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Abstract

A number of online geocoding services are now available enabling fast access to map-based geolocation. However, the quality
of these services is uncertain, often being based on poor data, especially in developing countries such as Thailand. This paper
reports on a comparative analysis of the quality of five such online geocoding services, with tests based on text addresses and
points of interest (POIs) in Thailand. The geocoding service providers included in our tests were Google, MapQuest, Bing,
Yahoo!, and OpenCage and the text inputs were in Thai. The quality of the geocoded results was measured using the match
rates and the positional accuracy. Two experiments were conducted, each with a different input format: (i) text addresses
collected from research participants (N = 1,511), and (ii) names of POIs sampled from a dataset of Thai academic institutes
(N = 5,000). The quality of the services tested was compared statistically using the Friedman test and the Wilcoxon signed
rank test. The results show that Google outperformed all other services for both text addresses and POls. Google, Bing, Yahoo!,
and OpenCage each had match rates over 90%, while MapQuest’ s match rate was 82%, but the positional accuracy of most
services did not reach a high standard at rooftop levels. From this analysis, we identify geocoding issues that need to be
addressed for further enhancement of the quality of the geocoding of addresses in Thailand. The knowledge obtained here also
provides valuable insight into the geocoding issues facing Thailand and other developing countries, and it is hoped that this

will benefit further research and the future development of high-quality geocoding tools.
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1. Introduction

Information on addresses is commonly stored in
databases and this may include information relating to
personal data, landmarks, and points of interest (POIs).
Typically, each address will reference only one particular
geographic location or region. The process of converting text
addresses into geographic coordinates is called geocoding
[1]. As a result of rapid advances in technology, users can
geocode text quickly and free of charge using online
services, examples of which include Google Maps, Bing
Maps, Yahoo! Maps, OpenCage and MapQuest. However,
even though these online geocoding services make the
process of conventional geocoding easy and relatively
seamless, uncertainties associated with reference databases,
geocoding algorithms, and positional errors remain [2].
Given these problems, processing geocoded coordinates of
unknown quality leads to questions about the reliability of
the process.

One problem preventing generalization of the geocoding
process is the variety of addressing systems used globally.
Addresses in most western countries, i.e., the United States,
Europe [ 3] and Australia [4], are based on street networks
and as such, the general address structure is comprised of a
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street number, street name, city, province or state, postal
code and country. Within a city block, the numbering of
buildings in western countries typically increases
sequentially with the numbers of the buildings, rising as one
travels along the street, with odd numbers on one side and
even numbers on the other. This makes it possible to
interpolate the distance between buildings with different
addresses on the same street.

However, while in some east Asian countries, such as
Japan, addresses are similarly based on blocks [3], with each
block separated by streets, house numbers may be assigned
arbitrarily within a block and it will therefore not be possible
to extrapolate any distance related information from a
particular address or set of addresses. Moreover, addresses
may also lack a street name. Rather, house numbering
systems may be based on construction dates. As a result, it
can be very difficult to find a specific location based on its
address. Finding a particular location within a block-based
addressing system requires matching the block address and
then returning the centroid of the block as the target location
address, but this method may be inaccurate for larger blocks.
The addressing systems used in India and in other eastern
Asian countries, including China, Japan and Korea, are
formatted to run from the largest administrative unit to the
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smallest, while in Korea, the addressing system is based on
street networks [5-6]. In India, the addressing system is also
based on street networks, but addresses are distributed
irregularly along streets and the geographical locations
cannot be identified systematically. Additionally, the
structure of Indian addresses differs in rural and urban
regions. Rural regions are characterized by districts within
states, sub-district within districts, and villages within sub-
districts, while urban regions are characterized by cities
within states, localities within cities, and this is then followed
by other information [7-8]. Beyond this, address string
formatting in Asian countries is further complicated by
factors such as differences in language and alphabets, and
sometimes the lack of delimiters between words. Thus,
because Asian countries may not use the street address
format preferred in western countries, the range of house
numbers on either side of a street segment may not be
sequential and the address geocoding process will then not
comply with TIGER/LINE or G- NAF standards. Street
address formatting requires a street segment database for
locating addresses and this may not work if addresses are
distributed irregularly along streets, as they are in India and
Thailand. However, most countries do not have their own
reference database due to the difficulty of recording
comprehensive coordinate points for all areas of the country,
and such spatial data as there is may be distributed among
several different governmental agencies.

In Thailand, the hierarchy of address components starts
from the smallest administrative unit and runs progressively
to the largest. Address details will typically include the house
number, street name, district, municipality, name of
jurisdiction (such as province), postal code, and country.
However, unlike in some other countries, in Thailand, the
postal code can identify the geographic boundary only at the
provincial level, and old city layouts increase the difficulty
of the geocoding process. The complexity of geocoding Thai
addresses is compounded by the different structures of urban
and rural addresses. Rural addresses are comprised of the
house number, village number, street name, sub- district,
district, province and postal code, but this structure causes
most online geocoding services to return a false position.
Beyond these problems, most studies on geocoding quality
have been performed in western countries, where the
majority of online geocoding services are based. So, these
results cannot be generalized to include countries that have

Table 1 Address formats used in western and Asian countries
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different addressing systems. The outcome of this is that in
practice, users choose a geocoding service according to their
ease of access, without knowledge of the quality of its
results.

