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Abstract—This paper addresses data collection in multi-
UAV–aided IoT networks, focusing on minimizing the average
Age of Information (AoI). To overcome the limitations of sep-
arate optimization, we propose a joint framework integrating
compression-aware aggregation, AoI-optimal node scheduling,
and trajectory design. A hybrid genetic algorithm (GA)-ant
colony optimization (ACO) method is developed to simultaneously
optimize cluster head selection and multi-UAV tours. Simulations
demonstrate that the proposed scheme achieves 15 to 25% AoI
reduction compared to state-of-the-art benchmarks, validating its
robustness across varying network scales.

Index Terms—UAV, age of information, genetic algorithm, ant
colony optimization, clustering.

I. INTRODUCTION

Efficient data collection from large-scale IoT networks is
challenging [1]. UAVs provide flexible mobile collection [2],
but direct-visit strategies scale poorly. Cluster-based designs
with compression-aware aggregation improve scalability [3],
[4]. Age of Information (AoI), defined as the time elapsed
since the most recent data update, is key for time-sensitive ap-
plications [5]. Existing schemes do not jointly optimize cluster
head (CH) selection, aggregation, and multi-UAV trajectories.
This paper proposes such a framework using hybrid GA-ACO.

II. SYSTEM MODEL AND PROPOSED HYBRID GA-ACO

We consider N IoT nodes and L UAVs operating at altitude
zuav with speed vuav. Nodes are partitioned into M clusters
with CHs H = {h1, . . . , hM}. Each node generates β bits. The
data rate over distance d is R(d) = W log2(1+P/(WN0d

γ)).
Transmission time from node n to its CH is τtrans(n) =
β/R(dn,m). The aggregated data size at CH hm is Bm =
β(1−(1−α)|Nm|)/α, where α is the compression factor. The
AoI of node n is AoI(n) = maxl Tmission,l − Tgen(n), where
Tmission,l is UAV l’s mission time and Tgen(n) is generation
time. Average AoI is minimized when intra-cluster transmis-
sions are scheduled in nonincreasing order of transmission
time.

The proposed hybrid GA-ACO jointly optimizes CH se-
lection and trajectories. Each GA chromosome represents a
CH set. For each candidate, CHs are assigned to nearest
UAV depots, and ACO constructs tours by solving traveling
salesman problems. Nodes transmit in nonincreasing order of
transmission time, yielding average AoI as fitness. Tournament
selection, crossover, mutation, and elitism evolve the popula-
tion.

Fig. 1: Average AoI vs N (left) and L (right) at vuav = 15
m/s, β = 5 Mbits.

III. NUMERICAL RESULTS

Simulations use 100 to 500 nodes in 1.5 × 1.5 km2, 1 to
5 UAVs at 100 m altitude and 15 m/s speed, 15 clusters, 5
Mbits data, 100 kHz bandwidth, and 0.05 compression. GA
uses population size 20 and 30 generations, while ACO uses 12
ants and 30 iterations. Benchmarks include direct visit, center
hovering, and ACO-based aggregation.

Fig. 1 shows average AoI versus N (left) and L (right).
The proposed scheme significantly reduces AoI by optimiz-
ing CH locations to minimize flight distance. Performance
gain increases with network size, demonstrating scalability.
Increasing UAVs reduces AoI for all schemes, but the proposed
approach consistently outperforms benchmarks.
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