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ABSTRACT
The National Broadcasting and Telecommunications Commission (NBTC)
Thailand has implemented a policy to evaluate the quality of Fixed Broad-
band (FBB) internet in response to numerous customer complaints across
the country. One of the proposed solutions for assessing FBB internet
quality involves installing end devices to test internet speeds with various
internet service providers in the experimental area. However, due to the
presence of many providers within the area, planning the vehicle routes for
this mission is challenging, particularly given resource limitations. This pa-
per proposes an approach to optimize the vehicle routes for the installation
of internet speed test devices. The objective is to minimize the total trans-
portation time, thereby reducing overall costs and carbon emissions. A
hybrid OVRP-TSP (Open Vehicle Routing Problem - Traveling Salesman
Problem) approach is introduced to address this challenge and is compared
with the Clake-Wright Savings Heuristic, the Nearest Neighbor Heuristic,
and existing methods. Furthermore, the hybrid OVRP-TSP is tested on 30
provider locations in the eastern region of Thailand. The results demon-
strate that the hybrid OVRP-TSP provides the best solution across all
measures (Total Time, Total Cost, and Total Emissions), while the other
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1. INTRODUCTION

The number of fixed broadband internet users in
Thailand has increased since the COVID-19 pan-
demic began in 2020. Fixed broadband internet aims
to make internet usage more convenient for home of-
fices and remote work, which have recently become
the most popular working trend. However, the NBTC
of Thailand has received numerous complaints about
broadband internet services from customers. The or-
ganization is actively working to resolve these service
issues, addressing concerns from both the private and
public sectors. The NBTC currently lacks in-depth
information about internet usage from customers and
Internet Service Providers (ISPs), making it challeng-
ing to propose effective policies and guidelines for the
ISPs [1].

In response to this, NBTC has provided research

funding to develop a quality assessment system for
fixed broadband internet across all service providers
in Thailand. An internet speed test platform will be
implemented to measure the quality of fixed broad-
band internet for customers, including metrics such as
upload /download speed, ping/latency, jitter, ISP, in-
ternet package, and the location (latitude/longitude)
of the testing internet service users. The collected
data will be analyzed to identify issues with inter-
net usage. Moreover, the findings will contribute to
improving ISP standards and establishing appropri-
ate regulations to ensure consistent service quality
for all customers. The eastern region of Thailand
has been selected for validating internet speed per-
formance and usage quality. The target group in-
cludes 30 internet speed test devices (referred to as
end devices) that are installed and connected to the
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internet network across four major ISPs, serving 200
customers in the region.

Regarding the implementation plan for the inter-
net speed test platform, several key processes are re-
quired to ensure its successful deployment. One of
the most crucial processes involves installing the end
devices of the internet speed test platform at 30 des-
ignated ISP locations in the eastern region. Given the
limitations in available drivers, vehicles, time, and in-
stallation budget, it is essential to manage resources
efficiently for the installation of these end devices at
each ISP. Initially, our research team devised a set
of vehicle routes for the installation process based on
the driver’s experience. However, we have encoun-
tered challenges related to the high transportation
costs associated with these installations. As a result,
we are seeking alternative solutions to reduce the to-
tal transportation cost for this mission. Several ap-
proaches have been proposed to optimize these costs
[2]-[5], with one promising solution involving the cre-
ation of a list of optimal vehicle routes for end-device
installations at each ISP in the eastern region using
relevant transportation models. However, there are
still some limitations to focusing on only one solving
solution, such as longer computational time, discon-
nected points between vehicle routes, and suboptimal
routing solutions.

To address the aforementioned gap, we propose a
hybrid OVRP-TSP model, which integrates the Open
Vehicle Routing Problem (OVRP) and the Traveling
Salesman Problem (TSP), to determine the most effi-
cient vehicle routes with seamless connections among
all routes. The installation of end devices in the east-
ern region serves as a case study for implementing this
proposed hybrid model, with three main objectives:

e Firstly, identifying the optimal vehicle routes for
installing end devices in the eastern region.

e Secondly, improving resource utilization during
the installation process through the application
of this model.

e Lastly, comparing the performance outcomes
of the hybrid OVRP-TSP with existing vehicle
routing solutions based on driver experience.

This paper is divided into five sections. The
first section introduces the background, identifies the
problem statement, and outlines the main contribu-
tion of this work. Section 2 reviews the literature
on exact and heuristic methods for establishing vehi-
cle routes, as well as relevant works on vehicle rout-
ing problems. Section 3 provides details about the
methodology and the implementation of the hybrid
OVRP-TSP model. Section 4 presents the results of
the proposed model and compares them with the ex-
isting solution. Finally, section 5 summarizes the key
findings and offers suggestions for future research.

2. LITERATURE REVIEWS

This section provides an overview of the Vehicle
Routing Problem (VRP) theories and related exist-
ing works. We discuss the Traveling Salesman Prob-
lem (TSP), Open Vehicle Routing Problem (OVRP),
Clake-Wright Saving Heuristic, and Nearest Neighbor
Heuristic. We introduce an overview of each method,
some related studies, and comparisons, and define the
applied approach used in this study.

2.1 Traveling Salesman Problem (TSP)

The Traveling Salesman Problem (TSP) has gar-
nered significant attention from mathematicians and
computer scientists due to its simple description yet
complex solution. The problem is defined as follows:
A traveling salesman must visit each of m cities ex-
actly once, with travel costs from city ¢ to city j de-
noted as c¢;;. The objective is to determine the least
costly route that allows the salesman to visit all cities
and then return to the starting city [3].

