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Abstract

Road safety is a crucial societal concern, deeply intertwined with the protection of fundamental human
rights and significantly influencing the quality of life. In the trucking industry, enhancing road safety has
become imperative due to the critical role trucks play in economic activities and the inherent risks associated
with their operation. This study examines the impact of video-capturing Al technology within the trucking
industry, particularly focusing on its efficacy in improving road safety. Researchers examine the precision
of Al technology in proactive risk anticipation compared to other methods. Employing a mixed-methods
research strategy, researchers gather data through video recordings from our application, semi-structured
interviews with drivers and safety managers, and secondary sources such as previous studies. The analysis
includes statistical evaluation and thematic interpretation of qualitative feedback. This research aims to
provide insights into the current utilization, performance, and efficiency of video-capturing Al in the
trucking industry, and its impact on road safety. By assessing the comparative advantages of Al technology,
the study contributes to understanding its role in advancing road safety measures within the trucking sector
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Introduction

Road safety is a subject of extensive societal concern, fundamentally tied to the protection of the essential
principle of life, often enacted in a country's constitutional acts, as exemplified by Canada (Government of
Canada, 2022). This underscores the intrinsic value placed on road safety within the broader context of
defending fundamental human rights. In this manner, particularly within the North American perspective,
there has been significant engagement from both the public and private sectors in promoting road safety
(Government of Canada, 2024), thereby enhancing the quality of life for individuals. Nonetheless, it is
imperative to examine the human factors that impede efforts toward road safety. Statistical data from the
Government of Canada indicates that human factors, including distraction and fatigue, among others,
contribute significantly to the occurrence of fatal collisions (Ministry of Transport, 2022).

Considering the evident complexity of the subject, it is reasonable to conclude that solutions aimed at
enhancing road safety depend on a combination of various factors. These include regulations and
legislation, training, operational standards, investments in infrastructure and road signage, and, importantly,
the integration of new technologies. In line with this approach, the automotive industry, supported by
technology companies, has made significant efforts to enhance the safety of its products (Menzies, 2024).
This includes integrating numerous systems designed to augment human abilities to perceive risk situations.
Examples include onboard cameras that capture internal and external views and systems capable of
predicting potential risks through the application of artificial intelligence (Al). However, is this technology
sufficiently accurate and reliable to serve as an effective tool for accident prevention? Moreover, has the
machine learning (ML) algorithm's training model evolved enough to provide trustworthy results that
enhance road safety?

In the pursuit of enhancing road safety, it is crucial to recognize the profound role that human factors play
in the occurrence of accidents. Despite advancements in technology and increased awareness, issues such
as driver distraction and fatigue remain significant contributors to fatal collisions. These human elements
pose complex challenges that require multifaceted solutions, combining education, stringent regulations,
and innovative technologies. The trucking industry, with its high-risk nature, stands to benefit immensely
from solutions that address these human vulnerabilities, particularly through the application of Al and ML
systems.



The integration of Al-driven video-capturing technology in the trucking industry represents a significant
leap forward in addressing these challenges. By utilizing Al to monitor driver behavior and external
conditions in real-time, companies can identify potential risks before they escalate into accidents. This
proactive approach not only enhances the safety of individual drivers but also contributes to the overall
safety of the transportation network. Moreover, the ability of Al systems to learn and adapt from continuous
data input ensures that these technologies remain relevant and effective in an ever-changing environment.

However, the deployment of such advanced systems raises important questions regarding their accuracy
and reliability. While Al systems offer the potential for improved safety, their effectiveness is contingent
upon the quality of the algorithms and the data used to train them. Ensuring that these systems can
consistently deliver accurate predictions and effectively mitigate risks is paramount. As the industry
continues to adopt these technologies, ongoing research and development will be essential to refine their
capabilities, build trust among users, and ultimately achieve the desired impact on road safety.