The purpose of this study was therefore to analyze the
Thai address system and to compare the quality of the
geocoding services available in Thailand that can convert
addresses, place names, and POls, stored in Thai text, into
geographic coordinates. The online geocoding services
tested were Google, Bing, Yahoo! , MapQuest, and
OpenCage. Geocoded results were quantified based on their
match rate, which is the rate at which specific locations were
found, and the positional accuracy of reported locations,
which is reported in meters calculated from the actual
referenced location. The quality of the tested geocoding
services was then statistically compared and errors ( or
dislocations) obtained from the experimental results were
analyzed to help to make the geocoding process more
suitable for use in Thailand and in other developing countries
that may experience similar problems in their geocoding.

2. Background and related works

A number of different addressing systems are used in
various countries. Some of the address formats used are
summarized in Table 1. Japanese addresses have a block-
based structure and these blocks are separated by streets,
although Japanese streets do not have names [9-10] .
Addresses in Japan may in fact contain more elements
including block address, city block, groups of city blocks,
city, major city, and country [3]. Korea uses a street address
system. Its format is based on a road name and building
number, with the entire address consisting of city or
province, district or smaller city, town, road name, building
number, and other components ( floor, room number, or
apartment number) [5]. Chinese addresses contain elements
for country, province, city, district or county, sub-district or
town, community or village, residential area, block, street
number or building number, and room number [11-13, 3, 14].
The complexity of the address string format in China and
poor address management has resulted in multiple address
authorities, spread among various governmental agencies
[13].

Address Format

Western Countries
United States [3, 15]
Australia [16]

House number, street number, street name, city, state, zip code, country
Street (sub-unit, number, name), locality, state, postcode

Asian Countries
Japan [17, 3, 10]

Country, province (ken), municipality (special wards, city or county), locality (district, town or

village), city district, block, building number

Korea [5, 6, 18]

Country, city or province, district or smaller city, town, road name, building number, other

components (floor, room number, apartment number)

China[3, 11, 13, 19]

Country, province, city, district or county, sub- district or town, community or village,

residential area, block, street number or building number, room number

India [8]

-Rural addresses: country, state, district, village, road

-Urban addresses: country, state, city, locality, sub-locality, sub-sub-locality, road, building

Thailand

-Rural addresses: House number, village number (moo), alley (soi), sub-district (tambon),

district (amphoe), province (changwat), postal code, country
-Urban addresses: House number, alley (soi), street name (thanon), sub-district (tambon),
district (amphoe), province (changwat), postal code, country
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Table 2 The five free online geocoding service providers
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Service name” Company Limitation of non-commercial service
Google Maps Google Inc. 2,500 requests per day

MapQuest Maps MapQuest Inc. 15,000 transactions per month

Bing Maps Microsoft Corporation 50 jobs per day

Yahoo! PlaceFinder Yahoo! Inc.
OpenCage Geocoder OpenCage Data Ltd.

5,000 queries per IP per day
2,500 queries per day

*All services provide global coverage with RESTful APIs

Thai addresses use a different language (Thai) and are
usually written without a comma between the address
elements, which go from the smallest to the largest unit.
These usually consist of the house number, village number
(moo) (for rural addresses), alley (soi) (for urban addresses),
street name (thanon) (for urban addresses), sub- district
(tambon), district (amphoe), province (changwat), and postal
code. Address components can be extracted from the prefix
of each address element. It should be noted that in Thailand,
only house number is used as an address component. The
building number is not a part of an address.

Thai postal codes consist of a five- digit number
indicating the region, province, and the type of post-office
service. For instance, in the postal code 10300’, the first
digit (1) refers to the central region, the second digit (‘0”)
refers to the Bangkok area, and the third to the fifth digits
(‘300°) refer to the type of post-office service. The fifth digit
itself indicates post-office services, i.e., the 0’ shows both
depositing and delivering service and the <1’ offers only
deposit service [20]. Addresses for locations in urban areas
may contain a house number, alley, street, sub- district,
district, province, and postal code. In rural areas, the address
format may differ and contain a house number, village
number, sub-district, district, province, and postal code. To
complicate matters further, a house number may be mostly
numbers or numbers plus letters, and hyphens and slashes are
also commonly included. Complex examples of house
addresses are: 169/7-12 Th. Surawong T. Suriyawong A.
Bang Rak Ch. Bangkok 10500°, <636 S. Charansanitwong
42 Intersection 19 Th. Charansanitwong T. Bang Yi Khan A.
Bang Phlat Ch. Bangkok 10700’ or <334/29 S. Samukkee
M.9 T. Arunyik A. Muang Phitsanulok Ch. Phitsanulok
65000°.

Geocoding is a process for returning geographic
coordinates for a location from a text address or a place
name. This is achieved by comparing the text address and the
place descriptions in a reference database. Two important
elements of this are therefore the reference database and the
algorithm that is used to process the text [1, 21-22]. The
geocoding algorithm will include translation or interpretation
of the input text. This is a process for searching the reference
database for the details of the input text, matching the input
text to entries found in the reference database, selecting the
best answer and returning this as the preferred solution. The
reference database consists of data descriptions and the
actual coordinates for the algorithm to use to interpolate the
location on a map. However, the reference database may be
based on an address data model that is structured in a manner
that does not closely parallel the input text. For example, the
reference database might be built on a street network, land
parcel boundary, or address point data model [22]. The
selection of an appropriate algorithm for managing this
process and the degree of completeness of the reference data

are thus important factors that directly influence the quality
of the geocoding results.

