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Abstract: In this study, we explored the application of Artificial Intelligence (AI) for posture detection
in the context of ergonomics in the agricultural field. Leveraging computer vision and machine
learning, we aim to overcome limitations in accuracy, robustness, and real-time application found in
traditional approaches such as observation and direct measurement. We first collected field videos
to capture real-world scenarios of workers in an outdoor plant nursery. Next, we labeled workers’
trunk postures into three distinct categories: neutral, slight forward bending and full forward
bending. Then, through CNNS, transfer learning, and MoveNet, we investigated the effectiveness of
different approaches in accurately classifying trunk postures. Specifically, MoveNet was utilized to
extract key anatomical features, which were then fed into various classification algorithms including
DT, SVM, RF and ANN. The best performance was obtained using MoveNet together with ANN
(accuracy = 87.80%, precision = 87.46%, recall = 87.52%, and F1-score = 87.41%). The findings of this
research contributed to the integration of computer vision techniques with ergonomic assessments
especially in the outdoor field settings. The results highlighted the potential of correct posture
classification systems to enhance health and safety prevention practices in the agricultural industry.
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1. Introduction

Musculoskeletal disorders (MSDs) have been significant occupational health concerns,
particularly in physically demanding industries such as agriculture. The prevalence of
MSDs among agricultural workers has been alarming, with studies indicating a high
prevalence of musculoskeletal symptoms and disorders worldwide [1]. These conditions
not only affected the well-being and quality of life of workers but also resulted in economic
burdens due to decreased productivity and increased healthcare costs [2].

In the agricultural sector, ergonomic interventions could play a vital role in minimizing
the risk of MSDs and improving overall worker health and safety. Ergonomics, as the
science of fitting work tasks to the capabilities and limitations of individuals, aims to
optimize the interaction between workers and their work environment. Through ergonomic
assessment [3], it is possible to identify and mitigate factors that contribute to non-neutral
postures and repetitive movements, which are known risk factors for the development of
MSDs [4].

Prolonged exposure to non-neutral postures, such as awkward trunk bending, and
twisting places excessive stress on the musculoskeletal system, leading to tissue damage
and the onset of musculoskeletal disorders [5]. Therefore, accurate and objective detec-
tion and characterization of postures are crucial for understanding ergonomic risks and
implementing effective preventive measures.
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This research aimed to apply existing yet novel technologies to assess and classify
agricultural working posture into ergonomics-based categories. Particularly, Artificial Intel-
ligence (Al) was utilized in ergonomic assessments to overcome the limitations of traditional
methods to provide insights into the ergonomic risk factors among agricultural workers.

2. Related Works

Traditionally, postural analysis in ergonomic studies relied on manual observation,
self-reporting, or subjective assessments, such as Ovako Working Posture Analysis System
(OWAS) [6], Strain Index [7], Nordic Musculoskeletal Questionnaire [8], etc. However,
these methods are subjective, time-consuming, and prone to bias.

Meanwhile, the field of ergonomics posture categorization has seen significant ad-
vancements in recent years, with researchers focusing on developing objective methods
to assess and analyze human postures in various settings. Numerous studies have in-
vestigated different techniques and approaches for posture detection, aiming to improve
ergonomics practices and promote better musculoskeletal health. One common approach in
the literature involves the use of wearable sensors such as accelerometers [9,10] and inertial
measurement units [11] (IMUs) to capture and analyze body movements and postures.
Motion capture systems can be implemented based on a system of special markers, sensors
or trackers located on the torso, hands and legs, combined into a system that can accurately
record the movements of the entire body [12,13]. These sensors provide real-time data on
joint angles, acceleration, and orientation, allowing for the quantification and classification
of different postures.

The emergence of Al, particularly computer vision techniques [14], has provided
new opportunities to automate and enhance the characterization of postures, including in
the field of ergonomics. These methods utilize image and video processing algorithms to
extract relevant features from visual data captured by cameras or depth sensors. Techniques
such as image segmentation [15], posture estimation [16], and skeletal tracking [17] have
been employed to identify and analyze body postures.

