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Abstract

In fleet management, fleet maintenance is a crucial aspect to increase availability.
Periodic and preventive maintenance is conducted for the fleet regardless of the level of
practical faults. This triggers repair and component replacement costs, as well as
consumption of time. With the development of the information and communications
technology, the Internet of Things (IoT) is under focus and being applied in various
industries. This technology can also be used to perform predictive fleet maintenance.
Thus, this study defines a fleet maintenance management system (FMMS) based on the
IoT by applying the soft system methodology and determines the role of stakeholders
according to the CATWOE method. An IoT-based FMMS conceptual model is also
proposed on the basis of the definition above. IoT-based predictive maintenance can
increase fleet availability, stability, and efficiency; reduce cost through effective
maintenance planning; and eliminate unnecessary maintenance tasks.
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1. Introduction
Supply chain management (SCM) is an overall activity for satisfying customer needs
and reducing the cost of supply chain across the activities of suppliers and consumers,
right from the acquisition of raw materials to product manufacturing, transport and
shipment, and sales [1-2]. The reduction of transport cost, which accounts for 1/3 to 2/3 of
the entire distribution cost under the SCM environment, leads to a decrease in the
operating cost of the supply chain, including consumers, transport and logistics firms, and
suppliers [3].
Fleet management is crucial for cost reduction in the supply chain. It aims to improve
fleet scheduling and increase operational efficiency and effectiveness. It also includes
information management and processes for fleet maintenance and routing problems [4].
Although a fleet contains equipment (i.e., vehicles, railways, airplanes, ships, and heavy
equipment) used in several industries, the term typically reflects vehicles. Fleet
maintenance management is a process of allocating and scheduling resources for activities
(i.e., repair, replacement, and preventive maintenance) related to the fleet [5-6]. Efficient
fleet maintenance management can be conducted only when these three conditions are
satisfied. First, a transport process should be the main process that yields corporate profits.
Second, a process of converting the “unready for operation” state of fleet to the “ready for
operation” state should be established. Third, a technical test for fleet maintenance should
assure safety and environmental protection [7-8].
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With the development of the information and communications technology (ICT), the
Internet of Things (IoT) is under focus and being applied to provide real-time information
through intellectual communication among humans and objects in various industries. As
this technology can solve a problem related to the limitations of radio-frequency
identification (RFID), a communication module can be equipped to the IoT equipment to
facilitate real-time network communication [9-11]. The application of the IoT technology
can combine information and minimize the gap between the flow of distribution and
information, thereby leading to effective supply chain management [12].
Several studies on the vehicle routing problem (VRP) have been carried out to solve
routing problems [13-15]. In terms of fleet maintenance, much research has been
conducted on increasing fleet reliability and performing the maintenance of multi-systems
consisting of multiple components [16-18]. However, few studies have examined fleet
maintenance management by applying the ICT (IoT) technology.
Thus, this study identifies the problems in fleet management and defines the concept of
the IoT-based fleet maintenance management system (FMMS) by applying the soft
system methodology (SSM) based on the problems indicated. Moreover, the role of
related agents is determined on the basis of the concept defined and the CATOW method.
In addition, the IoT-based FMMS conceptual model is proposed.

2. Concept and Characteristics of SSM
The SSM proposed by Checkland [19-20] aims to address complex social problems
smoothly by abstracting and simplifying them in the form of a conceptual model instead
of a certain analytic or evaluation method. For this reason, it indicates a systematic
research methodology that supports the process of addressing complex social problems in
a simple and smooth way by generating an abstract conceptual model and verifying the
extent of this model for reflecting social problems through an evaluation process.

Figure 1. SSM Procedure
As the SSM intends to assist the formulation and structuration of problems related to
various and complex human behaviors, the core of this methodology is based on the
following conditions: the conceptual model should be established by systematizing and
identifying the pattern of human activity, and this model should be compared with the
practical world for validation. The SSM solves a problem through phased procedure under
the main frame indicated above. The detailed procedure for applying the SSM consists of
seven stages because the division of a complex soft system based on decision-making
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stages makes it easy to draw a solution. Figure 1 shows the entire procedure of SSM and
Table 1 presents the phased procedure of SSM and relevant details.
Table 1. Seven Stages of SSM
Stage

