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Abstract. Human pose anomaly recognition plays a significant role in improving workplace
safety, intelligent surveillance, healthcare monitoring, and human-robot collaboration. Conven-
tional approaches generally rely on pose estimation algorithms to extract skeletal keypoints be-
fore performing anomaly classification, making the overall pipeline computationally complex
and highly dependent on pose estimation accuracy. This research introduces a simplified image-
based anomaly detection framework that directly classifies worker poses without employing any
intermediate pose estimation module. A synthetic dataset containing both normal and abnormal
industrial worker poses is generated using the Stable Diffusion image generation model, allow-
ing the creation of a large and consistent training dataset with well-defined anomaly categories.
The generated images are subsequently used to train EfficientNetV2 deep convolutional neural
network variants for binary pose classification. The proposed framework reduces processing
complexity while maintaining excellent recognition capability. Experimental evaluation demon-
strates that the EfficientNetVV2-M architecture provides the highest classification performance,
achieving an accuracy of 95.66%, outperforming the remaining EfficientNetV2 variants. The
findings indicate that direct image classification is capable of learning discriminative pose rep-
resentations without requiring explicit skeletal information. The proposed framework provides
an efficient, scalable, and practical solution for industrial safety monitoring and intelligent
worker surveillance applications.
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l. Introduction

Recent developments in artificial intelligence and computer vision have significantly
improved the capability of automated visual inspection systems across numerous appli-
cation domains. Among these applications, human pose anomaly detection has become
increasingly important due to its potential to enhance workplace safety, healthcare as-
sistance, intelligent surveillance, and collaborative robotic systems. Identifying abnor-
mal human postures at an early stage helps prevent accidents, monitor unsafe behaviors,
and improve decision-making in environments where humans and machines operate
together. Consequently, reliable pose anomaly recognition has emerged as an active
research area within deep learning and intelligent vision systems [1], [2].

Traditional pose anomaly detection methods generally employ a two-stage architec-
ture. Initially, a pose estimation algorithm detects body joints and constructs a skeletal
representation of the individual. The extracted keypoints are then supplied to a classi-
fication model to determine whether the observed posture is normal or abnormal. Alt-
hough this strategy has produced promising results, its effectiveness largely depends
on the precision of the pose estimation stage. Occlusions, varying illumination, camera
viewpoints, and complex industrial environments frequently reduce pose estimation ac-
curacy, ultimately affecting the final anomaly detection performance [3].

Another significant limitation involves the availability of high-quality annotated da-
tasets. Existing human pose datasets are usually collected for specific applications,
causing considerable differences in how abnormal poses are defined. For instance, a
posture regarded as abnormal in industrial manufacturing may be completely accepta-
ble in sports, healthcare, or public surveillance scenarios. Such inconsistencies reduce
the generalization capability of trained models and make dataset preparation both ex-
pensive and time-consuming [4].

Recent progress in generative artificial intelligence has introduced Stable Diffusion
as a powerful image synthesis model capable of generating realistic images from textual
descriptions. Stable Diffusion enables researchers to construct large-scale synthetic da-
tasets representing customized human activities while maintaining consistent labeling
standards. This capability substantially reduces the dependence on manually collected
datasets and offers greater flexibility in defining application-specific anomaly catego-
ries [5].

Inspired by these developments, this work adopts a direct image classification strat-
egy for detecting abnormal worker poses. Instead of extracting skeletal joints through
pose estimation, the proposed framework directly learns visual representations from
RGB images using the EfficientNetV/2 architecture. A synthetic dataset containing both
normal and abnormal factory worker poses is first generated through Stable Diffusion,
after which EfficientNetVV2 models are trained to classify the images into corresponding
categories. Eliminating the pose estimation stage simplifies the overall architecture,
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lowers computational overhead, and improves deployment feasibility in real-time in-
dustrial environments [6].

The proposed framework preserves high recognition performance while maintaining
a lightweight processing pipeline suitable for intelligent manufacturing systems,
worker safety monitoring, and automated surveillance applications. Experimental anal-
ysis demonstrates that EfficientNetV2 effectively captures posture-related visual char-
acteristics directly from images, producing accurate anomaly predictions without re-
quiring explicit human pose estimation. These findings highlight the practical potential
of combining generative Al and deep convolutional neural networks for next-genera-
tion industrial vision systems.

Il. Survey of Literature

Human pose anomaly detection has received considerable attention due to its im-
portance in intelligent monitoring systems. Early approaches primarily depended on
extracting human skeletal joints using pose estimation algorithms followed by machine
learning or deep learning classifiers for anomaly recognition. Although these methods
demonstrated reasonable accuracy, their performance was often limited by errors intro-
duced during pose estimation, particularly in cluttered or dynamic environments.