In the meantime, researchers have explored machine learning and deep learning to
accurately classify and identify specific postures based on sensor data [18,19]. Specifically,
transfer learning [20], a subfield of deep learning, has obtained attention for its ability
to leverage pre-trained models to improve classification performance. Also, researchers
have leveraged other deep learning architectures [21] and posture estimation models
like OpenPose [22] and PoseNet [23] to achieve high accuracy and robustness in posture
detection from image data.

Among these models, Movenet [24] stands out as a promising option for application
in various scenarios, due to its strong ability to detect key joint features using image
information. It has been proved that MoveNet can be applied to create a software for
monitoring physical activities in the elderly [25], and can be extended to the classification
of stroke patients based on videos captured by smartphones [26]. In scenarios where
precise and complex measuring instruments are challenging to use for posturee detection,
MoveNet achieves more accurate results with simple image data alone, showcasing its
immense application potential.

While significant progress has been made in posture detection research, there is still
room for improvement. Challenges remain in dealing with variations in environmental
conditions, clothing, and individual body characteristics. For instance, human activity
classification may be confounded by the background of the image such as in a farm, and
the clothes that a person wears, their gender role or ethnicity might be related to their
occupation. Moreover, the practical implementation of posture detection systems in real-
world agricultural settings requires considerations such as computational efficiency, system
usability, and integration with existing agricultural practices.
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3. Methodology

This section describes how we collected and prepared data then explored Al-based
approaches like CNNs [27], transfer learning [20] and MoveNet [24] to improve the accuracy
and enable real-time posture classification. Ultimately, we emphasized the significance
of key anatomical landmarks to mitigate interference from background and other factors
in the images by calculating geometric parameters and spatial relationships from these
landmarks. This approach was expected to not only enhance accuracy but also reduce the
model’s input volume, leading to improving computational efficiency.

3.1. Data Collection

We conducted field visits to one plant nursery on three different days and captured
images of workers engaged in various activities. Specifically, the videos were obtained from
a group of eight workers present in an outdoor plant nursery. Among these workers, six
were engaged in tasks such as weeding, plant trimming, and plant transportation. However,
the remaining two workers served as mechanics in a workshop setting, and as a result,
their videos were not included in the analysis. In general, all the workers participating in
this study were usually exposed to extreme trunk flexion and lateral bending.

Each participant was assigned a researcher who followed them during their work
tasks. We aimed to capture the workers in natural and unposed positions, reflecting real-
world scenarios. Also, we paid attention to factors such as lighting conditions, camera
angles, and framing. The researcher carried a video camera with a monopod to ensure
stable footage and clear visibility. The recording sessions were conducted with the full
consent of the workers, and they were fully informed about the purpose and use of the
recorded videos. The research protocol was approved by the Research Ethics Board of the
Ecole de technologie supérieure (Reference H20211103, approved on 21 January 2022).

Additionally, to overcome the limitation of a small dataset, an open-source dataset
was considered such as the MPII Human Pose dataset [28] and Open Data Commons [29],
which contained a wide range of trunk posture images and environmental conditions.
Their images that align with our specified classes were chosen, rather than the entire
dataset. The combination of the datasets from fieldwork and these two benchmarking
sources in our research were expected to enhance the generalization and robustness of our
classification models. By incorporating external datasets, we aimed to introduce a diverse
range of scenarios, ensuring that our models could effectively handle variations in posture
categories, body sizes, and environmental conditions.

3.2. Data Labeling

To represent the diverse range of trunk postures, we defined and assigned three ap-
propriate labels named “neutral”, “slight bend”, and “full bend” as shown in Figure 1. The
choice of the three classes corresponded with the common Rapid Upper Limb Assessment [30]
and Rapid Entire Body Assessment [31] methods, categorizing trunk postures in the for-
ward or lateral bending ranges of 0-20 degrees, 20-60 degrees, and greater than 60 degrees,
respectively. These labels enabled us to categorize and analyze the variations in trunk
postures captured in the dataset. To our best knowledge, we ensured that no bias or skewed
data were present in our model training and evaluation.