This study aims to explore the precision and effectiveness of video-capturing Al technology in the trucking
industry by addressing three key research questions. First, it examines the accuracy of this technology in
proactively anticipating potential risk scenarios by analyzing driver behavior patterns and external variables
that may lead to accidents. Second, it compares the effectiveness of video-capturing Al in identifying driver
behavior with that of human supervisors and traditional monitoring systems. Finally, it investigates how
the integration of video-capturing Al technology contributes to advancements in road safety within the
trucking industry. The study's objectives include determining the current utilization of this technology,
assessing its precision in predicting risks, evaluating its efficiency in real-time monitoring of driver
behavior, and gathering industry feedback on its impact on road safety.

Literature Review

The analysis of driver behavior is a crucial component of road safety and transportation management, with
the primary goal of identifying and mitigating risky behaviors that could result in accidents. With
advancements in technology and data analysis techniques, researchers have explored various methodologies
to analyze driver behavior effectively. This thematic review examines key studies in driver behavior
analysis, encompassing approaches such as scanning eyes and mouth for driver fatigue detection systems,
scanning eyes, mouth, hands, gesture, and facial expression for driver fatigue detection systems, EEG-based
fatigue detection, and computer vision-based analysis in public transportation. By synthesizing these
studies, the purpose is to provide insights into the advancements, challenges, and potential future directions
in the field of driver behavior analysis.

Firstly, Civik and Yuzgec (2023) proposed a real-time driver fatigue detection system, which integrates
deep learning techniques into a low-cost embedded system. The aim was to enhance road safety by
accurately identifying signs of driver fatigue. Utilizing a camera for real-time video capture (front-camera)
and the dlib library to precisely locate the driver’s eye and mouth regions. Convolutional neural networks
(CNNs) were trained on the datasets labeled "Normal," "Eye: open, Mouth: yawning," "Eye: close, Mouth:
normal," and "Driver fatigue" in order to predict driver behaviors. The resulting models achieved high
accuracy rates, with the eye and mouth models reaching 93.6% and 94.5%, respectively. Evaluation metrics
included accuracy rate, confusion matrix, precision, recall, and F1 score, along with comparisons with
existing methods.

In the second approach, Zhang et al. (2024) present a new methodology for driver behavior analysis
framework (seven steps), comprising facial state assessment, hand-object assessment, communication
gesture recognition, dashboard interaction review, facial expression analysis, comprehensive behavior
analysis, and risk assessment (five degrees of risks). The information was gathered from a broad dataset of
more than 470,000 photos taken from various camera angles and car models, with a focus on the side-right
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camera angle to use the CNN algorithm to capture the eyes, lips, hands, movements, and facial expressions.
The results demonstrated the superiority of the Distracted Driving Language Model (DDLM), achieving
high accuracy, precision, and recall metrics. The methodology aims to enhance driver fatigue detection,
offering a potential solution to mitigate road accidents caused by drowsy driving, facilitating more accurate
risk assessment and proactive measures to ensure road safety.

In the third approach, Zheng et al. (2022) propose a new methodology to exploit the capabilities of
electroencephalography (EEG) to conduct fatigue detection by combining the effectiveness of Power
Spectral Density (PSD) of five frequency bands with ensemble empirical mode decomposition (EEMD).
The results of various algorithms, including SVM, KNN, PSO-H-ELM, Logistic Regression, Decision Tree,
Linear Discriminant Analysis (LDA), and Naive Bayes (NB), are examined by authors for modified ML
algorithms. Employing an experimental design methodology, the authors assessed physiological
characteristics through the application of brain-computer interface (BCI) technology and ML models,
specifically by analyzing human EEG signals. This approach aimed to determine the fatigue levels of
drivers.

In the fourth strategy, Taner et al. (2023), the researchers investigate how computer vision and central video
management systems can be applied to improve bus transportation traffic safety, government reputation,
and passenger satisfaction. This study aims to detect and mitigate undesirable behaviors among bus drivers,
such as smoking, not wearing seat belts, and using mobile phones while driving, by leveraging IP cameras,
NVR (Network Video Recorder), and a computer vision system based on CNN models. As a result, the
study demonstrates significant reductions in risky behaviors, underscoring the potential of Al-based
systems to revolutionize public transportation management and safety.

