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1. Introduction to Vehicle Fleet Management

Introduction Vehicle Fleet Management involves an effective combination of vehicles,
information, and technology to help stakeholders in optimizing their logistical and transport
activities. It plays a significant role in helping supply chain and logistics players shorten their
time-to-market opportunities and provides a tool to keep track of all movements in the
transportation process. An effective fleet management system includes elements such as
vehicle procurement, vehicle deployment, vehicle monitoring, and eventually vehicle
maintenance and disposal. Fleet management is now optimized with the infusion of
technology to ensure logistics and transportation costs are significantly decreased, as it uses
technology solutions to facilitate efficient and effective fleet management, vehicle routing,
vehicle monitoring, and vehicle control solutions. Fleet management has a significant impact
on overall customer service and supply chain effectiveness. It is a key enabler for value-added
distribution channel activities to respond to increasingly unpredictable market conditions, as
the movement of goods or people represents the most expensive form of transport in any part
of the world. In fleet management, there are different families of stakeholders who are key in
its running and continuity. They do have a stake in the results of processes, ensuring that the
goods or people get to their destination. The emerging global supply chain has become highly
competitive, and there are increasing demands for integrated supply chains. Such competition
has led to a change of mode for prospective and existing fleet managers, as there is a need for
them to continually upgrade themselves with the latest happenings to keep in line with recent
developments. The migration of the supply systems from single distributions to sophisticated
supply chains has made things really tough for transportation and logistics stakeholders who
now manage fleets. The rampant growth in transport and high competition excludes any
chance of insensitivity, as companies and individuals are increasingly paying attention to fleet

and transportation in general.
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1.1. Challenges in Traditional Fleet Management

Fleet management of mid- to large-scale vehicle fleets comes with a plethora of challenges.
Heavy operational costs are associated with fueling, servicing, and maintaining the overall
fleet. Manually constructed vehicle routes are largely inefficient and unadaptable. Non-
optimized maintenance schedules negatively impact vehicle lifespans. Moreover, whereas
system data tend to accumulate in chronological databases, overlooking immediate value for
decision-makers, Al concepts target real-time data and could contribute to developing
intelligent vehicles and future fleet management systems. Decision-makers usually lack sound
guidelines because only minimal real-time data, or knowledge extracted from such data, is
available. Finally, driver and vehicle behavior outpatient monitoring may be of importance in
legal matters as well, e.g., in cases of insurance, and operational costs are affected by drivers

with aggressive driving styles, low levels of efficiency, common traffic accidents, etc.

Traditional solutions to these and other challenges include simple driver interaction protocols,
minor investments in vehicle infrastructures, and fuel level indicators in vehicles. These
protocols for interaction with drivers constitute an essential human-factor dimension of
vehicle guidance. However, collective evidence obtained from previous research indicates
that the range of uncertain vehicle guidance-related events and causes of accidents on local
and inter-urban networks has an impact on fleet operators and drivers, and that driver
behavior has the potential to dramatically curtail the benefits of the smartest eco-routing
applications. We further document that there is a need for fleet management systems that
make use of Al-driven shallow data, know AI trends, are user-friendly, are instrument-
oriented, operate in real time, translate data into insight for guidance on potential roads to
travel, and standard vehicle speed for best fuel economy. Systems without Al-directed
shallow data are generally non-automated, operate with inert knowledge, and consider trends
in the context of today for fuel price, target speed, fleet composition, weather, traffic flow, etc.
They look for trends with importance related to the prediction of price, weather, traffic flow,

fleet fuel consumption characteristics, vehicle composition profiles, and road infrastructure.
2. Fundamentals of Machine Learning in Fleet Management

Machine learning can be defined as a subset of artificial intelligence that provides systems the

ability to automatically learn and improve from experience without being explicitly
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programmed. Machine learning focuses on the development of computer programs that can
access data and use it to learn for themselves. Entering data is the first process of all. A
machine learning model is trained over historical data, essentially going through a learning
process to make predictions and learn from data. The objective is to produce a model or
algorithm that can analyze relevant patterns in data and make predictions with reasonable
prediction accuracy. The result is that the more relevant data go into the training model, the
more accurate and meaningful insights can be made out of the model. Thus, analytics
professionals have dedicated time and resources to data collection and data preprocessing to
better understand the studied phenomenon. The Al systems can be trained to analyze fleet
data of any size and scope. A large fleet can generate vast amounts of data with thousands of
variables. Machine learning algorithms can identify and analyze patterns by relating these

variables to each other.

