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ABSTRACT

Rice farming in Nigeria suffers significant losses due to bird damage, necessitating advanced mitigation strategies. This study investigates
the integration of computer vision with unmanned aerial vehicles (UAVs) to provide real-time bird detection and deterrence in rice fields.
Given the varied agricultural conditions in Nigeria—including different farm sizes, vegetation density, and lighting conditions—the
proposed system was designed for adaptability and robustness. Utilizing a dataset of 1,113 bird images captured via UAVs and ground
cameras, a YOLOv8 model was trained with rigorous preprocessing and augmentation techniques. The model achieved a precision of 85%,
recall of 70%, and mAP@50 of 80%, demonstrating strong detection capabilities. However, performance decreased in densely occluded
environments, with mAP@50:95 stabilizing at 39%. Real-time testing confirmed the system's practical applicability and reliability under
diverse environmental conditions. This solution represents a cost-effective, scalable approach to protecting rice fields, offering a significant

leap forward in precision agriculture.
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INTRODUCTION

Rice farming is a vital agricultural activity in Nigeria, and plays a crucial role in ensuring national food security and
strengthening the economy. (Mey & Demont, 2014). Crop losses due to bird infestations pose a major challenge to
farmers in Nigeria, leading to substantial reductions in crop yields and economic returns (Roihan et al., 2020). In rice
fields, birds such as quelea birds, sparrows, and crows are notorious for causing extensive damage by feeding on seeds
and mature grains (Agossou et al., 2022). This issue results in considerable losses for Nigerian farmers who rely
heavily on rice as a staple food and a crucial source of income (Okoli & Ezui, 2012). Traditional methods of bird
control in Nigeria, including scarecrows, netting, and auditory deterrents, often prove to be ineffective or labor-
intensive, providing only temporary relief. The need for a more reliable, efficient, and automated solution to protect

rice fields from bird damage has never been more urgent (Riya et al., 2020).

Recent advancements in technology offer promising solutions to this problem. Computer vision, a branch of artificial
intelligence, allows machines to analyze and interpret visual information in a manner akin to human perception.. When
combined with unmanned aerial vehicles (UAVs), more commonly referred to as drones., computer vision systems
can offer real-time monitoring and intervention capabilities (Coluccia et al., 2021). UAVs equipped with computer
vision systems can patrol fields, detect bird activity, and initiate scaring mechanisms, providing continuous protection

without the necessity for continuous human intervention (Marcon et al., 2021).

This study seeks to overcome these issues by developing and deploying a UAV-based computer vision model tailored
specifically for the Nigerian agricultural landscape. The goal is to create a reliable, efficient, and cost-effective solution
that can significantly reduce bird-related crop damage, thereby enhancing crop yields and supporting the livelihoods

of Nigerian farmers.

To develop and implement an autonomous system using computer vision and UAV technology for real-time detection
and scaring of birds in Nigerian rice fields, to reduce crop damage and increase yields. The following objectives have
been set: 1. To collect and preprocess images of birds in the rice fields. 2. To develop advanced computer vision
algorithms for real-time bird detection in rice fields. 3. To optimize and evaluate the effectiveness of the model in

detecting birds in rice time from rice fields.

Linz et al. (2015) evaluated UAVs equipped with audio and visual deterrents for bird control in agricultural fields,
showing significant reductions in bird activity. Wang and Wong (2018) combined machine learning and UAVs to
protect vineyards from bird flocks, with a ground detection system prompting UAVs to track and deter birds. Their
system was further improved in 2019 by enabling multiple UAVs to collaborate in deterring flocks. Guo et al. (2018)
demonstrated the effectiveness of deep learning for pest detection, highlighting computer vision’s potential for real-
time field monitoring. Qiao et al. (2020) developed a deep learning-based model for bird species identification, further
supporting the applicability of computer vision in agriculture. Z. Wang (2021) created a UAV -based system for bird

detection in vineyards, showing high accuracy and effective deterrence.
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Bhusal et al. (2022) automated a UAV-based bird deterrence system by integrating real-time bird movement detection,
and UAV missions for intercepting and patrolling birds, and tested its efficiency in outdoor experiments. Marcoil et
al. (2021) used a convolutional neural network (CNN) for detecting bird flocks and activating scaring devices only
when needed, offering a solution to traditional deterrent habituation. Schiano et al. (2022) applied a CNN model with
drones to autonomously detect and deter pigeons from rooftops. Bhusal ef al. (2022) also highlighted the effectiveness
of their system in vineyard trials, with successful mission completion rates of 92% for short tasks and 90% for longer
ones. Acharya et al. (2024) introduced an Al framework for identifying BSLs in video footage using deep learning

techniques like Faster RCNN, achieving a detection precision of 0.87 in varied weather conditions.

