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ABSTRACT

Agriculture is paramount to food industry, with Kiwifruit significantly contributing to New Zealand's
exports. Traditional Kiwifruit harvesting methods predominantly rely on human labour. In this book
chapter, we address the challenges of fruits overlapping and lossing in Kiwifruit detection by proposing a
fruit detection model that integrates an attention mechanism into the YOLOVS framework. This integration
enhances the model in detecting overlapping and small Kiwifruits. Additionally, we replace the YOLOVS
loss function with the Focal-EloU loss function to mitigate the loss value oscillation caused by using low-
quality samples and the incorrect enlargement of edge lengths. Based on the dataset we collected, our
proposed method demonstrates superior detection accuracy, as evidenced by comparative and ablation
experiments, achieving a mAP0.5@IloU up to 0.942. The results validate the effectiveness of our approach
and provide valuable insights for implementing agricultural automation for Kiwifruit producers.
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INTRODUCTION

One of the most recognizable fruits is kiwifruit, which is now known around the world. However, the quick
development has brought forth serious problems, such as a lack of workers that has cost money (Ferguson,
2004). To address these issues, it is essential to improve mechanization and establish an efficient workflow
for activities such as picking, sorting, cleaning, and packaging to enhance efficiency within the current
Kiwifruit industry. Modern artificial intelligence (Al), particularly deep learning, have been suggested as a
means of boosting Kiwifruit yield estimation, improving picking effectiveness, and lowering labour
expenses. The models must be accurate and effective in order to count kiwifruit (Massah et al., 2021).
Traditional detection algorithms extract the physical features of the fruits and take use of image
segmentation algorithms to detect the fruit region (Xiao et al., 2024) (Olaniyi et al., 2017). However, these
algorithms are less reliable, and the elements like illumination and fruit placement have a significant impact
on the outcomes of the detection, making them less useful when deployed in real-world orchard settings
(Xia et al., 2023).

Deep learning (Goodfellow et al., 2017) (Yan, 2021), a subject belonging to machine learning, employs
deep neural networks for modelling and addressing intricate problems. In the field of visual object detection,
deep learning models were designed to identify and locate specific visual objects within a given image or
video. These models were trained by using a dataset of labelled images, where the objects of interest are
marked by using bounding boxes. Once the training process is completed, the model can be applied to new
images or videos for the detection and localization of objects of interest. The deep learning models for
visual object detection include YOLO (Bochkovskiy et al., 2020) (Ge et al., 2021) (Redmon et al., 2016),
R-CNN (Girshick et al., 2014), and DETR (Carion et al., 2020) (Tang & Yan, 2024). These models have
demonstrated marvellous performance in comparison to conventional object detection methods and have
been utilized in a variety of domains including self-driving cars, surveillance systems, industry, and
agriculture (Liu et al., 2022) (Liu et al., 2021) (Novelero & Dela, 2022).



Visual object detection in agriculture is a research topic in computer vision that aims to develop
algorithms for automatic identification and location of objects of interest in images and videos captured in
agricultural environments (Bazame et al., 2021). The use of Convolutional Neural Networks (CNNs) is a
popular approach for visual object detection in agriculture and has been widely employed in a range of
applications such as crop counting, plant disease detection and weed detection due to its effectiveness in
object identification. Besides CNNs, other object detection methods such as YOLO and Faster R-CNN are
also used in the field of agriculture and have proven to be effective in detecting objects from digital images
and videos with high accuracy and fast processing speed (Wang et al., 2021). YOLO, a widely employed
visual object detection algorithm, is well-known for its fast processing speed and high accuracy in detecting
visual objects in images and videos, not just in agriculture but in various fields (Wang et al., 2021).

A proposed algorithm for improving visual object detection in the field of agriculture is the TIA-YOLOVS5
model. In order to create synthetic images, this approach takes use of the method of pixel-level
synthetization data augmentation, which entails adding new pixels into original photos. The TIA-YOLOvVS5
model contains a channel feature fusion with involution (CFFI) technique to successfully merge channel
features with the least amount of information loss, as well as a transformer encoder block in its backbone
to increase its sensitivity to weeds. To enhance the integration of features at various scales in the prediction
head, the adaptive spatial feature fusion (ASFF) technique has also been included. Evaluations utilising a
publicly available sugar beetroot dataset showed that the TIA-YOLOvVS network performed better than the
YOLOVS baseline model, with 90% mAP@0.5 (Wang et al., 2022). The YOLOMuskmelon algorithm is
characterized by its accuracy and speed for fruit detection. The algorithm incorporates different backbone
networks and loss functions, contributing to its high accuracy with an average score of 89.6%, as reported
in (Lawal, 2021). YOLO has also been utilized in various agricultural applications beyond object detection,
including fruit counting (Xia et al., 2023), seedling detection, and plant growth monitoring. YOLO is a
widely used object detection algorithm in the field of agriculture and has demonstrated its effectiveness in
a range of tasks, including fruit ripeness detection (Xiao et al., 2021), fruit freshness grading (Fu et al.,
2022), and UAV detection (Novelero & Dela, 2022), with high accuracy and rapid processing speed (Wang
& Yan, 2021).

