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This study proposes an innovative scientific framework for optimizing the placement of cross-
docking facility projects within international logistics networks. The framework integrates an
extended K-mean optimization and GIS based framework into a multi-project management to
enable more accurate and spatially informed decision-making. A comprehensive review of the
literature indicates that road freight transportation and inventory holding costs represent the largest
components of total logistics expenditure. In international road freight operations, direct delivery
is frequently impractical, thereby necessitating the use of intermediate transshipment hubs, such as
cross-docking facilities. However, inefficient selection of these intermediary nodes may increase
inventory storage requirements and transportation costs. Consequently, the accurate identification
of optimal cross-docking locations has substantial potential to reduce transport distances and
associated operational expenses across global logistics networks. To examine this proposition, two

comparative scenarios were developed. The first scenario represents the Traditional Cross-Docking
project (TCD) approach, in which cross-docking activities are conducted at national border points
before international distribution. The second scenario applies the proposed K-mean optimization
and GIS based framework into a multi-project management (KGMP) to identify optimal cross-
docking locations beyond border regions across the wider international supply chain network. Both
scenarios were assessed through numerical simulations and analytical evaluation to compare their
effectiveness in minimizing transportation distances. Following this, the simulation results
demonstrate that the proposed KGMP framework significantly reduces international transport
routes compared with the conventional border-based configuration. These findings highlight the
strategic importance of facility location decisions in international logistics planning, where
optimized cross-docking placement can enhance transportation efficiency, operational cost
reduction, and a greater administrative competitiveness in increasingly complex global markets.
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1. Introduction

Thailand’s Gross Domestic Product (GDP) growth in 2025 was initially projected to reach approximately 2.4% compared
with the previous period. In particular, national logistics costs accounted for approximately 13.5% of GDP in 2024. Of this
proportion, transportation costs represented 6.5%, while inventory holding costs comprised a further 6.0%. Moreover, road
transportation remained the dominant logistics mode, accounting for nearly 3% of national GDP. Evidently, the combined
costs of road freight transportation and inventory management constituted approximately 9% of GDP, representing nearly
70% of total national logistics expenditure (Office of the National Economic and Social Development Council, 2025).
Notably, both road transportation and inventory-related costs have demonstrated a continuous upward trend, thereby playing
an increasingly significant role in shaping Thailand’s national economic performance.

International road freight transportation is closely associated with inventory costs. Primarily, transportation planning aims to
identify the shortest possible routes in order to minimize travel distance and transit time, both of which directly influence
transportation efficiency and overall logistics costs. For instance, when transport operations are scheduled over extended
periods, additional non-value-added activities may arise, including higher labor expenses, increased storage requirements, and
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other related operational costs. Similarly, longer transportation distances not only lead to greater energy consumption but also
increase the likelihood of repeated cross-docking activities, particularly when vehicles require replacement or refueling during
transit. Consequently, investigating strategies for reducing international road freight transportation distances, together with
the optimal allocation of cross-docking points, may significantly contribute to lowering inventory costs and enhancing overall
supply chain efficiency.

Practically, a critical challenge in international road freight planning lies in the strategic selection and optimization of domestic
cross-docking facilities, where shipments are consolidated prior to onward distribution to international logistics hubs. From a
logistics project management perspective, the effective configuration of these facilities is essential for minimizing transport
distances, reducing operational costs, and improving delivery responsiveness to final destinations. Optimized cross-docking
networks not only enhance operational efficiency and resource utilization, but also strengthen organizational competitiveness
within the global logistics industry. Moreover, precise cross-docking planning facilitates greater production and distribution
connectivity, thereby improving supply chain integration, coordination, and overall performance across international freight
systems.

The domain of transshipment purposive opinions encompasses the strategic identification of optimal central locations
positioned either in proximity to production origins for export consolidation or near major consumer markets for final
distribution activities. The overarching objective is to minimize aggregate transportation distances while simultaneously
enhancing the operational efficiency of logistics networks. This analytical framework is conceptually aligned with the
principles of K-Means Clustering, in which centroid calculations across multiple geographical coordinates are utilized to
determine optimal cluster centers (Foroozanfar et al., 2026; Oti et al., 2021). Within this context, the methodology requires
the prior specification of the number of clusters corresponding to the intended number of warehouses or logistics hubs,
followed by the computation of minimum Euclidean distances among interconnected nodes, including manufacturing facilities
and distribution centers, to derive the most efficient centroid locations (Gantassi et al., 2025; Nweje & Taiwo, 2025; Raesi &
Reisi, 2025). Consequently, the application of K-Means Clustering to the allocation of international transshipment points can
substantially improve logistics project management by reducing transportation route distances, optimizing network
configuration, enhancing resource utilization, and strengthening the competitive performance of cross-border transportation
operators, thereby contributing to improved overall supply chain effectiveness and strategic logistics performance.

Fundamentally, the K-Means clustering algorithm has been extensively employed in transportation project management,
supply chain management, and logistics analytics to identify central nodes and spatial patterns across geographic coordinates.
Conventional implementations typically estimate distances between latitude—longitude pairs using the Pythagorean theorem
to derive Euclidean distances (Foroozanfar et al., 2026; Suwanda et al., 2020). For large-scale geographic analyses and long-
distance routing applications, the Great Circle Distance method has been adopted to account for the Earth’s curvature by
representing the shortest path between two points on a spherical surface. Building upon this approach, the Haversine formula,
grounded in trigonometric principles, provides a more refined estimation of arc-based distances between terrestrial locations
(Oti et al., 2021; Pathak et al., 2019). Nevertheless, despite their computational efficiency and widespread application, these
techniques remain inherently approximate because they fail to capture actual traversable distances shaped by road network
configurations, transportation infrastructure, and terrain constraints.

Contemporary studies have increasingly focused on extending the K-Means algorithm to more effectively address the
complexities inherent in real-world transportation networks. Traditional clustering approaches, which depend primarily on
geometric coordinates, frequently fail to account for critical geographic and infrastructural constraints. Although theoretical
centroids can be mathematically derived, their practical implementation is often constrained by non-Euclidean accessibility
conditions resulting from topographical features, urban configurations, and transportation infrastructure disparities.
Consequently, the integration of K-Means clustering with geographic information systems (GIS) offers significant potential
to enhance the precision and practical applicability of transport hub localization, thereby facilitating more realistic, efficient,
and strategically informed logistics and supply chain development.

Geographic Information Systems (GIS) provide a sophisticated technological framework for the collection, management,
analysis, and visualization of geospatial data. By integrating spatial information with non-spatial attributes, GIS facilitates
comprehensive insights that support evidence-based decision-making. Contemporary applications, such as the algorithms
underlying Google Maps, demonstrate the practical value of GIS by enabling real-time route optimization and assessment of
dynamic travel conditions (Gkania & Dimitriou, 2026; Ganiyev et al., 2023). Despite these significant advancements, a
substantial research gap persists in the integration of GIS with K-Means clustering techniques for the identification of optimal
freight transfer nodes, particularly under dynamic, uncertain, and real-world operational limitations.

Consequently, this study proposes the development of a K-means optimization and GIS-based framework within a multi-
project management context (KGMP), in which each cross-docking facility project is treated as an individual project
embedded in a global logistics portfolio. This integrated approach has considerable potential to enhance the operational
efficiency of Thailand’s cross-border freight enterprises by reducing transportation costs and travel times, while
simultaneously improving service reliability. Moreover, the adoption of the KGMP framework may generate sustainable
competitive advantages and strengthen both connectivity and resilience in project management across the comprehensive
international supply chain environment.
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2. Literature review

The investigation of the cross-docking location optimization within the framework of intercontinental supply chain
supervision (CDLIS) constitutes a complex and multifaceted decision-making problem. Conceptually, this challenge is
grounded in the fundamental principles of K-means clustering. In practical operations, numerous producers’ conveyance
goods by truck to local cross-docking hubs, where association and container loading are performed. Subsequently, fully loaded
containers are forwarded across national borders to overseas cross-docking facilities, where shipments are unloaded and
reallocated through local transportation networks to reach their last delivery locations. Accordingly, the CDLIS framework
encompasses the conventional K-means clustering method, which is primarily designed to partition longitudinal entities or
observations into a predefined number of clusters. In recent years, a growing body of literature has employed K-means
clustering literatures addressing the related optimization problems, as summarized in the following section.

Early research in this domain primarily focused on the integration of K-means clustering with transportation routing
optimization techniques. For example, Tari et al. (2018) proposed a hybrid framework combining the K-means algorithm with
Genetic Algorithms (GA) to optimize the allocation of heterogeneous vehicle fleets within transportation networks, with the
overarching objective of minimizing total transportation costs. Using hypothetical origin—destination distance data, their
study, implemented through the CPLEX solver, demonstrated that the proposed hybrid clustering framework not only
effectively addressed the underlying optimization problem but also importantly decreased in computational period compared
with conservative exact optimization methods.

Recent developments have further extended clustering-based optimization frameworks within logistics and delivery system
design; however, the extant literature still reflects methodological fragmentation and context-specific validation. Thomas et
al. (2024) investigated the integration of drone technology with the K-means clustering algorithm for single-vehicle delivery
operations, targeting improvements in scheduling and routing efficiency in parcel and mail distribution systems. While their
inclusion of a heuristic (holistic) filtering procedure during preprocessing enhances data refinement prior to clustering, the
study remains limited in its ability to generalize across heterogeneous delivery environments, particularly those involving
dynamic demand fluctuations or multi-agent coordination.