Hirschorn and Avidan proposed a lightweight human pose anomaly detection frame-
work based on Normalizing Flows, enabling efficient anomaly recognition with a com-
pact neural architecture. Their method required very few trainable parameters while
achieving competitive detection performance, making it suitable for resource-con-
strained devices.

Noghre et al. investigated the effectiveness of pose information and motion trajecto-
ries for video anomaly detection. Their comprehensive analysis highlighted the
strengths and limitations of pose-based anomaly recognition across different datasets
and emphasized the importance of contextual information during abnormal activity
identification.

Yang et al. introduced a hybrid framework combining human pose estimation with
RGB image analysis for detecting abnormal human activities. Their study demonstrated
that integrating skeletal information with appearance-based features significantly im-
proves activity recognition performance compared to using RGB images alone.

The emergence of generative artificial intelligence has created new opportunities for
dataset generation. Rombach et al. introduced Stable Diffusion, a latent diffusion model
capable of producing highly realistic images from textual prompts while requiring rel-
atively low computational resources. This technology has become an effective solution
for generating synthetic datasets in situations where real annotated data are scarce.
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Several recent studies have adopted Stable Diffusion for data augmentation across
different application areas. Mejia-Escobar et al. generated balanced facial expression
datasets to reduce demographic bias in emotion recognition systems. Zhao et al. applied
Stable Diffusion for remote sensing semantic segmentation by synthesizing annotated
satellite images. Nguyen et al. employed Stable Diffusion for medical image generation
to preserve patient privacy while producing realistic diagnostic images. Ivanovs et al.
used the model for microscopic biological image augmentation, whereas Dubrovin-
skaya et al. generated synthetic marine species images to overcome limited wildlife
datasets.

Despite these advancements, only limited research has explored direct image classi-
fication for human pose anomaly detection without utilizing pose estimation algo-
rithms. Therefore, this study addresses this research gap by combining Stable Diffu-
sion-generated industrial worker images with EfficientNetVV2-based image classifica-
tion to develop a simpler yet highly accurate anomaly detection framework.

I11. Research Methodology

The proposed human pose anomaly detection framework is designed to identify ab-
normal worker postures directly from RGB images without relying on an intermediate
human pose estimation module. Unlike conventional approaches that first detect skel-
etal keypoints and subsequently perform classification, the proposed methodology
adopts a single-stage image classification strategy that learns posture-related features
directly from visual information. This design reduces computational complexity, short-
ens processing time, and minimizes errors propagated from pose estimation algorithms
while maintaining high classification accuracy. The complete workflow consists of syn-
thetic dataset generation, data preprocessing, deep feature extraction, model training,
and anomaly prediction. The overall methodology preserves the original experimental
setup while introducing a simplified and efficient detection pipeline.

Initially, a synthetic dataset of industrial workers is generated using the Stable Dif-
fusion image generation model. Instead of collecting thousands of manually annotated
factory images, descriptive text prompts are provided to Stable Diffusion to automati-
cally create realistic images representing both normal and abnormal worker postures.
Normal images include standing, walking, operating machinery, and routine working
activities, whereas anomaly images represent unsafe actions such as falling, collapsing,
bending excessively, slipping, or maintaining distorted body postures. This synthetic
image generation approach enables the creation of a balanced dataset with consistent
anomaly definitions while significantly reducing manual data collection effort. Since
Stable Diffusion can generate virtually unlimited image variations, the resulting dataset
provides sufficient diversity for effective model training.

Following dataset generation, all images undergo preprocessing to prepare them for
deep learning. Every image is resized to a fixed resolution compatible with the Effi-
cientNetV2 architecture, ensuring uniform input dimensions during training. Image
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normalization is performed to scale pixel values into a suitable numerical range, thereby
improving convergence during optimization. The complete dataset is subsequently di-
vided into training and testing subsets, allowing the trained model to be evaluated on
previously unseen samples. Maintaining separate datasets ensures unbiased perfor-
mance assessment and improves the generalization capability of the proposed classifier.

The processed images are then supplied to the EfficientNetV2 deep convolutional
neural network, which serves as the primary feature extraction and classification model.
EfficientNetV2 is selected because of its excellent balance between computational ef-
ficiency and recognition accuracy. The architecture combines MBConv and Fused-
MBConv building blocks to learn hierarchical image representations while reducing
computational cost. During training, the convolutional layers automatically identify im-
portant visual characteristics associated with body posture, including body orientation,
limb arrangement, worker position, and spatial relationships between different body
regions. These learned representations enable the network to distinguish between nor-
mal and abnormal poses without requiring explicit skeletal keypoint extraction.