A total of 200 images were included in the study. The dataset was divided into
two parts: the training dataset (85%) and the test dataset (15%). On the one hand, the
training dataset was formed from images collected from the external data source. On the
other hand, the test dataset was a mix of images from both the external data source and
images collected from the agriculture field during our research.
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Figure 1. Sample images displaying different trunk posture classes—(a) Neutral Posture, (b) Half
Bend Posture, and (c) Full Bend Posture.

3.3. Model Training
3.3.1. Convolutional Neural Network (CNN)

Initially, we employed a convolutional neural network (CNN) model [27], considering
its widespread use and success in image classification. CNNs consist of (1) convolutional
layers that apply filters to extract meaningful features from the input images, (2) pooling
layers that reduce the spatial dimensions, preserving important features while reducing
computational complexity, and (3) fully connected layers perform classification based
on the extracted features. We trained a CNN model from scratch to establish a baseline
performance for trunk posture classification. The model consists of three convolutional
layers with increasing filter sizes (32, 64, and 128), each followed by a max-pooling layer.
The output is then flattened and passed through two fully connected layers. We used ReLU
activation functions in the convolutional layers and a SoftMax activation function in the
output layer to classify the trunk posture categories. The model was trained using the
Adam optimizer with a learning rate of 0.001 for 20 epochs.

Moreover, to mitigate overfitting and improve the model’s generalization capability,
we explored the application of data augmentation techniques. Data augmentation [32]
involves applying various transformations, such as rotation, scaling, and flipping, to
artificially expand the diversity of the training data.

3.3.2. Transfer Learning

Some popular pre-trained CNN models were explored, including VGG16, Inception,
ResNet and MobileNet. VGG16 [33] is a CNN architecture known for its simplicity and
effectiveness. It consists of 16 layers: 13 convolutional layers and 3 fully connected layers.
Inception, also known as GoogLeNet [34], is characterized by its use of “inception modules”
that efficiently capture information at multiple scales. Inception models employ various
kernel sizes in parallel convolutional layers to capture both local and global features.
This architecture has been successful in achieving high accuracy on image classification
tasks while maintaining a relatively lightweight design. ResNet [35] is an architecture
that introduced the concept of residual connections to address the problem of vanishing
gradients in deep neural networks. By allowing information to bypass certain layers,
ResNet enables the training of extremely deep networks. MobileNet [36] is a lightweight
CNN aiming to provide efficient and accurate models that can be deployed on devices
with limited computational resources and power constraints. MobileNet achieves this
by utilizing depthwise separable convolutions, which separate the standard convolution
into depthwise and pointwise convolutions. This reduces the number of parameters and
computations required, making it more efficient while still maintaining good performance.

The pre-trained models were then fine-tuned on the collected dataset by adjusting
the internal parameters and retraining the top layers to adapt them to the specific trunk
posture classification task.
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3.3.3. MoveNet Feature Extraction

MoveNet [37], renowned for its lightweight architecture and excellence in posturee
estimation, was utilized to extract key anatomical points from the collected images. The
key points, as shown in Figure 2, included the positions and confidence scores of essential
human anatomical points such as shoulder, elbow, wrist, hip, knee, ankle and more. These
points provided valuable information about body joint positions, allowing for a more
detailed analysis of trunk postures.

0
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3000
0 500 1000 1500 2000 2500 3000 3500 4000

Figure 2. Output of MoveNet for Human Posture Estimation. The circles are anatomical key points,
and the lines connected between some of the key points. The yellow lines are the visible ones and the
purple lines are not visible but predicted via MoveNet.

We utilized the anatomical landmarks derived from MoveNet to generate a feature
vector for the purpose of posture classification. This involved a series of steps, including
centering the human in the image and scaling it to a uniform size. The resulting coordinate
data were then transformed into a flattened feature vector.

