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ABSTRACT

This study seeks to introduce the alternative mathematical models for addressing the courier transportation
problem using personal vehicles. Initially, a review of relevant literature was conducted to inform the development
of these models, particularly focusing on groups of courier deliveries characterized by special orders or small lot
sizes, with an emphasis on minimizing costs associated with energy consumption. Subsequently, two
mathematical models were formulated: one addressing the transportation problem based on distance with a fixed
transport speed (TPD), and another that considers both distance and time (TPDT). These models were numerically
analysed using the exact method facilitated by the Solver Add-in in Microsoft Excel 2021, incorporating
secondary data sourced from Geographic Information System (GIS) data via Google Maps in Thailand, a middle-
income country. The analysis revealed that the transportation model incorporating both distance and time proved
to be a more effectiveness than the model based solely on distance with a fixed transport speed, particularly when
evaluating the cost objective function. It was determined that focusing exclusively on transport distance is
insufficient for minimizing costs in real-world courier delivery scenarios. Therefore, transport planners are
encouraged to consider both distance and time for managing special orders or small lots, as this approach holds
significant potential for cost savings in practical courier transport planning.

Keyword: Currier delivery, Traditional Transportation Problem, Transportation problem based on distance,
Transportation problem based on distance and time, Geographic Information System, Energy consumption.

1. INTRODUCTION

In the realm of business, the manufacturing supply chain holds paramount significance. The
manufacturing supply chain encompasses inbound logistics, which is defined as the process
involving the procurement of raw materials into an organization. This process integrates
activities related to transportation, warehousing, inventory management, and customer
relationship management (Hu & Weisel, 2020; Minner, 2019). For instance, a shortage of raw
materials can impede companies within the supply chain from converting inputs and delivering
products to subsequent manufacturers. Thus, it can be asserted that effective management of
manufacturing supply chain is crucial for overall business success.

Particularly, inbound transportation plays a critical role, as the movement of raw materials
(Raw Material Transport) involves transporting inputs from various locations and sources in
predetermined quantities. For example, expedited transport from raw material producers to
manufacturing sites can enable organizations to minimize inventory holding costs while
ensuring timely availability of raw materials for production processes (Misuko, 2015). It
follows that if inbound transportation experiences disruptions or deficiencies, various logistics
activities may be rendered ineffective. Therefore, research aimed at enhancing inbound
transportation and the procurement of raw materials is essential for bolstering businesses within
the manufacturing supply chain.

According to statistics from the Department of Industrial Works, as of the end of 2023, small
industrial operators accounted for approximately 60% of all enterprises (Department of
Industrial Works, 2023). Furthermore, small enterprises contribute over 15% to the Gross
Domestic Product (GDP) and play a vital role in supplying fundamental raw materials for
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production, establishing connections with medium and large enterprises (Office of Small and
Medium Enterprises Promotion,2023). Notably, transportation costs amount to as much as 1.2
trillion baht, representing 6.6% of the GDP, with over 80% of these costs attributed to road
transport (Logistics Development Strategy Division, 2023). Consequently, promoting or
supporting improvements in the transportation of goods or raw materials for small industrial
operators is vital for fostering GDP growth.

Small industrial firms face pressures from all directions, as they typically operate with
limited capital and smaller scales. This often necessitates reliance on third-party logistics
providers for the transport of goods (Williams et al., 2024; Latip et al., 2022). To meet the
demands of their industrial customers, small enterprises frequently undertake inbound
transportation activities themselves through the currier delivery, particularly when they have a
small order or a special equipment demand of raw materials does not fill a transport vehicle. In
such cases, small firms seek to ensure timely delivery of production inputs to their industrial
business, but may inadvertently incur higher transportation costs due to constrained the currier
delivery timelines (Aharoni, 2024; Kurniawan et al., 2021; He et al., 2018).

The operational focus of small industrial business is to achieve transportation cost savings
while delivering materials to their manufacturing clients (Ni & Wang, 2021; Jothi Basu, 2015).
For instance, they may coordinate the delivery of raw materials from various sources through
the currier transport to subsequent manufacturing companies, ensuring compliance with
required the small item and timelines while striving to minimize transportation costs. This
aligns with the principles of transportation problems, which address the allocation of goods
from origin points, such as factories and raw material sources, to destinations with minimal
costs (Qiuping et al., 2023; Zabiba et al., 2023; Shivani Rani & Ebrahimnejad, 2022). Thus,
applying these principles to the transportation of raw materials can significantly benefit small
industrial operators.

Traditionally, the transportation problem (TP) has been extensively utilized by planners to
minimize transportation costs between supply and demand nodes. This objective function
focuses on achieving the lowest overall transport cost by relying on historical fixed unit costs
for each route (Qiuping et al., 2023; Mardanya & Roy, 2023; Shivani Rani & Ebrahimnejad,
2022). However, road transportation conditions are subject to dynamic changes influenced by
factors such as route distance and time, which affect travel speed. These variables ultimately
determine fuel consumption, which in turn impacts the owverall cost of road freight
transportation. To date, there has been a lack of mathematical models addressing the
transportation problem that incorporates cost calculations based on distance, time, and fuel
consumption. It can be argued that developing such a model would contribute significantly to
the literature, enhancing our understanding of the complex conditions necessary for addressing
real-world currier transportation issues.

This research study aims to address two primary objectives related to the introduction of
alternative mathematical models for solving the courier transportation problem using personal
vehicles. First, it seeks to develop a novel mathematical model specifically designed to tackle
the courier transportation issue with personal cars. Second, the study intends to evaluate the
relative effectiveness of these alternative mathematical models in terms of energy consumption
and its impact on transportation costs. The findings are expected to assist factory planners
improving road freight transports and optimizing costs in the future.

2. LITERATURE REVIEW

The principles underlying the Transportation Problem (TP) are fundamentally aimed at
optimizing the operational costs to achieve the lowest possible expenditure. This approach
serves as a critical framework for planning prior to delegating the transportation tasks to the
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logistics units responsible for delivering goods or the production resources to the various
destinations simultaneously, thereby fulfilling demand across multiple units. Recent research
pertaining to Transportation Problem has yielded several notable contributions as follows.

Bai et al. (2023) investigated the incorporation of the additional data requirements into the
transportation systems to enhance the problem-solving capabilities. Their findings indicate that
the integration of current supplementary data significantly improves the transportation
information system, leading to altered transportation cost estimates. Similarly, Oladimeji et al.
(2023) conducted a comprehensive survey of the technological demands in transportation to
make a better understanding in the user requirements. Their research concluded that the modern
technologies play a pivotal role in enhancing the transportation operations from the user’s
perspective. This aligns with the work of Dekhtyaruk (2023), who explored the utilization of
computational programming to address complex transportation challenges. This study posits
that augmenting data within the transportation problem framework can enhance the
optimization process.

Das et al. (2023) reported on travel scenarios involving multiple objectives, where the
study incorporated both transportation costs and Euclidean distances into the mathematical
framework of the Transportation Problem. Their research revealed that the inclusion of distance
constraints leads to solutions that achieve minimum transportation costs while optimizing
overall travel distance. In a parallel vein, Altschuler & Boix-Adsera (2023) along with del
Barrio et al. (2023) examined polynomial-time algorithms designed to solve transportation
optimization problems. They advanced a structural equation framework that considers both
cost and polynomial time. Notably, this research remains in the developmental stage of creating
structural models and has not yet been validated in real-world scenarios; however, preliminary
simulations suggest improved cost outcomes.