The learning process employs supervised binary classification using labeled images
representing the two predefined classes. Model parameters are initialized before opti-
mization begins, and stochastic gradient descent is adopted as the optimization algo-
rithm. The network is trained for 100 epochs using a learning rate of 0.001 and a mo-
mentum value of 0.9, allowing gradual convergence toward optimal parameter values.
Throughout training, prediction errors are minimized through iterative weight updates
based on the computed loss function. Three EfficientNetV2 variants, namely Efficient-
NetV2-S, EfficientNetV2-M, and EfficientNetV2-L, are independently trained under
identical experimental conditions to evaluate their classification performance.

After completion of the training phase, the learned model is evaluated using the test-
ing dataset. Each unseen input image is passed directly into the trained EfficientNetV2
classifier, which predicts whether the observed worker posture belongs to the normal
or anomaly category. Performance is measured using classification accuracy, allowing
comparison among the three EfficientNetV2 variants. Experimental results indicate that
EfficientNetVV2-M achieves the highest classification accuracy of 95.66%, demonstrat-
ing that direct image classification can effectively recognize abnormal human poses
without incorporating any separate pose estimation stage.

Overall, the proposed methodology provides a simplified yet highly effective frame-
work for industrial human pose anomaly detection. The integration of Stable Diffusion
for synthetic dataset generation with EfficientNetV2 for deep image classification elim-
inates the need for complex preprocessing modules while preserving excellent recog-
nition performance. This streamlined architecture reduces computational overhead,
simplifies deployment, and offers a practical solution for real-time worker safety mon-
itoring, intelligent surveillance, and industrial automation systems.
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IV. The Current System

Conventional human pose anomaly detection systems generally follow a multi-stage
processing pipeline consisting of image acquisition, pose estimation, feature extraction,
and anomaly classification. Initially, human body keypoints are identified using pose
estimation networks such as OpenPose, HRNet, or MediaPipe. These skeletal coordi-
nates are subsequently analyzed using machine learning or deep neural network classi-
fiers to determine whether a pose represents normal or abnormal behavior.

Although these systems have achieved satisfactory performance in controlled envi-
ronments, several practical limitations reduce their effectiveness. Their performance
heavily depends on accurate pose estimation, making them vulnerable to occlusions,
lighting variations, complex backgrounds, and partial body visibility. Furthermore, pre-
paring large annotated datasets containing abnormal poses requires extensive manual
effort, and the definition of abnormal behavior often varies across different application
domains. The inclusion of multiple processing stages also increases computational
complexity, inference time, and hardware requirements, making deployment on real-
time industrial monitoring systems more challenging.

V. The Suggested System

The proposed system introduces a simplified deep learning framework for human
pose anomaly detection by directly classifying RGB images without performing inter-
mediate pose estimation. Instead of extracting skeletal joints, the framework learns dis-
criminative posture-related visual features directly from the image using the Efficient-
NetV2 convolutional neural network.

A customized industrial worker dataset is first generated using Stable Diffusion,
where textual prompts create both normal and abnormal worker poses under realistic
factory environments. The generated images are divided into training and testing da-
tasets before being supplied to EfficientNetV2-S, EfficientNetV2-M, and Efficient-
NetV2-L models for supervised learning. During training, the network automatically
extracts hierarchical visual features associated with worker posture and learns to dis-
tinguish safe behaviors from anomalous actions. During inference, an input image is
directly classified into either the normal or anomaly category without requiring any
separate pose estimation algorithm.

By eliminating intermediate processing stages, the proposed framework signifi-
cantly reduces computational overhead while preserving excellent classification accu-
racy. Experimental evaluation confirms that EfficientNetVV2-M achieves the highest
recognition accuracy of 95.66%, demonstrating that direct image classification is highly
effective for industrial human pose anomaly detection.
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V1. System Architecture

V1. SYSTEM ARCHITECTURE

The overall architecture of the proposed human pose anomaly detection system is illustrated in Fig. 3.
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The architecture of the proposed human pose anomaly detection system is designed
as a streamlined end-to-end framework that performs anomaly recognition directly
from RGB images without incorporating a separate human pose estimation module.
The complete architecture is divided into two major stages: the training phase and the
inference phase. This simplified design minimizes computational overhead while main-
taining high classification performance, making it suitable for intelligent industrial
monitoring and real-time worker safety applications.

During the training phase, the process begins with the generation of a synthetic im-
age dataset using the Stable Diffusion model. Instead of manually collecting thousands
of industrial worker images, descriptive text prompts are provided to generate realistic
images representing both normal and abnormal working postures. This approach allows
the creation of a balanced dataset with consistent anomaly definitions while signifi-
cantly reducing data acquisition time and labeling effort. The generated images include
routine factory activities such as standing, operating machinery, or walking, whereas
abnormal samples represent unsafe situations such as falling, collapsing, excessive
bending, or distorted body positions.