Online geocoding services are available on the Internet
in the form of web services. With these, the service provider
selects an algorithm to process the input text and to search
the appropriate reference database. Then, the provider will
return a location based on this information. Users specify the
text and the results are obtained from the service provider.
So, users of these services need not have even basic
knowledge of the geocoding process. Rather, the service
provider controls, develops, and maintains the entire
geocoding process and consequently, online geocoding
services can geocode or search for addresses or text and
return a location as a result to users in real-time.

Previous research that investigates and compares the
quality of online geocoding services has primarily been done
in the field of public health and epidemiology, due to the
latter’ s need for accurate coordinates for the location of
patients and disease outbreaks to reliably perform analysis
[23]. Comparative research has investigated areas ranging
from the choice of algorithms or tools used to transform the
input text and to choose matching entries in the reference
databases, to the selection of geocoding services from
various commercial service providers [24-28]. After online
geocoding services became more widely available, studies
[2, 29-30] were conducted comparing the quality of
geocoded results from online service providers. It was found
that Google, Bing, Yahoo! and MapQuest had the same level
of quality. However, it is difficult to generalize the results of
these studies to other regions, specifically to developing
countries such as Thailand.

3. Methods

In this study five online geocoding service providers
were tested, Google, MapQuest, Bing, Yahoo! , and
OpenCage. These providers can geocode Thai text and points
of interest within Thailand free of charge, although
commercial services are also available. Geocoding services
may be accessed through application programming
interfaces (APIs) and the geocoding results are output with
confidence levels. The characteristics of the five free online
geocoding services are summarized in Table 2.

In the current study, all inputs for each geocoding service
are addresses or points of interest (POI), entered in the Thai
language and all test locations were within the borders of
Thailand. To test the quality of the services, two experiments
were run, each with a different input format. The tests were
conducted between August 2016 and August 2017, and the
environment settings of each experiment were as follows.
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1. Input Thai address
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dowia (Province) {v‘iun{[an (Phitsanulok)'i

thwiazl (Llouse number) ‘ 310 ‘

ana (District) ’ iilas (Mueng) v :
vqn:ﬁ (Village number) | 7

auw (Street) ‘ ‘ wialilsudie (Postal codce) [ 65000
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%o (Alley) \ ‘

Figure 1 An input form for entering Thai addresses

2. Identify boundary of the geo-referenced area

" @ Golden Place

-
S

* -
-

Cancle drawing EL8

MameeiCafe A
Hayaunusi ©2018 Google 2 m ©2018 CNES / Airbus, DigitalGlobé” | tiafinwiatumslziom

Figure 2 An online map for drawing the boundary of a geo-referenced area

3. Identify confidence level of the digitized area

The confidence level of geographic boundaries :

® 5 The boundary was correct. The building or location boundary was clearly seen on the map.

4 The boundary was correct. There was unknown building or landmark on the map.
3 The boundary may have some errors. The building or location boundary was clearly seen on the map.

2 The boundary may have some errors. There was unknown building or landmark on the map.

1 No confidence on the digitized boundary.

Next

Figure 3 Confidence level assigned to a digitized area
3.1 Experiment 1. Text addresses

The textual address inputs for Experiment | were in two
input formats. The first format, referenced hereafter as
Test-1, consisted of a house number, village number, alley,
street, sub-district, district, province, and postal code. The
second format, referenced henceforth as Test-2, had the same
data structure, but with no postal code. This was to allow the
researchers to study the impact of the inclusion of the postal
code on the results, since the Thai postal code is associated
with a geographical boundary that is only visible at the
provincial level. Due to the small volume of reliable
information relating addresses to map locations available in
Thailand, the researchers developed a web application to
collect text addresses with accompanying map- based

information. This data was gathered with the cooperation of
participants from across the country.

Screenshots of the web interface are shown in
Figures 1-3, which illustrate the interface presented to users.
Figure 1 shows that the user enters the required address
information and is then asked to search for the location of the
entered address on a map. The user draws the boundary of
the geo-referenced area (Figure 2) on the map, and s/he
specifies a confidence level to reflect how well s/he thinks
the digitized area reflects the reliability of the data. The
confidence level is a numerical value from 1 to 5 and
Figure 3 contains a key describing these individual values.
When the user submits the form, the application sends the
input data in the format of house number, village number,
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Please specify a comment.

Feedback on data accuracy:

Suggestion :

Figure 4 The geocoded results of the web application returned to the user

alley, street, sub-district, district, province and postal code to
each geocoding service. The user’s input and the responses
returned from each service were stored in a database and the
centroid of the digitized boundary was used as a reference.
The web application then returned all the geocoded results
and the centroid of the user’s digitized area to the user, as
shown in Figure 4. At this final stage, it was possible for the
user to leave a comment, should he or she wish to do so.

In our first set of experiments (Experiment 1), we
expected the sample size of the address input to be at least
1,000 addresses at a confidence level of 5.

3.2 Experiment I1: Point of Interest

The inputs for Experiment 1l were the Thai names of
points of interest (POISs). The inputs were in two formats: (a)
only the names of the POIls (referred to as Experiment Ila)
and (b) the names and the administrative data of the POIs
(referred to as Experiment 11b). The reason for using the POI
names with their accompanying administrative data is that
the researchers wished to test the impact of this on match
rates and positional accuracy. The administrative data in
Experiment Ilb consisted of the sub-district, district,
province, and postal code. The impact of the postal code data
on the success of the geocoding process was studied by
dividing the test into Experiment I1b-1, which was conducted
with postal codes, and Experiment I1b-2, which was done
without them.