Kaur et al. (2024) focused on addressing the transportation problems through the
development of time-related algorithms, employing a two-tiered approach that integrates the
polynomial equations as the mathematical conditions. Their findings demonstrate that this
algorithmic development can also yield the optimal solutions. Similarly, Eckstein & Pammer
(2024) explored the computational methods aimed at identifying the optimal solutions for the
transportation issues, utilizing time-series data as a computational constraint, which proved
effective in addressing time-sensitive problems.

Furthermore, Yang et al. (2024) examined the application of utility constraints to resolve
the transportation cost issues by employing the game theory principles to elucidate the
relational dynamics among multiple transportation service providers under a unified corporate
umbrella. Their findings suggest that such principles can similarly facilitate optimal
transportation solutions. Collectively, these studies suggest that enhancing the mathematical
model of the Transportation Problem by incorporating additional constraint equations may
significantly improve the optimization outcomes.

From a review of the relevant literature, it can be asserted that the nature of solving
transportation problems primarily revolves around identifying optimal cost solutions. In pursuit
of enhancing transportation efficiency, numerous researchers have made concerted efforts to
introduce additional constraints into the transportation problem framework. These constraints
aim to refine the solutions by considering factors such as time, distance, and the integration of
other data inputs. The computational processing of these enhanced models is conducted
through extensive programming and various algorithms, potentially yielding more accurate
solutions that account for these supplementary conditions in real-world scenarios.

Despite the considerable body of research addressing transportation problems, including
studies that incorporate constraints or employ computational processing systems, there remains
a notable gap in the literature regarding the examination of conditions related to distance and
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time. Specifically, this gap pertains to the consideration of variable travel speeds across
different routes, which significantly contributes to fuel consumption and thus impacts
transportation costs. Especially, the important thing is to how to indicate the method for solving
the complex problem in the real world, and this research will employ these conditions for
designing the mathematic models in this research.

2.1 Currier delivery

Courier delivery is defined as a specialized mode of transportation used for the distribution
of particular packages from one supply location to another (Chen & Hu, 2024; Orenstein &
Raviv, 2022). This transport method is typically employed for the urgent delivery of critical
components, specialized equipment, and unique tools from their point of origin to designated
demand locations (Novitasari & Anwar, 2022; Praet & Martens, 2020). Consequently, this type
of delivery often involves the use of personal vehicles to collect items before delivering them
directly to clients, given the urgent need for these items in operational facilities to support
ongoing business activities. Therefore, it can be inferred that the efficiency of the
manufacturing supply chain may be compromised if courier services fail to deliver essential
parts to their intended locations.

The courier transport utilized for delivering special orders typically involves the use of small
trucks or personal vehicles (Liang et al., 2024; Peng et al., 2024). Personal cars are often
designated for quick deliveries, as these vehicles can accommodate manufacturing
equipment—such as pickups, cars, and vans—that consume less fuel compared to larger
vehicles like trucks and lorries (Sikora, 2024; Silva et al., 2024). For instance, when a factory
requires a specialized water pump to replace outdated equipment, supply planners generally
recognize that using a truck may not be energy-efficient for such deliveries. Furthermore,
transporting this industrial item via motorbike is not feasible due to the risk of potential
damage, making personal cars the preferred choice for fulfilling order.

An essential characteristic of courier delivery is the pressure of time (Novitasari & Anwar,
2022; Rajendran, 2021). The duration of transportation in courier services is a crucial factor,
as customers expect swift delivery while prioritizing their anticipated demand (Auad et al.,
2023; Marcysiak, 2021; Ejdys & Gulc, 2020). In instances of special orders, factories often
inquire about delivery timelines, as delays in transportation can lead to productivity issues,
preventing them from generating and selling products in a timely manner. Thus, it can be
argued that transport time is a critical aspect of courier services, as it is vital for maintaining
subsequent customer business operations.

In conclusion, courier transport is identified as a specialized form of distribution. Within the
manufacturing supply chain, its attributes are particularly pertinent for addressing urgent
situations, such as special orders, immediate needs, and unique demands. Furthermore, the use
of reliable and safe transportation vehicles, such as personal cars, is essential for minimizing
energy costs. Clients also expect timely delivery, which underscores the importance of
transport time. Therefore, it can be asserted that considerations for small-scale transportation
should not solely focus on transport distance; rather, transport time and energy consumption
associated with the chosen vehicles must also be taken into account by organizational planners
when addressing transportation challenges prior to scheduling courier deliveries.

2.2. Traditional Transportation Problem

The transportation problem is conventionally characterized as an issue involving the
allocation of resources from initial sources—such as factories, raw material providers, or
warehouses—to various destination points. Its primary objective is to minimize costs
(formulating a minimization problem) or to identify the lowest possible expense (Mardanya &
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Roy, 2023; Qiuping et al., 2023; Shivani Rani & Ebrahimnejad, 2022). Typically, the
transportation unit costs are determined based on historical transportation expenses.
Consequently, the mathematical framework of the traditional transportation problem (TTP) can
be generally represented as follows.

Indexes

i,j Thatis, the supplier of the raw materials located at the initial point i and the customer,
who responses the manufacturing entity, located at the terminal point j

Parameters

a; The quantity of raw materials available from the supplier at the initial point.

b; The quantity of raw materials that the supplier must deliver to the manufacturing
customer located at the terminal point j.

C;; The transportation cost of delivering one unit of raw material from supplier i to the
manufacturing entity at terminal point j.

TC;; The transportation cost of delivering whole unit of raw material from supplier i to the
manufacturing entity at terminal point j.

X;j The quantity of raw materials transported from supplier i to the manufacturing entity at
terminal point j.

TTPf (x) The total transportation cost per a delivery planning cycle following the concept
of Traditional Transportation Problem.

TTP is traditionally predicated on the volume of transportation involved. This scenario is
typically observed in the large-scale transfer of materials from major supplier facilities to
significant consumption sites. The objective of TTP is to reduce transportation costs, which are
contingent upon both the unit transport price and the quantity transferred. The mathematical
model can be expressed as follows.

1) Objective function

TTPf(x)zi i (CijXi;) (1)
i=1 j=1

2) Constraints
2.1) Amount of materials in each road transport route has not a more quantity than the material

volume at the supply location X, (X)) = (a) (i =
1,2,3,...m) (2)

2.2) Amount of materials in each road transport route has not a more quantity than the material
volume at the demand location j. moo(X) = (y) (=

1,2,3,...n) 3)

2.3) Amount of materials in each road transport route has a more value than zero, or it is
equal to zero.
Xij=0 (4)
Decision variables
X;;> 0 The materials are transferred from the material location i to the usage point j.

X;;= 0 The materials are not transferred from the material location i to the usage point j

2.3 Problem formulation

The statement of the currier transportation problem is usually found in the small material
transfer from the small supplier sites to the various usage plants. For example, the currier
materials transfer services or special orders are always a piece or a small lot with the urgent
need, so this situation requires a rapid delivery coupled with concentrating on the distance and
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charge price. Besides this, when there have the special material orders from the usage plants,
the supply locations need to delivery their materials to their client location even if there are not
full truck loads. Following this, it might be stated that the supply locations require transferring
the intermediate material along every road freight transport routes upon demands in each
planning cycle, so the road transport cost might not depended on volume but it depends on
order.

