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The details of step (2) are presented in (Jintawiwat, 2010).
service, and the third step involved using online map services to display data within a web application.

involved converting the text addresses into latitude-longitude coordinates making use of the geocoding
This paper will discuss the details of the first and third steps shown in Figure 1, in which the first step

were used in order to enhance the effectiveness of the map displays and route information given.

be used as part of a map display in step (3). During this step, Google Maps APls (Google, 2012a)
shown in (Jintawiwat, 2010). The results of the routing exercise were then stored in the database, to
account stops - and on to the final destination. Details of the solution developed for this step are
(VRP), one designed to minimize the duration of journeys, from their starting points - taking into

coordinates and company locations to solve route planning problems, as the Vehicle Routing Problem

service, which was used in this case study. Step (2) used the latitude-longitude employee address

Nowadays, numerous online geocoding services are widely available, such as Google geocoding

out by employing the geocoding technique.

data as inputs for the route planning algorithms in subsequent step. The conversion of text addresses
database, that stored in the form of text, into a latitude-longitude format, so as to be able to use such

shown in Figure 1. Step (1) involved converting employees' address information from the employee

employee transportation route planning purposes. The development comprised three main steps, as
This paper describes the development of a web application, to be used to display spatial data for
the company's understanding of such information.

could be seen quite clearly that these journeys involve many coordinates, and so designing an

needed to be factored into the design included the duration of the longest trip made within the

employee transportation route planning system, while meeting required conditions. The factors that

transportations can help reduce logistics costs. The aim of this study was to design an effective
are other operations that affect overall costs, such as logistics. Effectively planning of employee

cost reduction becomes a key requirement of many business operations. Apart from production, there
Within an intensely competitive business environment, increasing revenues is difficult, and as a result,
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coordinates, which were then stored in the database, to be employed by the company.
Google Maps API geocoding service, and received the results in the form of latitude-longitude

Figure 2, during which a web application retrieved the text address from the database, called the

a suitable approach to use to obtain the required coordinates. The process for this step is shown in

Due to the high quantity of information used in this case study, the geocoding technique was seen as
centroids, or, in some cases, as city centroids (Roongpiboonsopita, 2010; Cayo, 2003)
instance, if there is insufficient street information, a geocoding service will return the results as street

errors when converting the information into coordinates. Foris not high enough, which results in

- either text addresses and/or latitude-longitude coordinates in an area, or the density of mapping data
One disadvantage of geocoding is that errors may be produced due to a lack of mapping data

(Roongpiboonsopita, 2010).

data may vary in accordance with the density of a given community in a particular location

provider containing the text address information and latitude-longitude coordinates, as the amount of
is considered the most accurate result, and (2) the size of the mapping database held by the service
which should include the city, the postal code, the street, and the address point, and the last element

level of accuracy - which depends upon the level of completeness of the text address information,
depends upon: (1) the completeness of the text address delivered to the geocoding service and its
other methods is difficult and costly. The usefulness of the coordinates data obtained by geocoding

its speed and its suitability for use with large data set, while obtaining coordinate information using

One advantage of employing the geocoding method to obtain latitude-longitude coordinates is
Notation (JSON) form, or XML.
information in a text string and latitude-longitude coordinates are returned in JavaScript Object
charge, assuming a maximum number of services are requested within a day, and the address

standard, with a wide variety of options. In addition, Google Maps API services are offered free of
accuracy, as well as good service reliability and stability. Also, API services are easy-to-use, high
global address intormation which is updated regularly and consistently, resulting in high levels of

This case study employed the Google Maps API services, which feature a large amount of

software package (Texas A&M University, 2012).
2012), (2) online geocoding services available for online access but not via API, and (3) stand-alone
Bing Maps Geocode API, and MapQuest Geocoding API (Google. 2012b; Microsoft, 2012; MapQuest,
access via Application Programming Interfaces (APIs), such as Google Geocoding API, Microsoft's
geocoding services are available in following three forms; (1) online geocoding services available for

between the text addresses and latitude-longitude coordinates offered by a service provider. Currently,

text address information to be used as an input, and (2) the size of the database of mapping data
and the ettectiveness and accuracy ot a geocoding service depends upon: (1) the completeness ot the

Geocoding involves converting geographical location data from text into latitude-longitude coordinates,
Geocoding

