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Abstract—Geocoding is the computational process that allows 
to transforming an address of a place into a location on the 
Earth's surface using geographic coordinates. The quality of 
geocoding have a relevant importance in spatial analysis. 
Furthermore, in recent years we seen an enormous spread of 
Web technologies that involved a growing number of users. At 
the same time have been born many Online Geocoding Service 
that support the increasingly WebGIS consumer applications.  

For these reasons, we present GFgeocoder, a tool based on a 
methodology capable to benchmark efficiently Online Geocoding 
Services. GFgeocoder analyzes geocoding result obtained by some 
Online Geocoding Services. The tool is written in Java language 
and it allow to make parallel requests to the Online Geocoding 
Services, passing in input the files containing strings of addresses. 
We used as input results of geocoding strings of addresses, 
published by some European local governments in their open 
data portals.  

Keywords— geographic information systems, geospatial 
analysis, benchmarking testing 

I.  INTRODUCTION 

The geocoding process consists of translating an address 
entry, searching for the address, and delivering the best 
candidate as a point feature on a map [1]. Today many Online 
Geocoding Services offer the possibility to convert addresses 
strings into geographic coordinates (latitude, longitude). The 
quality of these services has important implications in the 
analysis of spatial data [2].  

This research is based on the following assumptions: 

1) the precise location of house numbers provided by 
Local Governments is the most accurate result 
achievable, because it is manually performed via a 
surveying on the field executed by an human operator 
(census and survey initiatives on a local basis) and it is 
an official dataset; 

2) it is not possible expecting that the accuracy of 
geolocation cannot exceed bounds of 2-3 meters 
around every point, both for limits of equipment used 
for the surveying, and for the real position of the 
point, which it can be difficult to be obtained (e.g. car 
accesses, shared private building accesses, etc.). 

II. METHODS 

Given the above assumptions, we have analyzed the results 
of geocoding string of addresses published by local 
governments of Cagliari, Florence, Trento (Italy) and 
Kristiine, a district of Tallinn (Estonia), using three different 
Online Geocoding Services, both commercial and open 
source: Google Geocoder, MapQuest and OpenRouteService. 
The first one is the geocoder used by the commercial service 
of map offered by Google, Inc., named Google Maps. The 
second one is the geocoder used by MapQuest, the map 
service offered by AOL. The last one uses OpenStreetMap 
data, the collaborative project that allow to create a free 
editable by users map of the world [3]. Similar comparisons 
were carried out with data of some American [4] and Brazilian 
cities [5], and often they were made respect only to 
commercial geocoding systems [6]. In other cases, 
comparisons were useful to epidemiologic studies to map 
residences with geographic information systems [7] or to 
public health research [8]. Moreover, it has also been proposed 
efficient algorithms to dynamically determine which 
Geocoding Service is more accurate [9].  

The procedure performed for benchmarking include a pre-
processing of data downloaded from open data portals of some 
local governments: 

1) from the dataset of dati.toscana.it we pre-process data 
from Road graph version 1.7.10 supplied by Iter.Net 
project and made available on the portal of open data 
of the Tuscan region (Italy) [10]; 

2) from the dataset of comune.cagliari.it we pre-process 
data from database of house numbers of Cagliari; 

3) from the dataset of comune.trento.it we pre-process 
data from database of first and second level house 
numbers of Trento; 

4) from the dataset of xgis.maaamet.ee/adsavalik we pre-
process data from buildings of Tallinn and we extract 
22515 addresses of Kristiine district. 

From databases listed above, we extract tables containing 
the addresses of strings and geographic location (Latitude and 
Longitude, North and East) provided by local governments. 
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Italian cities uses WGS84 system and Tallinn uses 
EPSG:25884-TMBaltic93.  

 
Fig. 1. Map of dataset used for the city of Florence. 

 
Fig. 2. Map of dataset used for the city of Cagliari. 

 
Fig. 3. Map of dataset used for the city of Trento. 

From these tables we randomly extracted address to be 
passed to the geocoder: the total amounts to about 30000 
strings. All files generated are stored in CSV format, and the 

localization of these is showed in Fig. 1, Fig 2, Fig. 3, and 
Fig. 4.  

We propose a benchmarking analysis performed using a 
parameter named “Geocoder Approx 10 m”. We define this 
parameter, referred to as GA10, as the “ ratio (in percentage) of 
geocoded results in a distance less than 10 meters from 
position provided by official datasets”.  