As reviewed from a number of former literatures, two important variables involving the
currier transportation problem were the transport distance and transport time respectively, and
this transportation highly concentrate on lowering the energy consumption driven by transport
vehicle. Following this, this study decisively made an intention to firstly develop the
mathematical model of the transportation problem based on distance by ideally fixing the
transport speed (TPD), and then additionally formulate the mathematical model of the
transportation problem based on distance and time (TPDT). Especially, their objective
functions were transformed into the term of energy consumption. Furthermore, both alternative
mathematical models for solving the currier transportation problem transport with using the
personal cars were developed and introduced as follows.

2.3.1 Transportation problem based on distance: TPD

The mathematical model of the transportation problem based on distance (TPD) assumes a
constant transport speed. This model operates under the premise that the transport planner
allocates resources for courier deliveries, using identical personal vehicles that travel at the
same speed across all routes. At this stage, all transport vehicles consume fuel at a uniform
rate, resulting in energy consumption on each transport route being proportional to the distance
from each supply point to each destination. Thus, the objective of TPD is to minimize the total
transportation cost for all items across each courier delivery. The mathematical representation
of this model is as follows.

Additional parameters

d;; The transportation distance of delivering of raw material from supplier i to the

manufacturing entity at terminal point j.

e The fixing energy consumption rate of delivering of raw material from supplier in unit
of liter per kilometer.

Y;; The route of raw materials transported from supplier i to the manufacturing entity at
terminal point j.

TPDf(y) The total transportation cost per a delivery planning in term of energy
consumption following the transportation problem based on distance (TPD)

The target of TPD is to minimize the transportation cost based on the transport distance
idyllically stabilizing the transport speed which subsequently produces the similar velocity
resulting to the identical energy consumption rate. Moreover, the mathematical model can be
illustrated as follows.

1) Objective function

m n
TPDFM =€) Y (dyy) (5)
i=1 j=1
2) Constraints
2.1) Transportation cost in each route is calculated by the normal distance multiplying with
the fixing energy consumption rate.

TC;; = (dij)(e) (6)
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2.2) Amount of transport routes is selectively transferred a special order arriving to each usage
location j, is equal to or less than suppliers. Y7, (Y;;) < m (=
1,2,3,...n) (7)
2.3) Amount of transport routes is selectively transferred a special order leaving from each
supplier i, is equal to or less than clients.
n

Z (v,) < n (=123, ...m) 8)
=1

2.4) The selective route for each road transport order has a more value than zero, or it is
equal to zero.

Y €{0,1} 9

Decision variables

Y;;= 1 The special order is transferred from the material location i to the usage point j.

Y;;= 0 The special order is not transferred from the material location i to the usage point j.
2.3.2 Transportation problem based on distance and time: TPDT

This mathematical model aims to describe a specific problematic scenario involving the
allocation of special orders or small lots through a road courier service, transporting goods
from the supply point to the usage point. The primary objective of this investigation is to
minimize potential costs, which aligns closely with the concept of Time-Dependent Pricing
(TPD). However, Time-Dependent Transport (TPDT) differs by emphasizing transport
distance and time, which can lead to varying velocities on different routes. Consequently, these
differing velocities result in distinct transportation costs, as energy consumption per kilometer
is influenced by both transport speed and distance. This relationship can be articulated
mathematically in the context of TPDT as follows.

Additional parameters

e;; The diverse energy consumption rate of delivering of raw material from supplier in unit
of liter per kilometer, which is depended on each different transport speed on each route.

t;; Time of transferring material from supplier i to client j on each route.

v;; The velocity of transferring material from supplier i to client j on each route.

Y;; The route of raw materials transported from supplier i to the manufacturing entity at
terminal point j.

TPDTf(y) This refers to the total transportation cost per a delivery planning in term of
energy consumption following the transportation problem based on distance and time.

The target of TPDT is to minimize the transportation cost based on the dissimilar transport
distance and time which subsequently produces the different velocity resulting to the diverse
energy consumption rate. Moreover, the mathematical model can be illustrated as follows.

1) Objective function TPDT f(y) =Xy X7, (eidi;Yi;) (10)

2) Constraints

2.1) Transportation cost in each route is calculated by the normal distance multiplying with
the fixing energy consumption rate.

TCiy = (di)(ey) (11)
Where e;; is depended on v;; , and v;; is calculated from (d;;)/(t;;).
2.2) Amount of transport routes is selectively transferred a special order arriving to each usage
location j, is equal to or less than suppliers. Y7, (¥;) < m (=
1,2,3,...n) (12)

2.3) Amount of transport routes is selectively transferred a special order leaving from each

supplier i, is equal to or less than clients
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e
vl
@)

z (V)< n (i=1,23,...m) (13)

j=1

2.4) The selective route for each road transport order has a more value than zero, or it is
equal to zero.

v € {0,1) (14)
Decision variables

Y;;= 1 The special order is transferred from the material location i to the usage point j.

Y;;= 0 The special order is not transferred from the material location i to the usage point j.
2.4 Geographic Information Systems: GIS

Geographic Information Systems (GIS) are defined as specialized systems designed for the
capture, storage, and geographical visualization of data, aimed at enhancing the management
of information in relation to geographic contexts (Sadeghvaziri et al., 2024; Spriggs et al.,
2024; Alamri et al, 2023). Initially, GIS tools assist users in gaining a more comprehensive
understanding of location data from various perspectives (Boroomand & Mohammadpour,
2024; Alamri et al, 2023). Examples of such tools include Google Earth, Google Maps, and
CityMapper, which serve to manage geographic data while analysing physical information to
inform transportation decisions. Consequently, it might be stated that the utilization of GIS
may enable managers to enhance their operational effectiveness.

Geographic Information Systems (GIS) facilitate users in gaining a deeper understanding of
geographical relationships and patterns. Typically, GIS applications offer a diverse array of
analytical tools for assessing current conditions (Aati et al., 2024; Arango et al., 2024;
Boroomand & Mohammadpour, 2024). For example, Google Earth enables drivers to
familiarize themselves with the features of unfamiliar transportation routes prior to embarking
on a journey, thereby mitigating the risk of unforeseen events such as incidents, accidents, and
traffic congestion. Consequently, it might be argued that the implementation of GIS enhances
the safety and efficiency of operators in their tasks.

The Google Maps application is extensively utilized for navigation in transportation. This
platform leverages Geographic Information Systems (GIS) to calculate distance and travel time
between two locations using real-time data. It determines routes based on the movements of
actual travellers who activate their Global Positioning System (GPS) signals, integrating this
information with geographical data to identify the shortest pathways along road networks
(Ganiyev et al., 2023; McQuire, 2019). Furthermore, the application can estimate travel time
by dynamically processing the GPS signals of its users (Ganiyev et al., 2023; Mehta et al.,
2019). Thus, it might be referred that the Google Maps application enhances the accuracy of
transportation planning for operators.

Based on the information presented, Geographic Information Systems (GIS) are recognized
as a geographical analytical framework that offers numerous advantages for business
operations. Firstly, GIS can accommodate more intricate workflows. Additionally, it can aid
personnel in executing tasks more safely. Currently, applications such as Google Maps provide
precise assessments of distance and time. Consequently, the data derived from GIS within the
Google Maps application was extensively utilized in this research.

2.5 Conceptual framework

The literature review indicates that the transportation problem is typically utilized to
minimize costs within the objective function. Traditionally, the quantities of materials
transferred between supply and demand points are treated as decision variables, alongside the
transportation cost per unit for multiple items. However, when dealing with special orders or
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small lot sizes—central to this research—the selection of transportation routes and distances
becomes significantly more critical. Additionally, the delivery of special orders is commonly
referred to as courier service, which is typically employed for transporting specialized tools,
urgent equipment, and other time-sensitive items.