Finally, in the article by Elamrani et al. (2020), an extensive overview of the body of research investigates
how well ML models work to drive behavior analysis. Their purpose is to identify the applications of ML
techniques in driving behavior assessment and to provide a framework for future researchers in this field.
Through quantitative analysis of 82 studies and evaluation of 8 ML models, the study identifies trends,
assesses performance metrics, and compares ML techniques with non-ML approaches in the analysis of
driving behavior dimensions. The findings suggest that ML techniques, such as Support Vector Machines
(SVM), Artificial Neural Networks (ANN), and Ensemble learners, are the most popular and frequently
used. Notably, ANN is the most accurate for the driving-events dimension. The article aids in guiding future
research and decision-making processes regarding the implementation of ML models for driving behavior
analysis.

These numerous articles carried out an extensive analysis of ML methods for analyzing behavior, spotting
patterns, and calculating performance metrics.

Gaps and Limitations

e Most of the research is done in controlled environments. However, further extensive testing should
be carried out to validate the efficacy of this technology across varying conditions, especially in
the trucking industry.

e The use of ML to analyze driver behavior may raise ethical concerns regarding privacy. Therefore,
it is necessary to consider legal frameworks that address this issue.

e Centralized video control systems can be difficult to scale and are expensive to implement widely
within the trucking industry, thus it will affect their viewpoint for future reviews or gathering of
information from this industry.



e The existing research primarily focuses on the physiological state of drivers, without specifically
addressing the trucking industry or other sectors.

Methodology

This research project is anchored in a pragmatic philosophical paradigm, which emphasizes practical
approaches and real-world applications. The primary focus is on the outcomes and practical implications
of video capturing Al technology in the trucking industry. This paradigm allows us to combine different
methodologies to achieve a comprehensive understanding of the phenomena under study, guided by the
core belief that knowledge is best gained through a combination of theoretical and practical insights.

Preliminary Trucking Industry Concepts

Before delving into the methodology applied in this study, it is essential to understand some basic concepts
of the supply chain, specifically regarding long haul operations, players and roles.

Long-haul operations involve the transportation of goods over long distances, typically across regions or
countries, and are critical in the supply chain for connecting shippers, retailers, and transportation
companies. In terms of risk transfer, the roles of these entities are influenced by the Incoterms CIF (Cost,
Insurance, and Freight) and FOB (Free on Board). Under CIF, the shipper assumes responsibility for the
goods, including insurance and freight costs, until they reach the destination port, at which point the risk
transfers to the retailer or buyer. Conversely, under FOB, the shipper's responsibility and risk transfer to
the retailer or buyer once the goods are loaded onto the transport vessel. The transportation company acts
as the intermediary, ensuring the safe delivery of goods while adhering to the specific risk and cost
responsibilities defined by CIF or FOB terms. This distribution of roles and risks is essential in managing
the logistical and financial aspects of long-haul operations, impacting decision-making and risk
management strategies across the supply chain.

Research Strategy

A mixed-methods research strategy was employed, integrating both quantitative and qualitative approaches.
This strategy was chosen to leverage the strengths of both types of data to provide a holistic view of Al's
role in the trucking industry. The quantitative aspect analyzed statistical data related to Al predictions,
focusing on the effectiveness of machine learning models. In contrast, the qualitative aspect explored
contextual insights derived from industry experts and drivers, capturing the nuanced human perspectives
that quantitative data alone cannot provide.

Data Gathering

The study utilized a combination of primary and secondary data sources to ensure the robustness and
comprehensiveness of the dataset. The data collection methods employed in this research were as follows:

e Primary Data:

o Video Data: Video data was captured from Al-enabled cameras installed in vehicles. This
primary source provided a direct insight into the real-world scenarios that drivers
encounter, allowing for an analysis of Al's predictive capabilities in identifying risky
situations.

o Semi-Structured Interviews: Conducted with two truck drivers and five back office
employees, including supervisors, consultants and transportation specialists from trucking
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companies, shipper and technology provider, these interviews were designed to extract in-
depth insights into the experiences and perceptions of both ends of the trucking spectrum.
The semi-structured format allowed for flexibility, enabling interviewees to express their
thoughts freely while still focusing on the key themes of Al implementation and safety.

