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Abstract: The most incredible diversity, abundance, spread, and adaptability in biology are found
in insects. The foundation of insect study and pest management is insect recognition. However,
most of the current insect recognition research depends on a small number of insect taxonomic
experts. We can use computers to differentiate insects accurately instead of professionals because
of the quick advancement of computer technology. The “YOLOv5” model, with five different state
of the art object detection techniques, has been used in this insect recognition and classification
investigation to identify insects with the subtle differences between subcategories. To enhance
the critical information in the feature map and weaken the supporting information, both channel
and spatial attention modules are introduced, improving the network’s capacity for recognition.
The experimental findings show that the F1 score approaches 0.90, and the mAP value reaches
93% through learning on the self-made pest dataset. The F1 score increased by 0.02, and the map
increased by 1% as compared to other YOLOv5 models, demonstrating the success of the upgraded
YOLOv5-based insect detection system.

Keywords: YOLOv5; insect pest; classification; deep learning; object detection

1. Introduction

A zoology subfield called entomology covers insect-related research [1]. We discovered
that a more thorough investigation is required to identify the species level of insects due
to the vast number of harmful insect populations. The aim to stop insects from damaging
people, animals, plants, and farms has led to a surge in entomology research in recent
years [2,3]. Entomology research is crucial because it opens new avenues and benefits for
chemistry, medicine, engineering, and pharmaceuticals inspired by insects and nature [4].
Insects rob and obliterate a third of the world’s harvests, resulting in the loss of numerous
products, and businesses suffer losses. Quick and accurate identification of insects is
essential to avoid financial losses and progress the study of entomology. Scientists are also
inspired by insects while developing robotics, sensors, mechanical structures, aerodynamics,
and intelligent systems [5]. Although an estimated 1.5 million insect species are on the
planet, only about 750 thousand are identified and classified species [6]. However, it is
uncommon for scientists to keep finding and naming new species. Some bug species are
wiped out covertly due to destruction and forest fires [7]. These factors make scholarly
research on insect detection crucial for demonstrating biodiversity. Identifying the order
level an insect belongs to is vital in determining insects [8]. Knowing the order level
is necessary to differentiate the type. Scientific research has led to the identification of
31 insect orders in the natural world [9]. Insect orders dating back to 2002 were discovered.
About 21 factors have to be considered, such as the number of wings, body type, legs,
and head shape [8,10]. Traditional insect testing methods are time-consuming as many
criteria must be met to avoid diagnostic errors. No decision support system was found
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to classify at this level when examining the insect recognition literature at the order level.
It was also pointed out that no thorough deep-learning comparative study identifies and
classifies insects at eye level. Research shows that several classification approaches based
on deep learning, artificial intelligence, or machine learning are required to consistently
and accurately classify and recognize insects.

Several studies on pest taxonomy and identification have recently been published,
but this area of research has yet to be fully explored [10,11]. The most popular technique
for classifying and identifying insect pests in current research is transfer learning using
support vector machines and DL frameworks that have already been trained [12–17].
However, the SVM machine learning technique needs more time to prepare with more
enormous datasets [18]. The constraints in transfer learning that cause the most worry are
overfitting and negative transfer. Ding et al. [19] conducted an experiment to classify moths
in 24 classes of insects from the internet using VGG16 and achieved a classification accuracy
of 89.22%. Shi et al. [20] conducted an experiment to detect and classify stored grain insects
in eight classes of stored grain insects using DenseNet-121 and achieved a classification
and detection accuracy of 88.06%. Mamdouh et al. [21] conducted an experiment to classify
olive fruit flies using MobileNet and achieved a classification accuracy of 96.89%. Even if
we consider any latest research work, researchers are working on only one insect species,
which is harmful to any crop or ecosystem because of a lack of data availability. Our
specific research objective of this study is to generalize insect detection and classification
for real-time insect monitoring devices by:

• developing faster and more accurate YOLO-based detection and a classification model
with an attention mechanism to classify the insect order and bring down the classifica-
tion to the species level using the same model;

• comparing the discovered model’s performance with other state-of-the-art insect
detection techniques.