Despite these advances, gaps remain in adapting these systems to Nigerian rice fields. Key challenges include variable
lighting, diverse bird species, and field conditions that may affect the reliability of existing computer vision models.
Further research is needed to develop systems robust enough to handle the aforementioned unique agricultural
conditions of Nigeria. This study aims to develop an autonomous system using computer vision and UAV technology

for real-time detection and scaring of birds in Nigerian rice fields, to reduce crop damage and increase yields.

MATERIALS AND METHODS

Data Collection

S150 WiFi 4K HD Video Camera Drone was used to provide aerial views of the birds in various activities (feeding,
flying) on the rice farms. Its high-resolution camera was crucial for capturing clear images, even in motion. Infinix
X6528 (HOT401) mobile phone was used for ground-level imaging, focusing on closer shots of birds. In total, 1113
images were captured across different rice farms, to ensure a diverse dataset that includes broad bird activities and

perspectives, among which 543 were selected.

Data Preprocessing

Preprocessing was a critical phase to ensure that the dataset was ready for training the YOLOv8 model. The following
preprocessing techniques were applied:

Images Resizing: All images were resized to 640x640 pixels using the OpenCV library in Python. This consistent
image size reduces computational overhead during model training and ensures uniformity.

Data Augmentation: Various image augmentation techniques were applied to improve model generalization and
simulate real-world variations:

e Horizontal Flipping: To account for symmetry in bird appearances.

e Random Rotations: Within +15 degrees to simulate different orientations of birds.
e Brightness and Contrast Adjustments: To mimic varying lighting conditions.

e Cropping and Scaling: To handle situations with occlusions.

e Gaussian Noise: Added to simulate environmental distortions and camera artifacts. These augmentations

were implemented using the Albumentations library, which is known for its efficiency.
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Data Annotation: The images were annotated manually using Roboflow, a user-friendly tool. Bounding boxes were
drawn around birds, labeling their positions whether they were flying or feeding. The annotations were saved in the
YOLO format, which includes class, bounding box coordinates, and dimensions, all normalized to the image size.
Normalization: The pixel values were scaled to the range [0,1] by normalizing them through division by 255. This
normalization step is important for faster convergence during model training.

Dataset Splitting: The dataset was partitioned into three sets to facilitate effective training, validation, and testing:

e Training (70%): Used for model training.
e  Validation (20%): Used to evaluate model performance during training.
e Testing (10%): Reserved for final evaluation of the trained model.

Care was taken to maintain a balanced distribution of bird species and activities across these subsets.
Image Quality Enhancement: Images with poor quality or artifacts were identified and enhanced using Gaussian
blurring to reduce noise. The resolution of low-quality images was also improved using OpenCV functions to ensure

clarity and adequate quality for feature extraction.

Selection of YOLOvS Model

For this research, We chose YOLOVS for its high efficiency and accuracy in object detection tasks, balancing speed
and accuracy, which makes it suitable for real-time applications (Yao et al., 2024). YOLOvVS also allows custom
training, making it adaptable to our bird detection task on rice farms. We specifically chose the YOLOVSs variant for
its optimal balance between processing efficiency and detection accuracy, ideal for deployment on devices with small

hardware resources.

Environment Setup: Training was conducted using Google Colab, a cloud platform that offers free GPU access. The
environment setup included Google Colab Pro for extended runtime and access to the NVIDIA Tesla T4 GPU for
accelerated training. The implementation was done using Python 3.10, with the Ultralytics library for YOLOvS8 and
PyTorch as the deep learning framework. CUDA was used to enable GPU-based training.