The selection of fleet management algorithm types is best made based on the task at hand.
The process of choosing the right algorithm generally starts with defining the basis of the task.
The vehicle fleet management task can be evaluated as properly formulated by the manager
who has both fleet management expertise and the information necessary to build a machine
learning solution. The management of a vehicle fleet can also be formulated as a classification
or regression problem and could be approached by using supervised machine learning.
Unsupervised machine learning can be used when the task requirement is to cluster incoming
or stored vehicle position data, to order or structure the data. Reinforcement learning
algorithms suit best if the main decision can be abstractly modeled. Over the last decades, Al
has demonstrated its capacity to significantly improve decision-making in different
industries. Al has also made it possible to devise powerful prediction systems capable of
assisting with a wide range of decisions. Algorithms can make decisions automatically by
analyzing data inputs and inferring the suggested solutions. Al advances managers' decision-
making processes by examining many influencing factors, which are prone to human error to
some extent. For example, an Al-based shift and break scheduling system is able to create a
high-scale, cross-referenced break plan at the right time and location. For its better
management capability, the same system can take into account the rest time plan over the
week. In production planning at the operational level, Al is utilized very broadly, alternating

with linear programming methods or improving them with the help of fulfilling some
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restrictions. In transport management systems, helping decision-makers by advising methods
will definitely lead to the achievement of specific targets. It is clear that Al will embody an
influence on production planning and distribution systems. The artificial neural network
technique may help the distribution sector have accurate predictions about the fleet's future
route, which will help the company apply routing compartmentalization for management

reasons.
2.1. Types of Machine Learning Algorithms

Considering the existing literature and in practice, machine learning algorithms can be
roughly categorized into the following three types. Supervised learning. It trains ML models
using labeled input to optimize and represent the mapping function from the independent
variable to the dependent one. In such scenarios, supervised learning algorithms can optimize
the usage of historical data for better resource allocation and energy saving. In fleet
management, supervised learning algorithms learn from historical data the optimal sequence
for each service technician. Supervised learning algorithms can also be used to divide a vehicle
fleet into vehicles with similar characteristics. This can be useful in general and practical
applications towards vehicle fleet management, as the same vehicles attending service
together could reduce energy costs and investigate the effect of heterogeneity in electric
vehicle battery degradation. The main ML algorithms among this group for vehicle fleet
management problems include linear regression, support vector machines, and deep learning
algorithms. Unsupervised learning. It trains ML models using input data without class labels.
Unsupervised learning problems can be formulated as an optimization to identify the best
grouping of how data is scattered between different observations. The more similar vehicles
or routes are grouped together, the better the different solutions will be for practical purposes.
Indeed, the application of unsupervised learning to divide a vehicle fleet into similar vehicles
with better energy allocation and degradation would be of interest. Reinforcement learning.
Reinforcement learning is an ML algorithm that learns which action to take by the agent
interacting with its environment in order to maximize some notion of cumulative reward.
Reinforcement learning allows the learning of decision-making agents based on the trial-and-
error feedback mechanism to improve their performance. The validation of the performance
of such algorithms can be carried out by using empirical evaluation on test datasets; however,

this approach is too complex and time-consuming and more difficult to apply due to the access
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to a photorealistic environment. In vehicle fleet management applications, the data is
analyzed and improved on the simulation of vehicle movements over a group of vehicles with
varying loading situations. The application of reinforcement learning algorithms is becoming
more popular and is a hot topic for practical applications towards vehicle fleet management;
however, there are limited peer-reviewed journal articles available that consider the
application of such algorithms and their use cases in advanced vehicle fleet management