Regarding statement of problem in this research , the currier transport problem has highly
interested in the transport distance and transport time. Afterward, this study decisively made
an intention to initially develop the mathematical model of the transportation problem based
on distance by ideally fixing the transport speed (TPD), and then subsequently formulate the
mathematical model of the transportation problem based on distance and time (TPDT), this
was to introduce the alternative mathematical models for solving the currier transportation
problem using the personal cars which was the original research purpose. In actually, the TPD
was an initial mathematical model while TPDT was extensively enhanced stepping forwardly
from TPD. Thus, this research had expected that applying TPDT after implementing TPD
might facilitate the currier transport planners obtaining a more energy saving or a lesser
minimize transport cost, and the theoretical model can be illustrated in Figure 1.

TPD The minimize
(Transportation problem »| transportation cost
based on distance) T
TPDT

(Transportation problem
based on distance and time)

Figure.1l The theoretical model. Source: the Authors

3. RESEARCH METHOD
3.1 Initial population

The solution is to solve the minimize transport cost following the transportation problem by
comparing TPD and TPDT. Practically, the definite distances by the actual measurement
between a number of supply locations and an assortment of usage plants are difficultly
collected and extremely charged (Linganathan & Singamsetty, 2024). Presently, it has
Geographic Information System (GIS) from Google Map application, which is a freeware
geographical application navigating the accurate distance and the precise time between two
locations, is wildly used because its algorithm processes the actual traffic conditions by
employing the Global Positioning System or GPS signal from a number of users before
displaying the results (Ganiyev et al., 2023; McQuire, 2019; Mehta et al., 2019). Consequently,
it might be stated that those analysis through a number of geographical points might present
the truthful distance and the exact time after processing the present situation on the road freight
transportation.

Following this, the location data in Thailand will be randomly drawn from the Google Map
application. Initially, the district data in Thailand had been drawn from the report of
Administrative data (Department of Provincial Administration, 2024). Besides this, the
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investigative locations in this research will not detailed in the specific name or the definite
organization, but there will only show in general term of province or district. Moreover, the
number of the transport routes in this test was indicatively needed to have a more transport
route than thirty paths according to the rule of thumb for the numerical testing (Black & Babin,
2019), so the transport distance d;; and the transport time ¢;; between the supply location and
the usage plant will be illustrated in this stage.

3.2 Energy consumption

As seen in the introductive mathematical models of the currier transportation problem, the
energy consumption is the important parameter for mirroring the transportation in a special
order or a small lot size. Normally, these transports are the road freight courier services, and
usually employ the small truck or the personal car for making the delivery activity (Liang et
al., 2024; Peng et al., 2024; Silva et al., 2024). Recently, Yang et al. (2018) had reported on
the relationship between the energy consumption and the personal cars speed in the urban
region, and the energy consumption data from a number of personal cars was formulated to be
the mathematic model as 0.003968v? - 0.5826v + 25.66 with R? 0.84 which this fuel
consumption is in unit of liter per a hundred kilometer. Accordingly, these details were
employed to be the initial guidelines for calculating the transport energy consumption in this
research.

Regarding the concept of TPD is conceptually situated by ideally fixing an average velocity
which creates the identical fuel consumption per kilometer on every road freight transport, and
Office of the Council of State (2022) had regulated the traffic speed control the personal car
outside the metropolis in Thailand average at v = 100 kilometers per hour which normally has
rate of energy consumption e at 0.0708 liter per kilometer when is based on the energy formula
of Yang et al. (2018). Subsequently, this energy consumption will be used when consider the
transport cost following the concept of TPD.

On the other hand, the concept of TPDT, it was to introduce the alternative concept of the
distance and time on each road transport route which might lead to have the dissimilar velocity,
and this consequence might create the diverse energy consumption rate on each road line before
totally collecting the whole energy expense. As a result, this concept stands on the conception
of the changeable energy consumption upon the unstable speed e;; based on the energy formula
(Yang et al., 2018), and this energy consumption will be used when consider the transport cost
following the model of TPDT.

3.3 Data analysis

The data analysis was based on the numerical test. The collective data were analyzed to
compare the effectiveness of the concept TPD and TPDT. These values were to explore the
evidence of alternatively planning in order to make a lower minimize transport cost level for
transferring a special order or small which are in the context of currier service context. The
data investigation in this research had been analyzed through the exact method by Solver Add-
in in Microsoft Excel 2021 for numerically testing the mathematical models which were TPD
and TPDT following procedures in Figure 2 and Figure 3 respectively.
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START

To initially input parameters dj, Y jand e=
0.0708, i=1,2,3,.m,j=1,2,3,..n
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To generate population, and then outline the size
of population m, n

!

To randomly call districts from Google Map,
which are m suppliers, n clients

x

Toinitiatei=1,j=1

Is it a special order

YES transporting itoj NO

Yij=1 Yij=0

| i

To call Google Map, and then Read distance
between supplieriand clientj tobe d

Isieaual to

Isiequal to

To circularly investigate the minimize function
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Figure 2. Flow chart of transportation problem based on distance. Source: The Authors
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4. RESULTS

4.1 Initial population

This present study had randomly selected the number of supply points (m) and the number
of usage points (n) from the Administrative data in Thailand (Department of Provincial
Administration, 2024). Besides, the number of supply points (m) and the number of usage
points (n) were 10 and 12 respectively, and all location names were differentiated which can
be presented as Table 1.

Table 1. The random locations of suppliers and clients. Source: the Authors

No Destination (Usage
No. Origin (Supply Location) : Location)
1 Chiang Mai 1 Prachin Buri
2 Nakhon Nayok 2 Ang Thong
3 Chanthaburi 3 Chumphon
4 Narathiwat 4 Chiang Rai
5 Roi Et 5 Pathum Thani
6 Sa Keaw 6 Mukdahan
7 Phra Nakhon Si Ayutthaya 7 Lampang
8 Phichit 8 Yala
9 Nong Bue Lumphu 9 Prachuap Khiri Khan
10 Nakhon Pathom 10 Phayao

11  Amnat Chareon
12 Kanchanaburi
Table 2. All road transport distance from suppliers to clients. Source: the Authors
Origi

n Destination (j)
0] 1 2 3 4 5 6 7 8 9 10 11 12

1,15 176 98

1 747 592 0 186 672 872 109 1 2 153 914 685
117 40

2 541 120 568 787 73.2 598 601 9 0 693 547 229
101 130 52

3 233 351 689 8 264 617 832 O 1 924 582 382

131 126 193 119 180 174 86 183 175 115

4 6 3 701 1 1 6 5 945 8 7 5 5

156 78

5 419 467 957 850 477 174 675 9 9 756 131 593
125 47

6 68.6 226 645 893 179 492 707 6 7 799 457 321
114 36

7 141 465 529 714 511 606 528 1 1 620 555 152
139 61

8 376 221 779 504 301 576 329 O 1 410 582 318
158 80

9 468 457 972 639 492 323 464 4 4 545 365 608
104 26

10 213 137 429 799 904 702 610 O 1 705 651 68.9
Remark: unit in kilometer
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Asseen in Table 1, whole transport route was 120 ways. Subsequently, the distance between
each supplier and client was pulled from the Google Map application, and all distances (d;;)
for transporting on the road in this research was shown as Table 2. Besides, the shortest
transport distance was 46.5 kilometers which was the delivery route from Phra Nakhon Si
Ayutthaya to Ang Thong while the longest transport distance was 1,931 kilometers which was
the delivery route from Narathiwat to Chiang Rai. Moreover, the total transport distance in this
demonstrative currier delivery planning was 77,694.3 kilometers.