Similarly, Sun et al. (2024) proposed a nonlinear mixed-integer optimization framework to reduce transportation costs and
improve operational efficiency in urgent medical supply distribution. Their hybrid methodology, which integrates K-means
clustering with an improved adaptive genetic algorithm (IAGA), demonstrates improved solution search capability and
convergence performance. Nevertheless, the added algorithmic complexity raises questions regarding computational
scalability and real-time applicability in large-scale, time-sensitive logistics networks.

Taken together, these studies suggest a growing consensus that coupling clustering methods with metaheuristic optimization
can enhance delivery efficiency, particularly in reducing operational completion time. However, the evidence remains largely
confined to simulation based or constrained operational settings. Consequently, while hybrid K-means approaches
demonstrate considerable promise, further empirical validation under real world, large scale, and dynamically evolving supply
chain conditions is required to substantiate their robustness and practical implement ability.

Subsequent studies have further extended the application of K-means clustering to problems of activity classification and
segmentation. Saha et al. (2019) examined alternative clustering approaches derived from the principles of K-means, assessing
their performance through empirical evaluation and comparative analysis across a range of cluster configurations. In a similar
vein, Sarkar et al. (2024) employed K-means clustering for strategic customer segmentation, utilizing recency, frequency, and
monetary (RFM) variables as key determinants. Their comparative investigation of the conventional RFM framework and K-
means-based clustering demonstrated that the integration of clustering techniques with dimensionality reduction methods can
significantly improve computational efficiency by reducing processing time while simultaneously enhancing classification
accuracy.

Further research has extended the application of K-means clustering to multi-trip and large-scale routing problems. Ferone et
al. (2025) developed a hybrid optimization approach for multi-trip medical supply distribution, integrating temporal
constraints with metaheuristic algorithms. Focusing on single-vehicle operations, their results demonstrated that the proposed
hybrid framework offers a robust and scalable alternative to conventional exact optimization techniques. In a comparable
vein, Kim et al. (2025) employed K-means clustering in waste collection routing by first grouping collection points prior to
route optimization using an ant colony optimization algorithm. Their study reported notable improvements in operational
efficiency alongside a substantial reduction in computational time relative to traditional approaches. Collectively, these
findings underscore the effectiveness of K-means clustering in reducing data heterogeneity and enhancing operational
responsiveness across diverse logistics and supply chain management contexts.

Recent studies have further underscored the applicability of this method in inventory optimization and network design. Raesi
and Reisi (2025) investigated inventory management within a steel manufacturing facility using a hybrid K-means—genetic
algorithm (GA) framework to determine optimal storage locations. Their approach yielded an approximate 15% reduction in
internal transportation distances and material handling requirements. In a complementary contribution, Deineko et al. (2025)
proposed an urban transportation network design framework integrating K-means clustering with metaheuristic optimization
techniques. Through microscale simulations involving bicycles and electric vehicles, they demonstrated that their model
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effectively reduced the number of delivery points while simultaneously enhancing the efficiency and overall utility of urban
mobility systems. Collectively, these findings indicate that the effective deployment of K-means clustering is contingent upon
careful consideration of contextual, operational, and environmental factors, which are essential for maximizing its practical
performance in project management and supply chain logistics applications.

In line with this trajectory, recent scholarship has increasingly highlighted the integration of K-means clustering with artificial
intelligence (Al), particularly in advancing analytical capabilities within project management, supply chain, and logistics
management contexts. Nweje and Taiwo (2025) employed Al techniques to examine workload distribution across supply
chain nodes, thereby enhancing the identification of latent operational factors. In their framework, nodes were first clustered
using K-means, after which demand forecasts and production capacity data were processed through Al-driven algorithms. In
a similar vein, Gantassi et al. (2025) combined K-means clustering with machine learning approaches to optimize
transportation routing, utilizing wireless sensor technologies for data acquisition and pattern recognition. Collectively, these
studies demonstrate that Al-augmented clustering methods substantially improve decision-making accuracy, operational
efficiency, and adaptive learning capabilities. This body of evidence suggests that the analytical effectiveness of K-means
clustering can be significantly enhanced when integrated with Al-based computational frameworks within supply chain and
logistics management contexts.

A comprehensive review of the existing literature indicates that, although numerous studies have explored K-means clustering
in hybrid and technologically enhanced forms, a significant research gap remains. In particular, limited attention has been
given to complex logistical configurations in which goods are aggregated from multiple domestic origins at internal
transshipment points, subsequently transported as consolidated full loads across international borders to foreign hubs, and
then redistributed to final destinations. This multi-stage, cross-border logistics structure especially when optimized through
Geographic Information Systems (GIS) for route minimization introduces a sophisticated interplay of clustering and routing
problems that is unique to the CDLIS domain.

Against this backdrop, a central research question emerges: to what extent does the strategic selection of both domestic and
international transshipment points affect overall system efficiency when compared with conventional clustering approaches
based on Euclidean or Pythagorean distance metrics? Addressing this question necessitates an integrated understanding of
logistical interdependencies, along with the development of an algorithmic framework capable of explicitly capturing these
layered complexities. Accordingly, this study proposes a novel algorithmic design that incorporates such constraints, thereby
extending both the theoretical foundations and practical applications of the CDLIS problem within the fields of project
management and supply chain logistics.

2.1 K-mean clustering

K-means clustering is generally used for the creating algorithm of the unsupervised machine learning that a dataset will be
separated into K distinct sectors based on the similar data attributes. Its primary objective is to maximize internal cluster
identity while simultaneously minimizing external cluster similarity, ensuring that observations within the same cluster are
more alike than those in different clusters (Suyal & Sharma, 2024; Ikotun et al., 2021). Besides this, the Within-Cluster Sum
of Squares (WCSS) is achievably transformed to be the minimal algorithmic platform, which measures the cluster
compactness that reflects the degree of internal homogeneity (Ferone et al., 2025; Kim et al., 2025; Sarkar et al., 2024). In
essence, K-means seeks to position each data point as close as possible to its respective cluster centroid, thereby forming well-
defined and internally cohesive clusters.

The operational procedure of the algorithm is executed through a sequence of iterative stages designed to ensure the
progressive refinement and stabilization of cluster formation. Initially, the number of clusters (K) must be determined. This
stage constitutes a critical component of the clustering process, as the selection of an appropriate K significantly influences
the quality and interpretability of the resulting clusters. Although the user may specify the desired number of clusters, such
determination is inherently complex and often requires the application of heuristic or statistical approaches, including the
Elbow Method, to identify an optimal clustering structure that adequately represents the underlying data patterns.

Subsequently, the algorithm proceeds with centroid initialization. At this stage, K initial centroids are randomly selected from
the dataset to serve as preliminary reference points for cluster construction. These centroids function as the initial
representatives of the clusters and establish the foundation for subsequent allocation procedures. Following initialization, each
data point is assigned to the cluster associated with the nearest centroid. This allocation process is generally conducted using
the Euclidean distance metric, whereby observations are grouped according to minimum spatial distance, thereby ensuring
the relative similarity of data points within each cluster.

After the assignment process has been completed, the centroids are recalculated to reflect the updated cluster composition.
Specifically, each centroid is repositioned by computing the arithmetic mean of all observations assigned to the corresponding
cluster. This recalibration process enables the cluster centers to more accurately represent the distributional characteristics of
the grouped data and contributes to the overall optimization of cluster homogeneity.

The algorithm then enters an iterative refinement phase in which the assignment and centroid recalculation procedures are
repeatedly executed until convergence is attained. Convergence is considered achieved when the centroid positions exhibit
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negligible or no substantial variation between successive iterations, indicating that the clustering configuration has stabilized.
Alternatively, the iterative process may terminate upon reaching a predefined maximum number of iterations. Through this
systematic and recursive mechanism, the algorithm enhances clustering accuracy and supports robust analytical applications
in project management, supply chain management, and logistics decision-making contexts.

The example process of computing distances between individual data points and their respective centroids is demonstrated
through the various dimensional analysis, as presented below.

Parameters

Lg The location of each data position when g € {1,2,3,...u}

Lgp The location of each data position along the axis h when h € {1,2,3,...v}

CT The location of centroid among a number of data sets.

CT;, The location of centroid along the axis h

D, The distance between location L, and centroid CT designing by the various dimensions.

The distance between centroid and each data position can be formally expressed as below.
Dy = |Ly — CT | (1)
When |Lg = CT | = {(Liy = CT0)? + (Lyz = CTy)? # (Lys — CT3)2 4. +(Lyy — CT,)?}/2 2)

In summary, the K-means clustering algorithm is widely employed to identify a central position among a set of entities defined
by quantitative attributes following Equation (1). Besides, the resulting centroid represents not only a geometric center but
also a point that minimizes the distance between itself and all associated data points, thereby ensuring optimal proximity
within the dataset based on Equation (2). Accordingly, identifying such a centroid across multiple locations can support the
optimization of vehicle routing, ultimately reducing total travel distance in the logistics and supply chain networks.

2.2 Problem statement

The invention of the CDLIS problem in this study focuses on a logistics process in which multiple manufacturers transport
heterogeneous products to designated terminals using small four-wheel trucks with an average carrying capacity of 1.1 tons.
These vehicles are widely employed for product distribution because they can readily access roads of varying sizes and operate
without time-based driving restrictions. In contrast, trucks with capacities exceeding 1.1 tons are subject to delivery-time
limitations imposed by Thailand’s transportation regulations (Department of Land Transport, 2025; Department of Highways,
2023). At the designated terminals, as well as at customs checkpoints located along national borders, products from multiple
suppliers are unloaded and subsequently consolidated before being reloaded onto other small four-wheel trucks for delivery
to diverse destinations. This operational structure closely resembles a cross-docking system, in which goods are transferred
between carriers while the responsibility for transportation is reassigned. Following the completion of cross-docking
operations at border facilities, the heterogeneous products are transported to their respective final destinations using the same
category of small-capacity vehicles.

