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Abstract

Purpose: This paper aimed to study the current locationsasft pffices to analyze service coverage area for pdelelery in the Eastern
Economics Corridor (EEC), which must be consideretthénlast mile to extend delivery service for e-commemevth. Thailand Post was the
case study in this pap&esearch design, data and methodologyo involve solving the delivery service area underlgst mile condition, the
authors proposed a network analysis to determingcseradius by employing a Geographic Information 8ys{GIS). Furthermore, this paper
applied Dijkstra’s algorithm as a network analysisl from GIS for analyzing the last mile service emage area in a new economics zone. At the
same time, the authors suggested an approach adiarstd locate last mile delivery center in EER&sults: The results of the study pointed out
that Thailand Post should consider more last milevely centers in EEC to support its express seruicurban areas as well as improve the
efficiency of service coverage for parcel deliverg ameate more advantages against competi@oaclusions: This paper proposes a network
analysis to extend the last mile service for pagedivery by following Dijkstra’s algorithm from GISnd a solution approach to add more last
mile delivery centers. The results of the researchaaifitribute to boosting customer satisfaction fst faile delivery service and enabling easy
accessibility to a service center in EEC.

Keywords: Geographic Information Systems, Service Area Analysist Mile Delivery, Eastern Economic Corridor, é&uDelivery Service

JEL Classification Code L8, L81, L87.

1. Introduction change, parcel delivery services in Thailand arévatng
domestic and international private transportatiomganies

Nowadaysy online Shopping has become a popu|ar for|t0 establish business in the Thai market, suchhasland
of e-commerce business. Customers can buy goods aPost, Kerry Express, CJ Logistics and Yamato SCG.
services using websites and mobile applicationsinen However, service comparison between parcel delivery
shopping has multiple options allowing customersetect Companies involves high competition. Particulariyai new
products and services from domestic as well asseasr €conomics zone, an Eastern Economics Corridor (HEC)
providers (Chung, 2017). The e-commerce developriment &n important zone for investment in new businesses
Thailand has seen continuous growth. It has beastakto ~ communities. Thailand 4.0 is a significant stratépt will
gaining more competitive benefits in regional ardbgl ~ Power this zone (Legislative Institutional Reposjtaf
business. Therefore, the parcel service busineSkailand ~ Thailand, 2017). o
has also seen a dramatic increase in growth. Tloiwsthat ~ Short delivery service comparison is a strategyptucel
delivery service companies need to improve thewise to ~ delivery companies to provide more customer satisfa.
match the demands and transportation requirements fStill, it is very difficult to create a service ued city

courier segmentation. Since consumer behaviors tend €xpansion. This is because the parcel delivery eoies
that send products into a dense area with traffimyestion

from a city may experience increased delivery times
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2020). The problem focused on in this researcthas the
service coverage area of Thailand Post in EEC
insufficient to support e-commerce business andldse
mile delivery service concept. Thus, this reseamih be

performed under the presumption that service cqecanea
is necessary for Thailand Post to extend deliverice in
EEC. Thailand Post should also consider the lonatiof
post offices for better distribution of parcelsctesstomers.

The main contribution of this research can be categd
two perspectives. First, the author analyzed theeat
situation of parcel delivery in Thailand based ba public
sector. More specifically, the author studied theviee area
of locations for post offices operated by Thaildpaist in
EEC. Based on the study, insightful information dam
gained to help the decision-makers who selectdbations
of post offices to consider service area. Secdmal atuthor
suggested a last-mile delivery service framewonk tfe
parcel delivery business. This research appliedg@gdhic
Information Systems (GIS) to analyze the serviceecage
of current post office locations. The results odlgsis may
help decision-makers to consider a number of neations
for post offices to better support the increasiegiends of
courier delivery service.

In this paper, the authors introduce an extendstdniée
delivery service center for parcel delivery comganin a
new economics zone as Thailand Post. In Sectiothe?,
authors provide a literature review and an overvidvast
mile delivery, as well as geography information teyss
(GIS) with Dijkstra’s algorithm and service areaabsis.
In Section 3, a network analysis is provided bylgpg a
Geographic Information System (GIS) following Dijless
algorithm in a case study. In Section 4, the aglsoggest
a solution to implement last mile delivery cent&sction 5
provides a concluding suggestion and further rebear
topics.

