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How the Dataset can be Reused

With an emphasis on multi-cell data collection, heteroge-

neous BS traffic, and autonomous association control, the

AADM dataset offers a unique platform for investigating

how UAV behavior is affected when communication and

mobility decisions are tightly interconnected. This dataset

can be reused for localization, air-to-ground (A2G) channel

propagation modeling, and data-driven RW applications, as

discussed in [5]. Additionally, the dataset can be further

reused for the following purposes.

Multi-Cell Scheduling and Association Policies

In the AADM challenge, each experiment is evaluated in

terms of three distinct BS configurations with different

data volumes. This provides insights into how UAVs make

dynamic scheduling and association decisions. Furthermore,

this allows researchers the opportunity to explore new strate-

gies for balancing link quality, distance, and remaining data

volume to optimize total throughput and minimize flight

time under RW dynamic logs. The dataset has been used

for autonomous UAV trajectory design and evaluation for

data muling [6] [7] [3].

Mission Planning Under Energy and Time Constraints

As in the challenge, each AADM flight lasts approximately

500 seconds and captures detailed UAV motion logs, al-

lowing for studying energy-efficient trajectory planning and

time-constrained mission scheduling. Even without direct

data on battery usage, researchers can explore the energy

consumption from speed, acceleration, and hovering periods

to investigate trade-offs between travel distance and data

collection. This is important for studying how UAVs can

optimize their performance in large-scale and time-sensitive

data-mule missions.

UAV Localization and Sensor Fusion-Based Tracking

The inclusion of ground-truth UAV position data, position

estimates from the Keysight RFS, radar tracking from the

Fortem R20 unit, and LoRa gateway reception measurements

enables a variety of localization and tracking studies, includ-

ing ISAC-based schemes [8]. Researchers can benchmark

RF-based localization algorithms, evaluate tracking filters,

and explore sensor fusion approaches that combine RFS,

radar, and LoRa modalities. The dataset further supports

analyses of bias and error characterization and the validation

of theoretical bounds on localization under realistic flight

geometries and channel dynamics, building on our previous

work [9].

Fairness and Quality-of-Service Across Base Stations

Due to the heterogeneous BS traffic with the UAVs, the

dataset allows the analysis of fairness and service distri-

bution. For example, a BS might always get neglected

throughout the mission. This dataset can help explore the

design of resource allocation policies similar to distributed

edge computing or IoT networks.

Scalability and Multi-Agent Scenarios

It can be used to explore the scalability of data-mule oper-

ations in next-generation aerial networks. Researchers can

simulate scenarios with multiple UAVs collecting data in

parallel under different BS data-demand configurations and

validate their results with the DT and RW testbed data logs.

COLLECTION METHODS AND DESIGN

The data for the AERPAW 2nd AADM Challenge was

collected using AERPAW’s hybrid experimentation platform,

which supports both a DT and a fully programmable outdoor

testbed at the Lake Wheeler Field Labs. Fig. 1 presents the

overall system architecture used in both environments, where

a UAV-mounted portable node collects the data across four

fixed BSs (BS1–BS4). The physical UAV was equipped with

an Intel NUC-10 computer (i7-10710U, 64 GB RAM), an

onboard real-time kinematic (RTK)-enabled global naviga-

tion satellite system (GNSS) receiver, and a USRP B205

software-defined radio with a 3.4 GHz antenna for probe

transmission and data-rate estimation. Each BS node was

also equipped with a USRP B210 for channel sounding and

executed identical receiver software. All radios were config-

ured to operate at a 3.4 GHz center frequency with SNR

updates generated each second. These hardware components

provided synchronized measurements of UAV position, ori-

entation, link quality, and the derived data-rate estimates

used to compute the total amount of downloaded data. The

software stack was executed in the DT, where the UAV was

replaced by a software-in-the-loop (SITL) emulator and the

wireless channel was modeled with a line-of-sight (LOS)

plus ground-reflection propagation model, without fading

or hardware imperfections. Both environments use identical

message formats, experiment containers, and mission rules

to ensure comparability.

The challenge provided a template for fixed and

autonomous trajectory guidance. Depending on the

experimenter-designed algorithm, during each flight, the

UAV autonomously took off, ascended to 25 m, and

received the mission-specific data volumes D1, D2, D3,

and D4 from the controller. After that, data collection

was conducted through a coordinated exchange between

the UAV and the BS controller. The UAV’s GNU radio

transmitter [1] periodically emitted probe signals and the

four BSs’ receivers detected that probe signal and estimated

individual SNR. When the UAV sent a request for link

quality measurements, the controller would send the SNR

value for each BS. Based on the data volume at each BS

and the link quality, the UAV then starts downloading

the data under the coordination of the controller. The

experimenter set up their algorithm, by which the UAV

could select a BS to download data in the next time interval.

While the controller accumulated these data-rate estimates
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