This logistics configuration highlights the central challenge of the CDLIS problem, namely the development of an optimized
transportation strategy capable of minimizing total travel distance while simultaneously improving operational efficiency
within an international supply chain and distribution network.

2.3 Traditional Cross-Docking project (TCD)

TCD refers to a traditional logistics operation in which goods are transshipped at an official border crossing between two
countries before being delivered to their final destinations in the importing country. Within this framework, multiple vehicles
consolidate a diverse assortment of products obtained from various suppliers in the country of origin and transport these
consignments to the nearest designated border facility. Upon arrival, the shipments are unloaded, transshipped, and cross-
docked before being reloaded onto vehicles operating under the transportation system of the receiving country. These vehicles
subsequently distribute the goods to their respective destinations. Fundamentally, the TCD process is designed to minimize
the transportation distance between suppliers and the national border point prior to cross-docking operations, thereby
enhancing the overall efficiency of downstream distribution activities in the partner country. In this manner, the framework
facilitates more coordinated and cost-effective cross-border logistics operations while improving the continuity of freight
movement across international supply chains. The following section presents a comprehensive scientific scenario developed
to systematically model and analyze the operational structure and logistical dynamics of the TCD framework.
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2.3.1 Suppliers to Cross Border Point

Original suppliers transport and load their products from multiple production sites to various national cross-border checkpoints
using small four-wheeled trucks with an average carrying capacity of 1.1 tons. In this process, each supplier independently
manages and coordinates its own delivery operations, resulting in decentralized logistics activities across the supply chain.

Parameters

NC The total number of national cross border positions or crossdocking points.

s; Each supplier location in the first nation.

CB; The necessary locations set is to be crossdocking at the nearest border point i .

nb; the nearest border location where each supplier requires transporting their products to crossdocking at that point.
| sj — nb;| The distance between the supplier s; and the nearest border nb; following the Euclidian concept.

7;; The remoteness between the supplier location s; and the nearest border nb; in term of GIS distancing.

DSC The summation of all distances from suppliers to the crossdocking point before crossing the country border.

The transportation process from the original suppliers to the cross-docking facilities located at national border points is
strategically designed to identify the most efficient routing configuration within the distribution network prior to transferring
transportation responsibilities to logistics providers in neighboring countries. Furthermore, this approach primarily aims to
minimize the overall transportation distance across the supply chain network, which can be formally represented as follows:

Objective function
NC
min DSC = Z Z |5 — nby| 3)
= SjECBl'

Constraint function

The summation of all set of locations is needed to be crossdocking at the nearest border point i is equal to the number of
cross docking point.

NC
NC = Z CB Vi € {1,2,3,..NC} )
i=1
The Euclidian distances are ideally replaced by the GIS distance in order to the real-world places connecting via the road
lines.
| S]' - nbi| = rij Vi € {1,2,3, NC}, V] € {1,2,3, n} (5)

2.3.2 Cross border point to Destination

Following the cross-docking operation at the national border, overseas transportation providers load the goods onto small
four-wheel trucks with an average carrying capacity of 1.1 tons and subsequently deliver each shipment to its designated
destination within the foreign country. Furthermore, this program aims to determine the minimum possible transportation
distance, which can be formally expressed as follows.

Supplementary parameters

fq The delivery destination in the foreign country.

| fo — nb;| The distance between the destination f, and the nearest border nb;.

;g The remoteness between destination f;; and the nearest border nb; in term of GIS distancing.

DDC The summarization of all distances from the delivery destinations to the crossdocking points after crossing in foreign
countries

Transportation from the border point to the final delivery destination in an overseas cross-docking project is strategically
designed to optimize routing efficiency throughout the distribution network. Furthermore, the primary objective of this
framework is to identify the minimum possible travel distance, which can be formally expressed as follows.
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Objective function

NC
min DDC = Z Z | £, — nb| 6)
= fq€CB;

Constraint function

The summation of all set of locations is needed to be crossdocking at the nearest border point i is equal to the number of
cross docking point.

NC
NC = Z CB; vi € {1,2,3,..NC} (7
i=1

The Euclidian distances are ideally replaced by the distance between two location following GIS concept, since the places on
the land in the real world are connected by the road lines.

| f, —nb;| = d;y Vi € {1,2,3,..NC}, ¥q € {1,23,..2} (8)

Finally, cross-border freight transportation using small four-wheel trucks with an average carrying capacity of 1.1 tons, based
on a conventional logistics approach, seeks to minimize travel distance by routing shipments through cross-docking facility
projects located at border checkpoints between the two countries. Furthermore, this transportation scenario can be
mathematically formulated through the following objective functions.

TCD = Min DSC + Min DDC 9)

or

NC NC
TCD = ZZ rl']' + ZZ Tiq (10)
= SjECB; = fq€CB;

Accordingly, objective functions (9) and (10) are formulated to identify the optimal Transnational Cross-Docking (TCD)
configuration by determining the most suitable cross-docking point located at the national border between the two countries.
In this framework, original producers transport their products to the designated border cross-docking facility using small four-
wheel trucks with an average carrying capacity of 1.1 tons. At the border point, the goods are unloaded and transferred to an
international transport provider through a cross-docking operation. Subsequently, the products are distributed to their final
destinations using small four-wheel trucks with an average carrying capacity of 1.1 tons. Furthermore, the operational
structure and feasibility conditions of the TCD system are rigorously governed by Equations (4) — (5) and (7) — (8).

2.4 K-mean optimization and GIS based framework into a multi-project management (KGMP)

KGMP is proposed as a preliminary mechanism for transshipping products through optimized cross-docking projects between
two countries prior to final delivery. In the initial phase, suppliers transport goods from their origins to domestic cross-docking
facilities using small four-wheel trucks with an average carrying capacity of 1.1 tons. Subsequently, the products are
consolidated and transported across the border to the destination country by six-axle articulated trucks with an average
carrying capacity of 38 tons. According to the prevailing full-truckload regulations, the permissible load capacities for small
four-wheel trucks and six-axle articulated trucks are 1.1 tons and 38 tons, respectively (Department of Land Transport, 2025;
Department of Highways, 2023). Furthermore, the six-axle articulated truck, with an average capacity of 38 tons, represents
the heaviest vehicle category authorized for cross-border freight transportation under the Thai-Laos bilateral agreement
(Economic and Social Commission for Asia and the Pacific, 2025).

Upon arrival in the destination country, the six-axle articulated trucks deliver the consolidated shipments to overseas cross-
docking facilities, where the products are subsequently redistributed to their final destinations by small four-wheel trucks
operated by local transport providers. Building upon this operational structure, an alternative cross-docking project scenario
was developed by integrating an extended K-means optimization model with a GIS-based framework within a multi-project
management context, hereafter referred to as KGMP. The proposed framework aims to enhance the strategic management of
cross-docking operations by treating each cross-docking facility as an independent project embedded within a broader global
logistics portfolio. Accordingly, the KGMP framework is structured into three distinct transportation phases, as described
below.

2.4.1 The transportation project from the original suppliers to the domestic crossdocking site.

Initiatively, the original suppliers are responsible for transporting their goods using small four-wheel trucks with an average
capacity of 1.1 tons to a consolidation location in the primary country. At this site, products from multiple suppliers are
rearranged through cross-docking and subsequently loaded into designated containers. Each supplier independently executes
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and supervises the transportation of its goods to these consolidation sites prior to the commencement of cross-docking
operations. In practice, cross-docking operations cannot be performed outside corporate premises or in open-area plant sites
due to security and asset safeguarding concerns. Therefore, within the scope of this conceptual framework, the cross-docking
location is assumed to be selected from one of the original supplier sites in the primary country, which effectively minimizes
domestic transportation distances within the first country. Furthermore, the mathematical model for the transportation process
from the original suppliers to the domestic cross-docking point in the primary country can be formulated as follows

Supplementary parameters

FC; The set of the original supplier sites necessitate transporting their products to the domestic crossdocking point i in the
first country.

cpn; The centroid for making the crossdocking activity for group i at the primary nation.

| s; — cpn;| The distance following the squared Euclidean concept between location s; and the centroid cpn; at the first
country.

dsc;; The distance between the locations of supplier s; and the centroid cpn; following GIS framework.
SSC All transport distances between location s; and the centroid c¢pn; at the primary nation.

The allocation decision to transfer products from individual suppliers to a local cross-docking facility aims to minimize
transportation distances within the originating country, which can be mathematically formulated as follows.

Objective function

NC
min SSC = ZZ | sj — cpny| (1)
im1 S]'EFCl'

i

Constraint function

The individual suppliers require transferring their goods to the crossdocking location, and n() is the number of transporting
paths to cpn; in the first country.

n(ls —conl) = ) (12)
S]'EFCl'
All domestic transport distances from the original suppliers to the centroid within C; has the lowest value.
min Z SSC =Z | s; — cpnyl 13
S]'EFCl' S]'EFCi ( )

The Euclidian distances are ideally replaced by the distance between two location following GIS concept, since the places on
the land in the real world are connected by the road lines.

| sj —cpny| = dsc;; Vi € {1,2,3,..NC}, Vj € {1,2,3,..n} (14)
2.4.2 The transportation project from the abroad crossdocking point to the final destination in the foreign country

At the overseas cross-docking facility, products are unloaded from fully loaded 38-ton containers, which are previously
transported by 6-axle articulated trucks. Subsequently, small four-wheel trucks with an average capacity of approximately 1.1
tons are deployed to distribute the goods to their final destinations. Notably, each end customer bears individual responsibility
for arranging the transportation of their goods from the cross-docking point within the destination country. In practical
logistics operations, cross-docking facilities must be strategically designed within an established distribution network due to
security considerations and potential operational hazards. Moreover, within the KGMP framework, a single cross-docking
location is selected among multiple overseas destination alternatives to ensure the shortest possible distance in international
transportation. Accordingly, the proposed methodological formulation can be expressed as follows.