The POIs used in Experiment Il comprised a dataset of
schools and academic institutes acquired from Thai national
data sources [31]. This dataset contains attributes such as
school 1D, school name, sub- district, district, province,
postal code, school type, and latitude and longitude. The
dataset was cleaned to remove records with incomplete data
and the dataset was therefore reduced to 34,334 records. The
POIs were randomly sampled using proportional stratified
sampling for the 76 provinces of Thailand and this yielded a
sample of 5,000 POlIs.

Data relating to each POI were prepared according to the
defined input formats, then submitted to the five geolocation
services. The responses from each service were stored in a
database for later analysis. Summaries and examples of the
input formats of each experiment are presented in Table 3.

3.3 Analysis (Match rate/Positional accuracy)

The geocoding quality of each service was analyzed and
compared using the match rate and positional accuracy in
both experiments. Here, the match rate is the number of
geocoded addresses returned divided by the total number of
addresses submitted. The quality of the matched results was
graded as ‘good’, ‘ambiguous’, or ‘unmatched’. Since there
is no clear consensus on how to report the quality of
geocoded results, this study sorted the codes and messages
returned by each service into groups, as presented in Table
4. Positional accuracy is the average distance by which the
geocoded points deviated from its actual location. This
distance is a Euclidian distance between the reference point
and the geocoded point. The coordinates of the reference
points and geocoded points were in latitude/ longitude.
However, they were transformed into the projection
reference, WGS 84 / UTM zone 47N (EPSG:32647), before
calculating the distance. Thus, the distances were in meters.
Since these errors are typically not normally distributed [29,
32], this study uses nonparametric statistics for testing and
comparison of the various services. Thus, the Friedman test,
a one-way ANOVA test, is used here to assess differences
between positional accuracy among several related samples.
This research also uses the Wilcoxon signed rank test, a
non-parametric statistical hypothesis test, which is used to
compare two related samples for each pair of services.

4. Results and analysis
4.1 Experiment |

A total of 1,511 addresses were collected from the
research participants. Their locations are shown in Figure 5.
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Table 3 The input format of each experiment

91

Experiment

Input format

Description

Example

Experiment I-Test-1

Experiment |- Test-2

Experiment lla

Experiment 11b -1

Text address with
postal code

Text address without
postal code

POI names
POI names with

administrative data
and postal code

Input consists of house number,
village number, alley, street, sub-
district, district, province and postal
code

Input consists of house number,
village number, alley, street, sub-
district, district and province

Thai name of point of interest (POI)
Input consists of POl name, sub-

district, district, province and postal
code

397, 9, vin w3, Lﬁmﬁwfﬂan
, Awaylan, 65000 (397, 9,
Thapho, Mueng Phitsanulok,
Phitsanulok, 65000)

397, 9, MwTwﬁiLﬁaaﬁumTaﬂ,
wualan
(397,9,Thapho,Mueng
Phitsanulok, Phitsanulok)
TsaBpuaona

(La Salle School)
IsaByuaona, UNu, e
VN, AFUNNHAUAS,

POI names with
administrative data but
without postal code

Experiment I1b -2

Input consists of POl name, sub-
district, district and province

10260 (La Salle School,
Bangna, Bangna district,
Bangkok, 10260)
Tsaduuanena, Uwu, 1oe
VN, ATVWNAUAT
(La Salle School, Bangna,
Bangna district, Bangkok)

Table 4 Matched types of geocoded results returned from the five geocoding services

Type of Google MapQuest Bing Yahoo! OpenCage
match Location type Geocode Quality  Confidence Place content Confidence
Good Rooftop Point High Point of Interest 10 (distance < 0.25 km)
Ambiguous Range interpolated ~ Street Medium Town 9 (distance < 0.5 km)
Geometric center  Zip Low Province 8 (distance < 1 km)
Approximated City Postal code 7 (distance < 5 km)
Country 6 (distance < 7.5 km)

Unmatched No geocoded result No geocoded result

No geocoded result No geocoded result

5 (distance < 10 km)
4 (distance < 15 km)
3 (distance < 20 km)
2 (distance < 25 km)
1 (distance > 25 km)
No geocoded result

+  Address point
[ Thailand Map

100 200 300 400 km

Figure 5 The location of the address points entered by the
1,511 participants

In terms of the confidence levels, there were 1,100, 206, 140,
53, and 12 addresses at confidence levels of 5, 4, 3, 2, and 1,
respectively. Only the addresses at confidence level 5 were
selected for further analysis and the match rates of these are
summarized in Table 5. The results of Test-1, which used
addresses with their postal code, show that Bing returned the
highest rate of ‘good” matches (17.82%), but it also had the
worst unmatched rate (68.45%). The other services returned
many more ‘ambiguous’ matches. Rates for these were:
MapQuest (98. 55% ), Yahoo! (97.45% ), OpenCage
(88.18%), and Google (61.45%). Alternatively, when tested
on inputs without postal codes (Test-2), the rate of <good’
matches increased for MapQuest (21.64%), Bing (17.91%),
and Google (17.27%). It can be concluded from this that
when dealing with Thai addresses, inclusion of the postal
code in the address affects the matching rate of all the tested
geocoding services. Addresses input without postal code
information returned geocoded data of a larger number of
matches. In Test-1, other address elements (apart from the
postal code) did not appear to have an effect on the results.
The descriptive statistics of the error distances for all
geocoded points (that is, only the address inputs categorized
at confidence level 5) are summarized in Table 6. In
Test- 1 (with postal codes), Bing produced, on average,
the highest accuracy with the smallest error distance
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Table 5 Match rate of the addresses with a confidence level of 5 (N = 1,100)

