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Abstract—Automatic pollen detection has recently gained sig-
nificant research attention due to its importance for public health.
Numerous computer vision methods have been proposed for this
task, with the majority relying on two-stage object detection
models applied to optical microscopy images. However, two-
stage approaches generally suffer from higher inference times,
making them less suitable for real-time pollen monitoring tasks.
Moreover, model performance on measurements from outdoor
data samples remains largely unexplored because they introduce
additional challenges, including visually complex backgrounds
and the presence of other non-pollen particles such as dust,
spores, and debris. In this work, we investigate the limits of
the one-stage detection model YOLOv11 on Ambrosia pollen
detection in images of outdoor and laboratory-prepared samples,
acquired with the AeroTape device. We systematically evaluate
training strategies, analyzing the effects of using either laboratory
or outdoor images, their combinations, and also the use of
data augmentation. The results show that incorporating aug-
mented lab-prepared pollen images into training achieves the best
mAP@50-95, highlighting the benefits of controlled laboratory
data and one-stage detectors for improved generalization.

Index Terms—Ambrosia pollen, outdoor image, AeroTape

I. INTRODUCTION

Detection and quantification of pollen have traditionally
relied on the standard volumetric method [1], which requires
manual identification of each grain under a microscope. This
procedure is highly labor-intensive and time-consuming, often
causing delays of at least 36 hours before the data becomes
available. Such latency is particularly problematic for highly
allergenic taxa such as Ambrosia, which is known to trigger
allergic rhinitis and asthma [2]. Ambrosia is typically active
from August to October, with peak concentrations occurring
mid-September. Timely response and appropriate therapy are
therefore crucial for mitigating its health effects. Various
automated approaches have been proposed to overcome these
limitations, relying on optical microscopy, holographic imag-
ing, or electrical signals [1], [3]. Most research primarily
focused on classification tasks, employing both traditional
machine learning algorithms, such as support vector machines
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Figure 1: Images of Ambrosia pollen acquired in lab (left)
and outdoor setting with pollen denoted in red (right)

[4], and deep learning models, including convolutional neural
networks (CNNs) [5]. For detection tasks, two-stage models
such as Faster R-CNN and RetinaNet have been investigated
[4], [S]. Although these methods achieved promising accuracy
(mAP@0.5 > 87%), their relatively long inference times limit
their applicability for real-time monitoring. On the other hand,
one-stage models such as YOLO [6] provide faster inference.
However, to date, only a single study investigated the appli-
cation of YOLOvV7 for pollen detection [4], highlighting the
need for further research.

The development and evaluation of deep learning models
depend heavily on the availability, quantity, and quality of
data. Publicly available pollen datasets are predominantly com-
posed of images acquired from laboratory-prepared samples
collected under controlled conditions [7]-[10]. However, it is
unclear how the performance achieved under these idealized
conditions translates to outdoor settings, where environmental
variability introduces substantial complexity. To address this
gap, a growing trend is emerging toward developing devices
capable of quantifying pollen in outdoor environments [11]-
[13]. In Figure 1, we illustrate the contrast between images
acquired in laboratory and outdoor conditions with the Aero-
Tape device developed by Oberon. In previous work, AeroTape
was used with a CNN-based model to detect and quantify