2. Literature Review

2.1. E-commerce in Thailand

Thailand is the second-largest economy in Southeast

Asia in terms of the business-to-customer (B2Chsag.
Moreover, e-commerce has become a driver for couri
delivery. The growth of e-commerce has caused @ming
buyer behavior in Thailand. Accordingly, customer-t
customer (C2C) segments have become necessary
service using online channels. Customers need pt®du
delivered directly and with a short waiting times A result,
social commerce has been developing along withieour
express because there is a need to adapt to thdteery
service.

Recently, the Thai government announced “Thailafd 4
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as an economic model that will enable Thailand@neenic
igrowth. Thus, it is a key policy for driving the wary’s
economic growth, boosting the industrial sectord an
improving the quality of life for all citizens. Ttaze of the
e-commerce market in Thailand can be motivated and
influenced by foreign investment. There are various
international investors in the Thai e-commerce raaguch

as Alibaba, JD.com, Shopee and Lazada. Therefoeee+t
commerce category is leading to more foreign inmesits
when compared to other categories Figurel. Moreover
Thailand has around 57 million people who are mder
users, accounting for 82.4 percent of the totalufaton.
Around 70 percent of users visit online retail etorand
around 62 percent actually purchase products arvices
online. Thailand is one of the world’s largest sbci
commerce markets. It was reported that 51 percént o
online shoppers that purchased a product or seddes so
via a social channel such as Facebook or LINE.

The ecommerce business in
Thailand 2011-2017
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Figure 1: The e-commerce business in Thailand

In the e-commerce business, it is important focess to
éjeliver goods or services to end consumers acdyrae
promptly. Thus, any successful strategy for e-concme
must include delivery service for sending packaigean
icient and timely manner. Third-party logistipsoviders
PLS) play an important role in the shipment astivery
of goods. Delivery cost is one main reason why e-
commerce players turn to 3PLS. In the segment iodi-th
party logistics, there are also foreign investnmpanies,
meaning the competition in the delivery service kehas
strong comparisons. Thailand has several logistics
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providers such as Thailand Post, Kerry Express,2dd,  develop its service to customers to remain comnipetit
among others. There are also social media delivery
platforms such as LINE MAN, GRAB, and LALAMOVE.
Thailand’s e-commerce platform for parcel delivery
companies is shown in Figure2. The beginning otreps

is brand product creation, followed by marketingd an
advertising to customers, resulting in product pases.

Parcel Delivery Market Shares in Thailand
2020

45%
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From a logistics perspective, 3PLS take productd an
delivers them to customers (Amchang, 2018). 35%
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Source: Amchang (2018) Figure 3: Market share breakdown of parcel delivery in Thadla

Figure 2: E-commerce platform and parcel companies in Thdila

The competitive reality of parcel delivery in Thait Table 1: Comparison of centers for last-mile service prevsd

currently involves more price competition. The 3Pbb (3PLS)

parcel delivery service consists of 3 major player{ 3pLs Start | Service | Consolidation | Distribution
occupying over 80% of the market, including Thaildost, Business | Center Center Center
Kerry Express, and Lazada Express. There are otherhailand | ,,4, -5,000 25
medium players such as SCG Express, DHL e-commerge, Post

Nim Express and Ninja Van. In addition, many largg Kerry 2006 10,000 1.300 10
players from abroad have invested in the Thai defiv | =P

service market, such as Best Logistics, which cofras Lazada 2016 -800 57

the Alibaba group in China. J&T Express is the nanime | EXPress

carrier from Indonesia, while CJ Logistics, a carrdrom Flash 2017 2,000 85

South Korea, has a joint venture with JWD InfoL¢igis Express

(JED) of Thailand. Moreover, the carriers havg J&T 2018 1,100 15
opportunities to face competition from on-demaniiveey, express

which provides express service within an hour from CJ 2018 80 <120
Lalamove, Lineman, and Grab Express. However, on--°9'stcs

demand delivery focuses on users who need immedigte Best 2019 2200 500
delivery of goods, which is different from the padh the Express ’

other hand, on-demand delivery has limitationseimts of ~ Source: Janglom and Tantipidok (2020)

short service distance in urban areas such as angkBk
metropolitan area or other dense areas. Thereifieeedt ) DE !
market shares for parcel delivery companies inf@hd; as for the last 5-7 years. 3PLS should maintain thizvelg

in Figure3. In fact, Thailand Post holds 41% of tharket ~SPeed for sending parcels to customers becauselparc
share, while Kerry express holds 39% and Lazadaesgp delivery companies may lose customers if thereyscelay
holds 8%(Janglom & Tantipidok, 2020). This meanat th In delivery. Thus, the 3PLS should consider indreas
Thailand Post has significant competition with othest- ~More network locations to keep suitable serviceaare

mile delivery service players. Thus, Thailand Posist esponsiveness to carriers. Most 3PLS play moemniatin
to increasing the number of delivery centers and

The speed of last-mile delivery has also been dpued
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distribution centers for their businesses, as ibldh Even
though Thailand Post was established before otR&S3
the number of service centers and consolidatiortecgn

operated by Thailand Post is less than Kerry Expres2010).