The rest of the manuscript is organized as follows: Section 2 briefly describes re-
lated works in insect detection and classification. Section 3 provides a description of the
dataset used with YoloV5 and CBAM implementation. Section 4 consists of a discussion of
achieved results. Finally, the manuscript concludes with a conclusion and aims for future
enhancement.

2. Related Work

Pest detection techniques come in three flavors: semi-automated, automatic, and
manual. The flies that emerge from the traps are counted by teams of professional workers
employed in manual pest detection methods. There are manual detection methods that
are labor-intensive, cumbersome, and error-prone. E-traps are used in automatic and
semi-automatic systems [14,22]. A wireless transceiver, controller and camera are included
in the E-Trap [14]. In a semi-automatic detection system, flies are identified and counted by
experts using photographs collected by E-traps and transferred to a server [14,22]. However,
a human expert is still required to operate the semi-automated device. Non-expert users can
use a semi-automated approach that takes pictures of insect wings, thorax, and abdomen
as input to help identify the most likely candidate species for trapped insects [22]. This
is not conceivable in the wild since insects are captured on sticky traps or in attractant-
baited liquids. However, the automatic detecting systems run entirely on their own. The
automated detection systems use pictures, optoacoustic methods, and spectroscopy to find
and count insect pests. When applying picture-based detection methods, deep learning,
machine learning, and image processing are used.

2.1. Opto-Acoustic Techniques

Potamitis et al. [23] developed an optoacoustic spectrum analysis-based method for
identifying olive fruit flies. The optoacoustic spectrum analysis can determine the species
by examining the patterns of the insects’ wingbeats. The authors looked at its temporal
and frequency domains to better understand the recorded signal. The qualities that were
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discovered in the time and frequency parts are given as input into the random forest
classifier. The recall, F1-score, and precision of the random forest classifier were all 0.93.
Optoacoustic detection is ineffective in determining the difference between peaches and figs.
Additionally, sunshine can also affect sensor readings. The trap is also more susceptible to
shocks or other unexpected impacts that could cause false alarms on windy days.

2.2. Image Processing Techniques

Image processing is the foundation of the detection technique [24–26]. Although
image-processing methods are simpler to employ than machine learning or deep learning
algorithms, their performance is lighting-dependent, and they only have a moderate
accuracy (between 70 and 80 percent). An image processing technique was created by
Doitsidis et al. [24] to find olive fruit flies; the algorithm uses auto-brightness adjustment
to remove the impact of varying lighting and weather conditions. The borders are then
made sharper using a coordinate logic filter to emphasize the contrast between the dark
insect and the bright background. The program then uses a noise reduction filter after a
circular Hough transforms to establish the trap’s boundaries and achieve a 75% accuracy.
Tirelli et al. [25] developed a Wireless Sensor Network (WSN) to find pests in greenhouses;
the algorithm used to analyze photographs first takes the effects of variations in lighting
out of the picture before denoising it and then looking for blobs. Insect image processing,
insect segmentation, and sorting were all part of the Sun et al. [26] proposal for “soup”
photographs of insects. The insects appear floating on the liquid surface in images of bug
“soup”. The algorithm was tested with 19 pictures of soup, and it worked well for most of
the pictures. Philimis et al. [27] were able to detect olive fruit flies and medflies in the field
with the help of McPhail traps and WSNs. The creation of WSNs, which are networks of
sensors that gather data, allows for the processing and transmission of that data to humans.
Actuators that respond to certain events may also be present in WSNs.

2.3. Machine Learning Techniques

To classify 14 species of butterflies, Kaya et al. [28] developed a classifier using machine
learning. The authors extracted the properties for texture and color features; the recovered
features were fed into a three-layer neural network as inputs and achieved a classification
accuracy of 92.85%.