applications.
3. Optimizing Fleet Operations with Al

Modern transportation is ripe with artificial intelligence-powered paradigm shifters that can
help solve numerous teething problems in fleet operations. Be it logistics, route planning, fuel
efficiency, risk management, decision-making, and vehicle sharing or mobility as a service —
Al brings a plethora of data-driven solutions to servers on a silver platter. In operation,
decision-making is dependent on real-time analytics and historical patterns of data, which
change frequently due to high road congestion. Al provides a real-time solution that quickly
responds to emergencies, analyzes the data, and suggests the optimized route. By sensing the
real-time location and status of vehicles, Al-driven solutions can help optimize routes and
deliveries, manage vehicle maintenance, and predict fuel consumption, helping fleet
operators increase efficiency and trip frequency, boost revenues, and reduce costs. By
scanning and predicting drivers’ behaviors, Al enables fleet operators to handle potential

driver issues before they become problematic.

Existing literature reveals an array of Al techniques that tackle problems plaguing fleet
operations, from traffic forecasting to repositioning strategies, route selection, and delivery
scheduling. Combining these Al-powered solutions with fleet operations will increase both
gross domestic product and the overall performance of their transportation system and
infrastructure. Yet the tedious and occasional hasty planning of vehicle services,
infrastructure, and flexible mobility station facilities can cripple both short- and long-term
operations if not properly integrated. They can be costly in terms of materials, complex
patterns of life cycle ties and upgrades, as well as smart planning quantities. Al will most
reasonably cut the costs alike. Techniques like deep learning, reinforcement learning,

imitation learning, and route optimization have been proposed. For fleet management in
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urban spaces, technology shows a strong chance of optimization depending on the approach.
Given a proper roadmap, efficient infrastructure, and connected and autonomous vehicles in
the transportation ecosystem, businesses can show Al as a financially profitable technique
against traditional fleet management systems. Studies can further evaluate possible solutions
tailored for other space-dependent use cases. Case studies of deploying Al solutions in fleet

operations —and elsewhere — can reveal their benefits in powerful ways.
3.1. Route Optimization

As vehicle routing problems (VRPs) and VRP extensions are important research areas, they
can influence the operational costs and the effectiveness of the whole organization. The
importance of this is undisputable; by making five or six deliveries per day instead of four,
costs can be reduced by, for example, 20%, so it is crucial to devise tools and organizational
strategies that will make routes and the use of resources effective. Predicted shorter overall
travel times allow for better resource use by transporting more clients within the same time.
Route optimization is thus a powerful tool used in vehicle fleet management that has a

significant impact on the cost of deliveries.

In general, Al (especially machine learning) is used in predictive analytics and in
recommendation systems that are able to learn routes given historical data or past traffic
states. Machine learning also helps in analyzing and predicting traffic around the driver's
location. Together with vehicle monitoring systems, the vehicle connects to a central
dispatching unit which allows the system to schedule, optimize, and provide the driver with
the fastest path to the destination. With traffic information, the route can be updated and
adjusted as the car travels towards its destination. As a result, rather than employing Al to
constantly calculate the best routes taking into account short-term changes in traffic, a fully
Al-controlled system can employ a heuristic approach to intermittently reoptimize the plan
as the car navigates, considering re-planning whenever possible. This is rather than a one-off
plan as is done at scheduling time. Finally, real-time data from GPS devices are used to
identify when a driver is deviating from the given route. Such data are uploaded to a server

and together with map matching, a report is generated.