3.3.4. Customized Feature Calculation and Selection

To enhance the accuracy of the classification task for agricultural bend detection, we
calculated different features from MoveNet anatomical landmarks. These new features
encompassed various aspects, including geometric properties and spatial relationships.
We emphasized information of tilt angles and distances of different parts of the body.
The tilt angles were calculated as the arctangent of the slope between the coordinate
of two anatomical points (x1, y1) and (x7, ¥2), i.e., the MoveNet landmarks as shown in
Equation (1). The distances were calculated in terms of Euclidean distance between the
pair of (x1, y1) and (x2, y2) coordinates using Equation (2):

_(Y¥1—Y
slope = (xl — x2> ¢y
distance = \/(x1 —x)* + (y1 — ]/2)2 2)

To identify the most informative features and eliminate irrelevant ones, we employed
the feature selection method of the Chi-Square Test, which is widely used in classification
tasks [38—40]. This statistical method identifies features that are most likely to be indepen-
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dent of the class labels and irrelevant for classification. The score of a chi-squared test was
calculated to evaluate this relevance, according to Equations (3) and (4).

O:: — E:
Chi — square = _2::1 2;6‘:1 (UEUU) 3)

where Oj; is the counts of samples with a certain value of features, and E;; equals to:

(s nix)

By =~ @
where n,; is the counts of samples with a particular feature value, n;, is the counts of
samples belonging to a specific class, and 7 is the number of samples. All of these are
calculated based on the assumption of independence [41]. A higher score indicates a
higher difference between observed frequency and expected frequency, implying a stronger
correlation between features and categories.

3.3.5. Classification of Trunk Posture

Based on the key points extracted using MoveNet; we employed various classification
algorithms to accurately classify the trunk postures. The classification algorithms used in
our study included Decision Trees (DT); Support Vector Machines (SVM); Random Forests
(RF); and Artificial Neural Networks (ANN).

DT [42] is a simple yet powerful model that classifies based on a series of if-else condi-
tions, by partitioning the data into different branches based on feature values. SVM [43]
aims to find an optimal hyperplane to separate different classes in the feature space. RF [44]
is an ensemble learning model that combines multiple DTs to improve classification ac-
curacy. By aggregating the predictions of individual trees, RF can provide robust and
reliable classifications. ANN [45], a deep learning model inspired by the structure of
the human brain, consists of interconnected layers of artificial neurons. ANN can cap-
ture complex patterns and relationships in the data, making it suitable for tasks such as
image classification.

Each algorithm was trained on the labeled key points, extracted from the MoveNet,
to learn patterns and relationships between the key points and the corresponding trunk
posture categories. The trained models were then used for classifying new instances of
trunk postures.

3.4. Cross-Validation

Cross-validation [46] is a vital technique in machine learning to evaluate the perfor-
mance of models on limited datasets and avoid overfitting. It involves partitioning the
available data into multiple subsets, or “folds”, to train and test the model iteratively. By as-
sessing the model’s performance on different subsets of the data, cross-validation provides
more reliable performance metrics and enhances the model’s generalization capabilities.

In our research, we utilized stratified 3-fold cross-validation [47] to evaluate the effec-
tiveness of our classification models. This ensured that each fold contained a representative
distribution of the trunk posture classes, maintaining the original class proportions. This
approach helps in preventing bias and ensures a more robust evaluation of the models’
performance across different trunk postures.

3.5. Evaluation Metrics

The performance of our model was evaluated using the numbers of true positive
(TP), true negative (TN), false positive (FP), and false negative (FN) predictions. The
evaluation metrics were accuracy, precision, recall or sensitivity, and Fl-score, which
provided a comprehensive assessment of both the model’s ability to correctly classify
different postures and its overall performance.
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Accuracy gives the proportion of the total number of predictions that were correct.
Precision or the positive predictive value, is the fraction of positive values out of the total
predicted positive instances. In other words, precision is the proportion of positive values
that were correctly identified. Sensitivity, recall, or the TP rate is the fraction of positive
values out of the total actual positive instances, i.e., the proportion of actual positive cases
that are correctly identified). The F1 score is the harmonic mean of precision and sensitivity;
it gives importance to both factors.