Visual object detection in the field of agriculture is an active area of research that has seen significant
progress in recent years. CNNs and other deep learning-based approaches have been found to be highly
effective at identifying objects in images and videos that have been broadly employed in a variety of
applications, including crop counting, plant disease detection, and weed detection. Other object detection
approaches, such as YOLO and Faster R-CNN, have also proven to be effective in detecting objects in
images and videos with high accuracy and fast processing speed, which may be useful in real-world
applications in the field of agriculture. Despite early successes in the field of computer vision, the
advancements in deep learning have enabled the improved performance of the YOLOvS algorithm. The
YOLOVS algorithm can achieve more accurate results in a faster time frame, demonstrating its superiority
over prior models.

In this book chapter, we propose a modified YOLOVS algorithm for Kiwifruit detection that incorporates
Convolutional Block Attention Module (CBAM) and Focal-EloU loss function (Zhang et al., 2022). The
integration of CBAM into YOLOvVS8 enhances the accuracy in detecting small, densely positioned, and
multiple kiwifruits. By integrating CBAM into the backbone of the YOLOv8 network, the model assigns
weights to both channel and spatial features in the feature map, increases its sensitivity to relevant features
and reducing attention to irrelevant features to enhance accuracy. The Focal-EloU loss function provides
adjusted weight to challenging instances of difficult-to-detect objects, focusing on these challenging
instances, thereby to prevent overfitting and improve overall detection performance. Additionally, we
validate the performance improvement of our proposed model through comparative experiments and
ablation experiments.
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Figure 1. YOLOvVS neural network architecture.

The structure of this book chapter is listed as follows: A review of the relevant literature is given in
Section 2, and Section 3 describes the methodology of our suggested approach. In Section 4, the outcomes
of our research are discussed and presented. Section 5 brings the work to a close and outlines our goals for
additional research.

RELATED WORK

YOLOV8 (You Only Look Once) is a state-of-the-art object detection algorithm. The algorithm is an
improvement over the previous version of YOLOv7 and other object detection algorithms (Wang et al.,



2023), which aims to improve the accuracy and processing speed of object detection from digital images
and videos. YOLOVS algorithm is based on a single shot multibox detector (SSD) architecture, which
allows the model to predict bounding boxes and class probabilities for visual objects in an image in a single
forward pass. The algorithm also is use of anchor boxes and a concept of “mosaic data augmentation” to
improve the ability of the model to detect visual objects of different scales. One of the key innovations of
YOLOVS is the use of a “scale-aware training” method, which allows the model to better handle visual
objects having different sizes in an image. This is achieved by training the model on a diverse set of images,
including images with visual objects of different scales by using a “mosaic data augmentation”, which
combines multiple images to form a single training image. In addition, YOLOvS takes use of an efficient
implementation of the architecture which allows it to process images at a higher frame rate and make it
suitable for real-time applications. The YOLOv8 network architecture is shown in Figure 1. This version
of YOLO takes advantage of a more complex network architecture than its predecessors, which allows the
model to detect visual objects with more accuracy and generalization, and more classes. In this book chapter,
YOLOVS is harnessed to detect Kiwifruits in real-time. The scale-aware training method allows the model
to better handle objects of different sizes in an image, the efficient implementation allows it to process
images at a higher frame rate, making it suitable for real-time applications.
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Attention mechanisms have also been widely adopted in the field of computer vision. In this context,
attention mechanisms provide a way for models to selectively focus on certain regions of an image when
making predictions (Vaswani et al., 2017). This is particularly meaningful in cases where the image
contains multiple visual objects or regions of interest that are relevant to the task at hand. Attention
mechanisms in computer vision were implemented in a similar fashion related to NLP (Shan & Yan, 2021).
They are often implemented as a layer within a neural network architecture and take in a set of feature maps
as input.