In the paper by [6], a novel approach to TSP
was introduced, which minimizes the sum of laten-
cies to cities instead of the total distance traveled.
The paper also presented the Travelling Maintainer
Problem (TMP), which integrates prognostics from
Condition-based Maintenance (CBM) with TSP to
optimize maintenance scheduling. Genetic Algorithm
and Particle Swarm Optimization solutions for TMP
are compared in a case study.

In recent years, Unmanned Aerial Vehicles
(UAVs), commonly known as drones, have revolu-
tionized logistics, particularly in last-mile delivery for
commercial sectors. The paper [7] integrated drones
with trucks to enhance service quality and reduce
transportation costs for direct-to-customer deliveries.
This innovation led to a variant of the TSP known
as the TSP with Drones (TSP-D). Previous studies,
such as those by [8], focused on minimizing comple-
tion times for both trucks and drones to improve ser-
vice efficiency. In contrast, Ha et al.’s paper intro-
duced a new formulation of TSP-D aimed at mini-
mizing total operational costs, including transporta-
tion expenses and idle waiting times between vehicles.
The paper presented two algorithms: TSP-LS, which
adapts Murray and Chu’s method to convert optimal
TSP solutions into feasible TSP-D solutions via local
searches, and GRASP, which uses a novel split pro-
cedure to optimize any TSP tour into a T'SP-D solu-
tion, followed by refinement using local search opera-
tors. Numerical experiments across various problem
sizes and scenarios demonstrate that GRASP consis-
tently outperforms TSP-LS in terms of solution qual-
ity, while manageable computation times.

In response to the growing need to reduce green-
house gas emissions, the logistics sector has increas-
ingly adopted electric vehicles, presenting new com-
putational challenges in distribution planning. The
paper [9] focused on the Electric Traveling Salesman
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Problem with Time Windows (E-TSPTW). They in-
troduced a mixed-integer linear formulation capable
of efficiently solving instances with up to 20 cus-
tomers within short computing times. Addition-
ally, they proposed a Three-Phase Heuristic algo-
rithm that integrated General Variable Neighborhood
Search (GVNS) and Dynamic Programming (DP).
Computational experiments demonstrated the heuris-
tic’s effectiveness: it consistently identifies optimal
solutions for small instances within milliseconds and
delivers competitive solutions for larger scenarios in-
volving up to 200 customers. This research provided
valuable insights into addressing environmental con-
cerns while optimizing logistical operations through
advanced computational techniques tailored to elec-
tric vehicle routing challenges. The insights gained
from these studies are relevant to the vehicle routing
plan proposed in this study.

2.2 Open Vehicle Routing Problem (OVRP)

The Open Vehicle Routing Problem (OVRP), first
introduced by Linus Schrage [10], differs from tradi-
tional vehicle routing problems in that, once the last
customer on a route is serviced, the driver does not
necessarily return to the depot. Instead, the route
may conclude at a designated car park or even at the
driver’s home, depending on operational constraints
and logistics requirements.

With the rapid expansion of the sharing economy,
outsourcing logistics operations to third-party logis-
tics providers has emerged as a cost-effective strat-
egy in freight transportation. This study [11] effec-
tively modeled a variant of the OVRP, where vehi-
cles do not return to the depot after serving cus-
tomers. Despite its relevance, there has been limited
research addressing fuel consumption within the con-
text of third-party logistics. This study introduced
the Green Open Vehicle Routing Problem with Time
Windows (GOVRPTW), integrating a mathematical
model based on the Comprehensive Modal Emission
Model (CMEM). To solve this complex problem, a
hybrid Tabu Search algorithm incorporating multiple
neighborhood search strategies was developed. Com-
putational experiments were conducted using realis-
tic instances reflecting the road conditions in Bei-
jing, China. The analysis highlights the impact of
empty kilometers by comparing various cost com-
ponents. Results demonstrated that adopting open
routes instead of closed routes reduced total costs
by 20%, with fuel and CO2 emissions costs declin-
ing by nearly 30%. However, in scenarios involving
congested nodes, fuel and emissions costs increased by
12.3%, while driver costs rose sharply by 31.3%. This
research contributes valuable insights into optimizing
logistics operations under environmental constraints,
emphasizing the benefits and challenges of adopting
open vehicle routing strategies in urban logistics con-
texts.

Another example, the Open Vehicle Routing Prob-
lem with Decoupling Points (OVRP-DP) [12] ad-
dressed a critical logistical challenge where companies
seek to optimize freight transportation over large ter-
ritories by leveraging multiple carriers efficiently. Un-
like traditional routing problems where each route is
handled by a single carrier, OVRP-DP allows for the
strategic use of decoupling points. At these points,
one carrier completes part of the deliveries before
transferring the remaining load to another carrier to
continue the route, thereby maximizing operational
efficiency and minimizing costs. This problem was
modeled using a sophisticated cost function tailored
for multi-drop less-than-truckload scenarios, incorpo-
rating nonlinear transportation costs, detour penal-
ties, and drop-off expenses. The development of
a specialized Iterated Local Search (ILS) algorithm
demonstrated its effectiveness in solving OVRP-DP
instances, achieving optimal solutions across varied
scenarios, and improving upon existing solutions for
specific instances. Real-world validations with indus-
trial data underscore the significant cost-saving ben-
efits of implementing decoupling points in logistics
planning, showcasing the algorithm’s superiority over
commercial solvers in terms of solution quality and
robust performance. The main ideas from these stud-
ies align with the vehicle route construction approach
used in this study.

