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Abstract:

In multi-radio multi-channel wireless mesh networks (MR-MC WMNSs), the use of multi-radio nodes operating on non-
overlapping channels significantly increases network capacity and improves available bandwidth. However, when the
number of radios exceeds the number of available channels, channel reuse leads to inevitable link interference, which
degrades overall network performance. This study aims to optimize network performance under high traffic conditions
and multi-channel environments by proposing a routing algorithm called Reinforcement Learning and Fuzzy Logic-
Based Routing Algorithm (RLFLBRA). The algorithm uses three fuzzy input variables interference level, available
bandwidth, and hop count to select optimal multicast paths. By incorporating interference awareness into the routing
process, the algorithm enables more efficient use of network resources. The effectiveness of the proposed approach is
evaluated through simulations using OPNET version 10.5 and compared with benchmark protocols such as CAMF and
FB_MR. The results demonstrate significant improvements in key metrics including throughput, packet delivery ratio,
and end-to-end delay.
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1. Motivation of the work

Wireless mesh networks have become a serious option
for building communication infrastructure in places
where traditional wired setups are too expensive or
simply not practical emergency response systems, smart
city projects, industrial sensor deployments, and so on.
The multi-radio multi-channel variant of these networks
is particularly attractive because putting multiple radios
on each node and spreading them across different
channels can dramatically improve throughput. On paper
it sounds clean. In practice, once the number of active
radios starts exceeding the number of truly non-
overlapping channels, interference between links creeps
in and quietly eats away at performance. The routing
protocols that exist today handle this imperfectly. CAMF,
for instance, assumes the multicast tree is already built
before it starts working which means it has no real
mechanism to react when conditions shift under heavy
traffic. FB_MR brings fuzzy logic into the picture, which
is a step forward, but it only works with orthogonal
channels and simply ignores partially overlapped ones.
That's a lot of spectral capacity being wasted for no good
reason. What's missing is a protocol that treats
interference as a first-class concern throughout the
routing process, not as an afterthought one that also
learns from experience rather than applying fixed rules to
a changing environment. That's exactly what motivated
this work. By combining reinforcement learning with
fuzzy logic, RLFLBRA aims to make routing decisions
that are simultaneously interference-aware, bandwidth-
conscious, and adaptive without needing centralized
control or global network knowledge.

2. Contributions

Currently, the majority of multicast routing protocols for
MR-MC wireless mesh networks tend to land in one of
two buckets. On one side, you have methods relying on
pre-constructed multicast trees, which usually fail to
adjust when network dynamics change. On the other,
many systems limit channel choices strictly to orthogonal
bands, overlooking the extra spectral space that partially
overlapped channels could support. RLFLBRA aims to
solve this by merging reinforcement learning with a
fuzzy inference system. It weighs interference levels,
available bandwidth, and hop count together to inform
routing choices. Additionally, a path freshness layer
ensures routing tables stay accurate without creating too
much control overhead. When we tested it, RLFLBRA
proved superior to both CAMF and FB_MR. We saw
gains in throughput, packet delivery ratios, and end-to-
end delay, especially as the network density went up.

3. Procedures

The experimental evaluation was performed using
OPNET Modeler 10.5. A wireless mesh network was
deployed within a square area of 1000 x 1000 m2?, and
four network configurations containing 10, 20, 30, and 50
nodes were considered to investigate the impact of
network growth. Each mesh node was configured with

two radio interfaces and was allowed to operate over 11
available channels. The communication range of each
radio was set to 250 m, while the transmission power
remained fixed at 20 dB throughout all experiments. For
every network configuration, simulations were executed
for 600 s. The proposed RLFLBRA routing scheme was
evaluated against CAMF and FB_MR. To ensure a fair
comparison, the same network topology, channel
resources, and traffic parameters were maintained for all
protocols. Consequently, any performance differences
observed in the results can be associated with the routing
strategies rather than variations in the simulation setup.
Performance was assessed using three metrics: average
end-to-end delay, packet delivery ratio, and throughput.
These metrics were collected for each network size and
then analyzed collectively to examine how the routing
protocols responded to increasing network density. Such
an evaluation provides a more comprehensive view of
protocol scalability and operational efficiency than an
assessment based on a single network configuration.

4. Findings

Across all tested network sizes, RLFLBRA outperformed
both CAMF and FB_MR on every measured metric. The
most noticeable difference showed up in end-to-end
delay as the number of nodes increased, CAMF's delay
grew considerably while RLFLBRA kept it relatively
stable, largely because the algorithm avoids unstable
links before they cause packet loss rather than reacting
after the fact. Throughput followed a similar pattern, with
RLFLBRA maintaining higher data delivery rates even
under dense, high-interference conditions. Packet
delivery ratio told the same story more packets reached
their destinations successfully, and the gap widened as
the network got larger. Much of this came down to two
things: the fuzzy inference system's ability to weigh
multiple link quality factors at once, and the
reinforcement learning component's tendency to steer
traffic away from paths that have historically
underperformed. FB_MR's exclusion of partially
overlapped channels turned out to be a consistent
handicap across all scenarios.

5. Conclusion

RLFLBRA demonstrates that combining reinforcement
learning with fuzzy logic is a practical and effective
approach to multicast routing in MR-MC wireless mesh
networks. By evaluating interference, bandwidth, and
hop count together and learning from how those
evaluations play out over time the algorithm consistently
finds better paths than protocols that rely on fixed rules
or ignore partially overlapped channels. The performance
gains are real and repeatable across different network
sizes, becoming more pronounced as density increases.
Beyond the immediate results, this work points toward a
broader design principle: routing protocols for complex
wireless environments probably need to be adaptive by
nature, not just reactive. Static decision-making simply
doesn't hold up when the network itself keeps changing.
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