Match rate of addresses at confidence level 5

Google MapQuest Bing Yahoo! OpenCage
Test-1 Test-2 Test-1 Test-2  Test-1  Test-2  Test-1 Test-2  Test-1 Test-2

Count (N) 717 1,016 1,100 896 347 1,088 1,088 1,058 973 1,028
Total match rates (%)  65.18  92.36 100 8145 31.55 98.91 98.91 96.18 88.45 93.45
Match level

Good (%) 373 17.27 145 2164 17.82 17.91 1.45 1.45 0.27 -

Ambiguous (%) 61.45 76.09 9855 60.82 13.73 82.09 97.45 95.82 88.18 94.45

Unmatched (%) 34.82 6.64 - 1755 68.45 - 1.09 2.73 11.55 5.55
Table 6 Positional accuracy (error distance) of addresses at confidence level 5
Service Count Min (m) Max (m) Median (m) Mean (m)
name Test-1 Test-2 Test-1 Test-2 Test-1 Test-2  Test-1 Test-2 Test-1 Test-2
Google 717 1,016 0.003 2.26 438.16  434,395.35 2.66 1,988.75 477 4,652.22
MapQuest 1,100 896 0.038 1.33 16,645.20  662,085.34 3.80 2,309.08 1,190.77 24,280.22
Bing 347 1,088 0.017 452 96.26  436,589.77 1.93 2,149.96 592 5,644.72
Yahoo! 1,088 1,058 0.015 15.20 15,372.22 1,015,563.03 3.57 3,496.60 111.72 25,052.77
OpenCage 973 1,028 0.159 158.62 425.05  425,402.75  13.26 13,206.25 21.68 21,473.71

Table 7 Positional accuracy (error distance) of the addresses at confidence level 5 that were geocoded by all services

Service Count Min (m) Max (m) Median (m) Mean (m)
name Test-1 Test-2  Test-1 Test-2 Test-1 Test-2 Test-1 Test-2 Test-1 Test-2
Google 228 821  0.003 2.26 56.08  434,395.35 152 2,131.24 291 491255
MapQuest 228 821  0.041 133 14,477.55 662,085.34 320 2,383.76 2,377.11 23,447.34
Bing 228 821  0.020 6.36 96.26  436,589.77 189 2,222.01 5.30 4,670.88
Yahoo! 228 821  0.015 71.83 8,057.11 1,015,563.03 410 3,49541 205.80 26,944.47
OpenCage 228 821  0.159 158.62 78.10  425,402.75 473 14,713.14 1241 22,624.68
The mean ranks of the tests on positional accuracy
5 -
4.36
4 3.82
3.21 el 3.16
3 2.72 Google
250 2.40 236 Bing
2.13 MapQuest
2 1 Yahoo!
= OpenCage
l 4
0
Test-1 Test-2

Figure 6 The mean ranks of the Friedman tests on positional accuracy for the address inputs at a confidence level of 5 that

were geocoded by all services

(median 1.93 m) followed by Google (2.66 m), Yahoo!
(3.57 m), MapQuest (3.80 m), and OpenCage (13.26 m). In
Test-2 (without postal codes), although the match rates were
higher, all services returned lower positional accuracy than
in Test-1 (conducted with postal codes).

To statistically compare the geocoding quality of the
services, only addresses that could be geocoded by all five
services were used. Thus, the number of addresses used in
the analysis was reduced to 228 samples for Test-1 and 821
samples for Test-2. Table 7 summarizes the descriptive
statistics for the distance errors of these tests.

The positional accuracy of all services was compared
using the Friedman test. The mean ranks of the analysis of

the two tests are reported in Figure 6. In both tests, the results
reveal that the error distances for the five services were
significantly different (Test-1: X? = 168.449, p < 0.05 and
Test-2: X? = 890.638, p < 0.05). Comparisons between each
pair of the five services were made using the Wilcoxon
signed rank test. In Test-1 (with postal codes), we found that
the services were divided into two groups. The first group,
Google and Bing, returned statistically better positional
accuracy than did the second group of MapQuest, Yahoo!,
and OpenCage at p < 0.05. In Test-2 (without postal codes),
we found that the positional accuracy of the services was
significantly different (p <0.05), except for Google and
Bing. Rated from high to low accuracy, the services
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Table 8 Match rates of the geocoded POI names
Match rates of all services (N = 5,000)
Google MapQuest Bing Yahoo! OpenCage
Count (N) 197 598 100 3,214 724
Match rates (%) 3.94 11.96 2.00 62.48 14.48
Match level
Good (%) 0.14 - 2.00 62.08 14.02
Ambiguous (%) 3.80 11.96 - 0.40 0.46
Unmatched (%) 96.06 88.04 98.00 37.52 85.52
Table 9 Positional accuracy (error distance) of the geocoded POI names (N = 5,000)
Service name Count Min (m) Max (m) Median (m) Mean (m) STD (m)
Google 197 0.63 1,401,152.40 1,538.63 127,941.13 234,348.18
Bing 100 1.34 889,666.56 1,607.75 121,394.74 221,696.41
MapQuest 598 6.86 1,150,163.00 66,575.73 148,052.73 205,396.02
Yahoo! 3,124 3.48 1,476,697.00 188.26 87,316.77 191,642.00
OpenCage 724 2.59 1,504,287.90 11,643.03 143,280.57 227,750.33
Table 10 Positional accuracy of the POls with name inputs that could be geocoded by all services (N = 11)
Services name Min (m) Max (m) Median (m) Mean (m) STD (m)
MapQuest 14.37 177,830.38 162.75 16,317.93 53,567.78
Bing 97.40 824,928.00 438.97 122,580.11 259,016.37
Yahoo! 32.33 8,262.68 157.83 1,476.01 2,894.00
OpenCage 50.74 177,830.31 162.79 16,321.97 53,566.41

were ordered as follows: 1) Google and Bing, 2) MapQuest,
3) Yahoo!, and 4) OpenCage.