The application and success of machine learning-based models in vehicle routing problems

are limited by principal limitations such as unforeseeable variables. The traffic distribution
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might be sensitive to unobserved elements common to virtual links that appear only when
data are aggregated, such as transitory network congestion or variations in data collection.
This does not apply in the case of VRP solutions, as vehicle speed and behavior-boosting
solutions depend on routing paths with 'shortest' travel times, rather than routes that will
statistically take the least amount of time. For extra reinforcement, it would be beneficial to
couple these systems with those of the city infrastructure, along with using smart routing to
estimate travel times during poor weather conditions, or for construction sites. However, in
the case of VRP solutions, such a plan would not always be profitable, as it would depend on
available options. The main limitation would be that for such systems to work, features like
vehicle storage capacity and dimensions that must be included in VRP systems would be

better absorbed by normal driverless vehicle fleets.
4. Al-Based Maintenance Scheduling

As the role of artificial intelligence in fleet operations continues to increase, it has become
evident that the suite of solutions it can support is more expansive than we originally thought.
One important aspect of managing a fleet of vehicles is identifying which vehicles in the fleet
need to be serviced, and when those services will provide the best outcome. Until recently,
this has been a guessing game where vehicles are serviced on almost entirely arbitrary
timelines — often referred to as reactive maintenance or preventative maintenance. Rather
than depend on the very variable nature of human assessments of a vehicle’s worthiness for
operation, predictive maintenance utilizes an artificial intelligence system to look at vehicle
histories and health to predict when failures or faults might occur. This allows the fleet
operator to plan services at more appropriate times, lessening the maintenance of good

condition units.

This new method also assigns a health score to each vehicle in the fleet through the Al's
analysis. These scores allow us to easily quantify a vehicle's fitness for operation given its own
maintenance schedule. Part of this analysis will consider vehicle health sensors and data
generated in real time. Instead of a pure predictions-based technique, we can use real-time
data to see how vehicles are being used, integrating cost-effective condition-based monitoring
into each vehicle. While Al can provide breakthroughs in understanding and dissecting

historical vehicle data to make predictions about when maintenance should be done, there are
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still many operational challenges. These include, but are not limited to, the sometimes very
poor quality data in the fleet—especially legacy vehicle data—the very real variability
between any one vehicle and others of the same make and model, and the sometimes very
extreme differences in use any one vehicle can see between other identical vehicles. Al is not
a set-it-and-forget-it system either. Historically, modeling programs have been set to predict
a known value threshold and left until the next known failure. AI models, however, learn and
improve from every prediction, and therefore can predict further into the future in a cycle of
continuous improvement and insight. As data collection and next-generation sensor systems
continue to improve, new opportunities and insights into vehicle fleet management will make
the Al that has been trained on only historical vehicle data even more vital in the overall effort

to manage a heterogeneous urban fleet.
4.1. Predictive Maintenance

The engineering concept of predictive maintenance is based on the idea of predicting, using
available sensor data, when a machine needs service. When transferred to the domain of
automotive vehicles, predictive maintenance can be used to predict when a vehicle in a fleet
likely needs an unscheduled maintenance event. This situation is often referred to as a vehicle
breakdown. While the term does not pay homage to the anticipatory perspective of predictive
maintenance, it is the most defining application in vehicle fleet management. Using predictive
maintenance, companies in vehicle fleet management hope to avoid unpredictable
unscheduled events and thereby make their service and operations more reliable. In essence,
in a predictive maintenance-enabled operation, we predict the next service event before an

unexpected breakdown occurs due to a technical fault.

Several characteristics inform predictive maintenance solutions in logistics. These may
include the scope of data from which a prediction is derived, predominantly historical in-situ
performance data, and the scope of vehicles that the prediction entails, such as individual
units or a segment like an entire vehicle model subtype. In terms of the predictive maintenance
solution, economic providers may offer a set of parameterizations that enable fleet operators
to estimate the economic benefit they could generate with the system. These monetization
schemes are likely based on considered benefit levers. A comprehensive list of predictive

maintenance motivators includes predicting the need for the next maintenance event, which
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contributes to different aspects like cost savings in comparison to ad-hoc repairs, improved
operational efficiency, and asset utilization, as well as increasing or prolonging the service life