Therefore, delivery service to close this gap isigieation
should be considered by Thailand Post.

2.2. Last Mile Delivery Service

E-commerce is one main industry affected by deliv
service change. Amchang & Song (2018) last-milévdey
service refers to faster delivery to send goodsenal
customers at a short distance. Nathanail, Gogasd&mos
(2016)describe last-mile delivery as the movemeht
people and goods from a hub to a final destinasoch as
a home or business office. Nabot & Omar (2016)reffe
that last-mile delivery is related to delivery arms of CO2
emissions in shopping modes. Architectures, Archites,
Chips, & Najafi (2015) stated that last-mile deliw@lays a

more important role when considering the number and

location of intermediate depots for sending parcels
destinations. Thus an optimal fleet and size ofalehypes
should be considered to serve an urban area.

Typically, the definition of last-mile deliveryeater
(LMDC) means a location inside a city and closeato
densely populated area. It can ensure flexible dspafe
service when demand and time are uncertain andhalgo

mitigate CO2 emissions and congestion in densesaread

LMDCs are not created to replace other centersydther
to support the urban distribution center and imprake
efficiency of last-mile delivery (Amchang & Sond)I8b).

In European countries, they provide around 5,00

distribution centers to support last-mile servibe.mega-
cities, last-mile service faces traffic congestiaich can
impact delivery time (lwan, Kijewska, & Lemke, 2016
Thus, parcel service needs more centers for suppdte
last-mile concept. City logistics has become a dré¢a
apply the last-mile concept in cities. €@missions and
traffic congestion need to be mitigated in citi€here are
various options for dispatching a parcel in a tityncrease
customer satisfaction, such as by bike, drone, edactric

vehicle (Amchang & Song, 2018b; Leesa-Nguansukp201

The concept of a small vehicle provides the fagtessible
delivery time without producing CO2, which is nesay
for last-mile service. LMDCs comprise a significgrdint
for distribution of parcels to customers in a ci#psuring
speed and flexible routes for delivery. A suitabllstance
for last-mile delivery is approximately 5-15 kilotees, as
found by previous research in Table2.

Moreover, most 3PLS has been applied to improv
customer satisfaction by reducing delivery time.r Fo

instance, the Monaco government has applied
consolidation center to support electric vehicleside the

ChompoonuAMCHANG /Journal of Distribution Science 18-4 (2D39-50

city (Binsbergen & Visser, 2001). Other Europeaanrtdes
have considered last-mile delivery by
stakeholders to adopt this concept in their busif€ayikci,
Furthermore, Olsen, Gergele, Ghee Chua,
Bartolucci (2015) applied the last-mile concepite-day
delivery service for supporting online shopping esd
LMDCs always apply urban consolidation centers (Y@C
improve the efficiency of courier distribution Figd. Thus,
both consolidation centers are supported togethedegl
with the growth of e-commerce (Arvidsson & Pazirehd
2017).

Source: Amchang and Song (2018b)
Figure 4: Difference in perspective between UCC and LMDCs

Table 2: Review of suitable last-mile delivery distance

Reference Objective Distance Type of Service
To require the exacting .
A”gbig?"’ delivery services 11.9 km. taztr;t]ilclyi
offered by e-retailers p
D To study the current
situation of last mile 9.5-14.5 km. Retailer
Lopez (2017) distance of logistics (6 to 9 miles)
infrastructure
Farhan & Todevelop a model forl ) o 45 Recycling
Murray, coverage in location (4105 miles) facilities
(2006) facilities
To prepare coverage for
Mallick & interpretation and in 5-10 km Rural service
Routray, planning for decision ' center
(2001) maker

For 3PLS that want to implement last-mile servioe i
cities to increase satisfaction from consumers lie t

delivery service, last-mile delivery service hacdmae a
solution to reduce delivery time while increasirgrvice
coverage in a city area.

