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ABSTRACT

In RPL (routing protocol for low power and lossy
network, according to RFC 6206, The Trickle algorithm
uses a redundancy constant (k) that discard control
message transmissions which is not useful. standard RPL
uses a static value of k (typically 10) which is unable to
adaptthe varying network densities, due to excessive
control traffic overhead in dense networks and slow to
response in sparse networks. This paper proposed
Density-Aware Dynamic k model, that adjusts the value
of Redundancy constant (K) according to the network
conditions. Simulations conducted with 10 to 60 sensor
nodes using Cooja (Contiki-3.0) simulator. The results
show that,compared to standard RPL proposed approach
improves packet delivery ratio, reduced energy
consumption and enhances network life time.

Keywords: RPL, redundancy constant (K), Trickle
Algorithm, IoT, Control traffic Overhead

I. INTRODUCTION

The Internet of Things (IoT) is a technology that connects
sensor-embedded devices over the Internet to enable
communication and data exchange.IoT plays a significant
role in various sectors such as industry, agriculture, health
monitoring, and smart cities [1]. IoT networks are also
called Low-Power and Lossy Networks (LLNs) due to
their resource constraints, unreliable wireless links and
dynamic topologies [2]. RPL is a routing protocol based
on IPV6 designed for LLNs, standardized by RFC6550
[3]. RFC 6206 [4] defined the trickle algorithm that
manages the control messages (DODAG Information
Object).

A. The Trickle Algorithm

Trickle algorithm manages the time interval of
transmission of control messages[4] by using the three
types of parameters ie. Minimum Interval(Imin),
Maximum Interval(Imax) and Redundancy constant(K).
shown by Figure 1.standard RPL uses default values
100ms, 28 x Imin and 10 for respective parameters. The
standard trickle algorithm operates as follows|[5].

Each node in the network having a timer with interval I
(doubling from Imin to Imax)

Node listens for consistent DIO messages during each
interval,

If there is inconsistency appears, inmediate reset
Intervalto Imin.

If there is no consistency appears (C>=10), suppress the
transmission doubles the Interval

This mechanism reduced the control overhead in stable
networks [6].
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B. Impact of Static k- Parameter

The Redundancy constant (K) configured regardless of
network conditions [7]. For a dense network where the
number of neighboring nodes more than fifty while each
node suppresses its own transmission after listening 10
consistent messages, results incomplete topology
information, that will increase the packet loss rate[8]. For
sparse network where the neighboring nodes are less than
10, results wastage of energy due to unnecessary
transmission [9], when the nodes are mobile excessive
overhead appears[10].
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Fig. 1. RPL DODAG Formation

The paper is structured as Section II shows related work
on the RPL protocol and Section III describes the
overview of RPL protocol. The Algorithmic model,
describes in section IV whereas Section V explains the
simulation setup and Section VI shows the result and
Discussion whereas section VII explains the conclusions
and future scope.

II. RELATED WORKS

There are various studies based on Trickle algorithm in
RPL for reducing control traffic overhead and saving
energy. Levis et al. [5] proposed The Trickle algorithm
originally, Author in [6] conducted a performance
evaluation of RPL and identified thatthe Trickle timer is
a critical parameter. Their simulation results showed that
the use of a static k parameter leads to either excessive
control overhead or insufficient routing updates. In [1 1],
the authors proposed the Elastic Hop Count Trickle Timer
(E-HCT) algorithm, in which I'minisadjusted based on the
hop distance from the source node to the root and the
stability of the network.In [12], a reinforcement learning—
based approach for adaptive timer optimization was
proposed. The study showed that each node learns optimal
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transmission policies based on neighbour count and the
current interval value. The authorsin [15] developed a
density-based mechanism for DIS responses. Similarly, in
[16], a parent-selective DIS response mechanism was
proposed to determine which nodes should respond to
joining requests using neighbour count information. The
proposed work demonstrated that neighbour count is a
highly informative feature for RPL control decisions. A
fuzzy logic—based DIS controller was proposed in [8];
however, their approach required manual tuning of
membership functions. In [7], the authors performed a
sensitivity analysis showing that k values between 5 and
15 significantly impact network performance.In [13], a
mathematical relationship between k, neighbour count,
and transmission probability was derived. The results
showed that the optimal value of k is a function of
neighbour density. In [9], control overhead was identified
as the primary challenge in dense deployments. In [22],
the authors revealed that only 12% of reviewed works
address the k parameter, highlighting the need for
adaptive suppression thresholds. In [12], Q-RPL was
proposed to select the preferred parent using
reinforcement leaming. In [13], Deep RPL was
introduced, which uses neural networks for link quality
prediction. In [14], a lightweight random forest classifier
was implemented for routing metric selection. studies
such as emphasize the importance of reinforcement
learning for optimizing the Trickle timer in dynamic RPL
networks.