2.3 Clake-Wright Savings Heuristics

The Savings heuristic was proposed by Clake and
Wright. This algorithm constructs a list of vehicle
routes with a simple technique and short computa-
tional time [13]. It builds vehicle routes based on the
saving score, calculated from the difference between
the direct freight distance and the freight distance
combined between two customers. Several research
works have examined and implemented the concept
of Clake-Wright Saving.

For example, this study [4] introduced a new
heuristic approach based on the Clarke-Wright Sav-
ings algorithm to address the OVRP. The researchers
modified the Clarke-Wright Savings through three
specific procedures: Clarke-Wright formula modifica-
tion, open-route construction, and a two-phase selec-
tion process. These were combined with a route post-
improvement procedure utilizing neighborhood struc-
tures including shift, swap, and A-opt move operators
to refine the best solutions. Experiments conducted
using six well-known OVRP data sets, encompass-
ing 62 instances from the literature, demonstrated
the competitiveness of this approach. The numer-
ical results revealed that this new method consis-
tently outperformed the original Clarke-Wright solu-
tions and generated the best-known solutions in 97%
of instances. The study also highlighted areas for
further exploration, such as developing a more ro-
bust post-improvement procedure and extending the
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modified Clarke-Wright algorithm to address other
problem variants like the Vehicle Routing Problem
with Simultaneous Pickup and Delivery (VRPSPD)
and the Vehicle Routing Problem with Time Win-
dows (VRPTW).

The VRP is a versatile tool widely applied in lo-
gistics, but its adaptation to agricultural field oper-
ations, where machine paths must efficiently cover
entire fields, presents unique challenges. The study
[14] addressed this by formulating field path alloca-
tion and sequencing into a VRP aimed at optimiz-
ing overall field completion times. They employed a
basic heuristic algorithm based on a modified Sav-
ings method and a more advanced meta-heuristic,
Tabu Search. Despite Tabu Search requiring signif-
icantly more computational time than the heuristic
approach, it consistently yields superior solutions by
reducing field completion times and increasing effec-
tive field capacity. The Savings method presents an
interesting alternative solution applicable to various
problem scenarios. Two additional papers have stud-
ied how to solve VRP routes using Savings heuris-
tics. For example, the authors in [15] applied this
heuristic method to optimize vehicle routes for the
distribution of medical devices in Medan City, In-
donesia. The results revealed that the Clake-Wright
Savings method provides the shortest distance with
multiple trips. Another paper [16] implemented the
Savings heuristic to determine the optimal distribu-
tion routes for reducing ATM operational costs. The
results showed that relevant operational costs, such
as fuel and toll fees, decreased when compared to the
initial solution.

2.4 Nearest Neighbor Heuristic

The Nearest Neighbor (NN) heuristic is another
straightforward method for planning vehicle routes in
various case studies, including the Traveling Salesman
Problem (TSP). The NN selects the next node based
on the closest distance between the current node and
the subsequent node[17]. Several studies have imple-
mented the NN paradigm.

For instance, the study [18] proposed three mod-
ifications to the NN algorithm—PNN, DNN, and
DDNN—aimed at reducing data delivery latency
without significantly increasing computational time.
Analytical and simulation results reveal that these
new algorithms outperform the traditional NN algo-
rithm, particularly in scenarios with densely deployed
nodes and larger transmission ranges.

The VRP seeks to determine a vehicle route that
minimizes mileage while meeting customer demands
at their respective locations. A variant of VRP is
the Capacitated Vehicle Routing Problem (CVRP),
which includes constraints on vehicle capacity. The
study [5] demonstrated how the CVRP can be ad-
dressed using the NN and Tabu Search algorithms.
The Tabu Search Algorithm process begins with an

initial solution determined by the NN method, fol-
lowed by generating alternative solutions through
exchanges, where two points in the solution are
swapped. These alternatives are then evaluated us-
ing a Tabu list, and the best solution is selected and
refined as the optimal solution. The Tabu list is sub-
sequently updated, and the process continues until
the termination criteria are met. If the criteria are
not satisfied, the algorithm returns to generating al-
ternative solutions. Calculations showed that using
the Tabu Search algorithm results in a travel distance
approximately 10.01% shorter than that achieved by
the NN method.

2.5 Existing works summary

Based on the details from Sections 2.1-2.4, we have
compiled a list of relevant publications that explore
Vehicle Routing and Traveling Salesman problems
over the past 10 years. All relevant publications are
shown below in Table 1.

Table 1: Summary of solving solution of the VRP.

List of existing Problem | Solving Solution

publications Type

Pichpibul and OVRP Savings Heuristic

Kawtummachai,

2013 [4]

Camci, 2014 [6] TSP Genetic Algorithm
(GA), Particle
Swarm Optimization
(PSO)

Roberti and TSP General Variable

Wen, 2016 [9] Neighborhood
Search (GVNS),
Dynamic
Programming (DP)

Alemayehu and TSP Nearest Neighbor

Kim, 2017 [18] Heuristics (NN)

Seyyedhasani, VRP Tabu Search (TS),

and Dvorak, Savings Heuristic

2017 [14]

Mostafa and VRP K-Means, Mixed

Eltawil, 2017 Integer

[19] Programming (MIP)

Atefi et al., 2018 OVRP Iterated Local

[12] Search (ILS)

