
Professional 

Total 
Below 30000 

Table I revcals the profile of repnilnta n the tao f a 

30001 � 40000 
40001-50000 
Above S0000 

Total 

Officers 
Clerk 

Total 

Less 

Moderate 

Well 

Total 

(Figures in parentheses are percentage) 

Table No.2 

Private Sector Insurance 

(N=102) 
36 (353) 

26 (25 5) 
29 (28.4) 
1l (10.8) 

102 (100.0) 

73 (71.6) 
29 (28.4) 

102 (100.0) 

oSCo 

34 (33.3) 
68 (66.7) 

102 (100.0) 
72 (70.6) 
30 (29.4) 

102 (100.0) 
52 (51.0) 
31 (30.4) 
19 (18.6) 

102 (100.0) 
39 (38.2) 
30 (29.4) 
17 (16.7) 
16 (15.7) 

102 (100.0) 
65 (63.7) 
37 (36.3) 

102 (100.0) 
29 (28.4) 

39 (38.2) 
34 (33.4) 

102 (100.0) 

On the basis of educational qualification 52 respondents belong to under graduation category, 31 respondents belong to post 

graduation category and 19 respondents belong to professional course category. In terms of income 39 respondents earn less than Rs. 

30000, 30 respondents earn Rs.30001 -40000 per month, 17 respondents earn Rs. 40001-50000 per month and 16 respondents earn 

more than Rs. 50000 per month. On the basis of designation of the respondents, 65 respondents are officers and the remaining 37 

respondents are clerks. 

Table 2 presents the perception of private sector insurance employees' about the employer brancing attributes. 
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Dimeusion 

Work Environment 

Organizatin Culture 
Compensatim Reward 

Work Lwd 

Reputation 
Work Lite Balance 

Symbolic Benctit 
Iraining and Development 
Brand Promise 

Brand Communication 

High Mean + SD) 

l'erception of Respondents on Fployer Branding (Private lnsurance lespondents N-102) 

Source: Primary Data 

Mean 

24.56 

24.18 

?4.69 

23.46 

23.98 

24.67 

24.23 

23.75 

23.80 

23.74 

SD 

The above table reveals that out of one hundred and two 
employees from private insurance companies, 21 respondents 
perceive that the Work Environment in their insurance is 
low'. 42 (41%) respondents perceive that the Work 
Environment in their organization is 'mediurm' and 39 
respondents perceive that the work environment is high'. 
With regard to work environment mean value of respondents 
is 24.56 and standard deviation is 3.11I. The mean and the 
standard deviation value for the attribute called organization 
culture are 24.18 and 2.61 respectively. Further 50 percent 
respondents perceive organization culture is medium in level 
followed by 25 percent respondents perceiving it as low and 
25 percent respondents perceive it as high. 21 (21%) 
respondents perceive that the compensation and reward in 
their bank is low', 37 (36%) respondents perceive that the 
compensation and reward in their organization is 'medium' 
and 44 respondents perceive that the compensation and 
reward are high. The mean and the standard deviation value 
for the attribute called work load are 23.46 and 3.17 
respectively. Further 55 percent respondents perceive that 
work load in their insurance is medium in level followed by 
28 percent respondents perceiving it as low and only 17 
percent respondents perceive it as high. 34 respondents 
perceive that the reputation for their bank is 'low, 41 (40%) 
respondents perceive that the reputation for their insurance is 

"medium' and 27 respondents perceive that the reputation for 
their insurance is 'high. With regard to reputation of 
insurance mean value of respondents is 23.98 and standard 
deviation is 2.99. The mean and the standard deviation value 

for the atribute called work life balance are 24.67 and 2.96 
respectively. Further 49 percent respondents perceive work 
life balance opportunity is medium in level followed by 34 
percent respondents perceiving it as high and only 17 percent 

I2(21) 
261| 25 (23) 
? 80 21 0) 

2.99 
1.17 29 (28) 

2.9% 
2.76 
2.76 

(Mean - SD LOw: Moderate In between (mean + SD) and (mean -- SD): 

2.50 

Iow 

2.46 

Ievel of Pereeption in Nunher of 
Respondents 

4 (33) 
17 () 
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24 (24) 
26 (26) 

23 (22) 
26 (25) 

Mrdim 

42 (41) 

41 (40) 

SCo 

50 (49) 
44 (43) 

58 (57) 
53 (52) 

56 (55) 

Iligh 

olega o 

44 (43 

Keela Eral 

170) 
27(27, 

QTuticorin Dist. 