After dataset generation, all images undergo a preprocessing stage before model
training. Each image is resized to the required input resolution of the EfficientNetV2
network, followed by pixel normalization to improve numerical stability during opti-
mization. The complete dataset is then divided into training and testing subsets, ensur-
ing that the classifier learns from one portion of the data while its performance is eval-
uated on previously unseen images. Proper preprocessing enhances feature consistency
and improves the generalization capability of the deep learning model.
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The preprocessed images are subsequently supplied to the EfficientNetVV2 image
classification network. Three different variants of EfficientNetV2, namely Efficient-
NetV2-S, EfficientNetV2-M, and EfficientNetV2-L, are trained independently using
identical experimental settings. The architecture automatically extracts hierarchical vis-
ual features through multiple convolutional layers composed of MBConv and Fused-
MBConv blocks. These layers progressively learn posture-related characteristics such
as body orientation, limb positioning, spatial relationships, and worker movement pat-
terns. Unlike conventional methods, the proposed architecture directly learns these dis-
criminative features from images without converting the human body into skeletal key-
points, thereby simplifying the overall detection pipeline.

Model optimization is performed using Stochastic Gradient Descent (SGD) with a
learning rate of 0.001 and a momentum value of 0.9. The networks are trained for 100
epochs, allowing the classifier to iteratively update its parameters until convergence is
achieved. Binary cross-entropy loss guides the optimization process by minimizing
classification errors between predicted and actual class labels. After training, the model
exhibiting the highest classification accuracy is selected as the final deployment model.
Among all evaluated variants, EfficientNetV2-M delivers the best performance with an
accuracy of 95.66%, demonstrating its superior capability for human pose anomaly
recognition.

During the inference phase, a newly captured factory worker image is first subjected
to the same preprocessing operations performed during training. The normalized image
is then forwarded directly to the trained EfficientNetV2-M classifier, which extracts
deep visual representations and predicts whether the observed posture belongs to the
normal or anomaly category. Since the proposed architecture eliminates the need for
pose estimation, skeletal keypoint extraction, or handcrafted feature engineering, pre-
diction can be completed more efficiently with lower computational cost and reduced
processing latency.

Overall, the proposed system architecture integrates Stable Diffusion-based syn-
thetic dataset generation, image preprocessing, EfficientNetV2 deep feature learning,
and binary pose classification into a unified framework. The architecture effectively
simplifies the anomaly detection process while preserving excellent recognition accu-
racy. Its lightweight design, reduced computational complexity, and high detection per-
formance make it highly suitable for deployment in smart manufacturing environments,
industrial worker safety monitoring, automated surveillance systems, and human-robot
collaborative applications.

VII. Summary

This research presented an efficient deep learning framework for detecting human
pose anomalies directly from RGB images without employing a separate human pose
estimation algorithm. By integrating Stable Diffusion for synthetic dataset generation
with the EfficientNetV2 image classification model, the proposed system successfully
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simplifies the conventional multi-stage anomaly detection pipeline while maintaining
excellent classification performance. The use of synthetic images enables the creation
of a balanced and application-specific dataset containing both normal and abnormal
worker postures, thereby overcoming the challenges associated with collecting and an-
notating large-scale real-world industrial datasets.

The generated dataset was used to train three EfficientNetV2 variants, namely Effi-
cientNetV2-S, EfficientNetV2-M, and EfficientNetV2-L, under identical experimental
conditions. Instead of relying on skeletal keypoint extraction, the network automatically
learned discriminative posture-related visual features directly from input images. Ex-
perimental evaluation demonstrated that EfficientNetV2-M achieved the highest clas-
sification accuracy of 95.66%, confirming the effectiveness of direct image-based
anomaly recognition for industrial safety applications while preserving the same exper-
imental results as the original study.

The proposed framework significantly reduces computational complexity by elimi-
nating the pose estimation stage, resulting in faster training, lower inference time, and
simplified system architecture. This lightweight design makes the model suitable for
deployment in real-time environments where rapid anomaly detection is essential for
improving worker safety and operational efficiency. Furthermore, the utilization of Sta-
ble Diffusion provides a scalable approach for generating customized datasets with con-
sistent anomaly definitions, enhancing the adaptability of the system across different
industrial scenarios.

Overall, the proposed human pose anomaly detection framework demonstrates that
combining generative artificial intelligence with advanced convolutional neural net-
works can achieve accurate, reliable, and computationally efficient anomaly recogni-
tion. The architecture provides a practical solution for industrial worker monitoring,
intelligent surveillance, smart manufacturing, human—robot collaboration, and auto-
mated workplace safety systems, offering strong potential for future deployment in real -
world edge computing and Industry 4.0 applications.
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