Ha et al., 2018 TSP TSP-LS, GRASP

7]

Masudin et al., VRP Tabu Search (TS),

2019 [5] Nearest Neighbor
Heuristics (NN)

Jaradat and TSP K-Means, Firefly

Diabat, 2019 Algorithm (FA)

[20]

Sanchez et al., VRP K-Means, Mixed

2022 [21] Integer Linear
Programming
(MILP)

Kantasa-ard et al., | OVRP Mixed Integer

2023 [22] Programming (MIP),
Random Local
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Search (RLS), ISP-B2 | Khao Saming, | ISP-D2 | Sriracha,
Simulated Annealing Trat Chonburi
(SA) ISP-B3 | Aranyaprathet, | ISP-D3 | Bang Lamung,
Cipta and VRP | Savings Heuristic Sa Kaeo Chonburi
Hasibuan, 2023 ISP-B4 | Muang, ISP-D4 | Sattahip,
[15] Chonburi Chonburi
Nurcahyo et al., VRP | Savings Heuristic ISP-B5 | Bang Lamung, | ISP-D5 | Muang,
2023 [16] Chonburi Chonburi
OVRP: Open Vehicle Routing Problem ISP-B6 | Muang, ISP-D6 | Muang,
TSP: Traveling Salesman Problem Rayong Chonburi
VRP: Vehicle Routing Problem ISP-B7 | Muang, ISP-D7 | Pluak Daeng,
Chanthaburi Chonburi

From the literature review above, most studies fo-
cus on only a single problem type (OVRP or TSP).
However, few studies combine these two problems.
To address the research gaps mentioned, we propose
the integration of the Open Vehicle Routing Prob-
lem (OVRP) with the Traveling Salesman Problem
(TSP) approach to construct vehicle routes for the
installation of internet test devices in the eastern re-
gion of Thailand. Heuristic algorithms are more pop-
ular than exact algorithms, highlighting the need for
a new solution that increases efficiency.

3. METHODOLOGY

This section provides an overview of the prob-
lem statement, assumptions, and solution approach
of this study. All details are described below.

3.1 Problem statement and assumptions

In this study, we focus on increasing the efficiency
of device installation routing management in the east-
ern region of Thailand. The problem involves 30
points spread across 7 provinces. Please refer to Ta-
ble 2 for more details.

Table 2: The device installation points for the inter-
net speed test platform in the eastern region of Thai-

land.
Point Location Point Location
Name Name
ISP-A1 | Muang, ISP-C1 | Aranyaprathet,
Chonburi Sa Kaeo
ISP-A2 | Bang Lamung, | ISP-C2 | Muang,
Chonburi Chachoengsao
ISP-A3 | Muang, ISP-C3 | Muang,
Chachoengsao Chanthaburi
ISP-A4 | Aranyaprathet, | ISP-C4 | Muang,
Sa Kaeo Trat
ISP-A5 | Muang, ISP-C5 | Muang,
Rayong Chonburi
ISP-A6 | Muang, ISP-C6 | Sriracha,
Trat Chonburi
ISP-A7 | Muang, ISP-C7 | Muang,
Chanthaburi Rayong
ISP-A8 | Muang, ISP-C8 | Bang Lamung,
Rayong Chonburi
ISP-B1 | Muang, ISP-D1 | Plaeng Yao,
Prachinburi Chachoengsao

ISP-A: Internet Service Provider Company A
ISP-B: Internet Service Provider Company B
ISP-C: Internet Service Provider Company C
ISP-D: Internet Service Provider Company D

Initially, the existing plan for end-device instal-
lation was established based on the driver’s experi-
ence. It involved 30 points over 11 days, covering
3,088.63 kilometers. This plan included a single trip
with overnight stays. The transportation cost was
8.25 Thai Baht (THB) per kilometer, and the accom-
modation cost was 500 THB per day. The transporta-
tion cost amounted to approximately 25,481.22 THB,
and the accommodation cost for 6 nights was around
3,000 THB, bringing the total cost to 28,481.22 THB.
The route allowed travel through various cities on the
same day without the need to return to the depot.
The existing plan is outlined in Table 3.

Table 3: The existing plan for device installation.

Day | Vehicle Route Distance | Travel Time
(KM) (Minute)

1 ISP-B4 > ISP-B5 126.74 174.50
> ISP-C7

2 ISP-C3 > ISP-D1 383.71 375.81
> ISP-D5

3 ISP-D6 > ISP-B6 222.57 238.38
> ISP-B7

4 ISP-B2 > ISP-B3 512.74 461.89
> ISP-B1

5 ISP-D2 > ISP-D3 194.94 249.96
> [SP-D4

6 ISP-C5 > ISP-C6 103.88 189.24
> ISP-C8

7 ISP-A1 > ISP-A2 128.58 175.72
> ISP-A5

8 ISP-D7 > ISP-AS8 199.75 223.17
> ISP-A7

9 ISP-A6 > ISP-C4 339.44 316.30

10 ISP-A3 > ISP-A4 453.01 392.01

11 ISP-C1 > ISP-C2 423.27 372.18

Total 3,088.63 3,169.16

However, there are several issues with the current
plan. Firstly, the decision-making process relies solely
on the driver’s experience, which may not always
yield optimal results. Secondly, while this method
may be effective for smaller datasets, it becomes in-
efficient when expanding to larger regions with more
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points. Lastly, there is a lack of consistency in the
routing strategy. For example, the plan does not pri-
oritize visiting all nodes within the same city before
moving to the next. This inconsistency leads to in-
creased transportation costs and longer travel times.
Based on the issues identified with the existing
plan above, we conducted an experimented to develop
a new route for installing end devices in the eastern
region of Thailand. We compared the results using
three solutions: the hybrid OVRP-TSP model, the
Savings heuristic, and the Nearest Neighbor heuris-
tic. The assumptions for this problem are as follows:
e The depot serves as the starting and ending
points after completing the installation of all end
devices in the eastern region.
e Each point will be visited exactly once.
e The endpoint from the previous day becomes the
starting point for the current day.
e The total installation time for all end devices in
one day must not exceed 500 minutes.
e Each route will be free of sub-tours.
e Perturbation situations, such as road closures,
traffic jams during rush hours, and temporary
one-way streets, are not included in this study.