With regard to Experiment I, the geocoding quality of
most services was sensitive to the inclusion of postal code
data in Thai text addresses. Most services produced higher
match rates when the addresses had no postal code. This was
with the exception of MapQuest, which had a higher level of
both ‘good’ matched rates and unmatched rates, and Yahoo!,
which had a higher level of unmatched returns. This finding
differs from the results of geocoding tests conducted in
other countries, where it is usual for the inclusion of the
postal code to increase match rates [ 33-35]. In these tests,
MapQuest misidentified 143 addresses by returning
addresses in the wrong country. This is due to an error
misidentifying the Thai five-digit numeric postal code as the
postal code of another country. For example, the 65000
postal code of Mueng District, Phitsanulok Province,
Thailand was matched to both Odesa in Ukraine and Tarbes,
Arrondissement de Tarbes, Hautes- Pyrénées, Midi-
Pyrénées, France. However, it should be noted that the Thai
postal code geocodes at the provincial level and has no
geospatial relationship to lower administrative levels. This
may be the reason that some geocoding services do not take
the postal code into account. In contrast to match rates, the
positional accuracy of all services using addresses with
postal codes was on average (median values less than 5 m)
higher than the results for address without postal codes
(median values more than 2 km).

4.2 Experiment lla

The match rates for the five services when submitting
only the names of 5,000 sample POls are reported in Table 8.
Here, Yahoo! had the highest match rate at 62.48%, while
Bing produced the lowest (2.00%). When considering match
rates according to match types, Yahoo! produced the highest
proportion of ‘good’ match rates (62.08%), while MapQuest

did not return any responses at all with a ‘good” match. With
unmatched rates higher than 85%, Google, MapQuest, Bing
and OpenCage mostly returned no geocoded results. One
reason for this high failure is that these service providers do
not have many academic institutes recorded as POIs in
Thailand. Additionally, the names of many academic
institutes in Thailand are not unique. For example, there are
101 Thairathvithaya schools nationwide ( funded by the
Thairath Newspaper Foundation) and each school is
uniquely identified by a branch number and a name that
makes reference to a local landmark, such as the name of a
village or temple.

The results of testing for the positional accuracy of 5,000
POls geocoded by all five services using name inputs is
presented in Table 9. Yahoo! produced the highest positional
accuracy (median 188.26 m), followed by Google and
Bing (median > 1,500 m), while MapQuest and OpenCage
returned results with the lowest level of accuracy (median >
11,500 m).

To make a fair comparison between the services, only the
11 POls that could be geocoded by four the services (Bing,
MapQuest, Yahoo!, and OpenCage) were tested. The results
of these tests are presented in Table 10. The positional
accuracies of these four services were compared using the
Friedman test. The results show that the services were
significantly different (X2=10.485, p < 0.05). As shown in
Figure 7, the mean rankings were MapQuest 1.91, OpenCage
2.00, Yahoo! 2.68, and Bing 3.41. The comparisons between
each pair of services (6 pairs in total) were made using the
Wilcoxon signed rank test. It was revealed that the error
distances of the pairings of MapQuest and Bing (z = -2.490,
p =0.0128) and Bing and OpenCage (z=-2.490, p=0.0128)
were significantly different (p < 0.05), but the pairings of
MapQuest and Yahoo! (z = -0.978, p = 0.3281), MapQuest
and OpenCage (z = -0.535, p = 0.5930), Bing and Yahoo!
(z=-0.968, p = 0.3329), and Yahoo! and OpenCage
(z=-0.978, p=0.3281) were not significantly different.
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The mean ranks of the test on positional accuracy
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Figure 7 The mean ranks of the Friedman test on positional accuracy for POl names that could be geocoded by all services

Table 11 Match rates for Experiment Ilb-1 (POl names with administrative information, including postal codes) and
Experiment I1b-2 (POl names with administrative information but without postal codes)

Google MapQuest Bing Yahoo! OpenCage

Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp.

Ilb-1  11b-2  1lb-1 1lb-2  1lb-1 1lb-2 1lb-1 1lb-2 1lb-1 Ilb-2

Count 1,139 4,616 4,879 4,997 8 4,751 5,000 4,997 4,809 5,000

Match rates (%) 22,78 9232 9758 99.94 0.16 95.02 100 99.94 96.18 100
Match level

Good (%) 014 12.24 - - 016 0.02 - 1590 75.04 -

Ambiguous (%) 22.66 80.10 0.06 33.90 - 95.00 9440 78.44 - 75.68

Incorrect (outside Thailand) (%) - - 9752 66.10 - - 560 560 2114 2432

Unmatched (%) 7720 7.66 242 - 9984 4098 - 006 382 -

Table 12 Positional accuracy of the geocoded results of POl names provided with administrative information (Experiment

11b-1 and Experiment I1b-2) (N = 5,000)

