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Abstract

Round cotton modules covered with engineered plastic film are increasingly popular because they largely automate
the cotton harvest. Cover damage may occur during handling of the round cotton modules, resulting in plastic
contamination in the processed cotton fiber. Plastic contamination costs millions of dollars every year to the US cotton
industry. To uphold its reputation for providing some of the cleanest cotton to the international market, the US cotton
industry is prioritizing the removal of plastic contamination from cotton. To produce contamination-free fiber, it is
important to determine detailed information about plastic cover damage of cotton modules. Farmers and ginners need
to identify damaged covers to be able to repair or handle carefully; consequently, an automatic cover damage
identification system would be useful. Therefore, the objective of this research was to use different convolutional
neural network (CNN) models to classify the cotton modules with damaged covers during the handling process and
identify the best-performing one. A single-board computer-based system was developed and installed on a loader to
collect images of the cotton modules during the handling process. This system collected images of the cotton modules
from different directions during the handling process and stored them with a unique RFID number. The YOLOvVS
CNN model was most accurate in detecting cover damage, with training, validation, and testing accuracy of 75.6%,
65.9%, and 78%, respectively. This model was able to provide information about the status of each module from the
images collected by the system with 73% accuracy. The model developed in this study might be a useful tool to reduce
plastic contamination in processed cotton.

Introduction

Round cotton modules covered with engineered plastic are formed with a similar mechanism to a round hay baler.
These modules were first produced using a John Deere 7760 self-propelled cotton picker, released in 2008 to the
farmers (Van Der Sluijs et al., 2015). The modules are ejected from the picker after applying plastic wrap with RFID
tags, where the information of that particular module is stored with the tag number. This technology largely automates
the cotton harvesting process by eliminating extra labor, and the plastic cover protects the seed cotton and provides
compressive force to maintain the module density. These features have led to the growers' rapid uptake of this
technology. With the increasing use of this technology, plastic contamination is also increasing. Over 84% of
extraneous matter calls for plastic contamination in the 2019 ginning season were associated with round module covers
(Wanjura et al., 2020). Most likely, the damaged plastic covers are responsible for much of this contamination. Plastic
contamination in processed cotton became a concern to the US cotton industry because it accounts for an estimated
annual discount of more than $750 million (Pelletier et al., 2020a) due to a diminished reputation of US cotton in the
international market.

The ginning industries have already adopted computer vision techniques with low-cost color cameras to detect the
plastic contaminations in the ginned fiber, where traditional machine learning methods (i.e., SVM, KNN) were used.
While the system generally worked well, certain colors of plastics are challenging to identify from a cotton
background. To improve the accuracy of this system, Pelletier et al. (2020b) developed a dataset could be used to
improve the existing system by utilizing the advantages of convolutional neural networks (CNNs). Pelletier et al.
(2020a) also developed a plastic contamination inspection system where low-cost IP cameras were used to inform the
gin personnel about the plastic contamination status of the specific module feeder. If modules with damaged covers
can be identified before entering the module feeder and handled more carefully, then there will likely be less plastic
that has to be detected for removal by the plastic inspection system, thus reducing contamination (Igbal et al., 2021).
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To detect the cover damage status of modules during the handling process, a monitoring system is needed for handling
equipment. After harvest, modules are staged in the field and often loaded on a trailer. The modules are unloaded from
the trailer and again staged in the gin yard. Finally, a gin yard truck moves them to the module feeder for ginning.
Alternatively, a module truck may be used to transport modules from the staging location in the field to the gin yard.
Although a tractor with a 3-point hitch attachment is sometimes used for staging and loading in the field, loaders and
module trucks are typically used in these operations. An effective monitoring system for loaders and module trucks
would allow automated detection of cover damage before it reaches the module feeder.