The attention layer then produces a new set of output feature maps, which are a weighted sum of the
input feature maps. The weights are determined by the similarity between the query and key vectors, with
the most similar pairs receiving the highest weights. This allows the model to selectively focus on the most
relevant regions of the image when making predictions. Attention mechanisms have been shown to improve
the performance of computer vision models on a variety of tasks, such as visual object detection, image
segmentation and image captioning. Additionally, attention mechanisms have been found to be useful for
understanding the decisions made by neural network models, as the attention weights can provide insight
into which regions of the image the model is using to make its predictions (Hu et al., 2018) (Wang et al.,
2020).

A Convolution Block Attention Module (CBAM) is a specific type of attention mechanism that has been
proposed for computer vision tasks (Woo et al., 2018). As shown in Figure 2, CBAM combines both
channel-wise attention and spatial attention mechanisms to selectively focus on important regions of an
image (Zhu et al., 2019). Figure 3 shows that the channel attention mechanism in CBAM is employed to
emphasize on the most important channels in the feature maps. This is accomplished by taking the average
value and the maximum value of each channel and then passing them through a fully connected layer to
produce a weight for each channel. These weights are then harnessed to weight the channels in the feature
maps. As shown in Fig. 4, the spatial attention mechanism in CBAM is employed to emphasize important
regions of the image. This is completed by passing the feature maps through a convolutional layer to
produce a 2D attention map. This attention map is then accommodated to weight the feature maps. By
combining both channel-wise and spatial attention mechanisms, CBAM allows the model to selectively
focus on both the most important channels and regions of the image. This can improve the performance of
the model based on a variety of computer vision tasks, such as visual object detection, semantic
segmentation, and image classification.

The essence of loss functions is to choose an appropriate function to measure the proximity between the
output distribution of the model and the sample label distribution. It can adjust the weight parameters in the
model, guiding the direction of learning in the convolutional neural network model. Therefore, the selection
and design of the loss functions can reflect the characteristics of the current model.

YOLOVS loss function takes use of a multitask loss that was designed to optimize the performance of
the object detection model. YOLOv8 adopts Vari Focal (VFL) loss as the classification loss function,
Dostronition Focal Loss (DFL) and CIOU loss as the regression loss function (Zheng et al., 2020).

Improving the performance of classifiers is a key part of optimizing detectors. Focal loss modifies the
traditional cross-entropy loss to address the class imbalance between positive and negative samples or
between difficult and easy samples. In order to address the inconsistent use of quality estimation and
classification between training and inference, Quality Focal Loss (QFL) further extends Focal Loss with a
joint representation of classification scores and localization quality for classification supervision (Zheng et
al., 2020). As shown in equation (1), where p is the predicted value, [ is the label, and a is the
hyperparameter. VariFocal Loss (VFL) is derived from Focal Loss, but it treats positive and negative
samples asymmetrically (Zhang et al., 2022). By considering positive and negative samples with different
levels of importance, it balances the learning signals from both samples. Therefore, the YOLOv8 model
makes use of VFL as a classification loss function.
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DFL reduces the underlying continuous distribution of box positions to a discretized probability
distribution. It takes account of the ambiguity and uncertainty in the data without introducing any other
prior, which helps to improve the box localization accuracy, especially if the boundaries of GT boxes are
ambiguous. In YOLOv8 model, DFL mainly models the box location as a general distribution, which allows
the network to quickly focus on the distribution of locations that are close to the target location and increase
the probability of detecting the object. The CloU loss function corresponds to three geometric parameters
which are overlapping area, center point distance, and aspect ratio. @ and v refer to the aspect ratio and the
formula is shown in equation (2) and equation (3), where « is a positive trade-off parameter, v measures
the consistency of aspect ratio (Zheng et al., 2020).

In the previously introduced CloU loss function, the penalty term includes the distance and relative
proportion of the bounding boxes (Zheng et al., 2020). Zhang et al. proposed the Focal-EloU loss function
to solve the problem of severe oscillation of loss values caused by low-quality samples (Zhang et al., 2022).
This loss function differs from the CloU loss function in YOLOVS, as the Focal-EloU loss function directly
adopts the side length as a penalty term.

