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Abstract :

In this paper, a rapid intelligent routing method for heterogeneous drones in irregular paths is presented. This method,
utilizing an advanced adaptive algorithm, enables drones to intelligently determine their path in uneven environments
and execute various missions. By adapting clustering to environmental features, drones can respond accurately and
swiftly to environmental changes, benefiting from optimal routing to achieve their mission objectives. Simulation
results indicate that using this routing method enhances the performance and efficiency of drones in urban missions
and, more importantly, reduces the execution time of routing compared to other common methods, effectively
completing tasks with high accuracy in the shortest possible time. This paper aims to provide a significant advancement
in drone routing in irregular environments such as urban areas, with wide-ranging applications in security, surveillance,
and communications.
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1. Motivation of the work

The rapid proliferation of urban drone applications—
including surveillance, emergency response, and delivery
services—has created an urgent need for routing
strategies that are not only accurate but also extremely
fast. Heterogeneous drone fleets operating in irregular,
non-uniform environments face dynamic obstacles,
variable traffic patterns, and stringent physical
constraints such as limited battery life, speed, and
payload capacity. Traditional routing algorithms, while
reliable in static or ideal settings, often suffer from high
computational complexity and prolonged execution
times, making them unsuitable for real-time urban
missions.

A detailed review of existing methods, including
STCA_NA, STCA_NA_GA, PSO, and ACO, reveals that
their execution time grows significantly as the number of
network nodes increases, directly compromising mission
responsiveness. This observation motivated the present
research: to design a routing method that drastically
reduces execution time while maintaining high accuracy
and adaptability. The advanced adaptive algorithm
proposed here is specifically chosen because it leverages
adaptive clustering based on environmental features,
enabling drones to make local, low-complexity decisions
rather than relying on expensive global re-optimization.
As shown in the simulation results, this model achieves
an execution time of only 85ms for 200 nodes,
substantially outperforming existing algorithms. The
main impact of this research is therefore enabling
real-time, energy-efficient, and scalable drone routing in
complex urban landscapes, with direct benefits for
security, surveillance, and communication missions.

2. Contributions

This work introduces four principal contributions to the
field of heterogeneous drone routing in irregular urban
environments.

First, a novel advanced adaptive clustering algorithm is
proposed that fundamentally reduces routing execution
time. Unlike existing methods such as STCA_NA,
STCA_NA_GA, PSO, and ACO, which suffer from
rapidly increasing computational loads as network nodes
grow, the proposed algorithm maintains near-linear
complexity. Simulation results demonstrate that at 200
nodes, the proposed method achieves only 85ms
execution time, compared to 280ms (STCA NA),
180 ms (STCA NA_GA), 480 ms (PSO), and 310 ms
(ACO). This represents a minimum 53% improvement
over the next best algorithm.

Second, the algorithm incorporates dynamic cluster
redistribution based on a minimum sample threshold
(minSamples = 5) and convergence criterion (epsilon =
0.001), ensuring robust performance even when
environmental conditions change unexpectedly.

Third, the method integrates real physical constraints of
heterogeneous drones—including weight, range, mission
time window, sensors, and dynamic motion limits as

specified in Table 1—directly into the clustering and
routing process, bridging the gap between theoretical
optimization and practical deployability.

Fourth, by enabling local, adaptive decision-making
with low computational overhead, the proposed approach
is inherently suitable for real-time onboard
implementation on resource-constrained drone hardware,
a critical requirement often overlooked in prior research.
These contributions collectively establish a scalable, fast,
and physically aware routing framework for urban drone
operations.

3. Procedures

This study involves computational simulation procedures
to evaluate the performance of the proposed advanced
adaptive routing algorithm for heterogeneous drones in
irregular urban environments. No human or animal
subjects were involved; instead, the "subjects" are ten
heterogeneous drones (N = 10) with distinct physical
specifications as defined in Table 1. These drones include
quadcopter, hexacopter, tricopter, and octocopter types,
each characterized by weight (1.2-4.0kg), range (5—
15 km), mission time window (25—50 minutes), onboard
sensors (HD camera, thermal camera, LIDAR), and
dynamic speed limits (30-45 km/h).