For monitoring system development, cameras have become a popular option in various applications in agriculture
because of their low cost, reliability, and measurement speed (Pelletier et al., 2020; Condotta et al., 2020). Using a set
of cameras to monitor the module during the handling process would be effective and economical. Developing models
using neural networks creates new possibilities in agriculture for data-intensive research and precision analysis.
Identifying diseases, fertilizer requirements, and fruit for harvesting has been done using machine vision and
Convolutional Neural Networks (CNN’s) (Agarwal et al., 2020, Indira et al., 2021). This technology should also be
able to detect plastic wrap damage on round cotton modules from the captured images during the handling process.
The combination of RFID and machine vision technology might be an effective solution for plastic cover damage
detection of the individual modules during the handling process. Over the last decades, RFID has become one of the
most promising technological innovations in manufacturing and industry (Urso et al., 2020). This technology also
provides significant advantages in smart agriculture by reducing the possibility of human error in data storage with
comparatively low cost and labor (Ruiz-Garcia and Lunadei, 2011).

Therefore the goal of this research was to develop a system to automatically identify the cover damage of the round
cotton modules. The specific objectives were:

o Improve the module image collection system (Wang et al., 2022) attachable to a loader or module truck

o Compare damage identification accuracy of different CNN models to select the best performing one

Materials and Methods

Image Collection System Development

To achieve the first objective, a portable system was developed using three basic units, which were the upgraded
central processing unit (CPU) (Raspberry Pi 4B, Raspberry Pi Ltd., Cambridge, UK), RFID reader (ThingMagic
Micro-LTE, Jadak Technologies Inc., NY, USA), and a set of better USB cameras (UC50MPD, Spinel USA LLC,
CA, USA) with 120 DB wide dynamic range (Figure 1a). The cameras and RFID reader were connected with the CPU
through serial communication, and images from the cameras were stored in the memory of the CPU. To ensure the
power supply and serial communication of the cameras, a USB extender (Shenzhen Sgeyr Electronics CO., Ltd.,
Guangdong, China) was used which was able to transfer the images to the CPU with high speed through a Cat6 cable.

The RFID reader and the cameras were connected to the CPU using the USB serial port. The electronic components
were mounted in a metal enclosure. A display was attached to the enclosure, used to indicate system status and provide
commands to the system. A Python program was created to regulate the cameras and RFID module during the
operation. The cameras turn on and take pictures if the RFID module finds at least one RFID tag. If there is no RFID
tag present, the cameras remain off. The system turns on automatically and starts collecting data with the engine key
switch of the loader or the truck and saves them with the unique RFID of the round module. The whole system was
powered using the batteries of the loader or truck.

Two separate systems were attached to a loader and a module truck at a commercial gin. A Caterpiller 930M loader
with a spear-type holder for the round cotton modules was equipped with the system (Figure 1b). Two cameras were
placed on the left and right sides, and one camera was attached under the chassis of the loader to capture the images
of the modules from three different angles. Two RFID antennas were also attached in the left and right mast of the
loader. The masts were built using square steel tubing and bolted to the loader. A Kenworth T480 yard truck was also
equipped with the system (Figure 1c). Here two cameras were attached in the top, and two cameras were attached in
the bottom of the truck to capture the images of the module from four different angles. The RFID antennas were placed
near the top cameras to identify the RFID tags of the module accurately. Using these systems, images of the round
cotton modules were collected from the cotton gin in the 2021 ginning season.
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Figure 1. Components used in the development of the image collection (a) and system attached to a Caterpillar
930M loader (b) and a Kenworth T480 yard truck (c).

Automatic Cover Damage Detection

Three different CNN models were trained to automatically detect wrap damage in collected images of modules, and
their detection accuracy performance was compared. AlexNet was used in this study because it already proved an
excellent performance (over 90% detection accuracy) in different aspects of agriculture (i.e., weed detection (Beeharry
and Bassoo, 2020), pesticide residue detection in fruits (Jiang et al., 2019), disease detection in a plant leaf (Arya and
Singh, 2019)). This model contained three CNN blocks with two convolutional layers, a max-pooling layer, and two
dense layers (Figure 2a). A rectified linear unit (ReLU) activation function was used in the first dense layer, and a
sigmoid activation function was used in the final dense layer for a binary output (damaged or undamaged). After the
first dense layer, 50% dropout was used to flatten the model. Module images were collected using the smartphone
camera from different gin yards to train the model. The dataset was created with 2,178 images where 50% were in the
damaged class, and the rest of the 50% were in the undamaged class. From this data set, 1,694 random images were
used to train the model, and the remaining 484 were used to validate it. Before entering the images into the model,
they were resized in 224x224x3 format.