Supplementary parameters
NO The total number of oversea crossdocking positions.
CD, The set of the destination requires coming to the oversea crossdocking point p .

con,, The centroid for making the crossdocking activity for group p at the abroad nation.
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| f; — con,| The distance following the squared Euclidean concept between location f; and the centroid con,, in the second
nation.

ddcy, The distance between the locations of destination f; and the centroid con,, following GIS framework.
SDC All transport distances between location f; and the centroid con,, at the second nation.

The objective of transporting products from the overseas cross-docking location to final destinations is to determine the
minimization of international transport distances as below.

Objective function

NO
min SDC = Z Z | fq — cony, (15)
Lt - pqecny,

Constraint function
The small 4 wheels trucks with average capacity 1.1 tons are assigned to load products from the cargo from an oversea
crossdocking location when n( ) is the number of transport paths to the centroid con,,.
n(lfy—con, D= > q (16)
f4€CDy

The summation of all oversea transport distances from f; to the centroid within CD,, has the lowest value.

—con,| = Min z SCD
zyqecupl fa d (17)

Yq€CDp

The Euclidian distances are ideally replaced by the distance between two location following GIS concept, since the places on
the land in the real world are connected by the road lines.

|fg — con,| = ddc,, Vp € {1,2,3,..NO}, Vq € {1,2,3,..m} (18)
2.4.3 The transportation project from Domestic crossdocking site to Aboard crossdocking site

This sectoral transport project is defined as a cross-border transport activity between a domestic cross-docking site in the
origin country and an overseas cross-docking site in the destination country. Initially, six-axle articulated trucks transport
shipments with a total weight of 38 tons across the international border. Upon arrival at the overseas cross-docking site, all
goods contained in the containers are unloaded and subsequently held in storage pending further distribution to their final
destinations. Additionally, the mathematical model can be presented as follows.

Supplementary parameter

dda;, The distance between the domestic centroid c¢pn; and the abroad centroid con,, following GIS framework, which is
represented by path along the road linkages between countries.

CPCO All transport distances between location centroid cpn; and the centroid con,, .
DRy, The total delivery rounds between centroid cpn; and the centroid con,, .

The objective of transporting products from the domestic cross-docking site to the abroad cross-docking site is to obtain the
transport distance minimization, which can be mathematically demonstrated as below.

Objective function

NC
NO
min CPCO = z TRy, | cpn; — con,, (19)
. p=1
=1

Constraint function

The transportation of 38 ton products using six-axle articulated trucks from the domestic cross-docking site requires the
transfer of containers to a designated overseas cross-docking facility. Specifically, this study focuses on a direct transportation
operation between the domestic cross-docking site and the designated international cross-docking site.
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NC NO
Zi - Z p (20)
i=1 p=1

The summation of all transport distances from the domestic crossdocking site to the abroad crossdocking site has to be the
lowest value.

cpn; —con,| = Min E CPCO
Zi,peNC,NOl P pl . (21)
i,pENC,NO

The Euclidian distances are ideally replaced by the distance between two location following GIS framework because the on-
land location in the real world are linked by the road network.

|cpn; — con,| = dda;, Vi € {1,2,3,..NC}, Vp € {1,2,3,..NO} (22)

The six-axle articulated trucks, with an average payload capacity of 38 tons, carry significantly larger loads than small four-
wheel trucks, which have an average capacity of 1.1 tons. Accordingly, the ratio of transport trips between six-axle articulated
trucks and small four-wheel trucks can be expressed mathematically as follows.

1.1
DR.. = (== Z :
P (38) S]'EFCiS] (23)
Or
DR. — 1.1 z
ip — (38) quCDpfq (24’)

If the decimal number of DR, is a more value than zero, DR;,, will be integer of DR;,+1 for covering all delivery orders.

Consequently, this study conceptualizes each cross-docking facility initiative as an independent project within a global
logistics portfolio. This involves the consolidation of products from multiple upstream suppliers at domestic cross-docking
facilities, followed by their transfer to international cross-docking nodes prior to final distribution in overseas destinations.
The primary objective of the KGMP framework is to optimize total transportation distance while simultaneously determining
the optimal locations of both domestic and international cross-docking sites. In doing so, the study extends an optimization
and GIS-based framework into a multi-project management context, whereby each cross-docking facility is treated as a
distinct yet interrelated project within an integrated global logistics portfolio. The complete mathematical formulation of the
KGMP model is presented as follows.

KGMP = {:V:Cl ZSjEFCi dSCl']' + ggl quECDp ddeq+ ?,:Cl ggl DRipddaip (25)
Or KGMP = Min SSC + Min SDC + Min CPCO (26)

Based on KGMP formulation, Eq. (25) and Eq. (26) provide the formal mathematical representation for extending the
optimization and GIS-based framework to a multi-project management setting, in which each cross-docking facility is treated
as an individual project within an integrated global logistics portfolio. The model is initiated at the supplier level, where small
four-wheel trucks (with an average capacity of 1.1 tons) are used to transport goods to domestic cross-docking facilities. The
products are then consolidated and transferred to six-axle articulated trucks (with an average capacity of 38 tons) for long-
haul international transportation. Subsequently, shipments are moved across national borders to overseas cross-docking
points, where they are unloaded and redistributed to final destinations using the same class of small four-wheel trucks with
average capacity of 1.1 tons. The transportation operations within the KGMP framework are governed by a set of constraints
specified in Equations (12) — (14), (16) — (18), and (20) — (24), ensuring operational feasibility and system-wide coordination.

2.5 Geographical Information System (GIS)

GIS is a computational framework designed for the acquisition, storage, analysis, and management of spatially referenced
data. By facilitating the identification of spatial patterns, relationships, and contextual geographic insights within datasets,
GIS has become an essential tool across a wide range of applications, including field excursion planning, environmental
monitoring, and transportation systems analysis. In this investigation, the evaluation of transportation route conditions is
conducted using GIS-derived datasets. The analytical procedure involves the computation of distances between transport
nodes through the extraction of real-time data from the Google Maps database. Google Maps, developed by Google, represents
a major advancement in digital navigation technologies, enabling the determination of optimal routes between geographic
locations. The platform utilizes structured spatial data and graph-based routing algorithms, most commonly Dijkstra-based or
related shortest-path methods, to evaluate multiple feasible routes and identify the most efficient pathway. In addition, real-
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time GPS data are integrated to account for dynamic traffic conditions, thereby enhancing the accuracy of estimated travel
times (Gkania & Dimitriou, 2026; McQuire, 2019; Mehta et al., 2019).

Beyond enabling precise distance computation, node-based spatial analysis also supports robust estimation of travel time,
offering an effective proxy for prevailing traffic conditions. In this study, distance and travel time are jointly utilized as critical
measures for evaluating transportation efficiency and logistics performance across the supply chain (Dadsena et al., 2023;
Argiyantari et al., 2022; Pathak et al., 2019). Furthermore, this research proposes the development of an application designed
to strategically identify optimal freight transfer points. To achieve this, an enhanced K-means clustering algorithm is
integrated within a GIS framework, with the objective of improving logistical efficiency through the minimization of transport
distances and travel times. Concurrently, such optimization is expected to enhance stakeholder confidence in the efficiency
and reliability of international supply chain operations.

2.6 Conceptual framework

In the context of international logistics and supply chain management, road freight transportation and cargo handling
operations depend heavily on each enterprise’s ability to deliver goods to designated destinations in accordance with customer
requirements. However, logistics service providers are increasingly facing rising operational costs and greater logistical
complexity. These challenges are often associated with maintaining high service levels to meet customer expectations,
including limited time for selecting optimal transshipment points and the need for immediate responsiveness to client
inquiries. As a result, transportation routes are frequently extended, leading to longer delivery times and higher operational
expenses, which ultimately contribute to increased overall logistics costs.

Therefore, one of the primary objectives of this investigation is to assess transport operational performance in terms of distance
optimization. To achieve this objective, the study compares two approaches: the Traditional Cross-Docking project (TCD)
and a K-means optimization integrated with a GIS-based framework within a multi-project management context (KGMP).
The comparison aims to identify optimal cross-docking locations and to determine whether the integration of advanced
analytical tools can improve logistical efficiency through the reduction of transportation distances. The conceptual framework
of this research focuses on the development of a systematic model for determining efficient cross-docking points by
integrating K-means optimization and a GIS-based framework within the broader context of international supply chain
logistics. KGMP was systematically developed based on insights derived from the TCD approach and is expected to support
transport planners in identifying shorter transportation routes within international supply chain networks. The overall
conceptual and research framework of the study is illustrated in Fig. 1.