3534) 

respondents perceive it as low. 44 (43%) respondents perces ve 
that the symbolic benefit in their insurance is med1u 
(33%) respondents perceive that the symbolic benefi! in their 
organization is high' and 24 respondents perceive that the 
symbolic benetit is low'. With regard to symbolic benetit 
respondents mean value is 24.23 and standard deviation is 
2.76. The mean and the standard deviation value for the 
attribute called training and development opportunities in their 
bank are 23.75 and 2.76 respectively. In addition 52 percent 
respondents perceive training and development opportunities 
as medium in level followed by 26 percent respondents 
perceiving it as low and 22 percent respondents perceive it as 
high. In the case of brand promise 57 respondents perceive 
medium level in their insurance followed by 22 percent 
respondents perceive as that the brand promise is low in their 
bank and only 21 percent respondents perceive it is high. 
Further brand communication is medium level only as 55 
percent respondents perceive brand communication is medium 
and followed by 25 percent respondents perceiving brand 
communication is low and 20 respondents perceive brand 
communication is high in their insurance. 

3403) 

It concludes that still there is a lot of scope to improve except 
the employer branding attributes called work environment, 
compensation & reward, work life balance and symbolic 
benefit in the study area since most of the employee perceive 
as low in all other employer branding attributes and lesser 
number of employees perceive it as high. 

23 (22) 

In order to find out whether the difference in the mean scores 
between the sample respondents who fall under different 
categories (gender, marital status, type of family, and shifting 
plan) is significant, independent t test has been applied and 
the results are presented in Table 3. 

21 (21) 
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Demographic 
variable 

Gender 

Marital Status 

Type of Family 

Shifting Plan 

Source: Computed Data 

Classification 

Mean Score on Attributes of Employer Branding for 

Private Sector Insurance Respondents' 

Male 

Pemale 

Married 

Unmarried 
Nuclear 

Joint Family 
No 

Yes 

73 

Size 

29 

V. SUMMARY AND CONCLUSION 

34 

68 

72 

30 

59 

ISSN: 2393-9028 (PRINT)| ISSN: 2348-2221 (ONLINE) 

Table No.3 

43 

"Fronn Table 3, it is clean that in all the cases p values are more 
than 0.05. Since p value is more than 0.05 the null hypothesis 
is accepted at 5 % level of significance. Hence it is concluded 
that there is no significant difference of mean value of 
perception about attributes of employer branding between the 
private sector insurance respondents who have been classified 
according to the gender, marital status, and type of family, and 
shifting plan. Comparing the mean attitude score of the 
respondents and their demographic variable of the respondents 
is more or less equal to other category and there is no 
significant mean difference between them since p value is 
more than 0.0S. 

It is observed that in the private sector insurance 
employees (102), on the basis of age, around 35 percent 
respondents belong to age group of below 30 years, 71.6 
percent respondents are male employees, 
It is find that majority (33.3 percent) of the respondents 
are married, 70.6 percent respondents belong to nuclear 
family, 5lpercent respondents have under graduation 
qualification, 38.2 percent respondents earn less than Rs. 
30000 category and out of total 102 respondents 63.7 
percent respondents are ofticers. 

It is observed that still there is a lot of scope to improve 
except the employer branding attributes called work 
environment, compensation & reward, work life balance 
and symbolic benefit in the study area since most of the 
employee perceive as low in all ther employer branding 
attributes and lesser number of employees perceive it as 
high. 
It is captured that the comparing the mean attitude score 
of the respondents and their demographic variable of the 
respondents is more or less equal to other category and 
there is no significant mean difference between them 
since p value is more than 0.05. 

The contribution of the insurance companies system is highly 
significant in the development of the economy of any nation. 
In the case of developing countries like India, insurance 

Mean 

241.79 

239.24 

239.53 

241.84 

242.01 

238,80 

239.54 

243.16 

S.D 

15.66 

13.82 

14.36 

15.55 

14.30 

17.01 

14.86 

15.43 
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t Value 

0.767 

0.725 

0.977 

1.196 

system forms an integral and dominant part of the financial 
system. 

P value 

Basically, Insurance companies are service rendering 
organizations. In order to ensure their survival in the highly 
competitive insurance environment, they have to ensure that 
they are provides a unique and superior quality of services to 
their customers. The rendering of quality services by the 
insurances to their customers wholly depends on the support 
extended by their staff. in order to secure the positive support 
of the staff, it becomes the ultimate responsibility of the 
insurances to create confidence among the employees that 
their organization a good place to work.. As the style of 
functioning and services offered by the private sector 
insurance companies has created a suitable employer branding 
strategy for ensuring the effective performance of their staff in 
the study area. 