For instance, Raphaélle, Paristech, & Delaitre §201

explained that urban freight transportation hasobec
necessary to optimize the movement of good inya Bitie
to changing customer demand, new logistics strasegnd
innovation for distribution have become necessdihus,
the last-mile delivery concept needs to be updé&edhe
parcel delivery sector. In France, Faccio & Gamli20il5)
studied a field analysis of questionnaires for elmedoor

influencing

&
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services to identify the performance of eco-logssti In summary, the literature review presented in &abl
systems. It was also developed into Vicenza Pravimc shows that there are several previous researchaehdve
Italy. The distribution of goods in urban areas emlaffic ~ examined various solutions to analyze the problem
congestion is considered to be linked to energconcerning coverage of service area. In these quevi
consumption, air and noise pollution. Ewedairo, €&hHh&  studies, optimization in travel distance and cost
Jie (2018) studied the map measurement of potenticonsiderations was the primary approach. Moreo@&g
transportation networks by applying last-mile defivx has become a tool to analyze the last-mile seritice
(LMD). A map is used for spatial measurement bydifferent functions. However, only a few previousidies
considering the road network and planning contréis. involved the exact locations of parcel delivery vim
presents the mapped output with the urban areaaffict centers and real service coverage among the pusifar
congestion and needs LMD to implement urban plapninlast-mile centers. Therefore, it is not easy ta fadequate
and city logistics. Moreover, Oliveira, Oliveira, ®orreia research focused on the public sector in terms av€qb
(2014a) explained that the increase in a populatod delivery in Thailand. Moreover, not many studiesnpare
development in Belo Horizonte, Brazil was relateccity  the differences in service coverage for last-migviee
economics. So, it applied simulation and optimmatio  under the e-commerce situation.

implement a potential logistics system and reduce t

impact of goods movement in the city. Moreover, Aty 2.3. Eastern Economics Corridor (EEC)

& Song (2018) applied the last-mile delivery corcép

improve customer satisfaction in a dense area. rmbst Eastern Economics Corridor (EEC) is a government
suitable distance for last-mile delivery is typlgdbetween policy that supports trade competition, investmenig the
5-15 km. distribution of goods and services. This econonzose

increases economic competitive capability by elegat
Table 3: Summary of literature review: last mile delivesgrvice  technology and innovation, thus boosting qualityifef for

area coverage citizens (Office of The National Economic and Sécia
Reference Objective Methodology Sector Development Council, 2016). In Thailand, EEC has
Oliveira etal.,| Toanalyze urban| Simulation, Private included 3  provinces: .C.honburl, Rayong,. and
(2014) logistics space | Optimization Chachoerngsao. When combining these three provitiees
Perboli, total area is approximately 13,404 sqg. km in Figure
Rosano, . . .
Saint- To illustrate the S|mu!at|o_n, Private
P framework Optimization
Guillain, &
Rizzo (2018)
To measure and
Ewedairo et map of the GIS Public
al., (2018) potential last mile (ecommerce)
delivery
Cardenas, Chachosngseo
Beckers, & To study demand Costs Public
Vanelslander,| of B2C delivery calculation (ecommerce)
(2017)
- Chonburi
Flisek & To mpdn‘y an ArcGIS
. algorithm for h .
Lewandowicz R (Linear Private
(2019) mapping linear barriers)
’ service areas Rayong
Mallick & To prepare
Routray, coverage service GIS Public . . .
(2001) area Figure 5: lllustrates studied area in EEC
To analyze the . . . . .
Yang, radius ogservice GIS EEC is located in a suitable location for the Thai
Goerge, & . . Private ; ; ; ;
’ area according to (gravity economy because its area is close to two airpodsding
Mullner, (HealthCare) L . L
(2006) the type of mode) Suvarnabhumi airport and Utapao airport. Thus, sit i
provider suitable for import and export businesses. Moreover
Manerba, | To organize a fast o . Chonburi is a province in EEC where Leamchabanty ipor
Mansini, & delivery under a Minimize Public : - . ;
Zanotti different time traveled (Home located. For either sea transportation or rail gpamtation,
(2018) window situation distance Delivery)
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EEC offers multimodal transport in this area (Gdfiaf The
National Economic and Social Development Coundil,&).