The VGG16 CNN architecture is also popular because of its high accuracy in image classification. It was successfully
implemented for detecting rice and wheat leaf diseases (Jiang et al., 2021), weeds in corn and soybean (Ahmad et al.,
2021), apples for robotic harvesting (Fu et al., 2020), pest damage in corn (Ishengoma et al., 2021), and other image
detection problems in agriculture. VGG16 is an improvement over the AlexNet with five CNN blocks and three dense
layers. The first two CNN blocks contain two convolutional layers with a max-pooling layer in each, and the other
three CNN blocks have three convolutional layers with a max-pooling layer in each (Figure 2b). Like AlexNet, 50%
dropout was used after the first dense layer. This model used ReLU and sigmoid activation functions in the first and
final dense layers, respectively. For training and validating this model, the same dataset was used as with AlexNet.
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Figure 2. The architecture of the (a) AlexNet and (b) VGG16 models used to classify the module images with or
without cover damage.

YOLO (You-Only-Look-Once) is a one-stage object detection approach that uses CNN’s as the backbone. YOLO was
proposed to increase the detection speed over the other popular CNN-based object detection methods (i.e., R-CNN,
Fast R-CNN, Faster R-CNN). YOLO quickly became popular because it provides good accuracy with higher detection
speed and can be applied in real-time object detection applications. Currently, the YOLO series (Redmon et al., 2016;
Redmon and Farhadi, 2017; Redmon and Farhadi, 2018; Bochkovskiy et al., 2020; Joseph Nelson, 2020) has evolved
from YOLOvI to YOLOVS by increasing the efficiency. All versions of YOLO were successfully implemented in
different studies related to agriculture with acceptable accuracy (Wang et al., 2022; Wu et al., 2020; Tian et al., 2019).
The cover damage detection network structure used in this study is illustrated in Figure 3, where CSPDarknet (Cross
Stage Partial Network), PANet (Path-Aggregation Network), and YOLOvVS5 were used as the backbone, neck, and head
of the model, respectively. The backbone network works to extract the high-level features of the images, the neck
network helps to better fuse the extracted features of the image, and the head detects the objects from the image.
Spatial Pyramid Pooling (SPP) was used in this model to fuse the multiscale features of the images. From the module
image dataset collected with smartphone cameras, 970 images were used for training and 240 images were used to
validate the model. All of these images were annotated with bounding boxes using a labelling tool and assigned a label
as “damaged” for each box.
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Figure 3. The architecture of the YOLOvVS model for detecting the cover damage in the picture of round cotton
modules.
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All CNN models were trained using the same set of hyper-parameters: image size = 224x224, batch size = 6, strides
= 2x2, learning rate = 0.001, epochs = 100. Two different image sets for testing were created from additional images
captured by smartphone (135 images) and the image collection system (46 images), containing both damaged and
undamaged covers of the round cotton modules. The performance of all CNN models was evaluated using this same
testing dataset. All CNN models were constructed and tested in Google Colaboratory, where a Tesla T4 GPU was
used (15 GB GPU memory).

Results and Discussion

Comparison of Models
The training and validation accuracy of the AlexNet was not steady. Both for training and testing, the accuracy

randomly varied from 0 to 100% (Figure 4a). The model's average training and validation accuracy was 54% and
51%, respectively. This result means the model did not learn about the nature of the images. In the VGG16 model, the
training accuracy gave random output with increasing epochs like the AlexNet model, but the validation accuracy for
this model remained the same with an increasing number of epochs. This model's average training and validation
accuracy was 56% and 50%, respectively (Figure 4b).