Service Count Min (m) Max (m) Median (m) Mean (m)
name Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp. Exp.
11b-1  11b-2 lIb-1 11b-2 11b-1 11b-2 11b-1 11b-2 11b-1 11b-2
Google 1,139 4,616 042 0.11 229,258.42 589,943.81 129.37 130.04 2,511.82 2,489.20
MapQuest 3 1,692 2,465.24 30.30 9,602.23 540,476.06 7,197.58 3,949.44 6,421.68 7,474.80
Bing 8 4,751 4,256.50 29.53 21,682.36 1,284,847.40 15,834.29 6,962.88 15,137.95 61,089.55
Yahoo! 4,720 4,717 134 134 296,581.75 411,715.66 6,600.90 6,600.90 9,123.08 9,202.52
OpenCage 3,752 3,784 82.19 82.19 254,612.28 411,590.28 11,197.59 11,250.47 20,462.46 20,588.94

To summarize the results of Experiment 11, when testing
with points of interest (POIs), Yahoo! produced the highest
number of ‘good” matches and these results also had better
positional accuracy than did the other geocoding services.
Although OpenCage produced quite a high level of ‘good’
matches using POl names as the input, the average error
distance was 16,162. 18 meters, which is more than the
estimated distance (< 250 meters) defined with a confidence
score of 10, referred to Table 4. Google and Bing produced
a lower level of matches than MapQuest and OpenCage, but
their positional accuracy was better. One reason that these
services returned a low level of matches is that some POIs
are located in rural or border areas, which may not be
included in their reference databases.

4.3 Experiment I1b

The match rates of Experiment I1b-1 (using as inputs the
POI names along with administrative information, including
postal codes) and Experiment I1b-2 (using the POl names
with administrative information but without postal codes) are
summarized in Table 11. In Experiment Ilb- 1, Yahoo!
produced the highest match rate (94.40%) followed by
MapQuest ( 97. 58% ), OpenCage ( 96. 18% ), Google

(22.78%), and Bing (0.16%). Yahoo!, MapQuest, and
OpenCage appear to have high match rates, but 280
addresses returned by Yahoo!, 1,057 by OpenCage and 4,876
by MapQuest were outside Thailand. These were thus
marked as incorrect, yielding incorrect match rates of 5.60%,
21.14%, and 97.52%, respectively. Most of the OpenCage
responses (75.04%) returned incorrect postal codes, causing
the coordinates to be located in another city. For example, a
correct address of St. Louis Suksa School, 23 Sathorntai
Road, Yanawa Sub- district, Sathorn District, Bangkok
Province 10120 was geocoded by OpenCage as Changwat
Uttaradit 10120, Thailand, an error of some 300 km. Thus,
OpenCage yielded very low positional accuracy. Bing,
however, produced the lowest match rates.

In Experiment I1b-2, we tested the impact of the postal
code on the returns by excluding it from the submitted
administrative information. In this condition, the match rates
of all services were higher than 92% and those of Google,
MapQuest, Bing and OpenCage increased. However, Yahoo!
and OpenCage showed only small differences in their match
rates compared to Experiment I1b-1. Considering only the
‘good’ match rates in Experiment I1b-2, Yahoo! returned the
highest rate (15.90%), although at 12.24%, Google also had
a higher rate of ‘good’ matches than in Experiment Ilb-1.
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Figure 8 The positional accuracy of each geocoding service in Experiment I1b-1 and Experiment I1b-2
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Figure 9 Mean ranks computed by the Friedman test of positional accuracy for the POl names (provided with administrative

information but without postal codes) geocoded by all services

Alternatively, MapQuest and OpenCage did not return any
‘good’ responses. The ambiguous matched rates of all
services except Yahoo! increased. Although Yahoo! returned
more ‘good’ matches than Google, the positional accuracy
of the Yahoo! geocoded results was lower than Google’s. It
is noteworthy that Bing’s geocoding services provided a way
to allow the user to specify the input region, i. e.,
“userRegion=TH”, and the culture, i.e., “culture=th” and
thus it was possible to restrict Bing to returning geocoded
responses within this predefined territory.

Descriptive statistics for the positional accuracy of the
geocoded results obtained in Experiment I1b-1 (using the
POI name along with administrative information including
postal code as inputs) and Experiment I1b-2 (as before but
without postal codes) are reported in Figure 8 and Table 12.
In Experiment 11b-1, Google produced the highest positional
accuracy (median 129.37 m) while Bing had the lowest
(median 15,834.29 m). In Experiment I1b-2, Google still
produced the highest positional accuracy (median 130.04 m),
close to that of Experiment I1b-1, while MapQuest (median
3,949.44 m) and Bing (median 6,962.88 m) increased in
accuracy. However, the positional accuracy of Yahoo! and
OpenCage showed only minor differences, with medians of
6,600.55 m and 11,250 m, respectively.

The size of the errors (i.e. the distance by which they
missed their target of all services were statistically compared
using the Friedman test. It should be noted that the Friedman
test could not be used with Experiment Ilb-1 because there
were too few matching results from MapQuest (3 addresses)
and Bing (8 addresses). Experiment 1Ib-2 yielded a total of
1,034 inputs that could be geocoded by all services. In this
case, it was possible to compare these using the Friedman

test. It was thus shown that the error distances of the five
services were significantly different ( X2 = 1,614. 53,
p < 0.05). The mean ranks of the five services are reported
in Figure 9.

Comparisons between each pair of services (10 pairs in
total) were again made using the Wilcoxon signed rank test.
It was revealed that for Experiment I1b-2, the error distances
for pairs of services were significantly different (p < 0.05),
except for the pairing of Bing and OpenCage (z = -0.467,
p = 0.640).