3.2 Solution approach
3.2.1 The hybrid OVRP-TSP model

The formulation of the hybrid OVRP-TSP model
is adapted from the VRP model [2].
Indices

i=set of pointibyi=0,1,2,... N

j=setof point 3 by j=0,1,2,...,N
k=setof routekby k=1,2,.... M

q = the last point of the last route

S = number of assigned point

N = number of points

M = number of routes

Parameters

T;; = Total time from point i to j

Cy = Maximum working time for route k
Starting, = the first point of route k
Endingy, = the last point of route k

Decision Variables

Xijkx =1, if route k had point i to j; 0,otherwise

Objective Function

Min = ZEV:O Z;V:O Z;\il T3 X (1)

Constraints

v N X 1,Vi=0,1,2 N 2
Zj:() k=0 ijk = L, Vi =VU,1,4,..., ()

N
Xk =1Yi=0,12... N (3

N
Zz’:o
Zies Zjes res Xk <|S|—1L,VSCN (4)

N N
S > TyXik < CrVk=0,1,2,..., M (5)
1= J=

N
Min = Zj:o XOjl =1 (6)

Startingr=1 = Xoj1 (7)

N
Y. Xiokg =1 (8)

Endingy, = Xiok, 9)

Startingg+1 = Ending,,Vk =1,2,3,...,M (10)

Xijk S {0,1} (11)

In the hybrid OVRP-TSP model, equation (1) rep-
resents the objective function, which minimizes the
total time for all routes by calculating the total dis-
tance divided by the average speed of the vehicle.
This objective function includes both transport time
and device installation time, starting from the depot,
traveling to all points, and returning to the depot af-
ter completing all installations. Equations (2) and (3)
are constraints ensuring that each point serves as an
arrival and departure point only once. Equation (4)
is a constraint to avoid subtour problems (Laporte,
1992), while equation (5) sets the maximum working
time per day. If the last point of a route is not the
depot, the plan incurs an accommodation cost for
overnight stays. Equations (6) and (7) set the first
point of the first route as the depot, and equations
(8) and (9) set the last point of the last route as the
depot. This model requires starting and ending at the
depot but does not necessitate returning every day.
In cases of overnight stays, equation (10) ensures that
the last point of the previous route is the same as the
first point of the next route. Equation (11) defines a
binary variable.

The hybrid OVRP-TSP model in this research was
implemented using Google OR-Tools on Google Co-
lab. As illustrated in Figure 1, the procedure begins
by creating the data model for the problem, which in-
volves setting up the distance matrix between points,
the number of vehicles, and the depot as the starting
point. This step is essential because it provides the
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fundamental data required by the routing algorithm
to solve the Traveling Salesman Problem (TSP). The
total number of points, N, represents the number of
cities or locations involved in the T'SP. The starting
point is set to the depot, which is the initial location
from where the route will begin and typically end.

Start Procedure
Create data model for the problem
Define total_points=N
Define first_point =depot
Create routingmodel with OVRP-TSP
Define distance callback function
Convert from_index and to_index to actual points
Retumndistance between these points
Set arc cost evaluator for all vehicles to use the distance callback
Set search parameters for the first solution strategy to"PATH_CHEAPEST_ARC"
Solve the problem with the search parameters
If asolutionis found:
Print the solution with the route
End Procedure

Fig.1: The hybrid OVRP-TSP Model pseudo code
using Google OR-Tools.

A routing model for the Open Vehicle Routing
Problem with a Traveling Salesman Problem formu-
lation (OVRP-TSP) is then created using Google
OR-Tools, a powerful optimization library[23]. The
Cheapest Arc heuristic from Google OR-Tools was
chosen to construct vehicle routes in this study. This
model is responsible for finding the optimal route that
minimizes the total travel distance while visiting all
points exactly once. Next, a distance callback func-
tion is defined to calculate the distance between two
points. This function is crucial as it provides the
routing model with the necessary information to eval-
uate the cost of traveling from one point to another.
The function converts the indices used in the rout-
ing model to actual points (cities) and returns the
corresponding distance from the distance matrix.

The routing model is then configured to use this
distance callback function to evaluate travel costs.
This is achieved by setting the arc cost evaluator
for all vehicles to use the distance callback. This
setup ensures that the routing model correctly cal-
culates the travel distance between points, which is
essential for finding the optimal route. Search pa-
rameters are set for the first solution strategy, specif-
ically “PATH_CHEAPEST _ARC.” This strategy con-
structs the initial solution by always choosing the
Nearest Neighbor, which is a common heuristic for
solving TSP as it provides a good starting point for
further optimization.