e Secondary Data:

o Statistics and Reports: Researchers gathered safety statistics and reports from government
agencies, trucking companies, and insurance providers. This secondary data provided a
broader industry context and helped validate the findings obtained from primary sources.
The data encompassed accident rates, safety protocol compliance, and other metrics that
highlight the impact of Al on road safety.

o Previous Studies (Literature Review): An extensive literature review was conducted,
focusing on the application of Al in the trucking industry, particularly regarding road
safety. This review contextualized our findings within the existing body of knowledge,
identifying gaps that this study aims to fill.

Data Analysis

The data analysis integrates both quantitative and qualitative insights to provide a comprehensive evaluation
of Al technologies in improving driver safety and accident prevention. This section focuses on the
quantitative analysis derived from three distinct experiments and the qualitative insights obtained from
interviews.

Quantitative Analysis

Statistical analysis has been applied to evaluate the performance of machine learning models in identifying
risk situations that may lead to accidents. Driver behavior and physical conditions, such as fatigue and
distraction, are analyzed using footage captured by cameras installed inside the truck cabin. This analysis
includes the examination of facial landmarks, eye movements, and head orientation, as well as the
recognition of objects and patterns within the footage.

The quantitative analysis is derived from three experiments, each utilizing different tools and
methodologies to evaluate the effectiveness of Al in risk detection within the trucking industry.

Experiment 1: Deep learning pre-trained models:

Researchers employed quantitative data analysis as the primary methodology to assess truck driver behavior
and condition. The experiment was designed to capture real-time data through an on-board camera system
installed in a long-haul truck-cabin. The camera continuously monitored the driver’s actions and facial
expressions, providing a comprehensive dataset for analysis. The on-board camera was strategically
positioned within the truck's cabin to ensure optimal coverage of the driver’s face and upper body, allowing
for accurate detection of behaviors such as fatigue, distraction, and adherence to safety protocols. Over a
predetermined period, the camera recorded video footage of the drivers during their regular routes,
capturing a wide range of driving conditions, times of day, and environmental factors.



INTERNAL VIEW

Figure 01 - On-board Camera (internal and front views).

Following the data collection phase, the recorded video footage was processed and analyzed using an
Android mobile application specifically developed for this research. The app utilized Google’s Media and
Machine Learning Kit Vision APIs to extract relevant information from the video data. These APIs
provided advanced tools for detecting and analyzing visual features, such as facial landmarks, eye
movements, and head orientation, as well as recognizing objects and patterns within the footage.
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Figure 02 - Driver Condition Analysis.
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Figure 03 - Driver Behavior Analysis.

The quantitative analysis focused on identifying key indicators of driver behavior and condition, such as
signs of drowsiness and inattention. Metrics such as the frequency and duration of eye closures, head tilts,
and gaze direction were quantified to assess the level of alertness and potential risk factors. Statistical
analysis was employed, including standard deviation, to compare driver's behavior and condition over time.
Additionally, the analysis included the detection of external objects and vehicles in proximity to the truck,
contributing to the overall assessment of driving safety.

Experiment 2: Comprehensive telematics system integrated with onboard cameras featuring Al capabilities:

The researchers conducted an analysis of a long-haul operation involving 27 drivers and their respective
vehicles, each equipped with a comprehensive telematics system integrated with onboard cameras featuring
Al capabilities. These cameras were designed to detect fatigue, distraction, cell phone use, and smoking.
The system identified accident risk situations captured by the cameras and provided local interventions in
the cabin, such as visual and audible alerts. Furthermore, the system enabled real-time transmission of these
risk events via the vehicle’s integrated communication means (cellular data network). This setup allowed
the company’s back-office team to analyze events in real time through software and cloud services. A
noteworthy feature of this technology is its ability to extract only the video segments linked to the events,
thereby reducing the need for lengthy image analysis. During a 30-day analysis period, 5,507 events were
recorded, with 65% related to driver distraction, 23% to fatigue, 9% to cell phone use, and 4% to smoking.