2.4. Deep Learning Techniques

Using a multi-class classifier based on deep learning, Zhong et al. [29] categorize and
count six different kinds of flying insects. The detection and coarse counting processes are
built on the YOLO approach [30]; the authors modify the photographs by scaling, flipping,
rotating, translating, changing contrast, and adding noise to expand the dataset size.
Additionally, they used a YOLO network that had already been trained and then modified
the network parameters using the dataset for insect classification. Kalamatianos et al. [31]
used the DIRT dataset; the authors examined various iterations of a deep learning detection
algorithm called Faster Region Convolutional Neural Networks (Faster-RCNN) [31]. Before
classification, convolutional neural networks with region suggestions, or RCNNs, indicate
the regions of objects. Faster-RCNN was successful since it attained an mAP of 91.52%, the
highest average precision for various recall settings. Although the detection accuracy of
grayscale and RGB images is roughly the same, the authors demonstrated that the size of
the image strongly influences detection. Due to the computationally demanding nature of
Faster RCNN, each e-trap sends its periodically collected image to a server for processing,
devising a method for spotting codling moths [32]. Translation, rotation, and reversal all
enhance the visuals. An algorithm for color correction is used to equalize the average
brightness of the red, green, and blue channels during the pre-processing of the images.
The moths in the photos are then found using a sliding window [32]. CNNs are supervised
learning systems that apply filters with predetermined weights on picture pixels utilizing
an extensive deep-learning neural network [19] for detecting 24 different insect species in
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agricultural fields; a trained VGG-19 network is used to extract the necessary characteristics.
Then, the bug’s location is determined via the “Region Proposal Network (RPN) [33]”, and
an mAP of 89.22% was attained.

3. Materials and Methods

The proposed methodology consists of five sequential steps. We collected early-stage
pest pictures for DL model training and evaluation. Next, we preprocessed the entire
dataset by annotating and augmenting it to add more examples to the dataset. Image data
augmentation uses pre-existing photographs that have been considerably edited based on
several parameters to enhance the training data set’s size artificially. Third, we trained
the YOLO object recognition model using the insect dataset. We analyzed the results and
validated the improved model’s detection performance using a shared validation dataset.
Finally, we determined the best model for practical use in field adaptation.

3.1. Dataset Collection

We used a publicly available dataset in our experimental study: Taxonomy Orders Ob-
ject Detection Dataset [34]. The Taxonomy Orders Object Detection Dataset—Insects from
seven distinct orders are represented in the dataset by more than 15,000 photos as shown
in Figure 1, including members of the Coleoptera, Araneae, Hemiptera, Hymenoptera,
Lepidoptera, Odonata, and Diptera families. The photographs were gathered from the iNat-
uralist and BugGuide websites, and they were categorized according to family and order.
The training, testing, and validation portions of the dataset we employed were separated.
For training, 12,299 images were used; 1538 images were used for validation, followed by
1538 for testing. The original dataset’s test and validation folders were combined for the
study and utilized to verify the trained models. The most effective model in terms of mAP
was discovered after training and evaluating many model versions. We used photos with
diverse backgrounds to examine the generalizability of our approach and its potential for
identifying various insect pests.
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Once the practical model in terms of mAP was discovered, the same model was used
to bring down the classification to the species level by manually labeling the images present
in the following classes—Diptera class (Bactrocera dorsalis, house fly, honey bee, mosquito),
Odonata class (Dragon fly), Lepidoptera (butterfly) and Araneae (spider).
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3.2. Data Annotation

The objects detected in each image were marked in a rectangle during annotation.
Many objects can be marked in the image. A text file with the same name as the associated
image contains information about what was identified in each image. Each object in this text
file has its line. Rectangle coordinates are normalized between 0 and 1 to be independent of
image size [30]. YOLO v5 requires annotations in the .txt file, with each line describing the
bounding box of each image. The image text file will not exist if the object is not included.
Each row in the text file includes the following details shown in Equation (1):

(id_class, x_centre, y_centre, width, height) (1)

Images of various sizes can therefore be utilized in the object detection system because
each image will be evaluated in accordance with its size.

3.3. Data Augmentation

There was no need to perform additional operations to increase the dataset samples
because the dataset contained 15,374 photos. More data generally improves the perfor-
mance of DL models [35]. Nevertheless, gathering a lot of data for training is a complex
undertaking. As a result, the need for more data frequently arises during data analysis. In
order to overfit and generalize the DL model, more training data might be created using
available images through flipping, rotation (horizontal and vertical), blur, and saturation.