The problem is then solved using these search pa-
rameters. Google OR-Tools employs sophisticated al-
gorithms to explore different possible routes and find
the one with the minimum total travel distance. If a
solution is found, the solution is printed, displaying
the route and potentially the total distance. This out-
put is valuable as it shows the optimal path that the
vehicle should take to visit all points with the least

travel cost. The procedure concludes with the end
of the main process, marking the completion of the
TSP solution using Google OR. Tools with Python.
This structured approach ensures that the TSP is effi-
ciently solved, leveraging the capabilities of OR Tools
to handle complex routing problems.

3.2.2  Clake-Wright Savings Heuristics

Figure 2 shows an algorithm for solving a routing
problem, likely related to the Vehicle Routing Prob-
lem (VRP) or similar logistics optimization tasks.
The process begins with setting all points and the
depot, followed by computing and storing a matrix of
savings between each pair of points. This matrix is
then sorted in descending order to prioritize the most
beneficial connections. The algorithm starts routing
from the depot and selects the next point with the
highest saving from the depot. It checks if the total
time of the current route is within the maximum al-
lowed time. If the time exceeds the limit, a new route
is added, and the process repeats. If the time is within
the limit, the selected point is added to the current
route, and the next highest saving point, which is
not the depot, is chosen. The algorithm continues
to add points to the route while checking the total
time until all points have been chosen. If all points
are chosen, the depot is set as the ending point for
the last route. The algorithm concludes by ensur-
ing all routes are efficient and within the specified
constraints. This approach systematically constructs
routes by maximizing savings between points, ensur-
ing that the routes adhere to the constraints, such as
the maximum allowed time per day.

Setting all points Saving matrix
and depot computation (S;;)
Start from depot and . B
choose next point with the Soﬂmg Sl} by
highest S descending order

Choose the
highest saving
point andnot

depot

Add new Add point into
route the routek

Yes

Choose depot for ending
point of last route

Fig.2: The Clake-Wright Savings Heuristics Pro-
cess.
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3.2.3 Nearest Neighbor Heuristics

Figure 3 shows an algorithm for solving a routing
problem using the Nearest Neighbor (NN) method.
The process begins by setting all points and the de-
pot. Starting from the depot, the algorithm selects
the next nearest unvisited point. It then checks if the
total time for the current route is within the maxi-
mum allowable time. If the time exceeds the limit, a
new route is added, and the process restarts from step
3. If the time is within the limit, the nearest point
is added to the current route. The method contin-
ues by choosing the nearest unvisited point that is
not the depot and adding it to the route. This pro-
cess repeats, checking if the total route time is within
the limit and adding new routes as necessary until all
points are visited. Once all points are included, the
depot is selected as the ending point for the last route,
concluding the algorithm. This systematic approach
aims to build efficient routes by continuously select-
ing the nearest unvisited point, ensuring the routes
adhere to specified time constraints.

Start

Setting all points
and depot

Total Time,, < Maximum Time,

Choose the
nearest pointand f—
not depot

L

Start from depot and
choose next nearest point

Add new
route the routek

Add point into

Choose depot for ending
point of last route

End

Fig.3: The Nearest Neighbor Heuristics Process.

4. RESULTS AND DISCUSSION

In this research, we experimented to plan the route
for installing devices in the eastern region of Thai-
land. We compared the existing plan with three so-
lutions: the hybrid OVRP-TSP model, the Savings
heuristic, and the Nearest Neighbor heuristic. Our
focus was on three measures: Total Time, Total Cost,
and Total Emission. The formula of total emissions
was inspired by [24] and adapted from [22]:

EMtotal =FE«FCxD (12)
The fuel emission rate (FE) was 2621 g/1, and the

fuel consumption rate (FC) was 0.3462 1/km based
on a 70% to 80% load in rural areas [24]. The total
distance (D) was the main input factor to calculate
total carbon emissions. In this study, the total dis-
tance was the sum of the total distance from the depot
to points and points to points.

4.1 Experimental Results: the hybrid OVRP-
TSP model

In the field of logistics and route planning, optimiz-
ing the sequence of locations for device installations
is crucial for efficiency and cost-effectiveness. This
research explores the application of the Open Vehicle
Routing Problem (OVRP) combined with the Trav-
eling Salesman Problem (TSP) to determine the op-
timal route for a device installation itinerary across
Eastern Thailand. The itinerary includes various
cities and towns, focusing on minimizing travel dis-
tance and time while ensuring that all required lo-
cations are covered. All route details are displayed
in Table 4 and Figure 4, with descriptions provided
below.

On the first day, the route begins at the Depot and
ends at ISP-B6, Muang, Rayong. The route is opti-
mized to cover 209.33 kilometers in 499.55 minutes,
passing through 12 nodes. The model efficiently se-
quences the travel through various parts of Chonburi
and Rayong. On the second day, the route starts
in Muang, Rayong, and ends in Aranyaprathet, Sa
Kaeo, beginning at ISP-B6 in Muang, Rayong, and
concluding at ISP-A4 in Aranyaprathet, Sa Kaeo.
The journey covers 420.05 kilometers in 490.03 min-
utes across seven nodes. On the third day, the route
extends from Aranyaprathet, Sa Kaeo, to Muang,
Chonburi, covering 349.79 kilometers and consisting
of eight nodes completed in 473.20 minutes. The fi-
nal day’s route starts at ISP-A1 in Muang, Chonburi
,and concludes back at the Depot, covering 23.42 kilo-
meters in 135.62 minutes across four nodes.