Domain

1

Real
World

2

Real
World

Job description
• Enter situation considered problematical
• The researcher makes a few presumptions about the nature of
the situation as possible
• Express the problem situation
• The researcher develops a detailed description, a “rich picture”
of the situation within which the problem occurs

3

• Formulate root definitions of relevant systems of purposeful
activity
System
Thinking • For the logical analysis, the researcher provides the checklist for
ensuring that the important features of the root definitions are
included

4

• Build conceptual models of the systems named in the root
System
definitions
Thinking • The researcher develops descriptions, in system terms, of how
the relevant parts of the situation might ideally function
• Comparing models with real-world situations

5

Real
World

6

Real
World

• Define possible changes that are both possible and feasible
• Desirable: is it technically an improvement?

Real
World

• Take action to improve the problem situation

7

• The differences can be used as the basis for a discussion: how
the relevant systems work, how they might work

• Feasible: does it fit the culture?

Source: Checkland(1989)

As mentioned in the table above, the SSM defines a problem in the first stage;
expresses the problem in the form of a figure to identify it intuitively in the second stage;
defines and describes the role of system-related stakeholders for achieving goals based on
the Customers, Actors, Transformation Process, World-View, Ownership, Environment
Constraints (CATWOE) method in the form of sentences in the third stage; generates a
conceptual model showing schematic description based on the sentences described in the
fourth stage; compares the conceptual model derived with practical problems in the fifth
stage; evaluates the comparative results to identify improvement points in the sixth stage;
and derives measures and strategies that can be implemented to solve the problem in the
seventh stage.
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3. Application and Analysis of SSM
3.1. Stages One and Two of SSM
3.1.1. Structure of Freight Transport
Among the freight transportation performed through shipping, railways, flights, and
public roads, transportation through trucks on public roads accounts for 75.9% (Unit:
million tons-km) of the entire freight transport and shows an annual increase [21]. As the
ratio of transport using trucks on the public roads is significantly high, inappropriate
operation of such transport due to mistimed vehicle maintenance increases the penalty
cost pertaining to the freight transported [22].
3.1.2. Technical Limitations
The RFID technology is applied to ensure the traceability and visibility of products
based on information synchronization in the SCM environment [23]. Such advancement
of ICT reduces cost and innovates processes through information exchange in the supply
chain [24-25]. However, this technology requires an RFID reader to receive product
information included in RFID tags attached to products. Therefore, tag information cannot
be read without an RFID reader or recognized when a metal material exists between a tag
and a reader [26]. In contrast to the RFID technology, the IoT technology can obtain
information in real-time through real-time network communication [9-11].
3.1.3. Maintenance Environment
The activity of maintenance is conducted to operate a system properly, maintain the
quality of system at a certain level or higher through constant maintenance, and make
possible its availability at all times [5-6]. Frequent maintenance not only ensures high
system reliability, but it also entails high costs. On the contrary, a long maintenance cycle
reduces costs, but compromises on reliability. Maintenance is classified into periodic
maintenance performed after a certain period of time or when a fault occurs and
preventive maintenance, including the tasks of repair and replacement conducted before
the fault occurs. As maintenance tasks affect the availability of the entire system that is
complex and contains several components, preventive maintenance planning is crucial
[27]. However, existing studies mainly focus on increasing the availability of the entire
system to a certain level or higher by considering the reliability of sub-components of a
system. The method of obtaining data by applying the IoT technology to a fleet can be
utilized to determine the reliability of the sub-components of a system in real time. The
availability of the entire system can be estimated based on the analytic results of the
reliability of each sub-system.
3.2. Stage three of SSM
The concept of IoT-based FMMS targeted in this study can be defined according to the
SSM method as follows.
“The IoT-based FMMS (X), which provides and supports a predictive maintenance
environment for a fleet manager, a driver, and a maintenance technician, is established
and managed through real-time fleet data collection and analysis based on the IoT (Y) in
order to increase the efficiency and stability of fleet (maintenance) management (Z).”
The role of stakeholders related to the system can be defined based on the CATWOE
method as follows.
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• Customers
- Fleet manager
- Driver
- Maintenance technician
- FMMS
• Actors
- Fleet manager
- Driver
- Maintenance technician
- FMMS
• Transformation Process
- A change from periodic maintenance and preventive maintenance to predictive
maintenance in terms of efficiency, stability, and system availability
• World-View
- Importance of increasing the efficiency of entire fleet management through the IoTbased FMMS and identifying elements that might affect planning, routing, and scheduling
• Ownership
- Fleet manager
- Driver
- FMMS user
• Environmental Constraints
- Internal and external environments for stakeholders (i.e., shippers, transport firms,
distribution firms, and vehicle managers) related to fleet management, information
technology (IoT device, database, server, etc.) for fleet maintenance management, data
quality, and data process algorithm
3.3. Stage Four of SSM
Figure 2 depicts the conceptual system model based on the concept of IoT-based
FMMS and relevant role defined. This model is mainly based on predictive maintenance
in terms of efficiency, stability, and system availability.
The sensing of fleet data is performed through an IoT sensor attached to a fleet. Data
obtained through the sensing process are transferred to a terminal attached to the fleet and
then to the FMMS through Wi-Fi, 3G, and LTE communication provided by the terminal.
The FMMS analyzes the data obtained and transmits the analytic results to the fleet
manager who subsequently reviews the results to inform the driver, operator, and
maintenance technician about the accident risk during driving or need for maintenance, or
send notification messages to them. The maintenance technician prepares necessary
components and equipment for maintenance, and the driver of a vehicle that requires
maintenance receives the maintenance service at a designated repair shop or garage.
Periodic and preventive maintenance is typically conducted when a fault occurs or a
replacement cycle of components arrives. On the other hand, the IoT-based FMMS can
perform predictive maintenance that assures efficient maintenance and fleet stability. It
does so by analyzing the data obtained to examine the reliability of components that affect
the availability of the fleet system and considering maintenance resources and time to
increase the availability of the entire system.
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Figure 2. IoT-based Fleet Maintenance Management Conceptual Model