3.4. YOLOv5

The YOLO algorithms divide the image into N grids [30], with an equal-sized S × S
region in each grid. Each of these N grids is responsible for discovering and locating the
object it contains, as seen in Figure 2.
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Figure 2. Object Detection in YOLO Framework.

Only inputs with the exact resolution as the training image are supported by the YOLO
training model [30]. Further, only one object can be detected at a time, even when each de-
tected grid contains many objects. A single-stage real-time object detection model is called
YOLOv2 or YOLO9000 using Darknet-19 as a foundation with anchor boxes to forecast
bounding boxes, batch normalization, a high-resolution classifier, and other features; it
outperforms YOLOv1 in a number of ways [36]. The YOLOv3 architecture was influenced
by the ResNet and FPN designs [37]. The feature extractor, also known as Darknet-53 with



Agriculture 2023, 13, 741 6 of 16

52 convolutions, analyses the image at various spatial compressions using three prediction
heads similar to FPN and skip connections similar to ResNet. When comparing perfor-
mance, YOLOv4 outperforms EfficientDet by a factor of two [38]. Additionally, the average
precision and frames per second increased by 10% and 12%, respectively, compared to
YOLOv3. YOLOv5 is nearly ninety percent smaller than YOLOv4, requires only 27 MB,
and has accuracy comparable to YOLOv4. This demonstrates YOLOv5’s potent skills [38].

As shown in Figure 3, four components make up the YOLOv5 network structure—backbone,
neck, head (prediction), and input [30,39]. In contrast to YOLOv4, YOLOv5 uses mosaic
data augmentation as its input method for image enhancement. The training procedure
for mosaic data improvement involves randomly cutting four images and creating one
new image. Backbone uses focus structure and CSP structure to combine visual feature
data from various image granularities into a convolutional neural network [39]. A set of
network layers that mix and combine image features are added to the neck as part of the
FPN + PAN (path aggregation network) structure. Finally, these image features are then
sent to the prediction layer [38].
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YOLOv5 contains four models in total [38]. Starting from YOLOv5s (smallest model)
to YOLOv5x (extra largest model). YOLOv5s records 7,027,720 parameters with 272 layers;
it is the family’s smallest model and is best for using the CPU for inference. YOLOv5m
records 20,879,400 parameters in 369 layers. This is a medium size model. It is a good
balance between speed and accuracy, so it may be the best model for training on many
datasets. YOLOv5l records 46,149,064 parameters in 468 layers. The large model of the
YOLOv5 family will work perfectly on the datasets where we need to find small objects.
YOLOv5x, both in terms of size and mAP, it is the largest of the four models. However, it
has 86.7 million parameters and is slower than the other models of YOLOv5.

3.5. Attention Mechanism

The neural network can learn through training which portions in each new image
require attention, forming attentiveness. More researchers have been using deep learning
in recent years, and they have shown that the attention mechanism can enhance the model’s
performance. Jaderberg et al. [40] proposed the spatial transformation network (STN) in
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2015. STN has been added as a learnable module to CNN. The spatial invariance can be
altered and increased by the feature map’s characteristics. The model can still recognize and
identify feature abilities even if the input is altered and somewhat modified. Hou et al. [41]
suggested squeeze-and-excitation networks (SENet) in 2017. It is split into two sections: the
compression section and the excitation section. The purpose of the compression component
is to generally compress the input feature map’s channel direction into one dimension. The
excitation part’s job is to forecast each channel’s importance, apply the right channel from
the preceding feature-map once the importance of various channels has been determined,
and then carry out further operations. Past experience [40–42] has demonstrated that the
attention mechanism can help the network focus more on the key elements, increasing
recognition accuracy and improving the effect. Therefore, it makes sense to incorporate an
attention mechanism into YOLOv5.

An attention mechanism module called CBAM is integrated into YOLOv5’s CONV in
order to give the network its attention mechanism capability. As an illustration, the new
network structure of the CBL module in YOLOv5 is represented in Equation (2).