The EloU loss function is an improvement of the CloU loss function, which addresses the issue of the
penalty term becoming ineffective in certain situations where the predicted bounding box width and height
satisfy specific conditions in the CloU loss function. The definition of the EIoU loss function is given by
Equation 4, where c, and cpare defined as the width and height of two rectangular anchor boxes. £y,
Lgis, and Ly, are the IoU loss, distance loss, and aspect ratio loss, respectively (Zheng et al., 2020).

The FocallLl loss is a modified version of the focal loss that addresses the imbalanced problem in
regression problems. In object detection, most of the predicted boxes based on anchor boxes have low
Intersection over Union (IoU) values with the ground truth, leading to high fluctuations in loss values when
training on such low-quality samples. The purpose of FocalL1 is to resolve the imbalance between high-
and low-quality samples. By assigning a smaller gradient to low-quality samples, FocalLL1 loss suppresses
the impact of these samples (Zhang et al., 2022). As shown in Equation 5, FocalL1 loss calculates the
regression loss by summing up the deviations of x, y, w, and h.

The Focal-EloU loss function is a combination of the EloU loss function and the FocalL1 loss function
mentioned above (Zhang et al., 2022). As shown in equation (6), the hyperparameter y is employed to
control the curvature of the curve.
p2(bb%) | p*(wwt) | p(nh)

Lgou = Loy + Lagis + Lasp =1-1IoU+ o2 2 2 (4)
Lrocairr = Zie{x,y,w,h} LFocal(|Bi - Bigt|) (5)
Lrocai-grou = 10UY Loy (6)

METHODOLOGY

To the best of our knowledge, there is currently a lack of publicly available, labelled datasets for training
Kiwifruit detection. In shed light on this, we sourced images and videos of real kiwifruit from the internet
and segmented the videos into individual frames. The resulting dataset consisted of 1,500 images. To
enhance the efficiency of model training, we manually removed images that did not feature kiwifruit and



duplicate images, resulting in a dataset of 1,224 images. We utilized the Roboflow tool to label the dataset,
as well as to auto-orient the images. Additionally, to address the issue of variations in image size, we resized
the original images to 640x640 pixels by using the Roboflow tool.

(a) Original (b) Horizontal (c) vertical

Figure 5. An example of original image and flip augmentation image.

Data augmentation is a crucial method that can significantly improve the performance of deep learning
models. These models are sensitive to the pixel order of the features of the object being detected and may
make incorrect detections if the object is mirrored or flipped in the image. Kiwifruit can appear in various
orientations and scales in an image, making it challenging for the model to accurately detect and count
them. In this book chapter, we apply geometric transformations to the dataset in order to avoid overfitting
and non-convergence. As shown in Figure 5, image enhancement method primarily consists of random
horizontal flipping and random vertical flipping. Random horizontal flipping refers to flipping the image
about its vertical centre line, whereas random vertical flipping refers to flipping the image about its
horizontal centre line. Through this method, the original dataset was augmented to 1,885 images. The
augmented dataset was then divided into training, validation, and test dataset of 1516, 246, and 123 images
respectively.

In this book chapter, we conduct experiments for a Kiwifruit detection task using YOLOvV8, with a dataset
collected and pre-processed manually. Unlike the original YOLOvV8 model, we propose a method that firstly
inserts a CBAM module into the main structure of YOLOvS8 and then replaces the CloU loss function in
YOLOVS8 with the Focal-EloU loss function. The Convolution Block Attention Module assigns weights to
channel and spatial features in the feature map, enables the model to focus on the target object and suppress
attention to non-targets. The CBAM module is split into two parts: The channel attention module and the
spatial attention module. As shown in Figure 6, the CBAM module is inserted to the convolution layer in
the main network and the model inputs a 640x640 size image into the main network and outputs the
prediction results to complete the object detection. The CloU loss function shown in the YOLOvV8 model
is described in detail in the relevant work section, which considers not only the centre distance and
overlapping region of the bounding box but also the aspect ratio of the bounding box. However, the
difference in aspect ratio reflected in the function is not the true difference of the length and width of the
anchor box and its confidence, while hindering the effective optimization of similarity. Additionally, to
address the issue of sharp fluctuations in the loss value caused by low-quality samples, the Focal-EIoU loss
function integrates the EloU loss function and the FocalLL1 loss function. Therefore, in this experiment, the
CloU loss function is replaced by using the better-performing Focal-EloU loss function.
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Figure 6. The position of the CBAM module inserted in the backbone of YOLOVS.

RESULT ANALYSIS

In this book chapter, the experimental environment is shown in Table 1.