Mege 

0.40 

The present study also express that still there is a lot of scope 
to improve except the employer branding attributes called 
work environment, compensation & reward, work life balance 
and symbolic benefit in the study area since most of the 
employee perceive as low in all other employer branding 
attributes and lesser number of employees perceive it as high 

of 

0.40 

0.28 

[1]. Backhaus K.(2004). An Exploration of Corporate R�cruitment 
Descriptions on Monster.com. The Joumal of Business 
Communication. Vol. 41(2):115-120. 

0.66 

[2). Payne, A., Ballantyne, D., & Christopher, M. (2005) A 

VI. REFERENCES 

stakholder appoach to relationship marketing strategy, The 
development and use of the 'six markets' model. European 
Journal of'Marketing, 39(7/8), 855-871. 

[3]. Andrews J, Higson H.(2010). Graduate employability, soft 
skills, versus hard skills. Business knowledge: A European 
study. Higher Education in Europoe, Vol.33(4),pp.41|-422. 

[4). Wilden, R., Gudergan, S., & Lings, I. (2010). Employer 
branding: strategic implications for staff recruitment. Journal of 
Marketing Management, Vol.26(1-2), pp.56-73. 

(S]. Jiang Ting Ting, Iles paul (2011), "Employer brand equity, 
organizational attractiveness and talent management in the 

Arts 
INTERNATIONAL JOURNAL, OF RESEARCH IN ELECTRONICSAND cOMPUTER ENGINEERING 

Keela Eral 
Tuticorin Dist., SClenc 

1106| P age 



IRE ET0.o lsAPR. JUNH 2008 

(hna 

) (itw vn hing, Debra Gce, Danicl C unk (202) 

Iint d uin Svale terlymcnt and valdaton' 

uika SihaNIaVA, Sarika I'riathi, Amit Kumar (2012), 

the chagug ren.ts unal 

ISSN: 
239,3.9028(PRIN)|ISSN: 2348-2281 (ONIINE) 

( 2401) 
Imploye 

atttac tivencss Conparative pereptions of underpyadu ste and 

postgauate students Sri lankan ournal of Human Resoure 

Managcmcnt 

|8] Arachchige Robertson 

[9) N. Punitha (2016). An Eupucal Study on Employer Brand1ng 

in lhe Pivate Lite Insu ane Companies With kecference to 

am1l Nadu, /nternatuonal ournal in 

Western Region Ot 
Managenent and Soctal Sctence, Vol 4(), pp 220-23) 

A UNITOF I20R 

oileg of Arts 
Keela Eral 
Tuticorin Dis:./ 

I107| Page 
INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 



ISBN No 

l6o 

L6NLæ ULo 

18 Gi 2017 

sÜL, 2017 

Support @Vhnsnc.edu.in 

www.vhnsnc.edu. in 

978 -93 - 81723 - 74 - 6 

5.83 x 8.27 

533+13 uiSåJG 6iT 

5.400/ 

FT60 U, 

LOgDT-3 
Sree Graphics - 9003317131 
Virudhu Nagar. 



l 

ha6alall oD, 

5TiQo, 

GuIsIGfluw 

448 

LML eDhetite) 

Guitaalihfie 

Gouend)6fluju0, 

449 

616013 

UL601 



6JUTLITS 
GuCGE�B5JOlzDQIrDo'(G LTLDU�B), 

L4sDHAÜUTGÜ 

DT60)6 

Gsri6NLLITHI 

wmSHEMLo, 
GsgesGiDGuTDD&uu; Gufu yslsnuJ` 

(5. B68rguT0T 1 - ) 

QsT6ÜR6iD sfius oufl5606TI 

450 

Gluflus 

2_604 

JT6)6I60uIA 

GDCHanLGU 

Gss; 

,6161I916ßt. 

B66ir 

9_6)LW5TE6lö. 

LDBT OT0T 

616131 

616l61DLJS)L J615T6` 
5L6)616sf\si CuTSUSLD, (psisiT b5! 

uflsTE 

451 

6T6`T, 

(6.LDT lg ao% 6- 9) 

GuHODITS 



(6. 50J JTn uSS 11- 14) 

L606U 

452 

LDTSd 

LDTLL TTSs 

(5.22asnol gls 18 - 21) 

yavUGsDE. 