Figure 1: Main operating structure of the employee transportation route searching system
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address to search for a nearby location that contains more complete data.

from surrounding locations with more complete information using a keyword in the existing text
Another method which might generate a higher level of accuracy would be to interpolate addresses

information on the map.

problem found in the case study company where many employees had difficulty understanding the
has a large amount of information, and for users who are not familiar with the mapping data - a

at a time, as shown in Figure 3. This method; however, is time consuming and so unsuitable when one
may be used to reduce the amount of error is to manually adjust the latitude-longitude coordinates one
data available in terms of both the text addresses and latitude-longitude coordinates. One solution that
In rural areas, the high error level is due to low amounts of information and a low density of mapping
approximately 800 meters
meters, and in rural areas, the average error ranges from 200 to 500 meters - with a maximum error of
the average error lies between 100 and 200 meters - with a maximum error of approximately 500
and 30 meters - with a maximum error of approximately 200 meters. In the districts of other provinces,
For the Thai data used in this study, in the Bangkok urban area the average error ranges between 10
from smaller cities and towns, leading to street centroids being returned as the geocoding results.
location in the database. Normally, the density of mapping data obtained from big cities is higher than

coordinates returned, depending upon the density of mapping and text data available for a given

the results of geocoding may contain errors in terms of the latitude-longitudeAs discussed,

Errors in geocoding process

Figure 2: Use of the geocoding service to convert the text address information into latitude-longitude
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stops, and vehicles.
three additional important database entities from the results in this step, these being the routes, the

the database, to be used for the display and management of the geographical information. There are

maximum distance or duration of each route. The results of the route planning exercise were stored in

based on the required conditions, these being the number of routes, the number of vehicles, and the
used as inputs. The second part involved incorporating these stops into the routing planning system,
distance from a residential address to a stop. After the optimal stops were obtained, they were then
number of stops, the maximum distance from a residential address to a stop, and the average
used to carry out employee address clustering, so as to generate the stopping points, including the
be used as inputs - to solve the routing problems; which consisted of two parts. The first part was

The latitude-longitude coordinates of the employees' addresses and the company location could thus

Figure 4: Location/density of employee address coordinates
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density of employee address coordinates. This map helped to establish a better understanding of the

then requested to display geographical data, as shown in Figure 4, which shows the location and

After converting text address information into latitude-longitude coordinates, Google Maps API was
meters, an error margin which allowed for primary routing
areas (65%) and rural areas in other provinces (14%), with an average error of approximately 100
The distribution of the information used in the study was divided into the Bangkok area (21%), urban
Phra Nakhon Si Ayutthaya, as designated by the ® symbol in Figures 4 to 6.

Nayok, Ang Thong, Lopburi and Singburi. The case study company is located in Bang Pa-In district,
these being: Phra Nakhon Si Ayutthaya, Bangkok, Pathum Thani, Nonthaburi, Saraburi, Nakhon
The data used in this study was the address information of 20,095 workers across 9 Thai provinces,

Data employed in the case study

Figure 3 Adjustment of a location obtained by geocoding the text address to the right
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Figure 6: Geographical routing results displaying only the stops

(331

na takiar

Lat Krathing

Chai Khet
Sanam

359, -

30a

315)

Ban PhoBang Bo

/ Na Mueang

a bang Chachoengsao

Nong Chok

Prakan

samu

AH19

Phot
Si Maha 304 ,

Mue

Sarakham
Phanom

319

319

- Prachin Buri

03 AHI

Ban Sang

Don Too onl
Sakhon

ThianSamut

Ban& Khun

Raichabun Danak
4 023

Bang Phaeomaram

Watthana(35252

Gnal s

wang
Pathom

323) Nakhon Nakhon

Tha Maka
321

Prachantakham

Pak Phi

Ongitharak ·

· : Tra Chang ·(30s)

Napon.
3Á0

Nong
Song Phi

324

Sam Phar
Plaza aChorakhe

"U Thong 321 Tha Raha

Suphan Buri

Mu si

Playa Yen Pak Chong-Kaerf Khoi

Stopsone sara

·Routes

· End-Point Markers
Khao

Lat Bua (2)