Table 1. Training environment parameters
GPU Name PyTorch CUDA
Tesla T4 (15110MiB) Version 1.13 Version 11.6

Precision, recall, and mean average precision (mAP) were employed as assessment measures in this book
chapter to evaluate the efficacy of our proposed kiwifruit detection model. Precision is defined as the ratio
of the actual positive samples to all positive samples in the projected samples, as stated in equation (7).
Recall is defined as the ratio of the actual positive samples to all expected positives in the predicted samples,
as stated in equation (8). Equation (9) demonstrates that mAP is the total of the average precision divided
by all categories. mAP is identical to AP because there is only one type of kiwifruit discussed in this
research project. When the IoU is set to 0.5 and the average mAP when the loU ranges from 0.5 to 0.95
with a step size of 0.05, they are referred to as mAP@0.5 and mAP@0.95, respectively.

TP

Precision = @)
TP+FP
Recall = —= (®)
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Figure 7 depicts the detection capability of our proposed Kiwifruit model, indicating that the model is
much proficient in detecting densely packed, overlapping, and small objects. We conducted comparison
and ablation experiments to validate the superiority of our proposed model. Firstly, we validated the
performance of different YOLO models on the dataset we collected by comparing their results. The
comparison results are shown in Table 2, where the latest proposed YOLOvVS model outperforms other
models under the same experimental conditions. Compared to the widely used YOLOvS5 model and the
previous YOLO v7 model, the accuracy of the v8 model improved by 2.9% and 0.4% respectively, and the
mAP improved by 4.8% and 0.4% respectively when IoU is set to 0.5. This demonstrates that our selected
baseline model has already acquired good performance and provides a foundation for subsequent
improvement.

Furthermore, we validated the impact of two improvements on the model performance through ablation
experiments. As shown in Table 3, we took use of YOLOVS model as the baseline to verify the effectiveness
of the improvements. The results of the experiments indicate that the addition of the CBAM module and
the replacement of the Focal-EloU loss function both have a positive effect on the performance of the model.
Compared to the baseline, the addition of the CBAM module and the replacement of the Focal-EloU loss
function improved the mAP by 1.2% and 1.6% respectively when IoU is set to 0.5. The method of
simultaneously inserting the CBAM module and replacing the Focal-EloU loss function that we proposed
achieved a more significant improvement. Compared to the baseline, the mAP improved by 2.1% when
IoU is set to 0.5 and by 1.9% when IoU is set to 0.95. The results of the comparison experiments and
ablation experiments indicate that the performance of our proposed method has been improved based on
YOLOWS, thus it verifies the validity of the proposed method in this book chapter.



Table 2. Comparison results on our dataset

Method Epoch Size Precision Recall mAP@0.5 | mAP@0.95
YOLOv4 150 640 0.861 0.813 0.854 0.513
YOLOVS 150 640 0.892 0.833 0.873 0.585
YOLOv6 150 640 0.904 0.876 0.906 0.609
YOLOvV7 150 640 0.917 0.897 0.917 0.649
YOLOVS 150 640 0.921 0.905 0.921 0.658

Ours 150 640 0.932 0.909 0.942 0.677

Table 3. Ablation studies on our dataset

CBAM Focal-EloU | Baseline | mAP@0.5 | mAP@0.95
N 0.921 0.658
v \ 0.933 0.661
\ \ 0.937 0.671
v \ \ 0.942 0.677

CONCLUSION

The automation of agriculture based on fruit detection can reduce the dependence on manual labor and
decrease the cost of agricultural production. Efficient and accurate fruit detection algorithms lay the
technical foundation for the popularization of automated harvesting robots. In this book chapter, we propose
a YOLOvS8-based method for detecting Kiwifruit in orchards. We combine the YOLOv8 model with the
CBAM module to increase the model performance based on effective information, enhance the performance
of the current YOLOv8 model. Furthermore, we replace the loss function in YOLOvVS with a more
comprehensive Focal-EloU loss function. We demonstrate through comparative experiments and ablation
experiments that the improved YOLOvVS model is superior in Kiwifruit detection compared to the original
YOLOVS. However, there is still much room for improvement in our work. Our future work includes
reducing the size of the model and increasing the size of the kiwifruit database. Additionally, we will realize
the tracking and counting of kiwifruit in the orchards through multi-object tracking, providing theoretical
and technical support for future practical applications (Mi & Yan, 2024).
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