BTLG# 

(2. 6JDJGuIT â 13- 19) 

453 

5608L. 

uflleurG 

616011T 



Ly6U6JiT6fîl6ö1 

6L6ULpsIGarLQw 

6lLL 

urflSl600601 

LD6ðI60168îl6ör 

LyBpDT6D60LITS 

454 

(påsuOTIEHIb, 



ISBN No 

l6o 

L6NLæ ULo 

18 Gi 2017 

sÜL, 2017 

Support @Vhnsnc.edu.in 

www.vhnsnc.edu. in 

978 -93 - 81723 - 74 - 6 

5.83 x 8.27 

533+13 uiSåJG 6iT 

5.400/ 

FT60 U, 

LOgDT-3 
Sree Graphics - 9003317131 
Virudhu Nagar. 



l 

ha6alall oD, 

5TiQo, 

GuIsIGfluw 

448 

LML eDhetite) 

Guitaalihfie 

Gouend)6fluju0, 

449 

616013 

UL601 



6JUTLITS 
GuCGE�B5JOlzDQIrDo'(G LTLDU�B), 

L4sDHAÜUTGÜ 

DT60)6 

Gsri6NLLITHI 

wmSHEMLo, 
GsgesGiDGuTDD&uu; Gufu yslsnuJ` 

(5. B68rguT0T 1 - ) 

QsT6ÜR6iD sfius oufl5606TI 

450 

Gluflus 

2_604 

JT6)6I60uIA 

GDCHanLGU 

Gss; 

,6161I916ßt. 

B66ir 

9_6)LW5TE6lö. 

LDBT OT0T 

616131 

616l61DLJS)L J615T6` 
5L6)616sf\si CuTSUSLD, (psisiT b5! 

uflsTE 

451 

6T6`T, 

(6.LDT lg ao% 6- 9) 

GuHODITS 



(6. 50J JTn uSS 11- 14) 

L606U 

452 

LDTSd 

LDTLL TTSs 

(5.22asnol gls 18 - 21) 

yavUGsDE. 

BTLG# 

(2. 6JDJGuIT â 13- 19) 

453 

5608L. 

uflleurG 

616011T 



Ly6U6JiT6fîl6ö1 

6L6ULpsIGarLQw 

6lLL 

urflSl600601 

LD6ðI60168îl6ör 

LyBpDT6D60LITS 

454 

(påsuOTIEHIb, 



Abstract 

Availatle onine at www aienere 

SclenceDirect 

Thind Intemationat ('onterence on Compuing and Network Conmunications ('o oNet 19) 

AS. Joseph (Charles", Kalavathi Palanisamy"* 

Neo-hybrid Composite Routing Metric for RPL 

2020 The Authors. Published by Elsevier B.V. 

Procedia 

"Iyeni of(mu Siewe and Applications, The Gandhigram Rural Institute (Deemed to be lIntversity) (ianlhigram Dindigul 624 302. Tamilnadu, ndia 

Computer Science 

Low power and Lossy Networks (LLN) are the backbone of the blooming Internet of Things (loT) technology. The routing protocols play erucial role in the efficiency and management of the scarce resources of LLNs. RPL is the popular routing protocol for U Ns and its efficiency depends on thc routing metrics used. The default objective functions of RPL use hop count and Expected Transmission Count (ETIX), In denser networks, congestion is caused, and the objective functions require optimization. This paper aims at providing an optimization of RPL by creating a new strategy of amalgamating the existing Sigma routing metric and enhanced routing metric. Contiki Cooja simulator is used for simulating the results. The results are evaluated with the default objective functions, sigma routing, and enhanced objective function. The neo-hybrid composite routing metric (NCRM) ouperfonns all the other in packet delivery ratio, network life time, end-to-end delay and energy consumption. 

Keywords: RPL; LLN; objective function; routing metric; composite metric; loT; sensor networks. 

wwwelàc vies orlbettreshs 

*Coresponding author. Mobile.: +91-9445898371. 
E-mail address: pkalavathi.gri@gmail.com 

10.1016/j.procs.2020.04.195 

This is an open access article under the CC BY-NC-ND license (lhttp:/lereativecommons.org/licenses/by-lc-nd/4.0/) Peer-review under responsibility of the scientific committee of the Third Intemational Conference on Computing and Network Communications (CoCoNet' 19). 