CBL = CONV + BN + ReLU (2)

As shown in Figure 4, to achieve channel attention and spatial attention, CONV is
combined with the CBL module. The channel attention module and the spatial attention
module take the role of the original CONV [42], enabling the network to reinforce important
information while reducing the interference from irrelevant information [40].
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3.6. Experimental Setup

Each underlying model for insect recognition was trained using 12,299 photos of
7 classes of insects such as Araneae, Coleoptera, Diptera, Hemiptera, Hymenoptera, Lep-
idoptera, and Odonata throughout the training phase. The stack size was set to 4 for
YOLOv5x, 16 for YOLOv5s, YOLOv5m, and YOLOv5l, and images were reduced to
640 × 640 pixels. Initially, the annotations were in PASCAL VOC format in XML files.
It was changed to YOLO format in text files. YOLOv5 was cloned from the GitHub reposi-
tory. The dataset was augmented, and several transforms were performed, such as random
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vertical and horizontal flips, brightness, and sharpness corrections. These data were initially
trained on YOLOv5s, YOLOv5m, YOLOv5l, and YOLOv5x models.

First, the models were trained for ten epochs. However, the output graph of these
ten epochs looked like the model needed to be more balanced. The loss curves gradually
descended, and the precision and recall gradually increased; this showed the opportunity to
increase the epochs from 10 to 20. The output of 20 had better results compared to 10 epochs.
Another experiment of training the model to 25 epochs was performed. However, this
resulted in model overfitting. As a result, a 20-epoch model was finalized.

In the modified YOLOv5x architecture, CBAM layers were introduced in the back-
bone of YoloV5 architecture. For this, the yolov5x.yaml configuration file was modified
by introducing the CBAM layers. Additionally, the CBAM function was added in the
common.py file in the YOLOv5/models directory. The training process is the same as the
regular model, but the configuration file path must be changed in the training argument.
Optimizer was used in SGD by default, but it was tested on Adam. However, it did not
yield good results, and the learning rate used in training was “1 × 10−3”. To fine-tune
and modify the weights, the model runs for 20 epochs. Pytorch was used to construct
each model. The model’s final output included the probability of a specific class as well
as the location bounding box of the target insect pest categories (the prediction box of the
position). The system configuration for the training is shown in Table 1, and each model’s
specific training methods are shown in Table 2. In order to assess the effectiveness of the
underlying models, we employed a validation set of 1537 pictures. We used a total of 1538
unexposed pictures for insect pest detection in order to test the models.

Table 1. Experiment environment.

Configuration Version

CPU v4 CPU
RAM 16 GB
GPU Nvidia Tesla T4

GPU Memory 16 GB
Python Version 3.8.10

Dataset Size 12GB

Table 2. Various versions of YOLOv5 models used in the training.

YOLO Version No. of Layers No. of Parameters Training Time (in h) Inference Time (in s)

Version-5s 272 7,027,720 4 0.15
Version-5m 369 20,879,400 6.5 0.23
Version-5l 468 46,149,064 7.8 0.33
Version-5x 567 83,365,852 8.1 0.59

New Version-5x 641 94,246,049 8.97 0.50

4. Results and Discussions

We used an evaluation metric called intersection over union (IoU) to evaluate the
accuracy of the object detector on a given dataset [43]. This scoring metric is commonly
used in object detection problems.

As seen in Figure 5, intersection over union (IoU) calculates how much two boxes overlap.
In the context of object identification and segmentation, IoU assesses the overlap of ground
truth and prediction regions [43]. To compare the performance of the models, we utilized
mAP@IoU = 0.5 and mAP@IoU = 0.5:0.95, precision, recall, and F1 score. If the IoU is higher
than the specified threshold, it is calculated as TP (true positive). If it is low, it is calculated
as FP (false positive). Using the TP, FP, TN (true negative), FN (false negative) values, we
calculated precision, recall, and mAP using Equations (3)–(6). The threshold value is 0.5
at mAP@IoU:0.5 and has taken ten different values in steps of 0.05 between 0.5 and 0.95
at mAP@IoU:0.5:0.95. The classification results can be divided into four categories—“true
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positive (TP)” indicates that the outcome is the accurate categorization of the insects in the
image, “true negative (TN)” indicates that the insects in the image do not fall into a particular
category, “false positive (FP)” indicates that the outcome is the incorrect identification of
the insects from the particular class as the insect is from the other class, and “false negative
(FN)” indicates that the outcome is the incorrect categorization of the insects belonging to a
particular class is misclassified as not belonging to that particular class.
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Precision =
TP