TCD Total transport distance
in the international road
(Traditional Cross-Docking > freight transport
Project)
KGMP

(K-mean optimization and GIS
based framework into a multi-
project management)

Fig. 1. The research model. Source: the Authors
3. Research method
3.1 Initial population

This investigation aims to evaluate international transport efficiency by comparing the cumulative transport distances derived
from the TCD and KGMP models within an international supply chain context. In addition, a set of locations was randomly
selected from land-connected international regions of Thailand and the Lao People’s Democratic Republic. These locations
were obtained from official statistical sources, namely the Provincial Statistical Reports of Thailand (National Statistical
Office, 2024) and the national data of the Lao People’s Democratic Republic (Department of Mineral Resources, 2022).
Therefore, at the analytical phase, all manufacture locations within the origin nation and all abroad destinations in the partner
country were systematically specified. This procedure provides a comprehensive analytical framework for succeeding
logistical assessment and comparative assessment of transport efficiency.
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3.2 Data collection

All direct transport linkages between the suppliers and destinations examined in this investigation were derived using the
Google Maps application. As a publicly accessible and free platform, Google Maps facilitates precise estimation of inter-
location distances in alignment with Geographic Information System (GIS) principles. Furthermore, its distance outputs are
generated using real-time data sourced from the Global Positioning System (GPS) and are continuously refined through
extensive contributions from active road users, particularly drivers. Accordingly, these distance measurements can be
considered robust proxies for the shortest feasible travel routes between locations. Owing to the integration of aggregated
user-generated data and dynamic traffic inputs, the platform provides a high level of reliability for road network analysis,
particularly in applications related to logistics, supply chain management, and project management contexts.

START START

To input parameters NC, FC;, 55, cpny, dsey; , S5C, NO, cony, f, , cony,
To input parameters NC,sj, f,, CBy, nb; ,1y,14, DSC, DDC, ddc,,, SDC, ddag,, DRy, CPCO
i=1.23.NC,j=123.n q=12 3.NO i=12,3.NC,j=123.np=123.w,q=12 3.NO
¥ 1

To randomly generate NC, and then set NO = NC because of
direct delivery from supplier to destination.

To randomly generate NC, and then set NO = NC because of drirect
delivery from supplier to destination.

3 3
To randomize supplier locations (s;) NC sites in the first country and the
abroad destinations (f;) NO sites from Google Maps

To randomize locations of suppliers (s;) NC sites in first country

and destinations in second country (f,)NOsites via Google Maps T
- To initiate j = 1, q =1, and then manually input NC and NO
Toinitiatei=1,j=1,g=1 r
;‘_ To likely set i = 1 (a sole domestic crossdocking location) and p=1 (a

single abroad crossdocking location).
To call Google Maps, and then identify the cross-border point T
between j and q 1

To set cpn; = 5; as the domestic centroid of original suppliers and
comy, = f, as the abroad centroid.

No- 1
times
calculatio

No-not 1
Times
calculation *

Is it dissimilar to a
former cross border

To call Google Maps and read distances dscy; , ddcy, and ddag,
separately

!

i+l To determine the total transport distance following cpn; and cony,
S5C,5DC and CPCO

Tao call Google Maps, and then read distance between each
paired location ry; and ry, separately.

Does cpn; create minimum SSC?

Is j equal to NC?

Does con,, create minimum CPCO?

To determine the objective function

NC NC
LEDDIREDW I
= L jech, o L e

Tao allocate final centroids and compute the minimization of total distance
KGMP = Min55C + MinSDC + Min CPCO

END

Fig. 3. K-mean optimization and GIS based framework
into a multi-project management (KGMP).

Fig. 2. Flow chart of Traditional Cross-Docking project
(TCD).

Source: The Authors
3.3 Data analysis

All secondary datasets were analyzed through a rigorous quantitative framework consistent with advanced methodological
standards. In the initial phase, the Google Maps application was utilized both as a mechanism for randomized site selection
and as an analytical tool for determining inter-site distances, including all associated transportation routes, in accordance with
the TCD and KGMP conceptual frameworks. Subsequently, following the compilation of randomly selected districts and their
corresponding transport network data, all datasets were systematically evaluated within the structured parameters of the
study’s established research design.

Afterward, the analytical results of this study yield significant insights for the formulation of advanced strategic guidelines
aimed at improving the efficiency of international transportation systems. In particular, the findings contribute to the
optimization of cross-docking operations by minimizing transportation distances through enhanced road network connectivity.
Moreover, the complete dataset was further subjected to computational analysis using the Solver add-in in Microsoft Excel
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2024, which facilitates the implementation of optimization algorithms. Finally, numerical applications of the TCD and KGMP
methodologies were systematically conducted, and the corresponding results are presented in Fig. 2 and Fig. 3, respectively.

4 Results
4.1 Initial population

This study adopted a randomized sampling design to identify representative logistics locations by integrating spatial data from
the Google Maps platform with official statistical sources from Thailand’s National Statistical Office (National Statistical
Office, 2024) and the Lao People’s Democratic Republic (Department of Mineral Resources, 2022). A total of 30 supplier
sites in Thailand and an equivalent number of delivery destinations in the Lao People’s Democratic Republic were selected
through a computational randomization procedure supported by Google Maps. For each selected supplier—destination pairing,
direct delivery routes were systematically generated using a computer-assisted spatial mapping algorithm to ensure
consistency and replicability across all observations. All geographic entities were coded at the provincial or district level, with
deliberate exclusion of any personally identifiable or commercially sensitive site-specific information to maintain data
confidentiality. The final dataset comprises a complete set of international distribution pairs serviced by small four-wheel
trucks with an average payload capacity of 1.1 tons, operating from Thai suppliers to Lao destinations. As summarized in
Table 1, inter-location distances were derived directly from Google Maps routing outputs, while supplier capacities and
customer demand levels were synthetically generated using controlled randomization procedures to support the simulation-
based modeling framework. This structured approach ensures both methodological rigor and suitability for project
management-oriented logistics analysis.

Table 1
The random of the supplier locations and the delivery locations. Source: the Authors

] Supplier site in Thailand (s; ) q Abroad destination site in Lao PDR (f;)
1 Rayong 1 Tha Ngon

2 Narathiwat 2 Ban Nonsaart
3 Chiang Rai 3 Don Noun

4 Nong Bua Lam Phu 4 Ban Houaxiang
5 Si Sa Ket 5 Thongmang

6 Udon Thani 6 Ban Nakhai

7 Ratchaburi 7 Vang Vieng

8 Kanchanaburi 8 Phahom

9 Suphan Buri 9 Ban Houay Toum
10 Yala 10 Muang Thong
11 Phichit 11 Muang Khoun
12 Phrae 12 Luang Prabang
13 Loei 13 Pak Beng

14 Roi Et 14 Muang Ngeun
15 Amnat Charoen 15 Paksan

16 Sakon Nakhon 16 Ban Tung

17 Chaiyaphum 17 Sisattanak

18 Nakhon Nayok 18 Ban Sin Sai

19 Nakhon Ratchasima 19 Nasommo

20 Phuket 20 Thaphabat

21 Bangkok 21 Pak Cap

22 Trat 22 Hatxaykham
23 Lampang 23 Pakkading

24 Uthai Thani 24 Thongnamy
25 Chachoengsao 25 Xiengngeun
26 Saraburi 26 Khoun Ngeun
27 Bungkan 27 Phaxay

28 Tak 28 Sangthong

29 Phetchabun 29 Mayparkngum
30 Chai Nat 30 Hongsa

4.2 Distribution results of TCD

To evaluate the implications of the proposed conceptual framework, domestic suppliers were assumed to initiate distribution
activities using light-duty four-wheel vehicles, with national borders designated as preferred cross-docking hubs prior to the
handover of freight to international carriers operating comparable vehicle types. In this context, it was necessary to determine
the optimal border crossing for each supplier—destination pair. Accordingly, each cross-border node, denoted as CB;, was
selected as the cross-docking facility based on a dual-minimization criterion, simultaneously reducing the distance between
the supplier and the border node (73;) and the distance between the border node and the final destination (7j4). This bi-criteria
selection ensures spatial efficiency within the proposed logistics network structure. To operationalize this approach, the
Google Maps platform was utilized as a geographic information system (GIS) tool to identify candidate border crossings and
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compute associated road distances. The resulting dataset, including selected cross-docking locations and corresponding
distance measures, is presented in Table 2.

Table 2
The closest border check point and the relative distances following TCD. Source: the Authors
] q Journey i The closest border site (CB;) 1;;(Kms) 1;,(Kms)
1 1 s;to fy 1 Nong Khai Border Checkpoint 704 40.2
2 2 s, to fo 1 Nong Khai Border Checkpoint 1771 37.2
3 3 s3to f3 1 Nong Khai Border Checkpoint 711 30.5
4 4 Sytofy 1 Nong Khai Border Checkpoint 113 33
5 5 S5 to f5 1 Nong Khai Border Checkpoint 465 57.5
6 6 Se t0 fo 1 Nong Khai Border Checkpoint 60.8 77.6
7 7 sy to f; 1 Nong Khai Border Checkpoint 730 153
8 8 sgto f3 1 Nong Khai Border Checkpoint 716 175
9 9 So to fo 5 Phu Doo Border Checkpoint 510 218
10 10 S10 10 fio 4 Ban Na Kraseng Border Check Point 1636 116
11 11 S11 10 fi1 1 Nong Khai Border Checkpoint 457 320
12 12 S1 10 fi, 3 Huai Kon Border Checkpoint 238 166
13 13 S13 10 fi3 3 Huai Kon Border Checkpoint 556 53.5
14 14 S14 10 f1a 3 Huai Kon Border Checkpoint 857 4.4
15 15 S15 10 fis 2 Nakhon Phanom Border Checkpoint 212 182
16 16 S16 10 fig 2 Nakhon Phanom Border Checkpoint 98.1 187
17 17 S17 t0 f17 1 Nong Khai Border Checkpoint 269 18.7
18 18 S1g 1O fig 1 Nong Khai Border Checkpoint 563 159
19 19 S19 t0 fig 1 Nong Khai Border Checkpoint 366 156
20 20 Sy0 10 f20 1 Nong Khai Border Checkpoint 1459 105
21 21 Sz1 t0 foq 1 Nong Khai Border Checkpoint 626 176
22 22 Sy 10 fs 2 Nakhon Phanom Border Checkpoint 800 133
23 23 Sy3 10 fo3 1 Nong Khai Border Checkpoint 536 189
24 24 Sy4 10 oy 2 Nakhon Phanom Border Checkpoint 586 103
25 25 Sz t0 fis 1 Nong Khai Border Checkpoint 581 311
26 26 Sz6 10 fe 2 Nakhon Phanom Border Checkpoint 643 119
27 27 Sy7 10 fo7 1 Nong Khai Border Checkpoint 139 319
28 28 Syg 10 fog 1 Nong Khai Border Checkpoint 545 106
29 29 S20 10 foq 1 Nong Khai Border Checkpoint 323 48.5
30 30 S30 t0 f30 3 Huai Kon Border Checkpoint 628 54.8
Total 17898.9 3848.9