4.2 The transportation cost based on distance: TPD

In order to find the transportation cost based on distance by ideally fixing the traffic speed
of the personal car outside the metropolis v = 100 kilometers per hour, at this stage has the rate
of energy consumption e at 0.0708 liter per kilometer. Besides, Table 2 was superlatively
represented d;;Y;; in case of having all delivery orders on every route. Moreover, the
transportation cost based on distance by ideally stabilizing transport speed had been formulated
into e d;;Y;;which was presented as underneath.

Table 3. Transportation cost based on distance by fixing velocity. Source: the Authors
Origin  Destination (j)

(i) 1 2 3 4 5 6 7 8 9 10 11 12
52. 41. 8Ll 47, 124, 69. 48,

1 9 9 4 132 6 617 77 7 5 108 647 5
40, 28. 16.

2 38 85 2 557 52 423 426 835 3 491 387 2
16. 24. 48. 18. 36. 27.

3 5 9 8 721 7 437 589 920 9 654 412 0
93. 89. 49. 136. 84. 127. 123. 61. 130. 124. 8L

4 2 4 6 7 39 5 67 5 1 3 8
29. 33. 67. 33 111. 55. 42,

5 7 1 8 602 8 123 478 1 9 535 93 0
16. 45, 12. 33, 22.

6 49 0 7 632 7 348 501 889 8 566 324 7
10. 37. 25. 10.

7 0 33 5 506 36 429 374 808 6 439 393 8
26. 15. 55. 21. 43, 22.

8 6 6 2 357 3 408 233 984 3 290 412 5
33. 32. 68. 34, 112.  56. 43,

9 1 4 8 452 8 229 329 1 9 386 258 O

15. 30. 18.

10 1 97 4 566 64 497 432 736 5 499 461 4.9

Remark: unit in liter

As shown in Table 3, the energy consumption on each delivery route had been investigated.
Besides, the lowest fuel consumption was 3.3 liters which was the delivery route from Phra
Nakhon Si Ayutthaya to Ang Thong while the highest fuel consumption was 136.7 liters which
was the delivery route from Narathiwat to Chiang Rai. At this phase, the whole transportation
cost based on distance by fixing velocity in term of the energy consumption, which was

eXm™, X%, (dyY;), totally was5500.8 liters.
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4.3 The transportation cost based on distance and time: TPDT

In order to find the transportation cost alternatively based on transport distance and time
which both items create the different velocity on each route. Besides this, its subsequence has
created the different rate of energy consumption e;; at (0.003968171-]-2 - 0.5826v;; + 25.66)/100
liter per kilometer. As known, Table 2 was outstandingly signified d;;Y;; in case of taking all
delivery orders on every route for shipping on the road lines, but the transportation time
between each supply location and usage point had not been determined yet. Afterwards, the
transport time (t;;) between each supplier and client was drawn from the Google Map
application as in Table 4.

Table 4. All transport time on roads from suppliers to clients. Source: the Authors
Origin  Destination (j)

(i) 1 2 3 4 5 6 7 8 9 10 11 12
10. 15. 12. 23. 13. 13.
1 4 79 2 32 88 1 17 6 0 26 0 96
11. 16.
2 10 22 78 3 13 80 83 2 56 98 76 35
13. 10. 17 12.
3 35 47 94 9 36 90 9 8 72 4 86 52
18. 17 27. 16. 24. 23 12. 25. 23. 16.
4 5 5 99 0 6 0 7 18 1 0 9 3
12. 12, 21.  10. 11,
5 60 64 7 5 63 25 97 1 5 0 21 81
12. 17. 11.
6 11 37 87 9 29 73 99 1 65 4 68 45
15.
7 26 08 72 99 09 81 69 6 51 84 77 24
10. 18.
8 56 32 4 74 41 83 46 8 82 59 89 49
13.  10. 21. 11
9 72 70 5 0 71 45 72 9 3 85 54 89
11. 14, 10.
10 35 21 58 6 15 93 85 2 37 1 88 09

Remark: unit in hour

As shown in Table 4, all transport time for transporting on the road in this research can be
exposed. In addition, the shortest period was 0.8 hour which was the delivery route from Phra
Nakhon Si Ayutthaya to Ang Thong while the longest period was 27 hours which was the
delivery route from Narathiwat to Chiang Rai. At this part, the whole transportation time in
this demonstrative currier delivery planning was 1084.9 hours. At this phase, there had the
distance (d;;) and transport time (t;;) which had been explained in Table 2 and Table 4
respectively. Following this, the transport velocity on each route (v;;) was be able to designed
by (d;;/ t;;) as in Table 5.

As illustrated in Table 5, all different transport velocities upon the traffic condition were
presented. Besides this, the slowest velocity was 53.5 kilometers per hours which was the
delivery route from Narathiwat to Yala while the fastest velocity was 78 kilometers per hour
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which was the delivery route from Nakhon Pathom to Kanchanaburi. Entirely, the average
transport speed in this demonstrative currier delivery planning was 71.6 kilometers per hour.

Table 5. All transport velocities from suppliers to clients. Source: the Authors
Origin  Destination (j)

(i) 1 2 3 4 5 6 7 8 9 10 11 12
71. 74. 75. 58. 76. 72. 66. 74 75. 60. 70. 71
1 9 8 8 7 2 2 1 7 5 0 1 7
54. 55. 72. 69. 57. 74 72. 72. 71. 70. 72. 66
2 1 8 8 5 0 9 1 8 0 6 5 1
67. 74. 73. 73. 73. 68. 76. 73. 72. 74 68. 74
3 5 7 6 4 0 4 4 1 2 7 1 2
71. 72. 71 71 72. 75 73. 53. 71. 73. 73. 70.
4 3 2 2 5 0 3 7 5 6 5 3 9
70. 72. 75. 67. 76. 70. 69. 74 75. 68. 61. 72
5 2 6 6 8 1 5 5 4 0 5 9 9
64. 60. 74. 69. 62. 67. 71 73. 73. 70. 67. 72
6 3 8 1 3 8 7 4 5 0 2 2 1
54. 60. 73. 72. 60. 74 76. 73. 71. 73. 72. 64
7 9 7 5 0 1 5 2 1 5 7 1 7
66. 70. 74. 68. 74 69. 72. 73. 74. 69. 65 64
8 9 2 9 4 3 5 3 9 2 7 8 9
65. 65. 72. 63. 69. 72. 64. 72. 71. 64. 67. 68
9 5 1 2 9 6 0 6 4 2 1 2 2
60. 64. 74. 69. 62. 75 71 73. 71. 70. 73. 78
10 6 2 0 2 3 8 6 2 5 1 71 0

Remark: unit in kilometers per hour
Table 6. All energy consumption rate from suppliers to clients. Source: the Authors

Or

i-

gin  Destination (j)