1877-0509 2020 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license (htty //et eative os oMg/iceses/ by-he-ul 10) 
Peer-review under responsibility of the scicatific committee of the Third International Conferunce on Compuing and Network 
Communications (CoCoNet 19). 



IS20 

1. ntroductton 

AS. Joseph Chaes et al. / Procedia Computer Science 171 (2020) 1H10 t.. 

The technology of the present cra aims at turning every objcct smart. The Internet of Things ((oT) scrves ,h 
new paradigm that renders a completcly different dimension to objects and things of cveryday usc. Thc wircles, sensor networks, especially the Low power and Lossy Networks (LLNS) arc the constitutive components of loT.The plethora of things, objects and persons are interconnected through communication links based on Zigbee. Bluctooth, Wi-Fi, GSM and so on [1], The enabling technologies of loT make the technology handy to the common man. The Variety of applications offered by loT makes human life casy and Smart [2), The routing protocols remain pivotal to Ns, Snce LLNS have minimum memory, storape capacity, processing and energy resources. This network has a 1OSSy Iink with low data rate, These scarce conditions ofLLN DOse a routing challenge and it is addressed by the ut destgn of the routing protocol [31. The cfficiency of the routing protocol is vital in LLNs. In the recent past, KPL has become the standard routing protocol for LLNS and IoT due to its efficiency and robustness [P}. t Is the routing protocol that summarily determincs the efficiency and performance of a network. Series of works have been undertaken to work on the essential components of the RPL routing protocol to tweak, improve and to enhance the perfomance. Many researches have been done on the topology formation, objective functions, routing merics, trickle algorithm, congestion control and so on to ontimize the performance of the RPL protocol. We have also taken two methods that were used for optimization for tudy. namely i) Enhancing RPL and 11) Signa-l^ Ihe tirst method uses a composite routing protocol. combining the in-built routing metrics, ETX and energy. Ine Second method is an improvement over the single ETX metric with the standard deviation. Though we aid not ind any significant flaw to improve over these methods, we combined these two methods and found better pertormance Of the RPL in a given environment, namely Neo-hybrid Composite Routing Metric (NCRM) for RPL. The Contik1 OS and the Cooja simulator were used to simulate the method and evaluate the results. The second section following this introduction presents the general overview about the RPL protocol. The third section presents in detail the various existing methods that are related to the present work. Section four presents elaborately about the methods employed to develop the proposed method. The next section gives the details of simulation setup and the evaluation of the results. Finally, the last section presents the conclusion. 

2. Overview of RPL 

RPL is a distance vector routing protocol designed for Low power and Lossy networks (LLNS). The LLNs have the specific limitation of low data rate and high packet loss. RPL is designed to address these limitations and yet yield a better performance. RPL forms a network with tree topology, called Destination Oriented Directed Acyclic Graph (DODAG). This structure has a sink which is connected to many nodes in a tree like structure [5]. Many DAGs form a DODAG and the DAG is though in a tree structure, it is different from the classical tree, because it can connect to more than one parent. RPL works in many layers of the network. It supports both point to point an� point to multipoint communication. One or more DODAGs form an RPL0nstance which has a unique RPLInstancelD. There may be more than one RPLInstance in a network. Fig. 1 shows the RPL topology and the structure. Some special features of RPL are: i) Auto configuration ii) Self-healing ii) Loop avoidance and direction iv) Independence and Transparency v) Multiple Edge routers. RPL has three types of nodes called i) Border routers 
ii)) Router and iii) Host nodes. The border router is a collection point and acts as a gateway to the internet. Routers 
cannot create a DAG but they generate and forward the control messages, where as the host nodes are capable of 
only generating traffic but not forwarding then [6]. 

The topology formation of RPL is done by the ranking mechanism. The root has the lowest rank and the nodes 
that are closer to the root get the lower ranks. The farther the nodes are to the root, the higher would be their ranks. 
The new nodes that desires to connect to the network chooses the parent node with the lower rank and gets 
connected to the network. The rank calculation of the network is done by the objective function. There are some 
routing metrics utilized in the network to choose the better routing path. The metrics are like hop count, Expected 
Transmission Count (ETX), remaining energy, throughput, node state atribute, link quality level and s0 on. The 
objective function of the network translates these routing metrics into rank [7]. The default objective functions of 