3.4. Stages Five to Seven of SSM
Preventive maintenance has been carried out to increase the availability of the fleet.
However, as such maintenance is performed without considering the level of practical
fault, it increases costs due to frequent down time and component replacement [27].
Limited monitoring in preventive maintenance might reduce the remaining life of the
component or machine, and unnecessary idle time can also occur. However, the
advancements in the ICT technology have established an environment where data on the
state of the system can be analyzed in real time, thus facilitating predictive maintenance
that can reduce cost and increase availability. Moreover, the faults in the fleet can be
estimated through real-time monitoring, and idle time caused by the maintenance process
can be minimized based on the remaining life of the component.
Furthermore, the IoT sensor attached to a fleet obtains data in real time and the FMMS
analyzes the data comprehensively to estimate the point of faults in the fleet. Predictive
maintenance can be conducted based on the point of fault estimated, and cost can be
reduced through the optimization of fleet maintenance planning. To perform the
predictive maintenance of the fleet, the FMMS should estimate the remaining life and
reliability of the components and analyze fault patterns based on the data obtained
through IoT sensors. As fleet data are generated in the form of low data by IoT sensors,
those formed in real time become big data, showing an enormous volume. The database
for distributed storage should be established in the FMMS to store the big data, and a
structure based on the scale out method should be designed. In addition, a machine
learning algorithm is required to analyze the data obtained and estimate the remaining life
and point of faults. When these conditions are fulfilled, the IoT-based FMMS can perform
predictive maintenance that increases maintenance efficiency and stability as well as
system availability.

4. Conclusions
This study has defined the IoT-based FMMS by applying the SSM and determined the
role of stakeholders according to the CATOW method. The IoT-based FMMS conceptual
model has also been proposed based on the concept and role defined. Data generated in
real time by the IoT sensor attached to the fleet are transferred to the terminal/device of
the fleet and then to the FMMS through Wi-Fi, 3G, and LTE communication. The FMMS
analyzes the data obtained and the past data to estimate the system availability, remaining
life of the product, and point of faults, and transmits the analytic results to the fleet
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manager. The fleet manager identifies the state of the fleet that faces potential threats
based on the results and informs the driver and maintenance technician about the need for
maintenance. As the analytic results derived from the FMMS indicate the components that
require repair and maintenance, the maintenance technician can set up a maintenance plan
by calculating maintenance time and preparing necessary components in advance. The
IoT-based FMMS removes idle time caused by unnecessary maintenance tasks by
conducting predictive maintenance and assists efficient maintenance planning through
real-time monitoring. Furthermore, it reduces maintenance costs by identifying the
components that can lead to a decrease in these costs in terms of remaining life and
system availability.
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