Model Training Process

We used the yolov8n.pt pre-trained model as a starting point for training on our custom bird detection dataset. All
images were resized to 640x640 pixels to standardize input dimensions. The model was trained with a batch size of 8
over a hundred epochs and a predefined learning rate of 0.01. The SGD optimizer and YOLO loss function were used,
and the dataset was divided into 70%, 20%, and 10% for training, testing, and validation, respectively. The model was
set to predict based on an assurance threshold of 0.5 and an IoU threshold of 0.45 for Non-Maximum Suppression
(NMS). The performance of our model was evaluated using metrics like precision, recall, and mAP@50, with pre-

trained weights initialized before custom training.
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Evaluation Metrics

To measure the performance of the training, it is necessary to use an extensive set of evaluation metrics. These metrics
will help in understanding the model's accuracy, precision, recall, and overall effectiveness in various conditions. By
using these evaluation metrics, the performance of the bird detection model can be thoroughly assessed and optimized,
ensuring it meets the project’s requirements for accuracy, efficiency, and robustness in real-world applications. The

Key Evaluation Metrics to be used are:

Accuracy: Accuracy is the ratio of correctly predicted instances (both true positives and true negatives) to the total

instances.

TP+TN

Accuracy = —————
TP+TN+FP+FN

(1)

Precision: The ratio of true positive detections to the total number of positive detections (true positives and false

positives).
TP
TP+FP

Precision = 2)
Recall (Sensitivity): The ratio of true positive detections to the total number of actual positives (true positives and

false negatives).
TP

Recall = 3)
TP+FN
F1-Score Is The harmonic mean of precision and recall, providing a balance between the two.
F1 Score = Prec'is.ion*Recall (4)
Precision+Recall

Mean average Precision(mAP): measures the precision and recall performance of a model across multiple queries or

classes.
1y 5)
AP = =% AP,
IT) ¢ n 4 :

Where n is the number of classes and AP is the average precision of the classes.

RESULT AND DISCUSSION

We analyze the outcomes obtained both during and after the training of the model. This includes an evaluation of key
performance metrics such as accuracy, precision, recall, F1-score, and loss trends. Visualizations, such as confusion
matrices, precision-recall curves, and training-validation loss plots, are provided to illustrate the model's behavior and
performance. Additionally, we performed real-time inference to validate the model's practical applicability and
robustness in real-world scenarios. The results from these experiments are discussed in detail, highlighting the model's

strengths, any observed limitations, and areas for potential improvement.
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Training Losses
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Figure 1: Training Losses

The above graph visualizes the training losses for the real-time bird detection model over 100 epochs, showing the
following: Box Loss (Blue), Indicates inaccuracies in estimating the bounding boxes of identified objects. Class Loss
(Orange), Evaluates the misclassification rate of detected objects into their appropriate categories. DFL Loss (Green):
Refers to the distribution focal loss, which helps improve localization by adjusting the precision of bounding box
predictions. All three losses decrease steadily, showing that the model is learning effectively. The losses plateau
towards the later epochs, suggesting convergence and diminishing returns on further training.

Validation Losses
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Figure 2: Validation Losses
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The above graph illustrates the validation losses for the bird detection model over 100 epochs, including Validation
Box Loss (Blue): This represents errors in predicting bounding boxes for validation data. Fluctuates slightly but
remains steady after initial epochs, suggesting stability in localization predictions. Validation Class Loss (Orange),
Indicates errors in classification for validation data. Validation DFL Loss (Green): Refers to the distribution focal loss
during validation, helping improve the precision of bounding boxes. Validation losses exceed training losses, which
is expected since the model is tested on previously unseen data. Stabilization in later epochs suggests the model is not

overfitting. Minor fluctuations in validation losses indicate noise or challenging samples in the validation set.

Performance Metrics
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Figure 3: Performance Metrics Graph

The graph shows the bird detection model's performance over 100 epochs. Precision steadily improves, stabilizing at
0.85, indicating strong accuracy in positive detections. Recall increases initially but stabilizes at 0.7, suggesting the
model misses some true positives. mAP@50 stabilizes at 0.8, demonstrating good performance in simpler detection
scenarios. However, mAP@50:95 stabilizes at a lower value of 0.39, reflecting challenges in accurate localization for
more complex cases. The model demonstrates strong precision and excels in simpler detection, but struggles with

recall and localization in difficult scenarios, showing stable performance throughout training.
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Figure 4: Learning Rate Per Group

The graph depicts the learning rate schedule during training, with a sharp initial rise that peaks around epoch 5. This
initial warm-up phase allows the model to adapt efficiently to the data and prevents destabilizing large parameter
updates. After reaching its peak, the learning rate gradually declines linearly over the remaining epochs, ensuring a
smooth convergence towards optimal parameters and avoiding overshooting. The schedule is consistent across three
parameter groups (Learning Rate Group 0, Group 1, and Group 2), indicating uniform treatment of different
parameter sets. Overall, the learning rate schedule effectively balances rapid initial learning with stable
convergence, facilitating efficient training.

