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Abstract

The Routing Protocol for Low Power Lossy Networks (RPL)
gained a lot of popularity in the research community with the advent
of the Internet of Things (IoT). The RPL's Objective Function (OF)
calculates the ranks of nodes on the network depending on one routing
metric. Because of the single metric, both Minimum Rank with
Hysteresis Objective Function (MRHOF) and Objective Function
Zero (OF0) will suffer from long hops when selecting the routs to the
sink. Moreover, selecting an inefficient route, like paths containing
nodes with small residual energy, may consume the nod’s energy
faster than other nodes. Also unbalanced choice of parents makes
bottleneck nodes that cause more network delay and high Packet Loss
Ratio (PLR) because of the high congestion nodes. This causes
unreliable and inefficient networks. However, it is challenging to
provide high Packet Delivery Ratio (PDR), low power consumption,
and reliable services. To solve the problem of a bottleneck, we
suggested a load balance algorithm. Additionally, to solve the problem
of choosing the node with little energy, we proposed a residual energy
metric. To get high efficient network, we suggested an improved OF
that takes into consideration three metrics (Load, Residual Energy,
and Expected Transmission Count (ETX) metrics). The Cooja
simulator was used in this analysis. For the PDR, it has improved by
40.59%. With regard to power consumption, the proposed protocol
succeeded in reducing it by 132.16 mW in the network with 60 nodes.
In the network with 70 nodes of three transmission ranges (40m, 50m,
and 60m) the proposed protocol increased the average PDR by 54.305
%, 58.425%, and 2.75%. About the total power consumption, it



decreased by 144.003 mW, 181.815 mW, and 13.524 mW. With
various TX,RX ratios (100,100, 85,85, and 75,75), in the network with
70 nodes, in terms of PDR, the proposed protocol increased the
average PDR by 22.81%, 13.74%, and 8.5%. As for the total power
consumption, the proposed protocol decreased the total power
consumption by 75.6 mW, 43.82 mW, and 63.9 mW, respectively. We
compared the performance of the proposed protocol with many
protocols (OF0, MRHOF, FUZZY, ERAOF, OFRRT-FUZZY,
OFECF, RPL-FL, RPL-EC). The results showed that the proposed
protocol succeeded in improving the network performance by
achieving a high PDR and low power consumption, compared to all
other protocols. We proposed a Multi-Sink RPL. In the network with
70 nodes, with different sink nodes (1, 2, and 3), the PDR is 80.43%,
90.24%, and 93.573%, the power consumption is 215.18 mW, 121.73
mW, and 112 mW. In crowded networks, the MRHOF suffers from
high congestion and high delay, but the proposed protocol maintains a
high performance. With the network with 100 nodes the PDR, the
power consumption for the proposed protocol is 88.73%, 226.512
mW, while the PDR is 31.408%. The power consumption is 349.362
mW, for the RPL MRHOF. We conclude that the OF that takes only
one metric is not sufficient and the OF that takes more than one metric
1s more accurate and efficient. Load balancing is very important in the

RPL networks to avoid congestion and delay.
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