RPL are i) OF0 � Zero objective function based on the hop count and ii) MRHOF - Minimum ranking with 

hysteresis objective function based on ETX. There is a timing mechanism called Trickle timer which controls the 

traffic. When the network is stable, the speed of the timer increases to facilitate quicker transmission of data, but 



when thc network is dense and therc is Conyestion lhen the limer slows down to restrict the lraffic. RPL, employs 
SOme control messages lo cstablish and regulate the nct work. Thcy are i) DIO DODAG Infonnalion Object, that 
contains the routing infomation ii) DIS DODAG Information Solicitation, a message propagated by the node to 
request lDIO from the ncighbours iii) DA0- Destination Advertisennent Object- a messagc containing informaton 
regard1ng the destination and forwarded towards the root iv) DAO-ACK messagc uscd in unicast communication. It is very obvious to note that optimization RPL is possiblc by twcak1ng 

onc of the cssential componcnts of RPL, namely, lopology formation, RPL. messages, routing mcirics, objeclivc functions and the trickle alyoritlhn (81. 

3. Related Works 

t....... 
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Fig. 1. RPL Topology. 
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In the default objective functions hop count and ETX metrics are used. The usage of energy in objective function 
is also made available. There are many rescarches done combining the routing metrics. In [8] we find, the methods 
of combining the routing metrics both additively and lexically are stipulated by the authors, for optimization and 
performapnce improvement of routing. In some cases, a single routing metric is chosen for optimization, in other 
cases we find combination of two or more metrics to arrive at an optimal routing. The authors in [9] have suggested 
a trust metric for better security. The scope of this work is not to focus on security but on optimization. Still the 
method used by the authors to employ trust metrics along with the regular routing clements inspires our work. An 
algorithm has been designed in [10] for mobility and energy efficiency. The problem addressed here may be 
mobility but the DIO messages are used here to carry the additional information of Doppler frequcncy and signal 
strength., The authors have proven that this is an energy efficient method for mobility in network. LOADng protocol 
in. [11] tries to simplify and make the RPL less complex by modifying it and regulating the various control 
messages. In this way, the total control traffic in the network is reduced and the performance is improved. ER-RPL 

(Energy Efficient - Region based RPL) is another work [12], where a protocol support for multipoint to point as 

well as point to point communications are suggestcd based on a specific region. An energy efficient routing protocol 

suggested by [13] proposed customization of the objective function for energy efficiency. They had used the 

remaining energy metric to optimize the routing path. 
In some cases, the optimization had been achieved by combining two or more routing metrics. The model 

proposed by [14] uses Expected Transmission Count (ETX) and Expected Transmission Time (ETT) to optimize the 

routing path. The authors in [15] propose a hybrid objective function where two parameters from two diferent 

layers have been taken to determine the best path. The next hop is decided by RPL in the network layer and the 

interface with best link quality is chosen in the MAC layer. It provides both parents oriented and interface-oriented 

solution to optimize the protocol. The authors of the work [16] have identified that nodes having lower rank are 

better in transmission of data. They have lower drop rate and better packet delivery ratio. Therefore, while focusing 

on energy optimization, they have given importance to those nodes having lower rank. They have designed a 

function which investigates both lower energy consumption and lower rank. An optimization strategy namely, PER 



N TX is introduced in 12) for the existing advantage fhom both the OF0 and MRIHOF of RPL QU-RPL (Queue tilzation baed RVL) is snothet vgtiiza method as given in | 8] hasing on the queue utilization by each node in the network as well 4s the hep distanse the nodes to the tdet toutet Inergy efticient routing in (19) ans af comtbining both the hop rmnt and resus Chetgy of the nodes for the path calculation Another wok combining with he energy is propoed in (201, te ovide ah energy effeient and load balancing aleorithrs The authors have combined load wilh hattery dichary tndex to compate the best path that provides energy efficiency Ihe combined metric s used in calculaiion of the rank as well as in the process of the parent selecion 

MRHOF Here the hop cont nd Z aFE combied to, 

Sigma-tTX proposed n 21] aims at choosing the hest link for the data transmisston This metrie ries lo lve the roblem of bottlenecks created by long hops It tries io find a rade -off between the EXI and the hop cunt Usually the ETX increases as the hop count is more There may be a situation in a dense netwok to have a yeater number of hops and better ETX than a smaller number of long hops with poor FTX value To solve this problern the Sigma-ETX takes the standard deviation of the ETX values into consideration This method tries to find he hest route ith optional ETX and hop count values. In the enhancing RPL. method [22|, the authors take adv antage of Composite metric utilization in order to get the best results The MRHOF objective function and the cnergy node are chosen for evaluation. Along with ETX, energy is also considered to evaluate and to find the best path It is Usual o 