Sikhio

narayasa: Decl7_2012
2258) Map Satellite

Don Chedi Si Prachar
BAO

Nong Ya Sai Sam Chuk

Nang Buat
Doem Band· Makhal

· samrone
KAOK

Sankhabuni 18
Tha Luang

340Hankha

Figure 5: Geographical routing results displaying only the stops and connecting lines along the routes

· Ko Char

Tha Takiap

Lat Krathing

Chai Khet
Sanam

359

AH19

Phot
Si Maha

AH19

NIKnON
Phanat

331
315

Ban PhoBang Bo

304)/Na MueangAHIg

ang/ Chachoengsao

Chok

35
Sakhon

ThianSamut

Bang Khur

Chai s
Nakon

MaR Kin

Don Tako, Bang
Sadua

DamnoerRatchabun

4 338

otharamBang Phae

3525-7)

Pathom
323 Nakhon

* Mue

saraknam
Pnanom

319

319

-Prachin sun

33 AHI

tha Makal
Ban Sang

PrachantakhamSong Ph

Pak PhiSam Phan

MuS

banal

Stops

MRoutes
Knac

· End-Point MarkersLat Bua (2)

Pak ChongPraya Yen

Nong SaraiMeath Lek

Plaza Ma

Tha RahatU Thong 321

Suphan Buni

(357)
(333)

Don Chedi Si Prachar

(340

Nong Ya Sai Sam Chuk

Nang Bua

woem Dang

nana: Decl7_2012
Satellite

(20s)AHTI

required, users can click on a route and the appropriate details will appear, as shown in Figure 7.
extracted trom the clustering step - to find the optimal stops to use. When details of a route are
connecting lines between stops, while Figure 6 demonstrates the stops and a map of the results

between stops, and the farthest stop on each route. Figure 5 only shows stops along the route and the
straight line - for ease and speed of display of the overall features such as stops, connecting lines
map. Within the system, the connections between stops along each route are estimated using a

Figure 5 shows the results the routing results with the help of Google Maps API in displaying on the
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variety of tasks, and will result in higher route planning efficiency.
route. As can be seen, the map display, working in tandem with Google Maps API, can be used for a
distances and estimated traveling times, including the arrival times of the next vehicle, along a given
Maps API directions service, users should be able to access information on the nearest stops,

shown in Figure 8 (which demonstrates the nearest five stops), and used together with the Google
tables might prove difficult. In contrast, if such data is held on an appropriate map display system, as

therefore be seen that to search for information based on data held in the form of text, numbers and
along a route, or when to leave in order to reach a particular destination at a given time. It can
generate other useful geographical information. For example, users may want to find the nearest stop

understanding of the routes used and help it to deal with route adjustments, but may also be used to
It can be seen that the geographical data display will not only help improve the company's level of

enhance the utilization of each vehicle.

duration between stops along a route can also be used for timetable planning purposes, and to
ascertain other information, such as the total distance of each route and the total fuel costs. The
from the directions service, incorporating the requirements to pass specific points, can be used to

the web application to schedule the optimum stops and routes. The distance of each route obtained
provides new distances and times. The results obtained can then be updated in the system, to allow

routes and stops can be adjusted and the directions service then re-calculates the new routes,

used to estimate the time of arrival at each stop, assuming the departure time is set. Furthermore, the

takes to reach these stops, which is calculated by Google Maps API. The figures obtained can be
chosen route. The directions service provides the distance between consecutive stops, and the time it

the Google Maps API services, displaying the route that passes a specific set of stops along the

Figure 7 shows the details of a specific route by making use of the directions service contained within

Figure 7: Sample transportation details for one route
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displaying mapping information, and that may be used as the framework for a primary solution to be
services, one which can be employed easily and quickly, and still provide good results in terms of
application used to resolve geographical problems making use of a publicly available online map
from the use of geocoding services still contains errors, this paper illustrates the usefulness of an

the mapping display and the management of information. Even though location information obtained
stopping points, and uses a map APls to construct geographical data, so enhancing the efficiency of
longitude coordinates. The system also provides directions - to find what routes pass certain

map API services, and uses a geocoding service to convert text address information into latitude-

efficient employee route planning activities. The solution uses a web application connected to online
This paper has given details of a solution developed in order for the study company to carry out more
Conclusions

Figure 8: Search functions for the nearest stops along a route
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