of vehicles.
5. Resource Allocation in Fleet Management

Resource Allocation One of the most significant issues in fleet management is to allocate the
optimal resources needed for the service. Most of the costs associated with operating vehicles
occur on the road. Therefore, the development of methods for optimizing vehicle scheduling
is crucial, especially to minimize costs. Service quality is a factor that significantly affects
customer satisfaction. Proper planning of resources can help improve service quality by
increasing the connectivity and punctuality rates. Resource allocation can be improved by
offering intelligent services. In practice, to ensure flexibility, resources such as vehicle working
hours and drivers have to be allocated according to demand and distributed per shift. While
demand can be predicted, proposing the best resources to employ to meet the demand in
advance is still challenging. Providing information for early returns after they have been
employed is considered a key factor in decision-making in many environmental situations.
Based on real-time decisions and data, vehicle and crew assigning actions are adjusted to the
needs of the actual situation, ensuring resources continue to be optimally utilized. The
decision on possible constraints needs to be timely. Many earlier works have proposed
varying vehicle duty for the day based on daily vehicle requirements to fulfill. In an asset-
heavy environment, vehicle scheduling must deal with fluctuating demand. The main aim of
vehicle scheduling is to determine which vehicles and crews are to be allocated to the duties
in a day so that the predicted demand required by the depot can be met. Vehicles and crews,
however, have constraints in terms of availability. Hierarchical dynamic vehicle scheduling is
a multi-level decision-making process. Fleet personnel apply decision data from scheduling
solutions to operational decisions to adapt the network and reschedule subsequent vehicle
and crew working schedules as needed. For vehicle scheduling, as demand fluctuates, the
scheduling algorithm forecasts vehicle rotation schedule modifications, including which
vehicles may be canceled and returned to the depot to accommodate the existing demand.
The parameters in a vehicle duty prescribing the vehicle turnaround and service profile can
be rescheduled in real time, with the provision of new vehicle working profiles, providing the

expected customer-serving demand. Random stoppages such as freight deliveries, illness, or
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accidents create vehicle retrieval in an asset-heavy environment, with increased congestion
problems and inefficient resource management. Through predictive agent-based techniques,
vehicle routing and vehicle journey planning can be adjusted, ensuring service levels remain
constant on a wide multi-vehicle and supply chain network. In strategic yielding, there are
potential production dips in the schedule, which may also guide network operators into
managing the assets and crew availability more flexibly to minimize the impact on the

depletion of assets and to cope with increased vehicle journey time.
5.1. Dynamic Resource Allocation

Dynamic resource allocation refers to the allocation of resources in real time. In the context of
vehicle fleet management, dynamic allocation strategies enable a swift response to real-time
changes in demand and operational conditions. Al-driven technologies provide advanced
tools for real-time data analysis, enabling operations managers to make better decisions.
Traditional methods based on queueing and mixed-integer programming already exist.
Nevertheless, these methods are challenged by the need for quick re-planning. When demand
changes, it might be time-consuming to re-solve the original optimization problem. By
adapting to changes in passenger requests, dynamic vehicle allocation can enhance a fleet's
robustness and resilience. Some case studies in this domain are reviewed, showing
improvement in operational costs and service levels. Dynamic vehicle allocation strategies
make vehicle fleet management systems more robust in the face of uncertainties. Assuming
the use of solutions based on first-class machine learning and artificial intelligence tools, the
benefits of dynamic vehicle allocation can be maximized. Especially, deep learning
approaches can be adapted to continuous learning, enabling features of cluster management
strategies to evolve as the problems and context evolve. Additionally, operations can adapt to
the presence, latency, and reliability of new information, thereby leveraging the full
advantages deep learning methods provide in terms of establishment and adaptation. By
incorporating Al-driven technologies, dynamic vehicle allocation strategies can enable
accurate predictions and ensure fair and efficient resource allocation over time. These

dynamic strategies can also enhance the effectiveness of the full system.