M 1 2 3 4 5 6 7 8 9 10 11 12

0.04 004 0.04 005 004 0.04 004 004 004 005 0.04 o0.04
1 3 3 3 1 3 3 5 3 3 0 3 3
005 005 0.04 004 005 0.04 004 004 004 004 0.04 0.04
2 8 5 3 3 3 3 3 3 3 3 3 5
0.04 004 0.04 004 004 0.04 004 004 004 004 0.04 0.04
3 4 3 3 3 3 4 3 3 3 3 4 3
0.04 004 0.04 004 004 0.04 004 005 0.04 004 0.04 o0.04
4 3 3 3 3 3 3 3 8 3 3 3 3
0.04 004 0.04 004 004 0.04 004 004 004 004 0.04 0.04
5 3 3 3 4 3 3 3 3 3 4 8 3
0.04 004 0.04 004 004 0.04 004 004 004 004 0.04 0.04
6 6 9 3 3 7 4 3 3 3 3 4 3
0.05 004 0.04 004 005 0.04 004 004 004 004 0.04 0.04
7 6 9 3 3 0 3 3 3 3 3 3 6
0.04 004 0.04 004 004 0.04 004 004 004 004 0.04 0.04
8 4 3 3 4 3 3 3 3 3 3 5 6
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0.04 004 004 004 004 0.04 0.04 0.04 0.04 0.04 0.04 0.04
9 5 5 3 6 3 3 6 3 3 6 4 4

0.04 004 004 004 004 004 0.04 0.04 0.04 0.04 0.04 0.04
10 9 6 3 3 8 3 3 3 3 3 3 4

Remark: unit in liters per kilometer

Based on the different velocities (v;;) in Table 5, there were the input variables for
investigating the diverse energy consumption rate. Successively, the fuel consumption on each
transport route was identified by (0.003968171-]-2 - 0.5826v;; + 25.66)/100, and the dissimilar
energy consumption rate (e;;) on each delivery order was shown as underneath. Moreover, the
energy consumption rate (e;;) in Table 6 multiplied with the data in Table 2, which was
superlatively represented d;;Y;; in case of devouring entirely supply commands on every
itinerary for transferring on the motorway, resulted to the energy consumption along the
transportation routes. In addition, the transportation cost in term of energy consumption
alternatively on each route based on transport distance and time (e;;d;;Y;;) had been presented
as Table 7.

Table 7. Transportation cost based on distance and time. Source: the Authors
Origin  Destination (j)

(i) 1 2 3 4 5 6 7 8 9 10 11 12
32. 25. 49. 28.  37. 75. 42 39. 29

1 0 4 4 95 9 3 49 4 2 76 5 4
24. 34, 25. 25. 50. 17. 29. 23. 10

2 31 66 3 1 39 6 7 4 2 8 4 3
10. 15. 29. 43. 11. 27. 35 55, 22. 39. 25. 16

3 3 0 5 5 3 0 9 6 3 6 5 3
56. 54. 30. 82. 51. 77. 74 37. 78. 75 49

4 5 1 1 8 0 4 6 55 2 5 0 7
18. 20. 41. 37. 20. 29. 67. 33. 33 25

5 1 0 1 4 5 75 3 1 8 0 63 4
11. 27. 38. 21. 30. 53. 20. 34. 20. 13

6 32 1 6 8 85 7 3 7 4 5 2 7

22.  30. 25. 22. 48. 15. 26. 23.

7 79 23 6 6 25 9 7 8 5 5 8 70
16. 33. 22. 12. 25. 14. 59. 26. 17. 26. 14

8 7 95 4 0 9 0 1 4 1 8 2 5
21. 20. 41. 29. 21. 13. 21. 67. 34. 25. 16. 26.

9 2 8 6 6 3 8 3 8 5 2 2 71

10. 18. 34 30. 26. 44. 11. 30. 27.

10 5 63 3 7 43 2 2 5 2 4 8 30

Remark: unit in liters
As shown in Table 7, the energy consumption on each delivery route cost based on distance
and time had been investigated. Besides, the lowest fuel consumption was 3.1 liters which was
the delivery route from Nakhon Nayok to Prachin Buri while the highest fuel consumption was
83.2 liters which was the delivery route from Narathiwat to Chiang Rai. At this point, the whole
transportation cost based on cost based on distance and time by differentiating velocity in term

of the energy consumption, which is X%, .7, (el-jdl-le-j) , totally was 3,364.5 liters.
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4.4 Comparison the effectiveness

In this section, the effectiveness of two alternative mathematical models for solving the
currier transport problem were explained, and then evaluated in order to indicate the most
effective strategy for improving the currier distribution in the future. Besides, the comparative
descriptions based on the research findings were illustrated as below.

As presented in Table 8, the transportation problem based on distance (TPD) and the
transportation problem based on distance and time (TPDT) were compared. Primarily, these
both mathematical models had analytically tested at the similar origins and destination, so there
had an equivalent transport distance in total. In actually, TPDT concept stands on the unstable
speed which is depended on distance and approachable time while TDP paradigm stands on
preferably fixing speed. Besides this, TPDT had a longer transport duration than TPD
approximately 28.4%, since the actual transport ability had a lessor speed than the planed
transport at about 39.6% because of approaching a more actual transport condition.
Subsequently, TPDT had a fewer energy consumption rate than TPD roughly 63.5% in average,
so it was definitely exhibited that TPDT had a higher effectiveness in the transport cost
reduction than TPD.

Table 8. The effectiveness comparison between TPD and TPDT. Source: the Authors

Description TPD TPDT Differentiation
Rate

TPDT - TPD (%)
1.Total distance (kilometers) 77,694.3 77,6943 0.0 0.0
2.Total transport time (hours) 776.9  1,084.9 308.0 28.4
3.Average velocity (kilometers/hour) 100.0 71.6 -28.4 -39.6
4.Average energy consumption rate
(liters/kilometer) 0.0708 0.0433 -0.027 -63.5
5.Total transport cost (Total energy,
liters) 5500.8 3,3645 -2,136.3 -63.5
5. DISCUSSION

In the context of courier services, this study aimed to introduce alternative mathematical
models for addressing the courier transportation problem and to compare their effectiveness.
Additionally, energy consumption was employed as a representation of transportation costs,
serving as the objective function for the courier transportation problem. The most effective
model may provide strategic insights for future decision-making regarding the transport of
special orders or small lots. To support this analysis, the study examined the economic
challenges faced by Thailand, a middle-income country. Subsequently, a review of relevant
literature was conducted to identify research gaps that involved road transportation.

Additionally, innovative mathematical models for transportation issues within the context
of courier delivery were created and subsequently represented in flowchart form to facilitate
the algorithmic processes prior to numerical testing of secondary transport data sourced from
the Google Maps application. Following this, the analytical results and comparisons of the
various mathematical models developed in this research were established, yielding new
insights for the future enhancement of courier transport planning and operational practices as
outlined below.

5.1 Research implications

To address the research question regarding the introduction of a new transportation problem

based on distance and time within the context of courier distribution, this study utilized the
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established framework of traditional transportation problems. This foundational approach
facilitated the development of a novel mathematical model designed to address various road
transport scenarios in courier operations. Specifically, two mathematical models were
formulated: one focusing on distance and the other incorporating both distance and time.
Additionally, supply and demand points were randomly selected from administrative data, after
which distance and time metrics were obtained from Google Maps for subsequent numerical
testing and analysis.

The analysis revealed that the transportation problem based on fixed transport speed (TPD)
resulted in higher transport costs, specifically in terms of energy consumption, compared to the
transportation problem that incorporates both distance and time (TPDT). Notably, the velocities
used in the TPDT framework were derived from actual delivery speeds, as calculated from data
provided by Google Maps based on the experiences of various users and drivers. It is important
to recognize that real-world road transport is influenced not only by distance but also by
surrounding factors such as vehicle density, infrastructure, and other environmental conditions,
which contribute to variations in transport time. Consequently, actual delivery speeds tend to
be lower than planned distribution speeds due to the impact of real traffic conditions.