Experiment 3: Custom CNN Model Based on VGG16 architecture:

This experiment focused on developing and evaluating a custom Convolutional Neural Network (CNN)
model based on the VGG16 architecture to classify driver behaviors into four categories: safe driving, driver
fatigue, distraction, and mobile phone use. The primary objective was to utilize deep learning techniques
to enhance the precision of behavior detection in real-time driving scenarios. The dataset comprised 3,000
labeled images, categorized into four classes. This dataset was partitioned into three subsets: 72% for
training (2,160 images), 8% for validation (240 images), and 20% for testing (600 images). Images were
sourced from onboard cameras and processed to ensure uniform resolution and format.
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The CNN model was built upon the VGG16 architecture, which is well-regarded for its efficacy in image
classification tasks. The model retained the original 13 convolutional layers but included modifications to
enhance feature extraction. Each convolutional layer utilized a 3x3 kernel with ReLLU activation functions,
and the model preserved the original 5 max-pooling layers to reduce dimensionality. Two custom fully
connected layers were incorporated to learn high-level features, and two additional dense layers were added
to improve classification performance. Dropout layers were included to mitigate overfitting. Moreover, the
training process involved the use of ReLU activation functions for all convolutional and dense layers, while
the Softmax activation function was applied to the output layer for multi-class classification. The model
underwent training over 10 epochs with a batch size of 32 images, balancing training duration with
performance outcomes.

Qualitative Analysis

A thematic analysis was conducted to detect patterns and themes from the interview responses provided by
industry experts and drivers. This qualitative approach was pivotal in obtaining contextual insights,
allowing us to understand the implications of Al integration from those directly impacted. We identified
recurring themes related to Al's impact on driver behavior, safety protocols, and industry practices, offering
a nuanced view of Al's role in enhancing road safety.

Sample Design

The study involves a strategic selection of participants, including truck drivers, back-office team, and
technology specialists. These participants were categorized based on their experience with Al video
capturing technology, ensuring a balanced mix of both experienced and inexperienced individuals. The
following sections outline the profiles of each participant group:

e Truck Drivers: The truck drivers selected for this study represent a diverse range of experiences
and operational contexts. Their perspectives are instrumental in understanding the impact of Al
video capturing on daily operations and safety protocols.

o Truck Driver - Experienced:
i.  Experience: 23 years in long-haul operations.
ii. Location: Brazil, Canada, and the USA.
iii. Operation Type: General cargo and live cargo shipping.
iv. Al Experience: No experience with Al video capturing systems.

o Truck Driver - Less Experienced:
i.  Experience: 3 years in city operations.
ii. Location: Sydney, Australia.
iii. Operation Type: Urban cargo delivery.
iv. Al Experience: No experience with Al video monitoring systems.

e Back-office team and Specialists: Managers, supervisors and specialists were selected from
diverse backgrounds, covering different aspects of trucking operations and management. Their
insights are essential for understanding the strategic implications of Al technology in fleet
management and operational efficiency.

o Trucking Company Coordinator:



i. Role: Manager of operations for a fleet of 600 trucks.

ii. Location: Brazil, Uruguay, and Argentina.

iii. Experience: Extensive management experience with no direct experience in Al
video capturing.

This coordinator provides a macro-level view of the challenges and opportunities
associated with large-scale trucking operations and the integration of new technologies.

Oil Company Transportation Specialist:
i.  Role: Oversees transportation for 40 trucking companies with up to 5,000 vehicles.
ii. Location: Brazil.
iii. Experience: 15 years in logistics and fleet management.

This participant offers insights into how Al technology can be leveraged to enhance safety
and efficiency in the oil industry's trucking sector.

Tech Company Specialist:
i.  Role: Tech specialist focused on fleet management solutions.
ii. Location: Brazil and Mexico.
iii. Experience: Experienced in implementing Al solutions in fleet management.

This tech expert provides technical insights into the development, implementation, and
optimization of Al video capturing systems.