ChompoonuAMCHANG / Journal of Distribution Science 18-4 (2p39-50

shortest accessibility. Third is less transportatio
consideration of C@emissions. Therefore, Thailand Post

EEC has become a zone of trade competition. [0, t should develop its services to increase custontesfaetion

free-trade movement of products, services, investsnand
skilled laborers is
Therefore, this zone will be its own mega-city ihailland.
People and industries will move into the area. tBe, e-
commerce trend will be the most important busiress is
also related to transportation in terms of parcgivery
service.
entrance. In the case of parcel delivery servidelL.S3
companies need infrastructure planning for exterldst

EEC is a place many industries want tm ga

and improve the efficiency of its parcel deliverpgess.

important to the economic zone.

3. Research Methods and Materials

3.1. Study Area

For the purposes of this study, Thailand Post i€ E&E
selected as a case study to suggest a coveragéoaitba

mile service. However, the improvement of last-mile|zst-mile delivery concept. EEC identifies a gatgviar a

service infrastructure is easy for private compsitiecause
they can adapt and implement the last-mile strateped

on trends. On the other hand, Thailand Post is tdigpu
sector company, meaning it takes more time to dgvtie

last-mile delivery concept.

2.4. A case study of Thailand Post Co., Ltd

Most parcel delivery companies in Thailand arethia
private sector, so they can improve delivery senfar the
e-commerce trend easily, unlike the Thailand Rebktch is
a state enterprise business handled between gogatrand
company. It provides delivery services for parcégers,
and other aspects of product movement from tramsian.
So, Thailand Post takes time to improve the infeastire
of its service and develop its delivery servicefdet, it has
prepared a strategy before implementing the serface
customers (Lertrit, 2010). With the growth of e-guoerce,
there has been an effect on logistic sectors sihee

new economics zone in Thailand, which will be a auity.
So, Thailand Post may deliver inside the city vist-mile
delivery delay and bottlenecks in transportationadidition,
Thailand Post needs a condensed city model forirgerv
last-mile delivery to customers in a crowded city.

3.2. Datasets

The data collection for this paper needs spatish da
apply to GIS methodology. It is divided as below:

eLocation of post office: In this paper, we appli&si post
offices that related to last mile activities. Thé PHost
offices are located in EEC.

*Province of EEC: EEC included 3 provinces compgsi
Chonburi, Rayong, and Chachoengsao.

*Transportation networks: This data is important fo
analysis in the GIS method. It is necessary to terea
geodatabase for network analysis to consider servic
coverage area.

behavior of customers has changed towards online «population: The purpose of this paper is to extest:

shopping. So, it has a significant impact on thévdey
service sectors. Therefore, this paper considegsldst-
mile service of Thailand Post in EEC. Thailand Roshs
1,275 postal facilities in Thailand. In this papeg applied

mile service into a city area. Population can refera
suitable location for a post office with specifiogulation
density. Thus, the population in each districtssuaned to
correlate with the demands of parcel service.

only 56 post offices in EEC comprising pick-up and The data analysis of this paper is categorized Bito

distribution centers for parcel service. Therefdrkailand

Post needs to consider the last-mile delivery sergize in
the future. To facilitate faster delivery, ThailaRdst should
first study how the service areas for delivery eemtcan
offer coverage for domestic and international ocun&is

(ThaiQuote, 2017). So, EEC is important for Thaila
Post by adjusting and planning its service to cquescel

demand in the future.

Therefore,
services and last-mile delivery can be divided ir&o
dimensions. First is the coverage of delivery sEvi
Thailand Post uses long-distance service to coNereas
but doesn’t consider the delivery waiting time ftire
destination. Second is the fewer post offices, nmeggit
cannot provide fast speed to customers. It isatiffifor the

processes: first, spatial data is analyzed inte@gmaphic
coordinate system. In this case, Thailand useseusa
transverse mercator (UTM) projection. Second, weaga
network analysis to be the main function to analymete,
distance, and suitable service area. Network aisatys be
a tool for analysis of several problems. Thu, tpaper
proposes the service area analysis. Third, nonadpta
analysis is applied to describe data processinGI®. A

the difference between Thailand Post'gata table is needed to determine statistical galue

3.3. Research Model

Geo-Information Systems (GIS) is a process using
spatial data through a computer system. It is used
determine data and information to analyze geogcabhi
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data (Thongkham, 2016). This geographical system is

different from other programs because it uses iocadata
and descriptive data in the analysis (Satiennarkydfa, &
Oshima, 2006). There are many papers applied tathad.