Confusion Matrix
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Figure 5: confusion Matrix
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This confusion matrix provides an overview of the model's classification performance across two categories. The
model accurately identified 35 instances of Class 1 and 50 instances of Class 0. However, 10 instances of Class 0 were
misclassified as Class 1, while 5 instances of Class 1 were incorrectly labeled as Class 0. The model exhibits high
recall for Class 1, indicating its effectiveness in identifying most instances of this category. However, the relatively
lower precision suggests some misclassification of Class 0 as Class 1. Based on the confusion matrix, the model

achieved an accuracy of 85%, a precision of 77%, a recall of 87%, and an F1-score of 82%.

Precision-Recall Curve
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Figure 6: Precision-recall Curve

This precision-recall curve illustrates the balance between precision and recall across different classification
thresholds. On the left side of the curve, where recall is low, precision remains high, indicating strong confidence in
the model’s predictions. Conversely, on the right side, as recall increases, precision declines, suggesting a trade-off
between capturing more positive instances and maintaining prediction accuracy. This indicates the model captures
most of the positive cases. The curve's shape demonstrates how well the model maintains precision as recall increases.

A more balanced precision-recall trade-off is typically preferred, depending on the use case.

Real-time inference

The model was exported to ONNX format and deployed on the microprocessor. We used a Raspberry Pi 4 Model B,
selected for its balance of processing power and energy efficiency. The board was configured with a Raspberry Pi
Camera Module v2 to capture video frames for inference. We tested the model on completely unseen images and real-
time videos. We simulated different real-world scenarios, including variations in lighting and rotated bird views.

Below is a description of some of the results we found:
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Figure 7: Test Imagel

The above image shows a bird correctly detected with a bounding box and a confidence score of 91%. The detection
is accurate, with the bounding box closely aligned to the bird’s position. A confidence score of 91% signifies the
model's high certainty in its prediction, demonstrating effective feature learning. This high-confidence detection

suggests the robust performance of the model under normal lighting and simple backgrounds.
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Figure 8: Test Image2

For the above image, the model successfully identifies both birds with high confidence (0.90), which indicates robust
performance in this scenario. The background is cluttered with vegetation, making it harder to distinguish objects.
Despite this, the model demonstrates effective generalization and avoids false positives. High confidence scores
indicate the model's reliability in identifying small birds in challenging environments. The absence of overlapping or

redundant boxes ensures precise detection.
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Figure 9: Test Image3

The image depicts a dense flock of birds flying over a field, with bounding boxes and confidence scores showing
detected birds. The model successfully identifies many birds, with confidence scores ranging from 0.53 to 0.86.
However, some birds are not detected due to occlusion or blending with the background. Lower confidence scores
(e.g., 0.53 and 0.58) are observed in areas with partial visibility or when birds are smaller and farther away. Despite
the crowd density, the model performs well in detecting birds in moderately clear areas. Overall, the bird detection
model demonstrates strong performance in identifying birds under optimal conditions but faces challenges in highly
crowded, occluded, or small-object-intensive scenarios. The model’s performance indicates robustness in clear

conditions but highlights areas for improvement in handling complex scenes with overlapping birds.

CONCLUSION

This study presents a pioneering approach to mitigating bird-related crop losses in Nigerian rice farming by integrating
UAVs with advanced computer vision models. The YOLOv8-based system achieved reliable detection and deterrence
capabilities, addressing critical agricultural challenges. Although the model performs well under standard conditions,
its effectiveness declines in densely populated and occluded environments, indicating areas for improvement. Future
research should prioritize refining detection algorithms and integrating collaborative UAV systems to address complex
scenarios. This study highlights the significant impact of Al-powered agricultural solutions in enhancing food security

and fostering economic stability.
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