Freight Broker in a Transportation Company:
i.  Role: Manager of refrigerated cargo operations.
ii. Location: Canada and USA.
iii. Experience: Extensive experience with no direct exposure to Al systems.

This participant brings a commercial perspective, exploring how Al technology impacts
business operations and customer satisfaction.

Transportation Specialist in a Trucking Company:
i.  Role: Manages operations for a fleet of 70 trucks.
ii. Location: Canada and USA.
iii. Experience: Experience in traditional fleet management with exposure to Al
systems.

This specialist offers insights into the challenges and benefits of integrating Al into smaller
fleet operations.
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Results
Quantitative Findings

The Al system demonstrated an exceptional accuracy rate of 95% in detecting inappropriate truck driver
activities. This impressive accuracy indicates the system's high effectiveness in identifying potential risks
on the road, thereby playing a crucial role in creating a safer driving environment.

In addition to its accuracy, the Al system also achieved high precision, recall, and F1 scores across most
behavior categories. Precision, which measures the proportion of true positive identifications among all
positive identifications, exceeded 90% for all categories except "driver fatigue." Recall, which had a recall
of 82% due to some instances being misclassified as "safe driving. Despite this, the precision for detecting
driver fatigue remained high, suggesting that when the system did identify fatigue, it performed accurately.
The trade-off observed in recall for this category highlights an area where further improvement is needed.
The F1 score, which combines precision and recall into a single metric, also remained above 90% for the
majority of categories, indicating a strong balance between detecting true safety concerns and minimizing
false positives. For the "safe driving" category, the system showed high precision and recall, accurately
identifying safe driving behaviors and consistently detecting true instances of safety. Similarly, for the
"distraction" category, both precision and recall were high, demonstrating effective detection of distracted
driving with minimal errors. The "mobile phone use" category also displayed high precision and recall,
indicating that the system accurately identified this behavior while minimizing classification errors.

Overall, the significant enhancement of road safety achieved through the use of this Al system is a critical
finding. By reliably detecting unsafe driving behaviors, the system serves as a vital tool for reducing
accidents and improving overall road safety, particularly in the high-risk trucking industry. The high
accuracy, precision, and F1 scores of the Al system underline its effectiveness in monitoring driver
behavior, though the challenge of detecting driver fatigue suggests a need for further refinement to enhance
its overall performance and impact on road safety.

Qualitative Main Findings
The interviews revealed the following main key themes:

e Perceived risk factors: Participants identified fatigue, distraction, and external hazards, including
animals on the road and improper lane change procedures, as the top concerns impacting driver
safety.

e Instrumentation: The integration of multiple cameras and telematics was highlighted as essential
for effective real-time monitoring, while specific protocols and a supportive back-office team were
deemed vital for addressing potential risk scenarios and preventing accidents.

e Procedures: Specific protocols to address potential risk scenarios were emphasized as essential to
the system’s effectiveness. In addition to the full functioning of the technical infrastructure,
including its capacity to transmit data in real time, the presence of a Backoffice team to handle
safety events is essential in preventing accidents.

Participants also highlighted the positive impacts of the Al system, including real-time analysis and action,

both in-cabin and remotely. The system’s monitoring capabilities were seen as encouraging compliance
with safety regulations, garnering strong support from the company’s board.
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The interviews further emphasized the importance of addressing driver behavior, with particular attention
to issues like fatigue, distraction, and the pressures of work. A recurring theme was the balance between
convenience and compliance, where drivers sometimes prioritize convenience over strict adherence to
safety regulations, leading to potential risks. The need for comprehensive training programs was also
highlighted, especially in accident prevention, to reduce human error and improve driving behavior. The
effective integration of Al technology within the trucking industry requires fostering a culture where drivers
embrace the technology as a safety tool, complemented by proper training in its use. The strategic placement
of cameras and a synergistic approach that combines Al with traditional monitoring systems were identified
as critical for maximizing safety outcomes. Although Al video-capturing systems have significantly
reduced accidents, continuous improvement in these systems is necessary to address challenges like false
positives and to ensure consistent performance across different companies.