3.4.1. Dijkstra’s Algorithm in network analysis of GIS
The algorithm of Dijkstra tries to find the stest
distance or service area. So, network G = {V,E} whgG)

White, Guy, & Higgs (1997) used GIS to develop theis a set of nodes in graph G, E(G) is a set of iarggaph G

accessibility of post office service by an undetyi
population. The impact of rural service was congdeas
well. Kimpel, Dueker, & El-Geneidy (2007) studiebet
overlapping of bus stop service areas by consigdetiie
walking service area of the bus stops. Distanceapasied
to estimate walking accessibility to the bus stopke
analysis of a method is applied for one-quarteersérvice
under uniform density demand. Mallick & Routray (20
applied GIS for preparing coverage in the inteigdien of
planning and decision-making in India. The resshswed
that suitable distance could be used to deternhi@eérvice

area between a market and health center. The radius

service was shown to be within 5 km. GIS is usddul
creating a database for spatial planning and fpiyap in
the field of urban and regional development. Moszov

Amchang & Song (2018a) applied GIS to visualize the

spatial data of a transportation network and thepshof
sub-districts to analyze facilities locations fasttmile
delivery centers (LMDCs). Therefore, GIS is a pdwer
method for analyzing spatial data that is bettantiother
methods.

This paper proposes the research framework asrsho
in Figure6.Step 1: we prepare data and data collection

concerning post offices, road networks, provincasd
population data. In this step, we need to transfarispatial
database as point, line, polygon, and network dat8sep
2: we overlay a shape file then analyze the populatiata
with post office locations into GIS softwar8tep 3: we
create a network analysis layer for preparing thet step.

Step 4:we analyze a service area through network analysis

while considering the last-mile concept. In thigpstwe
approach 3 distances that are suitable for lag-sgkrvice
as 15km., 10km., and 5km. The service analysikigdtep
is followed by Dijkstra’s algorithm to find last-ieiservice
at a short path distanc8tep 5: we suggest a number of
post offices for supporting the last-mile concejpTloailand
Post into EEC.

3.4. Research Model

The network analysis function in GIS follows Dijtasts
algorithm. This paper applies GIS as a tool to greghe

and d, represents the length of line (u, ¥)E, which
processes in the method (Dijkstra, 1959; Klawwik&n
Jirakajohnkool, 2014). The lines use a continumes graph
and the weight of all lines have to be over 0. Th&ans that
w (u, v) > 0 in all (u, v) and E(G) is specifiedhere S is
assigned to be a set of vertexes by having a defalule of
an empty set,,ds a value of distance from the starting point
to vertex point v, and Q is a set of vertexes timte not
been entered into the loop.

Stepl: Data collection and preparation

Step2: Overlay shapefile and proper location
analysis

¥

Step3: Create network analysis layer

Step4: Apply service area analysis with

Dijkstra’s algorithm

s

Step3: Map visualization for decision-making

Suggestion solution to last mile
service coverage

Figure 6: Research framework

The default value is V(G). Point u would be selddteo
the loop. It would be the point that appears in thwhe
lowest du value. Once selected, this point would be
removed from Q and the value would be applied to S
instead. A review would be made on every pointat thas
a line connected from point u if dv 3/a (u, v) then make
a change tod= d, + w (u, v) and edit the point to vertex v.
It comes from point u then repeats in the looplu@tihen
becomes an empty set, which allows the shortese toube
achieved as desired (Kongyong, 2012).

Service area analysis is used to apply Dijkstra’s
algorithm to the traverse network. The objectivehid tool

spatial database and run an analysis of servica aris to return a subset of connected edges to spacigtwork

coverage to Thailand Post for last-mile servicEBEC. The
ArcGIS desktop application is required for the natkv
analysis function. Its function involves using tBgkstra

distance or cost cutoff. The service area can gémer
polygons, line that surrounding this both. The polys
from the service area are generated by using tbhenegtey

algorithm to analyze service area with the shorthpa of lines then traversing into a triangulated irfegunetwork

condition of the algorithm in Figure?.

data structure (ESRI, 2017). Many papers have etutfie
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application of Dijkstra’s algorithm to find shoristhnce
service. For instance, Baltic (2015)applied Dijas
algorithm for the delivery of courier items or e@ps

algorithm for mapping a service area. Network asialys
used to generate a service area based on pointsoadd
networks. Spatial data is applied to design the sizthe
service area. Moreover, Chukwuka, Abiodun, & Emnehnu
(2018) proposed a route planning application byngisi
Dijkstra’s heuristics to analyze the shortest paltjorithm
in routing. It pays more attention to emergencypoeses
during disasters, fire outbreaks and courier paském
reduce logistics cost in the transport sector. Sipath
distance is important not only in express transgmut also
emergency response by adapting Dijkstra’s algoritiom
route network analysis (Ahmed, Ibrahim, & Hefny,13).