TP + FP
(3)

Recall =
TP

TP + FN
(4)

mAP =
1
N ∑N

i=1 APi (5)

F1 = 2 × Precision ∗ Recall
Precision + Recall

(6)

As a result of the training, we examined the precision, recall, mAP@IoU:0.5, and
mAP@IoU:0.5:0.95 measures. The models’ training was restarted from scratch, all model
metrics are shown to fluctuate, as shown in Figure 6a–d, notably during the first ten epochs
of training. Increasing the number of epochs will help to lessen these swings. After the
20th epoch, we also noticed the drop in precision and recall values in the YOLOv5s and
YOLOv5m models. This is due to overfitting, causing it to perform poorly on the test data
by a drop in precision and recall values after the 20th epoch. The output of five different
model iterations is shown in Figure 7.

To examine the experimental outcomes of YOLOv5 (s, m, l, x, and modified x), 1538
unseen photos were used as a test set. Table 3 presents the results of the statistical indicators
of the recognition performance of five different YOLO architectures used in the experimen-
tal study. On the same insect dataset, all five models were trained. When comparing the
models, the hyperparameters were held constant. The comparison findings demonstrate
that the performance of YOLOv5s was less accurate than the other models with precision,
recall, a minimum of mAP@0.5, mAP@0.5:0.95, and F1 score.
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Table 3. Performance comparison of all five models used in the experimental study using statistical
indicators.

Model Training Validation Testing

P R F1 mAP P R F1 mAP P R F1 mAP

Version-5s 0.808 0.816 0.811 0.864 0.806 0.821 0.813 0.865 0.812 0.799 0.850 0.851
Version-5m 0.859 0.857 0.857 0.908 0.861 0.857 0.858 0.908 0.836 0.855 0.865 0.889
Version-5l 0.868 0.870 0.869 0.920 0.870 0.869 0.869 0.921 0.865 0.854 0.859 0.908
Version-5x 0.884 0.875 0.880 0.928 0.883 0.876 0.879 0.928 0.882 0.846 0.863 0.912

New Version-5x 0.899 0.857 0.877 0.930 0.898 0.856 0.876 0.930 0.868 0.886 0.878 0.922

Based on the statistical data shown in Table 3, ‘YOLOv5x’ developed under the trained
model provides excellent results in terms of recognition accuracy. This makes it suitable for
real-time pest detection with field adaption.

We randomly picked pictures from the test set to demonstrate our experiments’ out-
comes better. As seen in Figure 7, we discovered that the model could distinguish between
various insect species with multiple backgrounds, plant types, and lighting conditions.
Once the practical model in terms of mAP was discovered, i.e., YoloV5x with CBAM, the
same model was used to bring down the identification to species level, as shown in Figure 8,
by manual labelling the 3000 images present in the following selected insects from various
classes—Diptera class (Bactrocera Dorsalis, house fly, honey bee, mosquito), Odonata class
(dragon fly), Lepidoptera class (butterfly) and Araneae (spider) of the same dataset [34].

The confusion matrix is a method for summarizing a classification algorithm’s per-
formance. The diagonal line shows the significance of the prediction outcomes in the
confusion matrix; the horizontal and vertical lines represent false negatives and false posi-
tives, respectively. Figure 9 illustrates the confusion matrix of five YOLO models used in
the experimental study conducted on seven classes of insects.

The YOLOv5x-based insect detection and classification model is lightweight because
we employed effective methods such as mixed-precision training, gradient accumulation,
and reduced batch sizes to minimize memory usage during training. Remember that some
of these methods can cause a very tiny drop in accuracy [44]. The outcomes of the insect
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recognition paradigm are contrasted with those of other models in Table 4. The developed
model can be employed in insect monitoring devices to maximize its efficacy in a particular
field or location by raising the capture rate of target insect species while reducing the
capture of non-target species. The YOLOv5x-based insect detection system can assist in
decreasing the usage of pesticides and other hazardous insect control techniques [45].