6. Future Direction
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The world of vehicle fleet management is heading in the direction of Al and automated
decision-making, creating large amounts of change. The days of Al assistance in these
technologies are quickly moving to Al-driven, manufacturer-provided solutions, leading to
greater autonomous operation of a motor vehicle and access to larger pools of big data. As
these future trends become closer, the fleet management ecosystem will become both enriched
and complicated. The concept of autonomy has been growing in all industries, including
transportation, and this is likely to change the future business operations of many existing

avenues.

There are a number of emerging technology trends in vehicle fleet management that warrant
continued research and investment, including autonomous vehicles, advanced Al features,
capacity hosting factors like demand and supply, management and control systems, data uses
and values, particularly big data, changes to business models, and interoperability. Big data
may change the dependency in vehicle fleet management on real-time behavior to offer more
complex predictive analytics. These future trends may influence both and be influenced by
the advancements in data use: motivations and challenges in the previous section. In
particular, we highlight data and big data changing business models and governance and
ethical challenges. There are numerous exciting future possibilities in vehicle fleet

management.

The move into Al and autonomous vehicles brings a number of challenges and opportunities.
The move into Al and autonomous vehicles has an additional positive impact on enabling
vehicle fleet management to grow and innovate, which includes the changes featured below.
In adopting these future technologies, fleet managers must still manage potential
vulnerabilities resulting from data security and cybersecurity breaches and ensure adherence
to compliance and regulatory responsibilities. This can also enable managers to understand
data mobility patterns in cities and appropriate infrastructure investments. Further, the use
of big data can facilitate better demand management incentives to maintain sustainable
operation. Al can develop state-of-the-art algorithms to manage fleet services and customer
demand, particularly for travel in time. Al traffic controllers are designed to allow efficient
choices. One need for knowledge is for proper data protection, safety, and usage compliance.
The information is valuable, but the incorrect usage of this information could raise privacy

and compliance problems. There are several concerns regarding accountability, control, data

African |. of Artificial Int. and Sust. Dev., Volume 2 Issue 2, Jul - Dec, 2022
This work is licensed under CC BY-NC-SA 4.0. 279



AFRICAN JOURNAL OF
ARTIFICIAL INTELLIGENCE AND
SUSTAINABLE DEVELOPMENT

governance, and ethical issues. Ethical arguments, decision-making, privacy issues, and issues
of the justice system related to transportation have to be studied. The shift to Al also needs to
be anticipated for opportunities and increased competitive benefits. With global demand for
data analytics, extraction of knowledge, and Al predicted to reach billions in all business
sectors, this critical Al-driven vehicle fleet management research can offer a significant
research influence when other transportation-efficient management and efficient travel

investments will be realized.
7. Conclusion

In conclusion, vehicle fleet management has always been a challenge for managers, even with
robust technology systems and different decision-making tools. However, sudden changes in
services, technology, and consumer preferences have drastically changed operations in the
fleet management industry. The traditional IT tools, which require human intervention, are
unable to perform as expected. The concept of artificial intelligence systems is essential in
automating and assisting fleet managers in making robust decisions. The existing literature
clearly states the enhancement in performance with the deployment of advanced systems. The
solutions are essential in reducing the burden of managers for day-to-day operations, which
gives them a clear picture of what vehicle to be moved, repositioned, or refreshed in order to
serve other loads. Al systems provide efficient solutions, not only in vehicle operations but
also in improving maintenance, reducing operational costs, increasing safety, and providing

solutions to manage unexpected uncertainties.

The rapid changes in this field, the new business models with disruptive technologies, and
the changing preferences of customers will be the future research direction. The impact of
autonomous trucks and driverless cars will change the entire scenario. Addressing and
reacting to challenges are also not efficient unless the advanced tools can predict such changes.
Hence, predicting trends and staying informed will enable the tools to stand ahead in the
market. The research envisioned here has not yet been explored deeply. Hence, it is to be
researched and explored. It is essential for fleet managers to work closely with researchers in
the field and collaborate with leading Al companies to design and build effective solutions.

Al can create greater operational efficiencies in logistics and the way the logistics industry
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operates in using transportation. With current investments being made in automation, Al is

set to have a significant impact on fleet management.
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