The use of OVRP combined with TSP for
route optimization in device installation demon-
strates significant improvements in efficiency and
cost-effectiveness. Over four days, the itinerary cov-
ers 1,002.59 kilometers in 1,598.40 minutes (approx-
imately 26 hours and 38 minutes) across 31 nodes.
This optimized route not only reduces travel distance
and time but also ensures comprehensive coverage of
all required locations.

4.2 Comparison Experimental Results

Route optimization is crucial for achieving logis-
tical efficiency, cost-effectiveness, and timely deliv-
ery across various sectors, including device instal-
lation. This comparative analysis evaluates three
different methods: the Open Vehicle Routing Prob-
lem (OVRP) combined with the Traveling Salesman
Problem (TSP), the Savings Method, and the Near-
est Neighbor (NN) method. The performance of
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Table 4: The vehicle routes by the hybrid OVRP-
TSP model.

Table 5: Comparison of Experimental Results with
three models.

Day | Vehicle Route Travel

Time

(Minute)
499.55

Distance
(KM)

1 Depot > ISP-C6 >
ISP-D2 > ISP-C8 >
ISP-D3 > ISP-B5 >
ISP-A2 > ISP-D4 >
ISP-D7 > ISP-C7 >
ISP-A5 > ISP-A8 >
ISP-B6
2 ISP-B6 > ISP-AT7 >
ISP-C3 > ISP-B7 >
ISP-A6 > ISP-C4 >
ISP-B2 > ISP-A4
3 ISP-A4 > ISP-B3 >
ISP-C1 > ISP-B1 >
ISP-D1 > ISP-A3 >
ISP-C2 > ISP-B4 >
ISP-A1
4 ISP-A1 > ISP-D5 >
ISP-D6 > ISP-C5 >
Depot

Total

209.33

420.05 490.03

349.79 473.20

23.42 135.62

1,002.59 | 1,598.40

NAKHON
o NAYOK

PBACHIN BURI

NAKHON PATHUM THANI
PATHOM P

- Bangkok
NPMIARIRAT
B SAMUT gRAKAR

AMUT SAKHON. CHACHOENGSAQ

CHON BURI

Krong
Battamhang
ety

Fig.4:
method.

The overall routes from the OVRP-TSP

these methods is assessed based on total time, to-
tal distance, number of operational days, overnight
stays, transport costs, accommodation costs, and to-
tal costs.

Table 5 compares four different routing meth-
ods—Existing, OVRP-TSP, Savings, and Nearest
Neighbor (NN)—across various measures, highlight-
ing their respective efficiencies and costs in device in-
stallation.

The total time required for installation varies sig-
nificantly across the methods. The Existing method
takes the longest time, requiring 3,169.16 minutes. In
contrast, the OVRP-TSP model dramatically reduces
this time to 1,598.40 minutes, a reduction of 49.56%.
The Savings method requires 1,919.60 minutes, while
the NN method takes 1,703.50 minutes. These reduc-
tions indicate that all three methods are more time-
efficient than the existing method, with OVRP-TSP

OVRP-
TSP

Factor Existing Savings NN

Total
Time
(Mins)

3,169.16 | 1,598.40 | 1,919.60 | 1,703.50

Total
Distance
(KM)

3,088.63 | 1,002.59 | 1,394.70 | 1,160.27

Total Day 11 6 5 4

Overnight 6 3 2 3

Transport | 25,481.22 | 8,271.39 | 11,506.28 | 9,572.22
Cost
(THB)

Accommo
dation
Cost
(THB)

3,000.00 | 1,500.00 | 1,000.00 | 1,500.00

Total Cost
(THB)

28,481.22 | 9,771.39 | 12,506.28 | 11,072.22

Total
Emission

(Kg)

2,802.60 909.74 | 1,256.54 | 1,052.82

being the most effective. The total time reductions
are detailed in Figure 5.

Total time of each model with existing plan
3,500

3,000

2,500

1.000
500
0

Existing OVRP-TSP Saving NN

2
3
3

2
3

Total Time (Minute)

Fig.5: Total time of each model compared to the
existing plan.

The total distance covered also varies. The Ex-
isting method covers the most distance at 3,088.63
kilometers. The OVRP-TSP model is the most ef-
ficient, reducing the distance to 1,002.59 kilometers.
The Savings method covers 1,394.70 kilometers, and
the NN method covers 1,160.27 kilometers. All three
alternative methods cover significantly less distance
than the Existing method.

Next, we consider the number of days required for
installation. The Existing method takes 11 days. The
OVRP-TSP model reduces this to 6 days. The Sav-
ings method further reduces it to 5 days, while the
NN method requires only 4 days. This highlights a
significant improvement in the time needed for instal-
lation when using alternative methods.

Another key measure is the number of overnight
stays required. The Existing method requires 6
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overnight stays. The OVRP-TSP model reduces this
to 3 stays, while the Savings method requires only 2.
The NN method also requires 3 overnight stays. This
indicates that both OVRP-TSP and NN methods are
more efficient in this aspect compared to the existing
method.

Transportation costs associated with each method
vary widely. The Existing method incurs a high
cost of 25,481.22 Thai Baht (THB). The OVRP-TSP
model significantly reduces this cost to 8,271.39 THB.
The Savings method incurs a cost of 11,506.28 THB,
while the NN method costs 9,572.22 THB. These
alternative methods, particularly OVRP-TSP, show
substantial cost savings.