Agriculture 2023, 13, x FOR PEER REVIEW 12 of 17 
 

 

 
Figure 8. Detection results of YOLOv5x on different insect species. 

The confusion matrix is a method for summarizing a classification algorithm’s per-
formance. The diagonal line shows the significance of the prediction outcomes in the con-
fusion matrix; the horizontal and vertical lines represent false negatives and false posi-
tives, respectively. Figure 9 illustrates the confusion matrix of five YOLO models used in 
the experimental study conducted on seven classes of insects. 

  
(a) (b) 

Figure 8. Detection results of YOLOv5x on different insect species.

Agriculture 2023, 13, x FOR PEER REVIEW 12 of 17 
 

 

 
Figure 8. Detection results of YOLOv5x on different insect species. 

The confusion matrix is a method for summarizing a classification algorithm’s per-
formance. The diagonal line shows the significance of the prediction outcomes in the con-
fusion matrix; the horizontal and vertical lines represent false negatives and false posi-
tives, respectively. Figure 9 illustrates the confusion matrix of five YOLO models used in 
the experimental study conducted on seven classes of insects. 

  
(a) (b) 

Figure 9. Cont.



Agriculture 2023, 13, 741 13 of 16Agriculture 2023, 13, x FOR PEER REVIEW 13 of 17 
 

 

  
(c) (d) 

 
(e) 

Figure 9. (a) Confusion matrix (YOLO-v5s), (b) confusion matrix (YOLO-v5m), (c) confusion matrix 
(YOLO-v5l), (d) confusion matrix (YOLO-v5x) and (e) confusion matrix (modified YOLO-v5x). 

  

Figure 9. (a) Confusion matrix (YOLO-v5s), (b) confusion matrix (YOLO-v5m), (c) confusion matrix
(YOLO-v5l), (d) confusion matrix (YOLO-v5x) and (e) confusion matrix (modified YOLO-v5x).



Agriculture 2023, 13, 741 14 of 16

Table 4. Comparative table on various deep learning model used for insect classification and
detection.

Reference Dataset Model No. of Insects in
One Picture Purpose Accuracy

[21] 24 classes of insects from internet VGG19 One Insect Classification 89.22
[44] 8 classes of stored grain insects DenseNet-121 Multiple Insect Classification and Detection 88.06
[46] 5 classes of insects CNN One Insect Classification 90
[47] 5 classes of insects Faster R-CNN One Insect Classification 98.9
[42] DIRT Dataset (Olive fruit fly) MobileNet One Insect Classification 96.89

Proposed Model 7 classes of flying insects YOLOv5 + CBAM Multiple Insect Classification and Detection 93

5. Conclusions

The YOLOv5 single-stage object detection architecture with five variations (s, m, l, x,
and modified-x) was used in this study to create an order and species identification system
that can identify insect pests in image files. We used a Kaggle dataset of pictures captured
in actual outdoor settings. Using an Nvidia Tesla T4 16GB GPU, we trained, validated, and
tested the system on the AWS cloud. Through learning on a self-created pest dataset, the
YOLOv5x and modified YOLOv5x models among all YOLO models produced more accurate
findings; the F1 score is close to 0.90, and the mAP value is 93%. Insect detection systems
based on YOLOv5x and modified YOLOv5x are suitable for field adaption in real-time pest
recognition systems; the F1 score of modified YOLOv5x increased by 0.02 and the mAP by 1%
compared to YOLOv5x. In comparison to other YOLO models, YOLOv5x is a cutting-edge
insect identification model that achieves excellent accuracy and real-time performance in the
field of computational entomology. In the future, it may be thought to combine MobileNet
with YOLOv5x to increase the detection speed significantly. The developed model can be
employed by efficient training on harmful insect data in insect monitoring devices to reduce
the usage of pesticides and other hazardous insect control techniques.
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