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With hyper-parameter tuning
during 200 iterations, each for 30
epochs, the highest fitness was
achieved at iteration 124. Using
best hyper-parameters, we again
trained YOLO11m for 200 epochs to
evaluate how model performs
with tuned hyper-parameters.
Comparing originally trained
model YOLO11m and hyper-
parametrized model
YOLO11m_hyperparam, we can
see better performance of hyper-
parametrized model.
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Because of strong relationship between high level of biodiversity and management on semi-natural grasslands (Tälle
et al., 2016), monitoring of management practices is crucial for their conservation, but conventional methods of
grassland monitoring are laborious and time-consuming (Reinermann et al., 2020). Aim of this research is to test and
evaluate deep learning object detection methodology based on YOLO11 model to detect objects in landscape
representing grassland management practices on open data aerial imagery from Slovak Republic. In addition to
training, tuning and validating the model we create a dataset containing objects representing mowing and grazing
that can be further replenished and expanded, and will allow models transferability across different types of
grasslands. 

Aim of this research was to train model YOLO11 for object detection of grassland management practices using open
aerial imagery from Slovak Republic. By constructing a manually labeled dataset, we were able to identify seven distinct
object classes representing grassland management practices. Our results show that with this approach it is possible to
achieve high levels of detection accuracy. The final trained model, YOLO11m_final, exhibited strong performance in
validation. We have achieved satisfactory results for all classes except Sheep class. Model has a hard time detecting
objects in this class which can be affected by the size of objects within this class because of transfer learning weights
from pre-trained model on dataset that has bias for medium and large scale objects (Ocholla et al., 2024). This
detection can further benefit our study on grassland biodiversity and effects of management practices providing
information comparable to field  surveys, providing  supporting  data  to  better  understand  the  relationships  between 
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As input data we used aerial images from third cycle  of orthophotomosaic in
Slovakia from 2023, particularly from western Slovakia with ground sampling
distance of 15 cm. Images were further tiled to resolution of 1280x1280 pixels with 10%
overlap. We selected 464 tiles on which we labeled objects representing
management practices. Subsequently augmentation techniques were applied to
further expand this dataset, and then we split dataset evenly within the classes into
training, test and validation samples in the proportions of 50%, 40% and 10%
respectively. We trained all scaled model variants and compared two different
optimizers to choose the most suitable one for hyper-parameter tuning and further
deployment, pretrained on COCO8-dataset. Hyper-parameter tuning was then used
for find best hyper-parameters to optimize model to achieve higher performance
and accuracy. After this we let model to train one more time with automated
stopping to avoid overfitting. Validation was performed to compare best performed
variant and optimizer, his hyper-parametrized version and model after final training.

According to accuracy metrics,
larger models were more
accurate even though there are
negligible differences between
YOLO11m, YOLO11l and YOLO11x.
There is significant difference
when comparing different
optimizers where SGD is showing
better performance in all
variants. Taking this into
consideration for hyper-
parameter tuning we have
chosen YOLO11m for comparable
accuracy with larger models,
but lower training time.

Final training was performed with best hyper-parameters from tuning with epochs set to 1000
and patience of 30 epochs. The training stopped after 683 epochs and last trained model
YOLO11m_final shows significantly better performance than previously trained models.

Validation results show that model after training have no problem within
differentiating between objects, model slightly struggles with detecting objects in
background, and capturing all ground truth objects, espaccialy in the Sheep class.

In addition, we deteriorated validation images to represent higher ground
sampling distance to see how model performs on images with lower spatial
resolution.

management practices and their outcomes. Furthermore, expanding the geographic scope of the model to include
additional regions where open aerial imagery is available will allow us to assess its generalizability and applicability
beyond Slovakia. Future work will also involve enriching the dataset to improve class-specific performance and
enhance model transferability.