III. PROPOSED METHODOLOGY

According to RFC6550, standard RPL works with fixed
redundancy constant (K) at 10, that leads to increase the
control traffic overhead (CTO) and energy consumption
with the growing network size as shown by the Figure 2a.
and Figure 2b.
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Fig. 2a: CTO Vs Network size for K=10
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Fig. 2b: Energy consumption Vs Network size for K=10
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It can be observed by the Figure. 3a and Figure.3b, at
different value of redundancy constant for growing
network size increase the control traffic overhead and
energy consumption. To overcome this limitation,
proposed approach makes the redundancy constant
adaptive according to the neighbor node density, change
in control traffic overhead that finds the congestion
growth and ratio of the consistence message (consistency
ratio) that detects the network stability by using the

Learning-Based Redundancy Control model.
CTO vs Network Size for k = 3 to 10
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Fig. 3a: CTO Vs Network size for K=[3-10]
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Fig. 3b: Energy consumption Vs Network size for K=[3-10]

3.1 System Model

Proposed Density-Aware Dynamic k model, deployed
(10-60) sky mote in IOT network using RPL protocol.
The simulation parameters shown by table (i). In the
network each node maintains the routing table and
updates when there appears any change in topology also
each node transmits the DIO(DODAG Information
Object) massages aftera certain interval that manages by
Trickle timer algorithm. During every trickle intervaleach
node computes their three types of features i.e.
neighboring node density, consistency ratio and rate of
change of control overhead. the redundancy constant (K)
canbe estimated by usingthe eq.(i) and constraint handled
by using the eq.(ii) and eq.(iii)

Y: =min(n_neighbors /N_max, 1.0) (1)
Where,
N_ neighbors =number of nodes within communication
range
N_max =Maximum expected neighbors
Y: = consistent_ DIOs / total DIOs (i)
Where:

consistent  DIOs = Number of consistent DIO messages
received
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total DIOs =Total DIO messages received in the
interval
Y3=clamp((CTO_ current - CTO_ previous)/

CTO_max,) (iii)
K =max(3.0, min(10.0, K)) (iv)
Loss =(K - K _target)? (v)
K_target=10 - 5xY; + 3x (1-Y3) + 2xY3 (vi)
OLoss/0ay = AK — K_ target) X 1 (vii)
aLoss/aal = _2(K - K target) XY ( lX)
OLoss/a02 = 2(K - K_ target) x (1-Y,) (x)
OLoss/0as = AK — K_ mrget) X Ys (xi)
Qi = i - N X OLoss/00; (x)

Where,

n = Learning rate (0.01)

This approach reduced the redundancy constant (K) in
dense network to suppress redundant messages; results
minimized control overhead and saves energy
consumption. In contrast, when topology changes
frequently or link failures occur, the value of K is
increased, so that more control message can be
transmitted, that enhances reliability. The redundancy
constant value decreased to suppress excessive
transmissions, during network congestion period.

TABLE 1

SIMULATION PARAMETERS
Parameter Value
Number of Nodes 10,20,30,40,50,60
Type Sky mote
Topology Random
OF MRHOF(ETX)
Simulation time 1800sec.

Redundancy Constant (k) limit
Model Type
Input Features

[3-10]
Linear

Neighbor node density(n),
consistency(yz), CTO rate(ys)

Learning Rate (1) 0.01
Stability Weight () 0.5
Training Type Online
Mobility static

IV. RESULTS AND DISCUSSIONS

Comparative Performance analysis between standard
RPL and Density-Aware Dynamic k model, based on the
average power consumption, packet delivery ration and
network life time.

4.1 Average Power Consumption

It defines the power consumed by all the nodes during the
run time. It can be observed from Figure 4a, that the
proposed Density-Aware Dynamic k model demonstrates
lower power consumption compared to standard RPL
across all network sizes. Figure shows that, the gap
between the two approaches increases, with the node
density. By dynamically reducing unnecessary
transmissions, thus the proposed model minimizes energy
usage and enhances overall network efficiency,
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Power Consumption Comparison
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Fig. 4a: comparative analysis for Average power consumption

4.2 Packet Delivery ratio

It defines the ratio of received packets by the sink node to
the sanded packets by the source node. higher value of
PDR represents the efficient routing. Figure.4b, defines
PDR of standard RPL drops due to increased collisions
whereas the proposed model maintains the PDR

specifically in dense network.
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Fig. 4b: comparative analysis for PDR

4.3 Network life time

It is defined as the total duration for which the network
remains functionalbefore nodes start die out due to energy
depletion. Figure. 4c, shows that, the proposed model
achieves a longer network lifetime compared to standard
RPL. Because the Density-Aware Dynamic k model
reduces suppressed redundant messages, thereby
conserving energy.

Network Lifetime Comparison
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Fig: 4c. comparative analysis for Network life time

V. CONCLUSION

It is concluded that from comparative analysis that
Density-Aware Dynamic k model that, adapt the
redundancy constant value according to the network
condition for maintaining reliability and conserving
energy, proposed modelmaking it more suitable forlarge-
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scale IoT deployments than the standard RPL with fixed
redundancy constant.
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