4. Propesed Method 

The main aim of this work is to optimize the RPL protocol. RPL offers Various possibilities of customization and optimization. Topology formation, RPL messages, objective functions, routing metrics, trickle algorithm are the main components of RPL that are available for optimization. We have taken two of the already existing optimization methods and proposed a bybrid method of optimization. The two methods that form the basis of the proposed work are Signa-ETX in [21] and Enhancement of RPL in [22]. Sigma-ETX tries to address a specific problem in the objective function with ETX. It is customary for the objective function to choose the path with minimum hop count and ETX. But in a dense network there would always lie a possibility of a path with a single but long hop opied against a better path with more than one hop. This situation would create a bottleneck in the network and create unwanted congestion. To avoid this, we suggest a path to' be chosen not just by finding the sum of all the ETX in te path but the standard deviation of ETX between each node. This method is a trade-off between the minimum hop count and the ETX. Fig. 1 illustrates this problem. 

ETX - 2 

ETX = 1 

ETX =2 

ETX = 5 

ETX =3 

ETX =| 

Routel (RI)= 01-+2--1); ETX(RI) = 2+2+3 =7 
Route 2 (R2) =3-4-+D; ETX(R2) = 1+5+| =7 

Fig. 2. Example of Different Paths with Same ETX Average. 

choose either ETX or energy with the inbuilt provision given by RPL for the MRHOF objective function But the authors have used an adaptive method of combining both ETX and energy and have proven that this combinatitt yields better results. 



In this illustration both the routes RI and R2 have same number of hops and same ETX sun and average. Ine 
sum is / and the average is 2.3. The sclection of route R2 will create a bottleneck in a dense network, since the ETX 
of the path between nodes 3 and 4 is high. If this problem is not identified, thecn the route R2 may be selected by the algorithm. To avoid this Sigma-ETX suggests taking thc standard deviation of the whole path. The following 
formula is used for the standard deviation. 

01: START 
02: 
03: 

04: 

05: 

The standard deviation ofRI is 0.57 whercas that of R2 is 2.3. The path with lower standard deviation is chosen, therefore in this case, the first route RI is chosen. The enhancement of RPL suggested in [221, prefers the MRHOF objective function of the RPL, since OF0 considers only hop count and not the link quality. At the same time MRHOF al_o considers only the ETX which marginally reflects the link quality and not the energy efficiency. If the focus is only on energy efficiency, then the ETX Would be left aside. A successful effort has been taken to combine both ETX and energy in 22] for the optimization of RPL. The proposed method tries to combine the Sigma-ETX and the Enhancement of RPL methods to create a Neo-hybrid Composite Routing Metric (NCRM) based on both the methods. In the enhancement method the proposed combination of ETX and energy is taken and the Sigma-ETX is applied here, instead of the node ET� we take the standard deviation of the path ETX. Table 1 presents the various objective functions and their respective routing metrics. The modified routing metrics and their values are sent to the route and to the nodes through the DAO messages. While updating the routing metrics we use both ETX and Energy 

06: 

07: 

08: 

09: 

10: 

11: 

1 

12: 

n 1 

4.1. Pseudocode of the Proposed NCRM Method 

13: 

i1 

(ETX �ETX)2 

Table 1. Objective Functions with Routing Metrics. 

OF0 

OBJECTIVE FUNCTION 

MRHOF with ETX 

A.S, Joseph Charles et al, / Procedia Computer Sctence I71 (2020) 1819-182% 

MRHOF with Energy 
MRHOF with ETX & Energy 
Sigma-ETX 
Proposed NCRM 

End While 

NodeUpdate(); //The nodes are updated 
i= NearestRoot(C); 
paths = GetPaths(i, C,null); 
While paths are not null do 

path - paths[i]; 
avg = Avg(path); 
diff = Diff(path-avg); 

paths = paths - path; 

posPath= posMin(stdETX); 
return paths[posPath); 

ROUTING METRICS 

Hop Count 
ETX 

Energy 

stdETX= sqrt(sum(pow(dif, 2))); //ETX estimation 

ETX + Energy 

Standard Deviation of ETX 

Standard Deviation of ETX + Energy 

1823 

(1) 

in an additive way, since both are additive metrics [8|. 
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29 

32 

33 

30: Ee 

34 

35 

36 

37 

38 

32: GetPaths(LC. paths) 

39 

41: 
L2: 

Broadcast DO0. 
Whle node RecelvedDiO && wants to JoinDODAG 

43 

tnd White 
t node RecelvedDiS0 

UpdateNode(t TX E necgv) //Update nodes with E TX ond eney 
BroadcastDiO) 
SendßackDAO0 

C=C-, 

BroadcastDiO). 