4. Results
4.1. CNN and Transfer Learning with Pre-Trained Models

During training the CNN model, we observed a training accuracy of 92.5% and a
testing accuracy of 41.2%. These results indicate that the model suffered from significant
overfitting and struggled to generalize well to unseen data. While data augmentation
showed some improvement in reducing overfitting, the resulting performance enhancement
was not substantial enough to meet our desired accuracy goals.

To improve the classification performance, we explored the use of transfer learning
with pre-trained models. By fine-tuning the pre-trained models and replacing the last
fully connected layer to match the number of classes in our problem, we achieved higher
accuracies compared to the CNN from scratch model as shown in Table 1. These models
demonstrated better generalization capabilities and achieved higher testing accuracies, but
testing accuracies were still low.

Table 1. Performance metrics of transfer learning models.

Training Results Test Results
Pre-Trained Models . .
Accuracy Accuracy Precision Recall F1-Score
MobileNet 99.77% 65.56% 67.96% 65.56% 63.11%
ResNet 52.50% 36.67% 36.67% 36.67% 26.49%
Inception 94.32% 62.22% 63.18% 62.22% 62.18%
VGG-16 99.77% 60.00% 62.96% 60.00% 58.98%

4.2. MoveNet and Classification

Due to the limitations of the CNN models, we explored the use of MoveNet, a posture
estimation model, for trunk posture detection. MoveNet provided us with key anatomical
points representing body joint positions and angles relevant to trunk postures.

In the cross-validation phase, we observed the performance metrics of our classi-
fication models using stratified 3-fold cross-validation. Following the cross-validation
phase, we tested the final trained models on our independent test dataset to evaluate
their performance in real-world scenarios. Table 2 presents the accuracy obtained from
the cross-validation for each model, as well as the accuracy, precision, recall, and F1 score
achieved by each model on the test dataset.

Table 2. Performance metrics of the classification using MoveNet features.

Training Results Test Results
Pre-Trained Models _,
Accuracy Accuracy Precision Recall F1-Score
SVM 82.91% 69.05% 68.05% 67.15% 66.64%
DT 87.18% 71.43% 72.74% 70.19% 70.38%
RF 91.45% 71.43% 71.88% 70.67% 70.87%
ANN 94.02% 80.49% 80.61% 78.93% 79.92%
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The results demonstrated that MoveNet, combined with ANN, yielded improved
accuracy in trunk posture classification compared to the other models. However, from the
results, we can observe that the model has exhibited overfitting, indicating that we still
need to find alternative methods to enhance the model'’s test performance.

4.3. Transformed and Selected Features and Classification

With the key anatomical points representing body joint positions relevant to trunk
postures provided by MoveNet, we further obtained features like angles between segments
that might be better related to trunk posture. We computed the Chi-Square Test scores for
our calculated features, as shown in Figure 3. We selected several features with higher
scores as representative input to models. Based on our experiments, it was proved that
features such as the normalized planar angle between nose and hips, shoulders and hips,
and the normalized distance between ears and ankles, hips and ankles, etc. were most
helpful for model classification. We set a score threshold of 2.5, the 10 most significant
features were selected for subsequent classification models.
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Figure 3. Bar chart showing chi-Square test scores (vertical axis) of all calculated features (horizontal
axis), along with the cut-off score in the red line.