5. Discussion

Overall, Google returned lower match rates than did the
other geocoding services, but on average, its matches also
showed the highest positional accuracy. In our test of the
sensitivity to postal code information (i.e., when inputs
included Thai postal codes), Google also performed better
than did other services. MapQuest was also able to geocode
text addresses without postal codes with a rather high level
of matches. However, MapQuest returned geocoded results
with locations outside Thailand when submitting POIs with
names and administrative information. Yahoo! produced a
high level of ‘ambiguous’ matches with matches being made
at lower levels (land features, suburbs, towns, and provinces)
for both the text address format and when POIls were
geocoded by name and administrative information. Bing, in
turn, returned better geocoded results when submitting text
addresses with the postal codes excluded. It is notable that,
when geocoding input for Bing, users should not enter
special characters, such as periods (.), commas (,), colons (:),
or plus signs (+) as part of the parameter value in structured
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URLSs, although a hyphen (-) is acceptable as a placeholder.
In the case of OpenCage, although this service returns a high
level of ‘good” matches with the correct input name, this
service may also return results in an area located some
distance from the true position (as far as 11 km away). In
addition to this, when Thai addresses are written, they often
include labels which mean ‘village number’, “alley’, ‘street’,
‘sub-district’, “district’, or ‘province’. For example, a typical
address might be ‘888/69 vi3j 14 w98 2 AUUNWIEANIUNT
suainlus s1ineaiiiosuasarssd Saniauasaissd 600007
which could be translated literally as ‘House number 888/69,
Village number 14, Alley 2, Street Prapikanate, Sub-district
Watchai, District Mueng Nakhon Sawan, Province Nakhon
Sawan’. However, most services returned geocoded results
with higher confidence and greater accuracy when no such
labels were included in the address input. For example, when
submitting <397, »yj 9, Gf’]Uﬂ‘Vi']TWEf, dwmmﬁadﬁwmiaﬂ,
Fanianwailan, 65000’ to MapQuest and Yahoo!, the
services returned geocoded results in the U.S. and in Japan.
So this study did not include labels in the input submitted to
any geocoding services. Continuing the example given
above, this would then be submitted as ‘397, 9, vin w3, tiioq
Awarlan, Awatlan, 65000 and indeed when submitted
without these labels, all services correctly returned accurate
geocoded results in Phitsanulok Province, Thailand.

In summary, there are two main problems in geocoding
Thai text addresses. The first is the combined complexity of
city layouts and the assignment of house numbers in
Thailand. The mixture of old and new city layouts prevents
application of common data models, such as street network
or block coding. The current pattern of house numbering
cannot be matched against street lines due to mixing of house
locations, especially in private areas and on housing estates.
The second problem is a lack of a spatial reference database.
Although Thailand has developed a Fundamental
Geographic Data Set (FGDS) with the aim of publishing
common spatial datasets, none of these datasets can be used
as a reference database for geocoding. The current datasets
of Thailand’s FGDS contain insufficient data to develop a
complete and accurate reference database for geocoding at a
rooftop level. Only rudimentary geospatial data (13 data
layers such as administrative boundaries, roads, land use,
DEM, etc.) are published. It is therefore urgent that a suitable
data model be developed for use as a geocoding reference
database in Thailand. The address point model may be a
potential solution to this problem, but further analysis of data
sources and the quality of geocoding results is required.

6. Conclusions

This study presents an analysis of online geocoding
services offered by Google, MapQuest, Bing, Yahoo!, and
OpenCage. In the experiments, the inputs comprised text
addresses and the names of points of interest (POls), written
in Thai. The geocoded results were compared against data
obtained from maps completed by participants showing the
actual locations of their addresses, while the coordinates of
the POIs were acquired from Thai national data sources.
Geocoding quality was measured using match rates and
positional accuracy, and the overall experimental results
revealed that Google, Bing, Yahoo!, and OpenCage had
match rates higher than 90%, but that the rate for MapQuest
was slightly lower at 82%. Considering only ‘good’ matches,
MapQuest, Google and Bing returned these at a rate of
20.32%, 19.72%, and 17.01%, respectively. In contrast,
Yahoo! and OpenCage returned ‘ambiguous’ matches at a
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rate that was in excess of 90%. MapQuest, OpenCage, and
Yahoo! also produced incorrect results that showed locations
outside Thailand at rates of 66%, 21%, and 5%, respectively,
while Bing produced 70% unmatched rates when using text
addresses and POIs with postal codes. In terms of accuracy,
Google produced errors with the lowest average distance
(between 2.66 to 1,988 m), whereas MapQuest returned the
greatest error distance, which was on average 16,008 m.
According to the statistical analysis, the quality of the five
service providers, with regards to both the match rates and
the positional accuracy of the text addresses and POI
names (provided with administrative information), was
significantly different (p < 0.05), and these were ranked in
order of best to worst. Google and Bing were jointly best,
followed by MapQuest, Yahoo!, and OpenCage. The quality
of the four service providers when geocoding POl names was
also significantly different. MapQuest, OpenCage, Yahoo!,
and Bing gave results in order of highest to lowest quality.

This study provides quantitatively tested information on
the quality of geocoding services that may be used as a
guideline for users when attempting to choose an appropriate
geocoding service. The information also provides valuable
insights into the issues one must face when geocoding data
in Thailand. It is hoped that this will be of use in future
research and in the development of geocoding tools suitable
for Thai addresses. The authors also are of the opinion that
the results show that current address and location naming
standards in Thailand are detrimental to effective use of
geospatial software systems, which in the future are
predicted to become increasingly essential to geographical
applications and land planning. A major policy initiative by
the Thai government is suggested to better normalize and
standardize Thai address structures.
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