End If 

While node ReceivedDiO && wants to Joun DODAG 

0ath =path + 

45: End 

End While 

ifC$not nufl then 

UpdateNode(ETX, Energy): 

End If 

44 Return paths; 

8 = Sel�ctParents(i, C): 1fB is not null then 

BroadcastDIO). nd8ckDAO: 

5. Simulation and Results 

While B is not null 

i=Minimum(B); 
GetPaths(i.C, paths); 
8= B-i; 

End While 

Contiki OS is thestmple, open-sourced, light-weight operating system used for wireless sensor aetsorks and loT It is a highly flexible cross-level simulator that supports both hardware and sofware nodes. It is also extensible. The Cooia simulator usedin Contiki 0S is employed to simulate and compute the results. The simulation environnent is given in Table 2. We have taken 1000 square meters of area for evaluation and the nodes are randomly spread over the area, mostly surounding the single sink. The simulation is performed over a period of 30 minutes each for every environnmental setup. To find the variation of the results according to the size of the networks, we had taken different ranges of network size, 10. 20, 30, 40 and 50. We have taken five varying objective functions for evaBuation. The inbuilt objective functions OF0 and MRHOF are also compared with the other objective functions of EIX, Energy, ETX-Energy, Signma-ETX and the proposed NCRM. The motes used in the simulator are of the type Tmote Sky. We have taken four performance metrics for evaluation, namely Packet Delivery Ratio (PDR), Latency, Control traffic overhead and Energy consumption. The packet delivery ratio is the ratio of the total number of packets sent by the root and received by a node. The latency specifies the total duration of delay for the successful transmission of a packet. The control messages in the network may facilitate better transmission but a greater number of them would create congestion and drain the batteries. Therefore, the control traffic overhead is also another measure of the effñcient communication. The energy resorces of the network are very scarce. Once the energy sources drain, the nodes would die, and the communication would be barred. 
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Fig. 3. Packet Delivery Ratio. 
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The packet delivery ratio of the compared objectives functions is displayed in Fig. 3. It clearly shows the 

advantage of NCRM method over the other default and existing ones. When the network size is smaller the 
difference is not that significant, but when the network becomes large and dense there, we see a trend of the 
significant improvement of the proposed NCRM method. Energy consumption depicts the remaining energy of the 

source which is essential to keep the network alive. The consumption of energy is less in the NCRM method 
comparing with the other methods. It is given in the Fig. 4. There is an important reason why the energy 

consumption is lower in the proposed method. There is a link between the energy consumption and the control 

traffic in the network. When there is too much of control traffic then the energy resource would drain so on. The 

control traffic is presented in the Fig. 5 and there we find that the proposed method does not permit to0 much of 
traffic in the nctwork. It is indeed a boon to the optimization of the routing protocol. 

Latency is the total delay of the packet in the network between the source and the destination. Comparing with all 

the other methods taken for our evaluation the proposed method gives less duration of delay as presented in Fig. 6. 

The main reason for this is the NCRM method takes a path which is congestion free and quick to deliver. This is 

already made evident through the evaluation of PDR, energy consumption and control traffic overhead. 



6. Conclusion 

Referemces 

Low power and Lossy Networks (LLNS) are the backbone of Intemet of Things. There would be billions of 
devices conected to cach other soon. In any case the routing optimization would be crucial to the reliable utilization 
of loT. There are very many researches being done every day to improve, optimize and standardize the RPL 
protocol, by the academic and research institutes, industries, and individual researchers. The hybrid method 
attempted here is an effort to build upon the successful endeavors made by some authors and to display an 
improvement. We too have successfully done this work and the results exhibit a qualitative and quantitative 
improvement over the existing methods. The four împortant scales of measures namely packet delivery ratio, energy 
consumption, latency and the control traffic indicate the outperformance of the proposed method over the existing 
methods and the default methods of RPL. The attempt made here is only to combine two metrics, and to amalgamate 
two methods. The future work may be to combine a greater number of metrics to bring out better optimization. The 
inbuilt provision to make use of the ETX and energy routing metrics is used in this work. Instead of the popular 
metrics, in future we would utilize the other metrics like link quality and throughput. 
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