Accommodation costs also differ. The Existing
method incurs a cost of 3,000 THB. The OVRP-TSP
model reduces this to 1,500 THB, with the Savings
method lowering it further to 1,000 THB. The NN
method also incurs 1,500 THB in accommodation
costs, indicating that both OVRP-TSP and NN are
more cost-effective than the Existing method.

The combined total cost of transportation and
accommodation highlights the overall financial effi-
ciency of each method. The Existing method has the
highest total cost at 28,481.22 THB. The OVRP-TSP
model significantly reduces the total cost to 9,771.39
THB, achieving a 65.69% reduction compared to the
existing method. The Savings method follows closely
with a total cost of 12,506.28 THB (a 61.12% reduc-
tion), while the NN method costs 11,072.22 THB,
marking a 56.09% reduction. These figures demon-
strate substantial cost savings with the alternative
methods, especially the OVRP-TSP model. The de-
tails of transport cost reductions are shown in Figure
6.

Total cost of each model with existing plan
30,000

25,000

220,000

t (Thai Bal

15,000

< 10,000
- I
0

Existing OVRP-TSP Saving NN

tal Cos

T

Fig.6: Total cost of each model compared to the
existing plan.

Finally, total emissions vary across the methods.
The Existing method results in the highest emis-
sions at 2,802.60 kilograms. The OVRP-TSP model
is the most efficient, reducing emissions to 909.74
kilograms, which represents a 67.54% reduction com-
pared to the Existing method. The Savings method
results in emissions of 1,256.54 kilograms, achieving
a 62.43% reduction. The NN method results in emis-

sions of 1,052.82 kilograms, marking a 54.84% re-
duction. These findings indicate that the alterna-
tive methods significantly reduce the environmental
impact compared to the Existing method, with the
OVRP-TSP model being the most environmentally
friendly. The details of emission reductions are shown
in Figure 7.

Total emission of each model with existing plan
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8
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Fig.7: Total emission of each model compared to the
ezisting plan.

4.3 Discussion with existing works

Regarding the comparison results in Section 4.2,
we can see that the hybrid OVRP-TSP model pro-
vides the best performance when compared to the
Savings and Nearest Neighbor (NN) methods. All in-
dicators, such as total travel times, travel costs, and
carbon emissions, are drastically reduced by approx-
imately 49.5-67.5%.

In addition, we also compare the performance of
this hybrid model with some relevant existing stud-
ies on the vehicle routing problem. The results re-
veal that the hybrid OVRP-TSP model provides the
shortest distribution routes in all existing studies. Al-
though one of these studies uses the maximum capac-
ity to choose customers on the route instead of travel
time, our proposed hybrid model can be modified
to work well with the capacity constraint. Further-
more, the performance of the proposed hybrid model
is equal to the best performance of the mentioned
solutions in all existing studies.

All performance comparison details are demon-
strated in Table 6.

Table 6: Comparison of the distribution perfor-
mance between the hybrid OVRP-TSP and other
methods in existing studies.

Existing Indicator | OVRP- | Savings | NN
study TSP

Cipta and | Distance 32.5 32.5 | 326
Hasibuan, | (KM)

2023 [15]

Nurcahyo Distance 47.3 52.6 | 47.3
et al., 2023 | (KM)

[16]
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5. CONCLUSION

The comparative analysis of the four routing meth-
ods—Existing, OVRP-TSP, Savings, and Nearest
Neighbor (NN)—demonstrates significant improve-
ments in logistical efficiency, cost-effectiveness, and
environmental impact when using alternative meth-
ods for device installation. The Existing method
proves to be the least efficient, with the highest total
time, costs, and emissions.

Among the alternative methods, the OVRP-TSP
model consistently outperforms the others across all
metrics. It reduces total installation time by 49.56%
and total costs by 65.69%, while achieving the lowest
emissions, with a reduction of 67.54%. These sub-
stantial improvements make the OVRP-TSP model
the most effective solution for optimizing routing
management. The NN method also shows consid-
erable efficiency gains, with a 46.25% reduction in
total time, a 62.43% reduction in total emissions,
and a 61.12% reduction in total costs. The Savings
method, while less effective than the OVRP-TSP and
NN methods, still provides significant benefits, in-
cluding a 39.43% reduction in total time, a 54.84%
reduction in total emissions, and a 56.09% reduction
in total costs. Additionally, the hybrid OVRP-TSP
outperforms other heuristic methods in the relevant
studies proposed, as mentioned in Section 4.3. The
results from all experiments, which include 30 instal-
lation points from our study and five different loca-
tions from each existing study in Section 4.3, verify
the robustness and complexity of our hybrid OVRP-
TSP model’s performance.

In summary, adopting any of the three alter-
native routing methods—OVRP-TSP, Savings, or
NN—offers marked improvements over the Existing
method in terms of operational efficiency, cost sav-
ings, and environmental sustainability. The OVRP-
TSP method stands out as the most effective and
comprehensive solution, making it highly recom-
mended for optimizing route management in device
installation projects. However, the NN and Savings
methods also present viable options, contributing to
enhanced operational performance and reduced envi-
ronmental impact.

For future perspectives, we plan to add more con-
straints to the model, such as vehicle capacity and
time windows for installations, to better reflect real-
world situations. Furthermore, we will explore sce-
narios with multiple vehicles, which would be relevant
for larger-scale installation projects. The effects of in-
creasing the number of endpoints on the performance
of the routing methods will also be investigated. Fi-
nally, we will evaluate and compare the effectiveness
of other routing models and optimization techniques
against the hybrid OVRP-TSP model.
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