The experiment required each drone to perform routing
tasks under irregular, non-uniform urban environmental
conditions. An urban environment matrix was first
constructed in MATLAB (Figure 2), incorporating city
structure, obstacle positions, traffic points, and possible
routes. The advanced adaptive clustering algorithm was
then applied to partition drones into clusters (Y = 5
clusters) based on four-dimensional feature similarity
using Euclidean distance (Equation 1). Cluster centers
were iteratively updated, and convergence was checked
against epsilon = 0.001 with a maximum of 100
iterations. A redistribution mechanism (minSamples = 5)
ensured that no cluster fell below the minimum sample
size.

The primary measurement was execution time
(milliseconds) for routing as a function of network node
count (from 10 to 200 nodes). This was compared across
five algorithms: the proposed method, STCA NA,
STCA NA_GA, PSO, and ACO. All simulations were
conducted in the MATLAB environment under identical
conditions to ensure fair comparison.

4. Findings

The simulation results reveal four major findings that
demonstrate the superiority of the proposed advanced
adaptive routing algorithm for heterogeneous drones in
irregular urban environments.

First, the proposed algorithm significantly reduces
routing execution time compared to all reference
methods. At 200 network nodes, execution times were:
proposed method = 85ms, STCA NA = 280ms,
STCA_NA GA = 180 ms, PSO = 480 ms, and ACO =
310 ms. This represents a 53% improvement over the
next best algorithm (STCA_NA_GA) and an 82%
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improvement over the worst performer (PSO). Even at 10
nodes, the proposed method achieved 5 ms compared to
15ms (STCA NA), 10ms (STCA NA GA), 25ms
(PSO), and 12 ms (ACO).

Second, the proposed algorithm exhibits superior
scalability. As node count increases from 10 to 200,
execution time increases only gradually (from 5 to
85 ms), whereas PSO jumps from 25 to 480 ms and
STCA NA from 15 to 280ms. This near-linear
complexity makes the proposed method highly suitable
for large-scale urban deployments.

Third, the adaptive clustering mechanism with dynamic
redistribution (minSamples = 5) successfully maintains
stable cluster formation even under varying
environmental conditions, as visualized in Figures 3
and4. The four-dimensional clustering incorporating
drone physical constraints (Table 1) ensures that
generated paths are not only computationally efficient but
also physically feasible.

Fourth, the low computational overhead supports
real-time onboard implementation on
resource-constrained drone hardware, a critical advantage
for practical urban missions requiring split-second
decision-making.

These findings are highly significant: they enable faster,
scalable, and physically aware drone routing, directly
enhancing operational efficiency in security, surveillance,
and communication missions.

5. Conclusion

The major outcome of this study is the successful
development and validation of an advanced adaptive
routing algorithm that substantially reduces execution
time for heterogeneous drone routing in irregular urban
environments. The proposed method, leveraging adaptive
clustering based on environmental features, achieved
execution times of only 5ms at 10 nodes and 85 ms at
200 nodes, outperforming STCA NA (280 ms),
STCA NA_GA (180ms), PSO (480 ms), and ACO
(310 ms) at the largest network size, representing a
minimum 53% improvement over the next best
algorithm.

Beyond raw speed, the algorithm demonstrated excellent
scalability, maintaining near-linear complexity as node
count increased twentyfold. By incorporating real
physical constraints of heterogeneous drones—weight,
range, mission time windows, sensors, and speed limits
as specified in Table 1—the method ensures that
generated paths are not only computationally efficient but
also practically deployable. The dynamic cluster
redistribution mechanism (minSamples = 5) and
convergence criterion (epsilon = 0.001) provide
robustness against unexpected environmental changes.
This outcome is significant because it enables real-time,
onboard routing for resource-constrained drones in
time-sensitive urban missions. The proposed framework
directly supports applications in security surveillance,
emergency response, and delivery services, offering a

scalable and  physically aware
next-generation drone operations.
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