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Abstract

Automated Guided Vehicles (AGVs) are intelligent systems designed
for material handling, transportation, and distribution across various
environments such as ports, airports, production lines, warehouses, and
logistics sites. They contribute to enhancing productivity, reducing costs,
and minimizing reliance on human labor while improving safety. As the
demand for these vehicles increases, the need for effective management
systems to monitor the autonomous driving environment in real-time has
become crucial, ensuring reliable operation and precise guidance while
avoiding obstacles. This research aims to develop an advanced management
system for AGVs using Artificial Intelligence (Al) and Machine Learning
(ML) techniques through Deep Convolutional Neural Networks (DNNs) and
Software Engineering (SE) to build a reliable, scalable system that enhances
control, sensing, and object detection processes in AGVs, leading to
improved performance, reduced errors, and increased operational data
processing and responsiveness. To achieve this, an integrated software and
hardware system was developed for real-time vehicle management, featuring
an advanced object detection model to enhance detection and differentiation
of objects, autonomous navigation with obstacle avoidance, rerouting, and
material lifting and lowering. Furthermore, a Forklift AGV prototype was
designed, integrating various hardware components, including the controller,
different sensors, cameras, motors, and power sources, to gather data from
the real-world environment.

This system has developed based on a novel object detection model
named YOLOXI, an enhanced version of YOLOV3, designed to improve
real-time object detection, particularly in challenging conditions such as
varying lighting, occluded and overlapping objects, small objects, and
complex backgrounds. The model development relied on two key
techniques: first, augmenting and enhancing training data using image
augmentation through mix-up and label smoothing, which generates more
complex synthetic images and diverse training datasets; and second, the
Adaptive Spatial Feature Fusion (ASFF) technique, which utilizes adaptive
weights (o, B, v) to optimize feature fusion across different levels in the
Feature Pyramid Network (FPN). This approach minimizes information loss
between high-resolution low-semantic and low-resolution high-semantic
levels. Additionally, an ultrasonic sensing algorithm was incorporated to
measure distances and facilitate obstacle avoidance during navigation. The
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YOLOXI model was trained using Python on a combined dataset called
Pascal VOC Integration, consisting of 23,268 images. Its performance was
evaluated using metrics such as Regression Loss, Confidence Loss, and
Classification Loss to measure discrepancies between ground truth values
and model predictions for adaptive weight adjustments. Furthermore, quality
assessment metrics such as IoU, Precision, Recall, AP, and mAP
demonstrated significant improvements in detection accuracy across all
classes, achieving a mean Average Precision (mAP) of 93.93%. This
research contributes to the development of an advanced AGV software
system capable of real-time environment monitoring, object detection and
classification, autonomous navigation, and obstacle avoidance. These
capabilities enhance the efficiency and reliability of AGVs in industrial and
logistics environments while supporting the automation of material handling,
transportation, and distribution processes.

In real-time testing, the system performance was validated under
different lighting conditions (normal, dim, and very dim), achieving an
average confidence score of 98.1%, 97.4%, and 94.3%, respectively. It also
demonstrated high efficiency in detecting static, moving, large, small, and
overlapping objects, with accuracies of 97.3%, 96.9%, 97%, 91.1%, and
92.6% at a 20 m distance, 96.6%, 96.9%, 92.7% respectively. Moreover, the
system effectively distinguished body parts such as faces, palms, and feet
with an accuracy exceeding 97%. Additionally, the system exhibited robust
autonomous navigation and obstacle avoidance capabilities across three
scenarios (clear path, path with a nearby obstacle, and path with a very close
obstacle). It was also capable of operating on devices with varying
computational resources without compromising detection accuracy, making
it suitable for deployment in resource-constrained environments.

Therefore, this research contributes to the development of an
advanced AGV software system capable of real-time environment
monitoring, object detection and classification, autonomous navigation, and
obstacle avoidance. Consequently, the system supports industrial, logistics,
and transportation sectors, including land, sea, and air transport, by
automating material loading, transportation, and distribution processes
reliably.
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