To gain a deeper understanding of the relationship between the selected 10 features
and the targeted class labels, we generated violin plots for these selected features, as shown
in Figure 4. Violin plots summarize statistics and density shape into a single plot, which
provides an insightful visualization of the distribution of feature values concerning the
class labels [48]. From the violin plots, we can see the frequency distribution of different
eigenvalues. Also, the shapes of the violin plots listed in the figure were different between
the three classes. In Figure 4, the violin plots are only shown for the normalized distance
between ankles and hips, the normalized distance between shoulders and knees, the
normalized planar angle between nose and hips and the normalized planar angle between
nose and knees. The violin plots for the distance between ears and ankles exhibited a shape
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akin to that of the distance between hips and ankles. Additionally, the planar angle between
nose and hips, eyes and hips, shoulders and hips, ears and hips also shared a resemblance,
indicating similar feature distributions. We did not delete similar features because some
key parts (such as ears) would have been occluded in some agricultural activity pictures,
particularly those captured from sideways angles or with individuals bent over.
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Figure 4. Violin plots for selected normalized features separated by trunk postures: (a) distance
between hip and ankle, (b) distance between shoulder and ankle, (c) angle between the position of
nose and hip, and (d) angle between the position of nose and knee.

With the nonlinear model that account for the selected features together like ANN,
we could hopefully complete the classification task with better performance. We put the
calculated features into the model and compared the result with applying the landmarks
from Movenet directly. The new results are shown in Table 3 and confusion matrix in
Figure 5.

Table 3. Performance metrics of the classification using new features.

Training Results Test Results
Pre-Trained Models . .
Accuracy Accuracy Precision Recall F1-Score
SVM 85.47% 80.48% 81.78% 80.48% 80.83%
DT 98.29% 78.57% 79.41% 78.57% 78.75%
RF 98.29% 85.36% 87.92% 85.36% 86.53%
ANN 94.44% 87.80% 87.46% 87.52% 87.41%
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Confusion Matrix of Posture Classification Model Using New Features
14

Full bend

True label

Half bend- 2

Neutral Full bend Half bend

Predicted label

Figure 5. Confusion matrix of posture classification using the new slope and distance features and
ANN model (the best model).

With the calculated and selected features that were most relevant to trunk bending,
the model’s test accuracy and F1 performance improved by almost 10%. From the results
of the confusion matrix, it can be observed that the cases where predictions did not match
the labels were primarily associated with the ‘half bend’” one, while ‘fully bend” and
‘neutral” were less prone to misclassification. This indicates that our model was capable
of handling most of the posture classification tasks in this context, i.e., a setting in an
outdoor plant nursery environment, with only minor enhancements in accuracy required.
We also proved that the use of anatomical points and corresponding features allowed
for a more comprehensive understanding of trunk postures, leading to more accurate
classification results.

5. Discussion

We attempted to use CNNs and MoveNet for trunk posture classification within the
domain ergonomics in agricultural field settings. Although not proposing a new CNN
architecture, our study contributed to the understanding of the suitability of standard
CNNs, and developed key features suitable for posture classification and pre-trained
models like MoveNet for detecting and classifying postures in a unique environment. The
application of these techniques offers insights and advantages in analyzing and evaluating
trunk postures from images.

CNNs have been widely utilized for image classification and have demonstrated
impressive performance in various domains. However, when applied to trunk posture
classification in this study, i.e., the ergonomics context, CNNs encountered certain limi-
tations. One of the main challenges was their susceptibility to variations in background
image composition, lighting conditions, and occlusions in the outdoor settings. Apart
from that, CNNs rely on large amounts of diverse and labeled training data to learn and
generalize effectively; meanwhile the images obtained from our study were neither many
nor diverse enough. This was due to the nature of ergonomic field study in a single location;
that is, there was not much variety of tasks as compared to human daily activities. The
complex nature of trunk postures, along with potential variations in clothing, body sizes,
and environmental factors, could also lead to difficulties in accurately classifying different
trunk posture categories using CNNs. Moreover, CNNs are generally computationally
intensive, requiring significant computational resources and time for training and inference,
which may limit their real-time application in agriculture field settings.

To address the limitations of CNNs, we adopted MoveNet for extracting original
anatomical position features for trunk posture classification. MoveNet offered several
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advantages in our research context. Firstly, MoveNet was specifically designed for posture
estimation and could detect some key anatomical points, such as hips and shoulders.
This made it well-suited for capturing detailed information about body joint positions
and angles relevant to trunk postures. By leveraging MoveNet’s capabilities, we could
accurately identify and classify different trunk posture categories in images, providing
valuable insights into ergonomic risk factors in the agricultural field.