As shown in Table 2, the delivery configuration comprised a network of five designated border checkpoints operating as
cross-docking hubs prior to the transfer of goods to international transport providers utilizing small four-wheel vehicles with
an average payload capacity of 1.1 tons. The cross-docking facilities initially assigned to the distribution system included the
Nong Khai, Nakhon Phanom, Huai Kon, Ban Na Kraseng, and Phu Doo Border Checkpoints, all located along the Thailand—
Lao PDR international boundary, where they functioned as intermediate nodes within the logistics network. Among these
facilities, the Nong Khai Border Checkpoint emerged as the predominant cross-docking location, accounting for 19 recorded
utilizations. By contrast, the remaining sites including Nakhon Phanom, Huai Kon, Ban Na Kraseng, and Phu Doo Border
Checkpoints were utilized with substantially lower frequencies of 5, 4, 1, and 1 times, respectively. This distribution indicates
a pronounced concentration of cross-docking activities at Nong Khai, suggesting its central role in supporting consolidation
and transfer operations in this logistics project network. Regarding transportation distances, the total domestic transportation
distance within the primary country, operated by suppliers utilizing small four-wheel trucks with an average load capacity of
1.1 tons, amounted to 17,898.9 kilometers. This component of the logistics network can be formally expressed as: min DSC =

ey sjecB; Tij - In parallel, the international transportation distance, undertaken by overseas service providers using

comparable vehicle types, was estimated at 3,848.9 kilometers, and is formulated as: min DDC = YN¢ faccB; Tig- Therefore,

the implementation of the TCD model results in a total integrated transportation distance of 21,747.8 kilometers. This value
represents the aggregate of domestic and international logistics flows, thereby capturing the overall spatial efficiency of the
supply chain transportation network under the TCD optimization framework.

4.3 Distribution results of KGMP

In alignment with the established analytical framework, the initial phase of the study involved the identification and systematic
evaluation of both the domestic cross-docking hub in the country of origin and the international cross-docking hub in the
destination country. This preparatory step was a prerequisite for subsequent computational optimization of transportation
distances, as specified by the objective function embedded within the KGMP methodology. Besides, the geographical
coordinates of all supplier origins and international destinations were previously reported in Table 1. Building on this dataset,
the optimization procedure was executed under the operational constraints NC = 1 and NO = 1 according to coherence
throughout the logistics network configuration.
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The investigation was initiated by determining the domestic centroid of the supplier network. To this end, pairwise distances
among thirty supplier locations within the primary country were computed using Google Maps, enabling the construction of
comprehensive domestic distance matrices, as reported in Table 3(a) and Table 3(b).

Table 3(a)
The supplier distance matrix (Kilometer) connecting by the road linkages (1/2). Source: the Authors

s; 5 S, S3 Sy Sg Se S7 Sg ) S10 S11 S12 S13 S14 S15
S1 1328 950 684 562 644 294 307 301 1280 487 728 698 590 675
S 1318 1931 1676 1677 1710 1090 1154 1227 103 1468 1708 1689 1657 1755
S3 948 1947 636 1046 685 899 775 699 1899 504 218 548 850 987
Sy 681 1687 633 430 62.6 637 620 522 1639 360 411 107 258 378
Ss 562 1691 1046 431 404 640 624 539 1643 584 824 518 178 177
Se 640 1720 683 60.9 422 669 653 568 1672 403 460 157 250 310
Sy 293 1100 890 635 637 669 89.3 160 1052 427 668 649 616 714
Sg 306 1165 788 622 623 656 86.5 87.2 1117 314 565 583 602 700
So 301 1237 700 522 535 568 159 87 1189 226 478 488 515 613
S10 1276 103 1889 1634 1635 1668 1049 1113 1185 1426 1667 1647 1615 1713
S11 486 1484 504 360 583 403 436 308 231 1436 282 294 482 580
S1p 726 1725 218 414 824 463 677 553 477 1677 282 326 628 765
S13 693 1700 549 108 519 157 649 603 505 1652 294 326 348 484
S14 587 1667 849 260 178 233 616 600 515 1619 469 627 346 131
S1s 685 1765 983 375 177 311 714 698 613 1717 580 761 480 131

S16 728 1807 843 221 330 160 757 741 656 1760 564 621 317 183 214
S17 523 1529 694 175 369 218 479 462 364 1481 235 472 206 259 373

Sig 214 1275 772 468 445 502 241 211 167 1227 309 549 492 449 547
S19 335 1421 774 312 302 305 370 354 269 1373 311 551 342 252 350
S0 1006 661 1620 1365 1366 1399 779 843 915 613 1157 1397 1378 1346 1443
Sp1 182 1168 786 531 532 565 127 125 120 1120 323 563 544 512 610
Syp 188 1474 1095 705 533 698 440 452 446 1426 633 873 731 562 645
Sy3 760 1759 226 462 871 510 711 587 511 1711 329 112 374 676 812
Spq 434 1440 571 326 490 369 390 344 246 1393 108 349 267 389 487
S5 132 1304 919 527 425 520 270 275 269 1257 456 696 553 454 538
Sy6 236 1258 700 414 421 452 217 196 118 1167 240 484 424 399 497
Sy7 805 1885 848 245 507 179 834 818 734 1837 593 625 322 347 404
Syg 598 1596 415 470 767 519 548 425 348 1549 216 244 382 613 749
Sa9 504 1511 560 243 561 286 460 414 316 1463 112 337 190 365 501
Sag 356 1338 620 469 531 513 240 168 95.2 1291 146 398 410 506 604

Table 3(b)
The supplier distance matrix (Kilometer) connecting by the road linkages (2/2). Source: the Authors

Sj S16 S17 S18 S19 S20 S21 S22 S23 S24 S5 S26 S27 S28 S29 S30

S1 731 526 216 337 1005 183 187 765 437 133 236 801 598 509 357
S, 1797 1517 1266 1406 643 1157 1465 1745 1428 1294 1258 1868 1579 1500 1328
S3 846 694 787 771 1624 791 1093 226 569 917 700 851 414 559 617
S4 223 171 467 311 1364 529 700 458 328 525 414 248 467 249 478
Sg 335 366 458 300 1368 533 526 872 489 420 421 508 767 561 533
Se 161 215 499 304 1397 562 692 508 371 518 452 179 517 292 516
Sy 757 477 241 366 777 127 440 705 388 269 217 827 538 460 246
Sg 743 463 213 352 842 125 450 596 322 274 196 813 429 394 173
Sy 655 360 161 264 914 121 446 509 227 269 118 725 342 299 88.9
S10 1755 1476 1224 1365 601 1116 1423 1704 1386 1253 1167 1826 1537 1459 1286
S11 564 235 324 308 1161 328 630 329 106 454 240 596 217 112 149
S12 624 472 565 549 1402 569 871 114 347 695 484 629 243 337 395
S13 318 206 490 343 1377 542 730 374 269 555 424 323 382 190 419
S1a 184 259 446 251 1344 509 568 674 375 465 399 346 612 370 507
S1s 209 373 544 349 1442 607 637 809 485 530 497 394 746 504 605
S16 365 587 392 1485 650 714 668 481 605 539 175 677 452 614
S17 365 309 146 1206 371 533 519 140 358 261 404 440 196 286
S1g 589 309 198 952 114 330 601 231 104 59 659 434 303 193
S19 392 160 200 1098 263 387 599 216 213 148 462 494 288 261
S20 1486 1206 954 1095 846 1154 1434 1117 983 940 1556 1267 1189 1017
Sz1 652 372 115 261 845 327 600 283 150 112 722 433 355 192
Soo 727 549 331 392 1151 328 910 582 249 373 856 743 654 502
Sa3 671 520 599 596 1436 603 905 394 729 532 676 188 384 429
Soa 483 142 231 215 1117 282 578 396 331 170 555 313 77.8 159
Szs 607 371 104 214 981 151 247 733 332 156 678 566 405 325
Sz6 539 261 59 148 940 112 373 532 170 156 609 374 239 133
Sy7 177 399 665 469 1562 727 857 673 556 683 609 682 476 682
Sog 680 429 436 492 1273 441 742 189 300 566 374 685 321 266
Sz 447 196 301 285 1188 353 649 385 79.9 401 239 472 322 230

Sz 613 277 194 255 1015 199 500 429 149 324 133 671 262 221
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Subsequent analysis revealed that all supplier nodes, denoted as s;, were most efficiently consolidated through a single cross-
docking facility located in Saraburi, Thailand (s,¢), which minimizes the total transportation distance to the network centroid.
Formally, this optimization objective is expressed as the minimization problem: min SSC = YN Ysjerc; dscij where
represents the distance between supplier node and the designated consolidation facility. Moreover, the solution yields an
aggregate transportation distance of approximately 11,868 kilometers following Saraburi as the optimal location for domestic
crossdocking.