On the other hand, the training and validation accuracy graphs in the YOLOvVS5 model indicated that the model learned
image features with an increasing number of epochs. The training and validation accuracy was maximum at the 47
epoch. After 64 epochs, accuracy decreased to a certain level, and after 65, the accuracy became constant with the
number of epochs (Figure 4¢). The maximum training and validation accuracy was 75.6% and 65.9%, respectively,
after 56 epochs. This training time was considered optimum for this model, and this model was used for testing.
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Figure 4. Training and validation accuracy of the CNN models used in this study: (a) AlexNet, (b) VGG16, and (c)

YOLOVS.

Training and validation loss of the AlexNet model was gradually reduced for the first few epochs, and after that was
unstable (Figure 5a). This model's minimum training and validation loss were 0.68 and 0.65, respectively. Although
this is a reasonable minimum model loss, the model is unsuitable due to its instability. For the VGG16 model, the
training loss was random and did not decrease with additional training epochs, while the validation loss remained the
same (Figure 5b). These results indicated that the model could not predict the image’s specific features. The training
and validation loss for the YOLOvS model decreased with additional training. The training loss reduced with an
exponential pattern and The validation loss also initially decreased exponentially, but after 24 epochs was constant
(Figure 5c). This result means the training dataset may not have sufficient information to learn some features of
damaged module cover images. Some types of cover damage in the validation set may not be represented in the
training set. Also, the model might be overfit from learning unrelated features of the training data set that are
coincidentally present in some of the damaged module images. There is a significant gap between the training and
validation loss graph because the training images contain features slightly different than the validation images.
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Figure 5. Training and validation loss of the CNN models used in this study: (a) AlexNet, (b) VGG16, and (c)
YOLOVS.

All models were tested with the same dataset containing 135 images of damaged and undamaged cotton modules. The
testing accuracy for the AlexNet, VGG167, and YOLOVS was 37%, 42%, and 78%, respectively. Table 1 summarizes
the quantitative results of all three models. Based on the training, validation, and testing accuracy, YOLOvVS seems
more promising to detect cover damage of round cotton modules.

Table 1. Comparison of different CNN models used in this study

Model Training Accuracy Validation Accuracy Testing Accuracy
AlexNet 0.54 (1694 images) 0.51 (484 images) 0.37 (135 images)
VGG16 0.56 (1694 images) 0.50 (484 images) 0.42 (135 images)
YOLOvS 0.756 (970 images) 0.659 (240 images) 0.78 (135 images)

Performance Evaluation of the YOLOvS Model

The trained YOLOvVS model was tested using both images captured with a smartphone and the developed image
collection system. The round module cover damage detection accuracy was 78% (tested with 135 images) for the
images collected by smartphone and 73% (tested with 46 images) for the images collected by the developed system.

Figure 6. Example of cotton module images after testing with the YOLOvS5 CNN model: (a) images captured by
smartphone and (b) images collected by the developed system installed on a loader.

Figure 6a shows that the model detected small sections of damaged wrap (i, v) as well as covers with multiple damaged
locations ( iii, vi) from the images of round cotton modules. One cause of false positive results was a rough seed cotton
surface on the face of the round module or loose cotton on the outside of the module. During the performance
evaluation of the model using the round cotton modules picture captured by the system (Figure 6b), it was noticed that
some false positive results occcurred when clouds in the background looked like loose cotton (viii, x, xi). Over-
exposed images (ix) often had false positives because they resembled a damaged module.
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Summary

An automated image collecting system for the round cotton modules was developed, which was attached to module
handling equipment. The system was able to capture images from different angles and save them with the module’s
unique RFID number. To identify the cover damage of the modules automatically, three CNN models were evaluated
to identify the best performer. YOLOvVS performed best, detecting cover damage of the round cotton modules with an
accuracy of 78% for the smartphone-collected images and 73% for the images captured by the monitoring system.
However, the detection accuracy of the model was not as high as desired. More images will be collected to better train
the model. The images collected with the monitoring system have decreased detection accuracy due to the complex
background. Pre-processing images to remove the background should improve damage detection accuracy.
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