Challenges

Despite its success, the Al-enabled cameras require continuous improvement in facial recognition, object
detection, and behavior analysis algorithms. The effectiveness of the system was influenced by several
variables, such as the driver’s physical characteristics (e.g., eyes, mouth, beard), behavior (e.g., gestures),
camera positioning, lighting conditions, and vehicle characteristics (e.g., type, weight).

Comparative analysis (Al vs. traditional monitoring)

The Al-enabled cameras were found to be more effective at detecting risky behaviors, particularly fatigue
and distraction, compared to traditional monitoring systems that rely on manual inputs, analysis of past
events, or direct observation. Additionally, the ability to filter unsafe driver behaviors and conditions from
an entire workday allows transportation companies to focus on the events that really matter, avoiding
lengthy video analysis seen in traditional monitoring systems.

Discussion
Interpretation of findings

The findings of this research project demonstrate that the integration of Al technology into the trucking
industry can substantially reduce the likelihood of accidents by enhancing the detection of potential hazards
and promoting safer driving practices. Al cameras, with their ability to detect hazards such as approaching
vehicles or driver fatigue (e.g., yawning), play a crucial role in real-time hazard identification. However,
their effectiveness is influenced by external factors such as weather conditions, road quality, and load
weight. These findings underline the importance of personalizing machine learning models to adapt to
varying driving conditions and integrating Al technology with other vehicle systems, such as telemetry,
electronic logging devices (ELDs), and Edge Devices installed in vehicles. This integration could enhance
the overall accuracy and reliability of Al systems, enabling them to provide more precise and context-aware
responses to potential risks.

The ability of Al to process and analyze vast amounts of data in real-time makes it an invaluable tool for
improving road safety. By continuously monitoring driver behavior and external conditions, Al systems
can anticipate and respond to potential dangers more effectively than traditional monitoring methods. For
instance, the detection of driver fatigue through facial recognition and behavior analysis allows for timely
interventions, such as alerts or corrective actions, which can prevent accidents before they occur. Moreover,
Al technology's capacity to learn and adapt over time means that its accuracy and effectiveness will likely
improve with continued use and refinement.
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Implications for road safety

The implementation of Al video capture technology in the trucking industry has significant implications
for road safety. Human error is a leading cause of accidents, and the Al system's ability to detect and respond
to potential hazards in real-time offers a powerful solution to mitigate this risk. By promoting safer driving
practices, Al technology not only helps prevent accidents but also fosters a culture of safety within the
trucking industry. The continuous monitoring provided by Al-enabled cameras encourages drivers to adhere
to safety regulations, reducing instances of risky behavior such as speeding, distracted driving, or failing to
follow proper lane-change procedures.

Furthermore, the integration of Al with other on-board technologies, such as ELDs and telematics systems,
can provide a more comprehensive approach to risk management. These systems can work in tandem to
monitor a range of factors, from driver behavior to vehicle performance, creating a holistic safety
ecosystem. For example, while the Al system monitors for signs of driver fatigue or distraction, the ELD
can ensure compliance with driving hours regulations, and telematics can provide data on vehicle speed,
braking patterns, and other critical metrics. This multi-faceted approach enhances the overall safety of
trucking operations and contributes to a reduction in accidents caused by human error.

Limitations

Despite the promising findings, there are several limitations to this study that must be acknowledged. The
small sample size and short duration of the study limit the generalizability of the results. A more extensive,
long-term study would be necessary to validate these findings and provide a more comprehensive
understanding of the impact of Al technology on road safety. Additionally, the accuracy of Al systems in
detecting hazards is influenced by external factors such as weather conditions and road quality, which were
not fully explored in this study. Future research should aim to examine how these variables affect the
performance of Al systems and identify ways to mitigate their impact.