Table 4(a)

The destination distance matrix (Kilometer) connecting by the road linkages (1/2). Source: the Authors
fa fi f fa fa fs fa f. fi fa fin fia fi2 fi fia fis
f. 5.1 125 279 183 30.1 123 144 190 262 320 304 464 415 147
f, 54 9.3 247 22.8 326 127 149 194 262 317 309 469 420 144
f 115 8.5 16.3 28.8 35.9 131 153 198 258 308 313 473 424 136
f 27.6 24.7 16.1 45 38.7 147 169 214 274 305 329 489 440 132
fe 18.8 223 29.7 45.1 154 138 159 205 278 308 320 480 431 136
£ 30.1 326 35.9 38.7 15.4 85 104 153 232 231 262 324 305 75
5 124 127 132 147 114 85 226 68.4 294 261 183 343 294 266
fa 145 149 153 168 135 104 226 458 316 239 160 320 271 288
f 192 195 200 215 182 153 69.6 47 238 239 161 321 272 335
fio 263 262 259 274 281 232 295 317 238 566 311 375 326 393
fir 320 317 308 305 309 231 261 239 239 566 289 492 442 180
fia 305 309 313 329 295 262 183 160 161 311 289 215 166 448
fin 465 469 473 489 455 324 343 320 321 375 492 213 49.1 608
fia 416 420 424 440 406 305 294 271 272 326 442 164 49.1 559
fis 152 149 141 137 141 75 243 264 310 398 185 424 584 535
fie 147 144 135 132 136 77 237 259 304 393 173 419 579 530 6.8
fir 27.9 249 183 31.1 453 453 134 156 201 250 331 316 476 427 159
fis 158 155 147 144 148 97 249 270 316 405 191 430 591 541 13.4
fio 155 152 143 140 144 93 245 267 313 401 188 427 587 538 9.8
Foo 105 102 93.1 89.9 94 529 195 217 262 351 243 377 537 488 70.7
Fr 176 173 164 161 165 124 266 287 333 422 208 448 608 559 30.5
foa 194 191 182 179 183 132 284 306 352 440 204 466 626 577 48.8
foa 188 185 177 174 178 117 279 300 346 434 198 460 620 571 433
fou 224 221 212 209 213 172 314 336 381 470 234 496 656 607 78.7
fos 281 285 289 305 272 222 159 136 137 287 265 239 239 190 424
e 260 257 249 245 249 118 351 372 418 506 270 532 692 643 115
for 318 315 307 303 308 227 216 242 243 564 48 292 495 446 178
foa 93 96.5 101 116 111 772 97.5 119 165 196 408 279 439 390 236
fos 47.8 4438 36.3 33.1 65.2 25.6 167 189 235 294 289 349 509 460 116
fao 377 380 385 400 367 354 254 232 232 286 403 111 102 52.5 519

Table 4(b)

The destination distance matrix (Kilometer) connecting by the road linkages (2/2). Source: the Authors
fq f16 f17 f18 f19 fZO fZl f22 f23 f24 f25 f26 f27 f28 f29 f30

i 147 28.1 159 155 105 176 194 189 224 281 260 318 91.4 48.1 376
fi 144 249 156 152 102 173 191 185 221 285 257 315 95.9 449 380
fs 135 17.6 147 144 933 164 183 177 212 289 249 307 99.7 36.5 384
fa 132 32.8 144 140 89.9 161 179 174 209 305 245 303 116 33.1 400
fs 135 453 147 144 93.4 164 183 177 212 296 249 307 107 65.3 391
fe 77 453 97 93 529 124 132 117 172 222 118 227 772 25.6 354
f7 266 134 278 274 224 295 313 308 343 159 380 216 96.7 167 254
fs 288 155 299 296 245 316 335 329 365 136 401 242 118 189 232
fo 335 202 346 343 292 363 382 376 411 137 448 243 165 236 232
fio 393 250 405 401 351 422 440 435 470 287 506 565 196 294 286
fi1 173 329 191 188 243 208 204 198 233 265 270 48 408 289 403
fiz 448 315 459 456 406 476 495 489 525 23.9 561 292 278 349 113
fiz 608 476 619 616 566 637 655 649 685 237 721 495 438 509 102
fia 559 426 570 567 517 587 606 600 636 188 672 446 389 460 52.5
fis 12 162 11.6 8 75.9 28.7 47 415 76.9 400 113 183 240 121 496
fie 156 18.3 14.7 70.5 354 53.7 482 83.6 395 120 171 235 116 490
fiz 159 170 167 116 187 206 200 236 292 272 330 90.2 59.7 387
fis 183 168 4.1 82.2 17.1 354 29.9 65.3 407 102 190 247 128 502
fio 14.7 164 4.1 78.6 21.2 39.5 34 69.4 403 106 186 243 124 498
f20 70.5 114 82.2 78.6 99.3 118 112 147 353 184 242 193 73.9 448
for 354 185 17.1 212 99.3 18.3 12.8 48.2 424 84.6 207 264 145 519
foz 53.7 203 354 39.5 118 18.3 5.5 29.9 442 66.3 203 282 163 537
fo3 482 198 29.9 34 112 12.8 55 35.4 437 71.8 197 277 158 532
fou 83.6 233 65.3 69.4 147 482 29.9 354 472 36.8 232 312 193 567
fas 424 292 436 432 382 453 471 466 501 537 269 254 325 137
fa6 120 270 102 106 184 84.6 66.3 71.8 36.8 508 269 348 229 604
for 171 328 190 186 242 207 202 197 232 269 269 281 287 407
fos 236 90 247 244 193 264 283 277 312 255 349 281 137 351
fao 116 57.5 128 124 73.9 145 163 158 193 325 229 287 136 420

f0 519 387 531 527 477 548 566 561 596 136 633 407 350 420




J. Bootdachi et al. /Journal of Project Management 11 (2026) 647

Subsequently, inter-location distances among the thirty designated destinations in the second country were computed using
the Google Maps application. The resulting international distance matrix is systematically reported in Table 4(a) and Table
4(b), providing a comprehensive representation of pairwise travel distances. In the distribution design, all customer locations
(fq) were allocated to a fleet of small four-wheel trucks with an average carrying capacity of 1.1 tons. These vehicles are
responsible for transporting consolidated shipments to the designated cross-docking facility located in Ban Nakhai, Lao
People's Democratic Republic (f). Additionally, the allocation scheme is formulated to minimize the aggregate transportation
distance to the centroid, as expressed in the following objective function: min SDC = Zggl ) f4€CDy ddc,g. Under this

configuration, the total computed transportation distance is approximately 3,857.7 kilometers, reflecting the optimized routing
structure achieved through the KGMP proposed allocation framework. Furthermore, the spatial configuration of the cross-
docking network across the two countries was defined. The initial node was located in Saraburi, Thailand, while the
corresponding facility in the Lao People’s Democratic Republic was situated in Ban Nakhai. A subsequent geospatial
assessment using Google Maps indicated that the distance between the two crossdocking facilities is approximately 703
kilometers. Subsequently, the inter-country transportation phase was modeled under the assumptions of a domestic single
crossdocking center NC = 1 and an aboard sole crossdocking site NO = 1, and the operation was assumed to utilize 6-axle
articulated trucks with a payload capacity of 38 tons. Besides this, the aggregate inter-centroid transportation distance for this
stage was determined using the following objective formulation: Min CPCO = ¥} Y12 DR;,dday, ,which produced an
estimated inter-country transport distance of 703 kilometers for this segment. Consequently, Accordingly, KGMP projected
the cumulative transportation distance associated with the entire logistics operation to be approximately 16,428.7 kilometers.

In summary, the international transportation network analyzed in this study, structured under the KGMP framework,
comprises a sequential and integrated logistics process designed to enhance cross-border distribution efficiency. Initially,
suppliers transported heterogeneous product portfolios from their respective manufacturing facilities to a strategically
optimized cross-docking hub located in Saraburi, Thailand. This upstream collection stage employed small four-wheel trucks
with an average carrying capacity of 1.1 tons, while the hub location itself was determined through the KGMP optimization
algorithm to minimize overall transportation and operational costs.

Upon arrival at the Saraburi facility, shipments underwent a cross-docking operation involving unloading, systematic sorting,
and freight consolidation. The consolidated cargo was subsequently transferred onto six-axle articulated trucks with an
average payload capacity of 38 tons for long-haul international transport. These fully utilized vehicles then traveled directly
to a secondary cross-docking terminal in Ban Nakhai, Lao People's Democratic Republic, via a single international border
checkpoint, thereby reducing handling complexity and transit interruptions.

At the destination terminal, a second cross-docking process was conducted, including unloading, sorting, and shipment
redistribution according to customer demand patterns. Finally, last-mile distribution was executed using small four-wheel
trucks with an average capacity of 1.1 tons to deliver goods efficiently to multiple customer locations. Collectively, this
integrated transportation configuration demonstrates how the KGMP framework can support strategic logistics project
management by improving vehicle utilization, consolidating freight flows, and enhancing operational coordination across
international supply chain networks.

4.4 Effective comparison

This section presents a comparative evaluation of international transport operations implemented under two distinct
methodological frameworks: the traditional cross-docking project approach (TCD) and K-mean optimization coupled with
GIS based framework into a multi-project management (KGMP). The comparative analysis focuses primarily on total
transportation distance as the principal performance indicator for assessing operational efficiency and logistics effectiveness.
In addition, the study identifies the superior methodological framework and proposes it as a strategic decision-support
mechanism for international logistics project management. The findings are intended to support managerial decision-making
in the coordination and distribution of heterogeneous products originating from multiple suppliers in the source country and
delivered to geographically dispersed recipients in the destination country, thereby enhancing transportation planning,
resource allocation, and cross-border supply chain efficiency.