Let δ the distance from geocoded position and official 
dataset position for each point, we can introduce the following 
parameter:  

 = 									if	 ≤ 10	 	(meters)0										otherwise  (1) 

The distance is measured on the same reference system of 
source data. If coordinates are provided in WGS84 spatial 
reference (latitude, longitude) we assume a local 
approximation of the surface of the Earth as a sphere, using 
average radii of curvature of the ellipsoid (geometric mean of 
radius in prime vertical and radius in meridian) [11-13]. 

 
Fig. 4. Map of dataset used for the district of Kristiine (Tallinn). 

Now, we can define GA10 as follow: 

 = θ( ) (2) 

The parameter GA10 represent a unique value that classify 
whole addresses investigated. This parameter is useful for 
describe the performance of a geocoding service globally for a 
location, e.g. a city, a district or a generic buildings dataset. 

III. IMPLEMENTATION 

We developed an automated tool named GFgeocoder, 
written in Java language, that allow to make parallel requests 
to the Online Geocoding Services, passing in input the files 
containing strings of addresses collected. Obtained results are 
stored in tabular mode, in CSV format. 
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Fig. 5. Class diagram of GFgeocoder 

GFgeocoder is a multiplatform tool executable from 
command line and can be run as a background daemon. 
GFgeocoder allows loading of input CSV file that contains 
two columns: first column, named “address”, must contains 
addresses and house numbers, and second column, named 
“city”, must contains city name. Output CSV file contains 
more than two columns: the columns named “address” and 
“city” are identical to input file columns; the other columns 
contain respectively pairs of coordinates (latitude and 
longitude) obtained as results from Online Geocoders 
Services. GFgeocoder implements geocoding tasks using third 
party APIs made available to developers. In particular, we 
used three sets of public APIs: 

1) Geocoder Java APIs: a set of unofficial Google Java 
APIs that is interfaced with official JavaScript Google 
Maps API v3 [14], via HTTP requests: these APIs 

provide a set of native calls that make remote requests 
to Google's official servers, which can be integrated 
directly into Java application sources. 

2) MapQuest RESTful APIs: the official set of geocoding 
libraries offered by MapQuest. MapQuest offers to 
developers a RESTful web service that provides a 
JSON [15] or XML [16] representation of the output 
requested via a HTTP request. The user provides input 
parameters, such as address and city name, and builds 
an HTTP GET request that will be sent to server and 
waits for its response. Response can contain some 
detailed information, such as latitude and longitude of 
point, and some other useful data. 

3) OpenRouteService [17] is an online route planning 
application based on open source software, open data 
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and open standards. It offers many features, such as 
route services, geocoder and reverse geocoder, 
accessibility analysis services and emergency route 
services. It also provides a set of public RESTful APIs 
that allows user to send geocoding requests. A request 
for geocoding can be done by an HTTP GET call that 
returns the response in XML format.  

GFgeocoder implements three Java classes that extends a 
common interface called GeocoderInterface, which have the 
role to connect the client to these three Online Geocoding 
Services. Obtained results are passed to a Main class that is 
responsible for format them and save them in a tabular format 
to an output CSV file. In Fig. 5 is showed the complete class 
diagram of GFgeocoder. 

IV. RESULTS 

Encoded addresses of Italian cities were exactly 7935: 
4624 of Trento, 2000 of Florence, and 1311 of Cagliari. For 
district of Kristiine in Tallinn were 22515. At the end of the 
first phase of geocoding, we have done appropriate analyzes 
based on geometric comparison of the distances between the 
strings of the coordinates obtained from Online Geocoding 
Services and the coordinates provided by Municipalities.  

TABLE I.  GA10 RESULTS 

Geocoding services benchmark - GA10 

City Google Maps MapQuest OpenRoute Addresses 
Trento 
(IT) 

0,04 % 0,00 % 0,00 % 4624 

Firenze 
(IT) 

90,05 % 0,00 % 6,50 % 2000 

Cagliari 
(IT) 

54,51 % 49,12 % 21,97 % 1311 

Kristiine 
(ES) 

0.00 % 0.02 % 0.00 % 22515 

 

To analyze the distance between two geographical 
coordinates (latitude and longitude) we operated an 
approximation of WGS84 ellipsoid to a local sphere [18]: 
errors from this approximation are compatible with the basic 
assumptions. The radius of local sphere is calculated for each 
of the three locations of analyzed data. Many examples of 
ranking criteria for benchmarking geocoding services are 
proposed in literature [19]. To analyze the distance in Baltic93 
system we pre-convert results given by GFgeocoder with 
libproj4 [20] library. After this step, we simply calculate 
distance on East/North coordinate system given by projected 
reference system Baltic93. Some preliminary results for cities 
of Trento, Cagliari and Florence are explained in [21]. Result 
values of GA10 obtained by input data analysis are showed in 
Fig. 9, Fig. 10, Fig. 11, Fig. 12 and Table I.  