Secondly, MoveNet, known for its lightweight architecture, made our image classi-
fication more computationally efficient. The model could process static images with fast
inference times, enabling real-time trunk posture analysis even on resource-constrained
devices commonly found in agricultural environments. This efficiency allows for practical
deployment and usefulness of the system in real-world scenarios.

Additionally, MoveNet offered our study flexibility and scalability in the context of
trunk posture detection. Meaning that, the model could be trained and fine-tuned on di-
verse datasets, encompassing a wide range of trunk postures in various image backgrounds
including agricultural settings. Due to the aforementioned advantages, MoveNet has
proven to be versatile and effective in various scenarios. However, as a general-purpose
model, it gives all significant key points on the human body of which are redundant
features that can interfere with the model’s performance when applied. Therefore, to
overcome these challenges, we further computed key features for posture classification
based on the features extracted from MoveNet. For instance, we calculated planar angles
between the nose and hips from the slope of the line between two points, among other
features. We then employed feature selection methods to filter in only these crucial fea-
tures for subsequent model training, resulting in improved classification outcomes. This
adaptability ensured that the model could accurately classify trunk postures across various
farming activities while accounting for individual variations, thus contributing to more
comprehensive ergonomic evaluations and interventions.

It is worth noting that we also attempted to consider other recognized models, includ-
ing YoloV5 [49], PoseNet [23] and OpenPose [22] in our study. However, Yolo required a
substantial number of labeled images for effective training while the number of our dataset
was small [50]. Given this limitation, MoveNet’s posture estimation seemed a more feasible
choice. Furthermore, while PoseNet specialized in whole-body posture estimation and
OpenPose was quite comprehensive, they were computationally intensive for real-time
applications. One of our key interests was the MoveNet’s lightweight architecture, which
enabled efficient real-time posture estimation. This lightweight nature was particularly
valuable for our research involving dynamic agricultural scenarios, where the real-time
analysis of workers’ postures was crucial.

While our research provided valuable insights into posture detection in the agricultural
field, there were certain limitations that should be acknowledged. Firstly, the number of
images used or collected for our dataset was limited. This could potentially impact the
generalizability of our model to other work tasks and environments outside the specific
plant nursery setting.

Furthermore, we observed that there were fewer instances of the ‘half bend’ class in
our dataset. This could be attributed to the nature of the work, where employees were
primarily engaged in sustained bending (in ‘full bend” class) and walking around (in
‘neutral’ class).

In addition, it is important to acknowledge that our research focused on a specific
context and may have certain limitations in terms of its applicability to different work
tasks and environments. Further research is needed to validate the effectiveness and
generalizability of the approach in diverse agricultural settings.

6. Conclusions

This study attempted to employ various computer vision and machine learning tech-
niques to characterize human trunk posture in ergonomic assessment. The limitations
of CNNSs in accurately classifying trunk postures from images prompted us to explore
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alternative approaches. MoveNet, with its focus on posture estimation and lightweight
architecture, emerged as a promising solution. However, some of the joint landmarks on
the human body it computed, such as wrists and elbows, might not be suitable for our
agricultural posture classification task and may interfere with the model’s prediction results.
By leveraging features relevant to targeted postures, we overcame the limitations of the
CNNs and MoveNet and achieved accurate trunk posture classification in agricultural field
ergonomics, which opens new possibilities for ergonomic assessments and musculoskeletal
health improvement among agricultural workers. However, future research directions may
involve constructing a more comprehensive feature library related to posture estimation
in agricultural tasks, expanding the dataset to encompass a wider range of postures and
environmental conditions, position feature reconstruction of occluded areas in pictures,
and exploring the integration of complementary computer vision techniques to enhance
the accuracy and robustness of trunk posture classification.
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