Table 5
The assessment of effectiveness between TCD and KGMP. Source: the Authors
Explanation TCD KGMP Difference
(TCD — KGMP) Percentage (%)
1. Local Transport distance (kms) 17898.9 11868 6030.9 33.7
2. Abroad Transport distance (kms) 3848.9 3857.7 -8.8 -0.2
3. Transport distance between Domestic crossdocking site to Abroad crossdocking site (kms) 703 -703 N/A
4. Entire transport distance 21747.8 16428.7 5319.1 24.5

Note: N/A = Not Assessable

As exhibited in Table 5, a comparative assessment was conducted between the Traditional Cross-Docking project (TCD)
framework and the K-means coupled with GIS-based Multi-Project Management (KGMP) framework, with a primary focus
on transportation distance efficiency across logistics activities. The analysis initially examined domestic transportation
operations within the country of origin. The results reveal that the KGMP framework, through the strategic relocation of the
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cross-docking node, reduced the aggregate domestic transportation distance for suppliers by approximately 33.7% compared
with the conventional TCD framework. This finding demonstrates the capability of integrating K-means clustering and GIS-
based spatial optimization into logistics project management to improve transportation efficiency and network configuration.

The comparative analysis was subsequently extended to international transportation performance. The findings indicate that
locating the cross-docking facility in the destination country under the KGMP framework produced only a marginal increase
of approximately 0.2% in overseas transportation distance, which is operationally negligible. Hence, the KGMP framework
maintains a level of international transport efficiency comparable to that of the TCD model. Although the KGMP approach
increased transportation distance between domestic and overseas cross-docking points by approximately 703 kilometers
relative to the TCD framework, the overall logistics performance was substantially improved. Specifically, the KGMP
framework achieved a reduction of approximately 5,319.1 kilometers in total transportation distance, representing a 24.5%
improvement over the conventional approach. These results provide strong empirical evidence that the KGMP framework
enhances transportation network optimization and significantly improves logistics project management efficiency.

5. Discussion

In the field of international logistics and supply chain management, this study develops alternative mathematical models to
address the complexities of cross-border transportation for heterogeneous products requiring cross-docking operations at
international border checkpoints prior to final delivery. Such operational structures are necessitated by the extended duration
and high cost associated with long-distance international road freight transportation. To mitigate these challenges, cross-
docking strategies are employed to redistribute transportation responsibilities to regional carriers, thereby reducing travel
burdens while potentially increasing transit time. Within this context, transportation distance is treated as a critical decision
variable and systematically incorporated into the analytical framework.

The study proposes a scientifically grounded optimization model to support strategic decision-making in international road-
based distribution systems. Two modeling approaches are examined: a conventional model representing existing logistical
practices and an enhanced framework specifically designed to improve operational efficiency and distribution performance.
Besides, the models are applied to a multi-supplier, multi-customer distribution scenario involving heterogeneous products
transported across national borders. Moreover, empirical analysis is supported by secondary data, including geospatial
distance information obtained from Google Maps. Additionally, the iterative numerical techniques are employed to solve and
evaluate both models, followed by a comparative assessment of their effectiveness in minimizing transportation distance and
enhancing logistical efficiency. Furthermore, the findings provide important theoretical and managerial contributions to
logistics and project management by advancing decision-support methodologies for cross-border freight transportation
planning, coordination, and operational execution.

5.1 Research implications

This study addresses the central research questions by extending a GIS-based optimization framework into a multi-project
management context, in which each cross-docking facility is conceptualized as an individual project within an integrated
international logistics portfolio. Besides, grounded in empirical observations of cross-border distribution practices, the
research develops and evaluates an optimization strategy for determining cross-docking locations with the objective of
minimizing total transportation distance across the network.

Originally, two analytical models are constructed for comparative assessment. The first, termed the conventional model,
represents prevailing logistics practice whereby goods are transshipped at official border checkpoints prior to final delivery
within the destination country. The second model introduces an alternative configuration that enables transshipment at
strategically optimized intermediate cross-docking locations along the Thailand—Lao People’s Democratic Republic transport
corridor. Within this framework, candidate cross-docking sites are randomly generated across the corridor, and inter-location
transportation distances are computed using Google Maps—derived routing data. The resulting dataset is subsequently
analyzed using quantitative optimization techniques.

Subsequently, the empirical findings demonstrate that the K-means optimization and GIS-based multi-project management
framework (KGMP) significantly outperforms the traditional cross-docking (TCD) model in minimizing total transportation
distance. Although localized route adjustments within the conventional system may yield marginal efficiency gains, system-
wide performance improvements are more effectively achieved through a holistic optimization structure as embodied in the
KGMP approach. These results align with the conceptual model presented in Fig. 1 and underscore the strategic importance
of integrated spatial optimization in international logistics planning.

Overall, the evidence supports the proposition that reliance on a single, fixed cross-docking location is suboptimal in complex
cross-border logistics systems. Instead, dynamically determining facility locations through advanced geospatial analytics and
optimization methods yields substantial improvements in transport efficiency. By integrating project management principles
with logistics network design, this study contributes to the literature on international supply chain optimization and offers a
novel framework for enhancing the design and performance of road-based cross-border distribution systems.
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5.2 Practical implications

As illustrated in Table 5, the primary logistical challenge in international transportation involving heterogeneous products
destined for diverse global customers lies in the strategic optimization of total transportation distance across the distribution
network. In this regard, a comparative analysis is conducted between the traditional Cross-Docking (TCD) approach and a K-
means optimization combined with a GIS-based framework applied within a multi-project management context (KGMP).

The findings indicate that limiting cross-docking operations to national borders is insufficient to achieve optimal
transportation efficiency, particularly when the objective is to minimize total travel distance in the distribution of diverse
product categories to distinct international customers. Consequently, project planners in transportation and logistics must
adopt a holistic, network-wide optimization perspective rather than focusing on individual routes or locally determined cross-
docking locations. Such an integrated approach demonstrably yields superior logistical performance.

Furthermore, within international logistics systems incorporating cross-docking strategies, the implementation of the KGMP
methodology provides substantial operational advantages. Empirical results confirm that its application significantly improves
distance-based efficiency, thereby underscoring its effectiveness as a robust decision-support tool for optimizing complex
international transportation networks.

5.3 Limitation and future direction

This schoolwork is issue to few limitations that warrant careful consideration. First, the secondary datasets used in this analysis
were selectively obtained from Google Maps, which represents only one of several platforms within the broader Geographic
Information Systems (GIS) framework. Accordingly, the use of alternative GIS-based data sources may yield different
estimates of transportation distances. Second, the analytical scope of the dataset was confined exclusively to spatial distance
metrics, thereby excluding other potentially influential variables; the incorporation of additional dimensions could lead to
materially different findings. Collectively, these methodological constraints underscore the need for further research to
advance and refine the existing knowledge base on international land transportation systems, particularly those involving
cross-docking operations within supply chain and logistics management contexts.

6. Conclusion

This research study extends an optimization and Geographic Information System (GIS)-based framework into a multi-project
logistics management context, in which each cross-docking facility is conceptualized as an independent project within an
integrated international logistics portfolio. The research develops a Multi-Project Management model, termed KGMP, by
integrating K-means clustering with GIS-based spatial analysis, and evaluates its performance against the conventional
Traditional Cross-Docking (TCD) approach, which typically positions consolidation nodes at national border points prior to
transnational distribution.

The proposed framework addresses a heterogeneous supply chain environment involving multiple manufacturers, distributed
suppliers, and diverse customer destinations. Transportation is modeled using light-duty four-wheel trucks with an average
capacity of 1.1 tons, serving logistics terminals that function as intermediate hubs or customs-related consolidation points. At
these facilities, goods are received, consolidated, and reallocated to appropriate outbound vehicles for final delivery across
national boundaries.

Unlike conventional practices that prioritize border-centric consolidation, the KGMP model determines optimal cross-docking
locations prior to route allocation within the international distribution network. This approach explicitly considers the full
spatial configuration of supplier and demand nodes across countries, rather than limiting decision-making to bilateral or
border-adjacent logistics flows. The objective is to minimize total transportation distance across the entire supply chain
system.

Besides, empirical validation is conducted using secondary datasets derived from statistical records of Thailand’s provincial
databases and national datasets of the Lao People’s Democratic Republic. Supplier and demand locations are supplemented
with synthetically generated spatial data to ensure variability and robustness in scenario construction. Transportation distances
are computed using Google Maps in conjunction with GIS-based analytical tools to ensure realistic network representation
and geospatial accuracy.

Afterward, the optimization process is implemented using Microsoft Excel 2024 Solver under two comparative frameworks
covering the Traditional Cross-Docking project (TCD) model and the proposed model as K-means optimization combined
with a GIS-based framework applied within a multi-project management context (KGMP). Both models are evaluated under
identical demand and supply conditions to ensure comparability of results. Besides this, findings demonstrate that the KGMP
framework significantly improves distance efficiency relative to the conventional TCD approach. The results indicate that
optimizing cross-docking locations based on spatial clustering of all supply and demand nodes yields lower aggregate
transportation distances than border-constrained consolidation strategies.

Two principal insights emerge. First, international cross-docking design should incorporate holistic spatial relationships
among all network nodes rather than relying on border-based heuristic placement. This systemic perspective substantially
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enhances transportation efficiency in transnational logistics systems. Second, the KGMP model provides a robust decision-
support mechanism for international logistics planning by enabling data-driven identification of optimal consolidation points.
Overall, the proposed framework contributes to advancing logistics project management by integrating spatial analytics and
clustering optimization into multi-project international supply chain design.
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