For Google Maps Geocoder the best performance of GA10 
is for Florence addresses, with 90,05 % of string addresses 
correctly geocoded into 10 meters. The worst is only Kristiine 
district of Tallinn with no one address correctly geocoded into 
10 meters.  

 
Fig. 6. Google Maps geocoding errors IDW spread of Florence old-town 
area. 

 
Fig. 7. MapQuest geocoding errors IDW spread of Florence old-town area. 

 
Fig. 8. ORS geocoding errors IDW spread of Florence old-town area. 
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Fig. 9. Benchmark results of the addresses of Florence. 

 
Fig. 10. Benchmark results of the addresses of Cagliari. 
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Fig. 11. Benchmark results of the addresses of Trento. 

 
Fig. 12.  Benchmark results of the addresses of Kristiine district (Tallin). 
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Fig. 13. Google Maps geocoding errors IDW spread of Cagliari old-town area. 

 
Fig. 14. MapQuest geocoding errors IDW spread of Cagliari old-town area.  

 
Fig. 15. ORS geocoding errors IDW spread of Cagliari old-town area. 

For MapQuest Geocoder the best performance of GA10 is 
for Cagliari city; with 49,12 % of string addresses correctly 
geocoded into 10 meters. The worst is both Trento city and 
Florence with less than 0.005 %. 

For OpenRouteService the best performance of GA10 is for 
Cagliari city; with 21,7 % of string addresses correctly 
geocoded into 10 meters. The worst is Kristiine district of 
Tallinn with only four addresses on 22515 are in a range less 
than 10 meters. 

If we want investigate the spread of these geocoding errors 
we need use GIS analysis. Using QGIS [22] open source 
software is possible to realize thematic maps of error spread. 
To generate a map of errors we used IDW geo-algorithm 
(Inverse Distance Weighted): it allows to generate GRID data 
of 2.5×2.5 m (10 x 10 m for Kristiine) cell resolution. For the 
map plot we used OpenStreetMap as base layer. 

In Fig. 6-8 and 13-18 are showed the results of geocoding 
errors IDW spread for Florence, Cagliari and Trento old-town 
areas. In Fig. 19-21 are showed the results of geocoding errors 
IDW spread for Kristiine (Tallin). 

 

Fig. 16. Google Maps geocoding errors IDW spread of Trento old-town area. 

V. CONCLUSIONS 

In conclusion, the analysis of the local spread of geocoding 
errors, allows us to assert that into old-town areas 

of the three Italian cities the geocoding errors are least than the 
total. In particular case of Trento, if we compare the result of 
whole addresses string geocoded (Fig. 11), to the map of 
geocoding errors (Fig. 16-21), there is a seeming contradiction 
due to a high accuracy of all geocoding service for urbanized 
area (for example old-town area), the geocoding errors for 
suburban and outskirts area penalize the overall performance 
result for a city, given by GA10 parameter.  

More in-depth analysis showed that the different 
performance of geocoding services are mainly due to two 
factors: correct interpretation of the addresses strings, a 
presence of a direct or indirect survey carried out by the 
company or organization that manages the service, and other.  
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Fig. 17. MapQuest geocoding errors IDW spread of Trento old-town area. 

 
Fig. 18. ORS geocoding errors IDW spread of Trento old-town area. 

 
Fig. 19. Google Maps geocoding errors IDW spread of Kristiine (Tallin). 

Further investigations will be conducted to investigate 
these aspects. Also, new comparisons will be made using 
results obtainable via Nominatim [23], the open source search 
and geocoding engine that consumes OpenStreetMap data 

[24]. The methodology explained in this paper is still 
underway with data of other international locations. 

Furthermore, it is part of a larger project that will try to 
offer a global performance overview of most important Online 
Geocoding Services. 

 
Fig. 20. MapQuest geocoding errors IDW spread of Kristiine (Tallin). 

 
Fig. 21. ORS geocoding errors IDW spread of Kristiine (Tallin). 

Sources of last release of GFgeocoder [25] are released 
under Apache License 2.0 and are currently available for 
download. 
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