| Spatial data collection |

¥

Geographic Information Systems |

R 2

| Network analysis tools |

R 2

-Location-allocation analysis
-Short path distance analysis
-Service area analysis

¥

Dijkstra’s algorithm

Thailand post of
last mile service area

Figure 7: Research Methodology

4. Results and Discussion

This spatial database is the basis of networkysisafor
the last-mile service area in the case study. Rasehe
outputs, a service area for last-mile delivery asried out
applying GIS. To explain the results of this papes,divide
them into 3 parts: first, we study population exgan in
EEC, after which we show the locations of the dites
that address the density of the area. Second, \ab/zan
service distance that is matched with the last-midivery
concept. Third, we suggest the appropriate numbgost
offices in the case study to expand last-mile servi

4.1. Determine the population expansion in EEC

For the locations of post offices in EEC, we gppb

post offices that provide last-mile delivery. Poffices are
located in a good location with availability to ase
network transportation in Figure8. In this stages add
delivery. Flisek & Lewandowicz (2019) modified the more layers of population in EEC to analyze posicef
locations and area density. The post offices hagenb
located in proper positions with population densiityure9.
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Figure 8: Location of post offices in EEC
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Figure 9: Location of post offices in dense areas.

The level of dark color means areas have varying
population densities. For the density analysis, uize
GIS software to combine the spatial database.

4.2. Network analysis to service area

This paper uses GIS to analyze the service aregpty
short path distance theory by Dijkstra’s algoritfnom the
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GIS method. In this stage, we apply 3 dimensiontast

mile delivery distance such as 15km., 10km., anch.5k

These three categories of distance were collectad the
literature review as those that would be a propstadce
for last-mile service in urban areas. The reswtghthat, if
Thailand Post wants to extend last-mile servicenfrb6
post offices, then it requires adding more LMDCstlie
study area, as necessary in Figurel0.
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Figure 10: 15 km. service area of last mile

For short distance service, Thailand Post cannptome
the efficiency of its parcel service due to lackLéiDCs.
Due to the service area being 15 km., the map ptesbe
locations of post offices not located around EEBuS; the
coverage of last-mile service at 15km. will not epthe
entire area. Moreover, if Thailand Post wants tdrass
more last-mile coverage in short patch distanc&étagm.
and 5 km., the map of the service analysis prestats
Thailand Post needs as much LMDCs as possibldyaagns
in Figurell and Figurel2.

The results of service area analysis from GIS ssigipe
strategy for last-mile delivery to Thailand Postinivolves
implementing more LMDs depending on what servicesi
are needed because individual service size takiféeaent

Service Area (meters)

527 10000 * Post Office in EEC

0 12500 25000 50,000 Reters.

Figure 11: 10 km. service area of last mile
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number of LMDCs being located. Table4 explains the Figure 12: 5 km. service area of last mile

percentage of coverage area to last-mile servicea at

different service distance. The result explains taeied
radius of service size that needs less LMDCs. Kilgimd
Post plans to be a 3PLS of parcel delivery in Efi@yever,
it needs to reduce service size by locating mor®Od.

The percentage of last-mile coverage service distan
shows the size of service is dependent on the nuwibe
LMDCs. The 15 km. distance covers around 67% ofiser
size in EEC, 29%, and 16%, respectively. In the ciady,
Thailand Post only has 56 post offices for lastemil
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activities. Therefore, 15 kilometers for distanegvice is
the first step to implement, followed by creatingnm last-
mile infrastructure for 10 km., and 5 km. respesijv

Table 4: Percentage of service area coverage in diffesrges

Therefore, the current locations of post offices caver
the area in the EEC, as in Table5. The results were
calculated by using GIS.