Privacy concerns related to AI monitoring also present a significant challenge. While the benefits of Al in
improving road safety are clear, the potential for Al systems to infringe on personal privacy cannot be
overlooked. The continuous monitoring of driver behavior raises ethical questions about the balance
between safety and privacy. It is essential to develop Al systems that can effectively monitor and analyze
behavior without compromising personal privacy. This could involve implementing privacy-preserving
technologies, such as data anonymization or on-device processing, to ensure that the data collected is used
responsibly and ethically.

Suggestions for future research

Given the limitations of the current study, future research should focus on several key areas to build on
these findings and address the challenges identified. First, long-term studies with larger sample sizes are
needed to assess the sustained impact of Al technology on driver behavior and safety outcomes. Such
research would provide a more robust understanding of the effectiveness of Al systems in real-world
settings and offer insights into how these technologies can be optimized for long-term use.

Additionally, future research should explore the integration of Al-enabled cameras with other on-board
technologies capable of improving road safety. By examining how Al can work alongside ELDs, telematics,
and other systems, researchers can identify synergies that enhance overall safety. This could involve
developing Al systems that can analyze data from multiple sources simultaneously, providing a more
comprehensive assessment of risk factors and enabling more effective interventions.

Addressing privacy concerns is another critical area for future research. It is crucial to develop Al systems
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that can monitor driver behavior without infringing on personal privacy. This could involve investigating
new methods of data collection and analysis that prioritize privacy while still providing valuable insights
into driver behavior. Research into the ethical implications of Al monitoring and the development of
privacy-preserving technologies will be essential in ensuring the responsible deployment of Al in the
trucking industry.

Finally, exploring the potential for Al integration with other security systems, such as vehicle-to-vehicle
(V2V) communication or advanced driver-assistance systems (ADAS), could provide a more
comprehensive approach to risk management. By leveraging the strengths of multiple technologies, it may
be possible to create a more robust safety framework that further reduces the likelihood of accidents and
enhances the overall safety of trucking operations.

Conclusion

This study aimed to highlight the powerful impact of video-capturing Al technology in the trucking
industry. This technology is accurate at predicting potential risks, which helps in preventing accidents
before they happen. Compared to human supervisors and traditional systems, video-capturing Al is better
at spotting and tracking driver behavior. Using this Al technology is making the roads safer and the trucking
industry more efficient.

The results indicate that the custom machine learning model achieved 95% accuracy in detecting truck
driver activities, significantly improving road safety. While it excelled in most areas, the recall for "driver
fatigue" was lower at 82% due to some misclassifications. Key factors influencing road safety include driver
behavior, such as over speeding and fatigue, often driven by convenience, traffic congestion, and inadequate
training. Al integration, along with traditional monitoring systems and proper training, has effectively
reduced accidents, with Al-enabled cameras enhancing safety and transparency. Although Al systems
currently face a 17% false positive rate, continuous refinement is needed. Overall, Al adoption reduces
accident-related costs and fosters a safety-focused culture among drivers, benefiting both drivers and
companies.

These findings suggest that integrating Al video capture technology into the trucking industry can greatly
decrease accidents linked to human error. This technology enhances the ability to detect hazards in real-
time, encourages safer  driving habits, and helps prevent potential  accidents

However this study was limited due to its small sample size and the short timeframe in which it was
conducted. The system's effectiveness relies heavily on optimal camera placement and seamless integration
with existing monitoring systems, which, if not properly managed, could compromise hazard detection and
accident prevention. The high initial and ongoing costs of implementing and maintaining these Al systems
also pose challenges, particularly for smaller companies.

Future research could explore the long-term impact of Al on driver safety, integrating Al with other safety
technologies, and developing systems that ensure privacy while monitoring behavior. Exploring Al's role
with other security systems could also enhance risk management. Improving Al accuracy for detecting
behaviors like "driver fatigue," reducing false positives, and optimizing Al integration with traditional
monitoring systems. Long-term studies with larger samples are needed to validate effectiveness, and
exploring cost-benefit analyses could help make Al technologies more accessible for smaller companies.
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	● Truck Drivers: The truck drivers selected for this study represent a diverse range of experiences and operational contexts. Their perspectives are instrumental in understanding the impact of AI video capturing on daily operations and safety protocols.
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