
Distance, Energy and Link Quality Based
Routing Protocol for Internet of Things

Kirshna Kumar, Sushil Kumar and Omprakash Kaiwartya

Abstract In future communication networks with IoT, each of the things will be
able to communicate with other things ubiquitously throughout the time clock.
Multipath distortion, noise and interference create problems for low power com-
munication devices. These smart devices contain limited amount of battery, energy
and processing power. In this context this dissertation proposes Distance, Energy
and Link quality based Routing protocol (DELR) to enhance routing success
probability and to minimize route setup delay. Finally, the performance of the
proposed algorithm is evaluated with respect to the protocol: REL considering the
metric such as routing success probability and route setup delay in the various
rounds. The results demonstrate that the performance of proposed algorithm is
better than the compared algorithm: REL in terms of routing success probability
and route setup delay on the simulated network in IoT applications.
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1 Introduction

Internet of Things (IoT) is the process of creating, accumulating and communi-
cating information among smart devices with or without human intervention.
Things or Objects with communication capabilities and embedded intelligence are
known as Smart Devices [1]. In Internet communication occurs between users,
while in IoT communication occurs between devices automatically [2]. This paper
proposes Distance, Energy and Link quality based Routing protocol (DELR) for
IoT to enhance routing success probability and to minimize route setup delay. It
considers link quality and energy efficiency. The performance of the proposed
algorithm is evaluated with respect to the protocol: REL. The rest of the paper is
organized as follows. In Sect. 2, related literatures are reviewed. In Sect. 3, DELR
is presented. In Sect. 4, experimental results are discussed. Finally, Sect. 5 con-
cludes the work presented in this article with future research direction in the area.

2 Related Work

Routing algorithms provide the forwarding methods on the basis of location of the
current forwarding node, its neighbors, and the packet destination. Greedy routing
can be based on progress, distance and direction. In the progress based scheme [3],
the next forwarding node is selected based on the progress. Distance based [3]
greedy routing scheme is based on the distance. Direction based greedy routing is
based on direction. It considers the deviation (angle between current, next hop and
destination node) from the line connecting active sender and destination
[3]. GEDIR [4] is a position based greedy forwarding algorithm.

Energy-efficient probabilistic routing (EEPR) algorithm [5], which controls the
transmission of the routing request packets stochastically in order to increase the
network lifetime and decrease the packet loss under the flooding algorithm.
In EEPR algorithm the routing setup delay is slightly increased and the routing
success probability is slightly decreased. Routing protocol based on Energy and
Link quality (REL) [6] can be used to optimize route selection mechanism by using
link quality estimation, energy evaluation and providing load balancing mecha-
nisms. REL algorithm provides less routing success probability and routing set up
delay is also increased.
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3 DELR

3.1 Enhanced Range Directional Routing (ER-DIR)

ER-DIR algorithm provides different possible routes as output and that output is
used as input in RELD algorithm to find optimum path from source to destination.

3.2 Distance Calculation

Distance between two nodes with coordinates a1, b1ð Þ and a2, b2ð Þ is calculated
using Eq. 1

Distance=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ða2 − a1Þ2 + ðb2 − b1Þ2

q
; ð1Þ

Distance of one route is calculated by adding distance between all intermediate
nodes from source node to destination node. One value of distance is selected as
threshold value that is called Distance threshold ðDthÞ, which is selected with
respect to straight distance (d) from source node to destination node to increase
routing success probability.
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3.3 Link Quality Evaluation

Link quality is measured in terms of either Link Quality Indicator (LQI) or Receiver
Signal Strength Indicator (RSSI). Optimal threshold value LQIthð Þ is selected to
provide optimal packet delivery ratio (PDR). Link is divided into good links and
weak links on the basis of LQIth value, if it is lesser than LQI value and more than
LQI value respectively. Finding path sender sends Route Request (RREQ) message
and receiver node sends Route Reply (RREP) message. Both messages contain LQI
information of link and this information is updated at every hope. If it is weak link
then updated if required. On the basis of average LQI value of present destination,
routes are evaluation.

3.4 Energy Evaluation

The consumption of energy by each node is required in balanced way. For energy
evaluation one threshold value, Energy threshold Eth

� �
is selected. In starting phase

of execution in the network, percentage of residual energy has to be stored by every
node and, the present energy level Et is compared with previous energy level
E t− 1ð Þ, after each t time units by each node. An energy event of discharge is
indicated if Eth is less than the difference between Et and E t− 1ð Þ which is called
(IndexRADV ). Difference of energy consumption in the nodes is dependent on the
Energy threshold Eth

� �
value (Fig. 1).
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Fig. 1 Selection of neighbor nodes based on angle
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3.5 Optimum Path Algorithm

4 Experimental Results and Discussion

The tool used to simulate our work is Matlab 2009b.
Figure 2 shows PDR for various values of Dth which changes from 4 to 20 m.

PDR is higher than desired 80 %. According to our results, the most appropriate
values for Dth is 12 m for better PDR. Figure 3 shows the result of route setup
delay. Route setup delay is described as the time difference between the time when
a source node forwards the RREQ packets and the time when destination node
receives the first RREQ packet. It is directly proportional to collision. The route
setup delay under the DELR algorithm has approximately 1.106ms lesser than that
under the typical REL protocol (Table 1).

Figure 4 shows routing success probability of DELR algorithm is 93.233 %
which is approximately 2.5 % higher than that of the typical REL protocol.
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Fig. 2 Simulation result of
distance threshold (Dth)

Fig. 3 Route setup delay

Table 1 Simulation
parameters

Parameters Values

Area 200 m × 200 m
Number of nodes 100
Simulation time 60 min
Base station location (60, 60)
Initial energy 17565 J (2 AA batteries)

Eth 2

LQIth 200

Dth 12 m
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5 Conclusion and Future Work

The design of this protocol and its analysis theoretically prove that DELR protocol
minimizes route setup delay and enhances routing success probability of the net-
work. In particular, using DELR protocol routing success probability is enhanced
from 90.735 to 93.233 % and route setup delay is reduced from 4.715 to 3.609 ms
as compared to REL. Algorithm considered in this paper, works well in static
environment. In future Adaptability in a dynamic network environment will be also
explored.
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