Subsequently, the varying distances and travel times influenced the differences in velocity
across the various transport routes. Vehicles consume different amounts of fuel at varying
speeds, as noted by Yang et al. (2018), resulting in specific energy consumption for each route.
These findings corroborate the research hypothesis that distance and time are crucial factors
for organizations to consider when analyzing courier transportation costs, as they contribute to
differing velocities that impact energy consumption. This outcome reinforces the theoretical
framework illustrated in Figure 1, suggesting that a focus on multiple transport factors, such
as distance and time, rather than a single factor, enhances overall effectiveness. Furthermore,
this contribution advances the literature on courier transport planning for future improvements.
5.2 Practical implications

The efficacy of the transportation problem within the context of courier transport is clearly
illustrated in Table 8. Firstly, courier transport planners must not only consider transport
distance but also prioritize transport time, as both factors significantly influence the velocity of
transportation, subsequently affecting energy consumption and overall costs. Secondly,
planners may opt for the Transportation Problem based on Distance and Time (TPDT)
approach when managing the distribution of special orders or small lots from satellite supply
plants to various client locations. This method can lead to substantial savings in transport costs
for the organization.

5.3 Limitation and future direction

This research article has certain limitations. The secondary data utilized in this study were
derived from Geographic Information System (GIS) datasets, along with information collected
from the Google Maps application in Thailand, which serves as an example of the developing
countries. It is important to note that the GIS conditions in the developed countries and the
undeveloped countries may differ significantly, potentially leading to varying traffic outcomes.
Furthermore, this research does not assert that the mathematical models employed will yield
the same results in different economic contexts. Therefore, further investigation in other
regions may be necessary for future educational insights.

6. CONCLUSION

This study sought to propose an alternative mathematical model for addressing the courier
transportation problem and to evaluate the effectiveness of these models through an analysis
of personal car deliveries in the context of road transport, using specific administrative
transport data from Thailand. While there has been growing interest in utilizing transportation
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models to address quantitative delivery challenges—often referred to as mass product
transport—there remains a scarcity of research focused on developing effective strategies to
minimize transportation costs when firms need to distribute small orders to various locations.
Moreover, many previous studies have primarily concentrated on optimizing transportation
costs based on delivery quantities. However, the costs associated with special or small-scale
deliveries should be assessed in terms of energy consumption. This study aims to fill this gap
by exploring an alternative approach to minimizing overall transportation costs based on
energy consumption, which can be viewed as the objective function in the courier
transportation problem.

To achieve this, unconventional mathematical models were developed based on existing
literature. Subsequently, the transportation problem focused on distance with a fixed transport
speed (TPD) and the transportation problem considering both distance and time (TPDT) were
mathematically modeled and numerically analyzed using the Solver Add-in in Microsoft Excel
2021, following established procedures. This analysis utilized secondary data from Geographic
Information Systems (GIS) obtained through the Google Maps application in Thailand. The
results demonstrated the effectiveness of the TPD and TPDT models, and the key findings of
this research are detailed in the following summary.

Firstly, the investigation revealed that transport distance is not the only critical variable for
addressing the transportation problem in courier delivery; transport time must also be
significantly incorporated into the mathematical model. This research demonstrates that
variations in distance and time can lead to different velocities, which in turn affect energy
consumption and overall transportation costs. Therefore, focusing exclusively on transport
distance is inadequate for effectively minimizing the objective function in the context of real-
world courier delivery.

Secondly, the most effective method for addressing courier distribution was identified as the
transportation problem mathematical model based on distance and time (TPDT). Courier
transport planners should consider this mathematical model as an alternative for managing the
delivery of special orders or small lots within their operations, as it holds considerable potential
for achieving cost savings in courier transport planning.

7. ACKNOWLEDGMENT
This work was supported by Research Innovation and Social Services Fund of Faculty of
Interdisciplinary Studies, Khon Kaen University (1.1 Integrated Research Funding Year 2024).

6. AUTHORS’ NOTE
The authors declare that there is no conflict of interest regarding the publication of this
article. Authors confirmed that the paper was free of plagiarism.

9. REFERENCES

Aati, K., Houda, M., Alotaibi, S., Khan, A.M., Alselami, N., and Benjeddou, O. (2024).
Analysis of Road Traffic Accidents in Dense Cities: Geotech Transport and ArcGIS.
Transportation Engineering, 100256.

Aharoni Y. (2024). The Role of Small Firms in an Interdependent World. In Standing on the
Shoulders of International Business Giants, 237-261.

Alamri, S., Adhinugraha, K., Allheeib, N. and Taniar, D. (2023). Gis analysis of adequate
accessibility to public transportation in metropolitan areas. ISPRS International Journal
of Geo-Information, 12(5), 180.

1228



Lex localis-Journal of Local Self-Government \
ISSN:1581-5374 E-ISSN:1855-363X LEX—
Vol. 23, No. $5(2025) LOCALIS

Altschuler, J.M., and Boix-Adsera, E. (2023). Polynomial-time algorithms for multimarginal
optimal transport problems with structure. Mathematical Programming, 199(1), 1107-
1178.

Arango, E., Nogal, M., Sousa, H.S., Matos, J.C., and Stewart, M.G. (2024). Improving societal
resilience through a G1S-based approach to manage road transport networks under wildfire
hazards. Transportation Engineering, 15, 100219.

Auad, R., Erera, A., and Savelsbergh, M. (2023). Courier satisfaction in rapid delivery systems
using dynamic operating regions. Omega, 121, 102917.

Bai, Y., Wu, X., and Ozgiir, A. (2023). Information constrained optimal transport: From
talagrand, to marton, to cover. IEEE Transactions on Information Theory, 69(4), 2059-
2073.

Black, W., and Babin, B. J. (2019). Multivariate data analysis: Its approach, evolution, and
impact. In The great facilitator: Reflections on the contributions of Joseph F. Hair, Jr. to
marketing and business research (pp. 121-130). Cham: Springer International Publishing.

Boroomand, M.R., and Mohammadpour, A. (2024). Analysis and Evaluation of the Technical
and Economic Application of RFID, GPS and GIS in Road Transportation. International
Journal of Transportation Engineering, 11(3), 1505-1514.

Chen, M., and Hu, M. (2024). Courier dispatch in on-demand delivery. Management Science,
70(6), 3789-3807.

Das, S.K,, Pervin, M., Roy, S.K., and Weber, G.W. (2023). Multi-objective solid
transportation-location problem with variable carbon emission in inventory management:
a hybrid approach. Annals of Operations Research, 1-27.

Dekhtyaruk, M. (2023). Automated system for freight transportation optimization on the
transport network. Periodica Polytechnica Transportation Engineering, 51(4), 386-393.

del Barrio, E., Sanz, A.G., Loubes, J.M., and Niles-Weed, J. (2023). An improved central limit
theorem and fast convergence rates for entropic transportation costs. SIAM Journal on
Mathematics of Data Science, 5(3), 639-6609.

Department of Industrial Works. (2023). List of factories authorized to operate as of the end
of the vyear 2023. Ministry of Industry, Thailand, Retrieved from,
https://www.diw.go.th/webdiw/static-fac/.

Department of Provincial Administration. (2024). Administrative data. Ministry of Interior,
Thailand, Retrieved from https://multi.dopa.go.th/pab/news/cate9/view46#!

Eckstein, S., and Pammer, G. (2024). Computational methods for adapted optimal transport.
The Annals of Applied Probability, 34(1A), 675-713.