Province No. post office E(Igg(lfr;%? =y Total area (%)
m 10km 15km
Chonburi 31 4,476 35 38 89
Chachoengsao 14 5,226 5 18 39
Rayong 11 3,702 9 35 79
Coverage EEC area (percentage) 16 29 67
Table 5: Total coverage area of current post offices
Coverage Area (knf
Province No. post office I'El'gtgl (i:r??) 5 km 12km il 15 km
Chonburi 31 4,476 1,578 1,712 3,989
Chachoengsao 14 5,226 264 951 2,029
Rayong 11 3,702 336 1,280 2,929
Coverage EEC area (Kjn 2,178 3,943 8,947

4.2.1. An analysis of numbers of post office

This paper suggests a number of LMDCs for Thdilanmore LMDCs into the city area to cover last-mileviee
Post to increase last-mile service size. In EECailéhd
Post has only 56 centers related to the last-nolecept.
However, the locations of its centers do not cdkierwhole
EEC area. Therefore, Thailand Post needs to address
LMDCs into EEC. In this topic, we calculate a proiy
number for last-mile service centers by compariegveen
the existing number of post offices and serviceaareincluding providing many opportunities for delivesgrvice
coverage from network analysis, as shown in Table6.

Table 6: Expected number of LMDCs for Thailand post in EEC

Estimate number of
post office for last mile
. No.Post | Total area delivery
Province office | EEC(km?)
5 km 10 15
km km
Chonburi 31 4,476 88 81 35
Chachoengsao| 14 5,226 277 77 36
Rayong 11 3,702 121 32 14
Estimate post offices in EEC 486 19( 85

To estimate the number of post offices for lastemil

delivery in EEC, it can be calculated by using infation

about the number of current locations in each servi

distance multiplied by the total area of each pmogiin

EEC, then dividing by the coverage area of the emurr
location in a different distance of last-mile seeri Based
on the service analysis, LMDCs are important toaexjp

delivery service in a city. So, this case studydse® add

for different last mile distances. The result pre#sethe
number of post offices that are needed to addréss Bo,
the estimate for post offices on 15 km., 10km., &kich. of
service size is 85 centers, 190 centers and 48ersen
respectively.

E-commerce provides buying options for customers,

to 3PLS. Urban logistics becomes an important coinfoe
delivery service in a city. Particularly, parcelidery plays
more attention to last-mile service companies wdumth
into the business sectors. Last mile infrastructise
necessary to support parcel service in a dense city
Therefore, a last-mile consolidation center becoapscro
center to address the inner city to increase thdcgesize
for last-mile delivery. Due to traffic congestio80O, and
PM2.5 affect both citizens and delivery service pamies.
Consequently, many countries are paying more atend
policies for reducing traffic congestion in the yciand
letting delivery companies consider €@missions in the
city. Therefore, last-mile concepts are launched urban
areas, which refer to the short distance of sertheg can
be applied for parcel delivery. Moreover, onlin@gping is
another motivation factor in courier delivery for
considering the last-mile concept by avoiding tcaff
congestion and improving customer satisfaction. Gl&
tool used to apply a network analysis by considgsiervice
area under last-mile conditions. The service aresyais
followed Dijkstra’s algorithm from GIS software. &tefore,
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this method can be used to solve service sizeh®ndst-

mile delivery concept and the number of location of

LMDCs in the case study can be calculated.

5. Conclusions

LMDCs are important for delivery companies to exten

their service in urban areas. Last mile servicee Sg

dependent on the needs of specific companies. Mergo

companies can get more satisfaction from custortierns
other delivery companies if extend the last
infrastructure for time of e-commerce. The resoltghis
research will help to develop customer satisfactibparcel
delivery service under the last mile concept anterof
suggestions for a number of LMDCs to help easesact®e
customers in dense areas. It should also help hétter
handling of smart online shopping services in thture.
Moreover, it encourages the government sector ovige
accessibility of infrastructure in urban areas.

In this paper, the research problem was based en th

service coverage area of last mile delivery, whaf#LS

considered as a first step to provide more LMDCd an

shorter distance service. The author faced theeissu
inadequate information from previous research caricg
last-mile delivery service in Thailand because n8RLS
come from the private sector. Thus, there are s¢i&sues
to extend this research that can be suggestedufaref
research direction. First, cost analysis shouldgmessed in
future research for comparing the investment cestd
transportation costs when addressing last-mile ecent
Second, future research should consider service fim
terms of instances of applied distance, betweennide
locations when sending a parcel to a customer fatah
destination. Third, this research could be extentgd
applying the optimization of delivery routing asavel
salesman problem (TSP), which applies a set of<citind
distances to find the shortest possible route yjting
every city location exactly once and returninghe starting
point. Fourth, future research should compare dleations
of other 3PLS to study the differences in delivegyvice
area. Moreover, one future research topic involtes
period of time to locate LMDCs, which should bedétal.
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