Ejdys, J., and Gulc, A. (2020). Trust in courier services and its antecedents as a determinant of
perceived service quality and future intention to use courier service. Sustainability, 12(21),
9088.

Ganiyev, Y.Y., Murodilov, K.T., and Mirzaakhmedov, S.S. (2023). Evaluating the precision
of google maps in countryside regions. Italy actual problems of science and education in
the face of modern challenge, 14(1).

He, P., Li, J.,, Jiang, Y., and Wang, X. (2018). Collaborative transportation planning
distinguishing old and new shippers for small-medium enterprise. Journal of Industrial
and Production Engineering, 35(3), 170-180.

Hu, X., and Weisel, E. (2020). Inbound Logistics Optimization.

Jothi Basu, R., Subramanian, N., and Cheikhrouhou, N. (2015). Review of full truckload
transportation service procurement. Transport reviews, 35(5), 599-621.

Kaur, S., Jain, E., Sharma, A., and Dahiya, K. (2024). An efficient algorithm for two-stage
capacitated time minimization transportation problem with restricted flow. RAIRO-
Operations Research, 58(4), 2733-2766.

1229



Lex localis-Journal of Local Self-Government \
ISSN:1581-5374 E-ISSN:1855-363X LEX—
Vol. 23, No. $5(2025) LOCALIS

Kurniawan, B., Irman, A., Gunawan, A., Umyati, A., Febianti, E., Wahyuni, N., et al. (2021).
Developing supply chain network with piecewise linear transportation cost for a small-
and-medium enterprise (SME) in Cilegon. Majalah Ilmiah Pengkajian Industri, 15(2), 97-
104.

Latip, M., Sharkawi, I., Mohamed, Z., and Kasron, N. (2022). The impact of external
stakeholders’ pressures on the intention to adopt environmental management practices and
the moderating effects of firm size. Journal of Small Business Strategy, 32(3), 45-66.

Liang, X., Yang, H., and Wang, Z. (2024). A crowdsourcing framework for green urban parcel
delivery: Utilizing private cars that will be in passing. Journal of Cleaner Production,
142762.

Linganathan, S., and Singamsetty, P. (2024). Genetic algorithm to the bi-objective multiple
travelling salesman problem. Alexandria Engineering Journal, 90, 98-111.

Logistics Development Strategy Division. (2023). Thailand Logistics Report 2022. Office of
the National Economic and Social Development Council, Thailand, Retrieved From
https://www.nesdc.go.th/main.php?filename=logistics_report_page

Marcysiak, A. (2021). Customer service quality management on the courier services market.
Entrepreneurship and sustainability issues, 9(1), 190.

Mardanya, D., and Roy, S.K. (2023). New approach to solve fuzzy multi-objective multi-item
solid transportation problem. RAIRO-Operations Research, 57(1), 99-120.

McQuire, S. (2019). One map to rule them all? Google Maps as digital technical object.
Communication and the Public, 4(2), 150-165.

Mehta, H., Kanani, P., and Lande, P. (2019). Google maps. International Journal of Computer
Applications, 178(8), 41-46.

Minner, S. (2019). Inbound logistics. Operations, Logistics and Supply Chain Management,
233-249.

Misuko, V.M. (2015). Strategic Inbound Transportation Management Practices And
Performance Of Large-scale Manufacturing Firms In Kenya. Doctoral dissertation,
University of Nairobi.

Ni, L., and Wang, X. (2021). Load factors of less-than-truckload delivery tours: An analysis
with operation data. Transportation Research Part E: Logistics and Transportation
Review, 150, 102296.

Novitasari, N., and Anwar, N. (2022). Enhanced technology for logistics courier delivery using
RFID label to minimize processing time. JOIV: International Journal on Informatics
Visualization, 6(3), 610-617.

Office of Small and Medium Enterprises Promotion. (2023). MSME situation report year 2023.
Ministry of Industry, Thailand, Retrieved from
https://bds.sme.go.th/Knowledge/Detail/16

Office of the Council of State. (2022). Traffic speed control laws for driving in Thailand. The
Prime Minister's Office, Thailand, Retrieved from
https://www.ocs.go.th/static/content/right/resources/20240228 ASRBUFET _448.pdf

Oladimeji, D., Gupta, K., Kose, N.A., Gundogan, K., Ge, L., and Liang, F. (2023). Smart
transportation: an overview of technologies and applications. Sensors, 23(8), 3880.

Orenstein, 1., and Raviv, T. (2022). Parcel delivery using the hyperconnected service network.
Transportation Research Part E: Logistics and Transportation Review, 161, 102716.

Peng, S,, Park, W.Y ., Eltoukhy, A.E., and Xu, M. (2024). Outsourcing service price for crowd-
shipping based on on-demand mobility services. Transportation Research Part E:
Logistics and Transportation Review, 183, 103451.

Praet, S., and Martens, D. (2020). Efficient parcel delivery by predicting customers’ locations.
Decision Sciences, 51(5), 1202-1231.

1230



Lex localis-Journal of Local Self-Government \
ISSN:1581-5374 E-ISSN:1855-363X ] ]:{\g;
Vol. 23, No. $5(2025) | OCALIS

Qiuping, N., Yuanxiang, T., Broumi, S., and Ulugay, V. (2023). A parametric neutrosophic
model for the solid transportation problem. Management Decision, 61(2), 421-442.

Rajendran, S. (2021). Improving the performance of global courier & delivery services
industry by analyzing the voice of customers and employees using text analytics.
International Journal of Logistics Research and Applications, 24(5), 473-493.

Sadeghvaziri, E., Javid, R. and Turbiville, L. (2024). Navigating Road Safety and Equity: A
GIS Analysis of Crash Data in Atlanta, GA. In International Conference on
Transportation and Development 2024, 271-280.

Shivani Rani, D., and Ebrahimnejad, A. (2022). An approach to solve an unbalanced fully
rough multi-objective fixed-charge transportation problem. Computational and Applied
Mathematics, 41(4), 129.

Sikora, M. (2024). Competition on the courier, express and postal service market. Scientific
Papers of Silesian University of Technology. Organization & Management/Zeszyty
Naukowe Politechniki Slaskiej. Seria Organizacji i Zarzadzanie, 193.

Silva, V., Vidal, K., and Fontes, T. (2024). Evaluating parcel delivery strategies in different
terrain conditions. Transportation Research Part A: Policy and Practice, 187, 104158.

Spriggs, A., Rotman, R., and Trauth, K. (2024). Functional analysis of web-based GIS tools
for environmental justice assessment of transportation projects. Transportation Research
Part D: Transport and Environment, 128, 104080.

Williams, C., You, J.J., and Spielmann, N. (2024). The effect of breadth of external pressure
on leaders in small and medium-sized enterprises: does the firm become more
entrepreneurial?. International Journal of Entrepreneurial Behavior & Research, 30(5),
1270-1289.

Yang, L., Hu, X., and Fang, L. (2018). Carbon emissions tax policy of urban road traffic and
its application in Panjin, China. PloS one, 13(5), e0196762.

Yang, S., Zhang, J., and Zhou, S. (2024). The cost transportation game for collaboration among
transportation companies. Annals of Operations Research, 336(3), 1479-1503.

Zabiba, M.S., Al-Dallal, H.A., Hashim, K.H., Mahdi, M.M., and Shiker, M.A. (2023). A new
technique to solve the maximization of the transportation problems. In AIP Conference
Proceedings AIP Publishing, 2414(1).

1231



