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Abstract 

Recently, geographical information system (GIS) has emerged as an important tool for many cases in 

epidemiology. Through the process, it begins with geocoding, i.e. assigning geographic coordinates to an 

address on a map. This process is a bridge between spatial information and its attribute data. Fortunately, 

some open geocoding services are available. The paper aims to examine the mapping reliability of some 

online geocoding services to map the spread of tuberculosis (TB) in Sarawak, Malaysia towards practical 

implementation in the domestic health department. The features examined the common platforms, namely 

QGIS, Google Map (API), and ArcGIS Online, were selected and explored in terms of the following 

variables; positional quality, speed, cost, and coverage. Based on our exploratory experiment, ArcGIS Online 

offers relevant mapping features for the local geocoding services of the TB locations compared to the other 

two platforms. But the chosen geocoding methods or services may depend on the nature of the project, cost 

restrictions, and the experience of an analyst. Comparison of the positional accuracy with manual reference 

methods (e.g GPS measurement and manual digitizing) could be further studied.  

 

 

1. Introduction 

Environmental epidemiology requires a reliable 

exposure assessment of both temporal and spatial 

components. In response to these challenges, 

epidemiological studies are increasingly using 

residential addresses of study participants and GIS 

to improve the characterization of environmental 

exposures and examine their association with human 

health risks for a large variety of disease conditions. 

Disease mapping is a visual representation of 

intricate geographic data that provides a quick 

overview of said information. Mainly used for 

health GIS application such as explanatory 

purposes, disease maps can be represented to survey 

high-risk areas and help policy and resource 

allocation in site areas (Krieger et al., 2003; Clarke 

et al., 1996 and Moore and Carpenter, 1999). 

The process of geocoding and assigning a 

georeferenced location to the study subject’s 

residential addresses is one of the first steps in GIS-

based epidemiological studies such as disease 

mapping. The quality of geocoding depends on the 

completeness and the level of positional accuracy 

information of locating addresses. Completeness can 

be defined as the proportion of addresses that can be 

geocoded and depends on the quality of the 

collected data on addresses, while the positional 

accuracy reflects the level of proximity of geocoded 

objects to their true location (Goldberg, 2011). 

Many geocodes are available, whether free or 

openly online, but from many aspects does, not sure 

which one is most suitable to use and easy to access 

and accurate at the same time. The suitability is 

important for a healthy person to represent data of 

disease mapping and be familiar with access to the 

service that's available, whether free and open 

source to simplify their work and represent the data 

technically.  
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In the context of tuberculosis epidemiology, the 

suitability geocoding services need to be 

investigated in terms of positional quality, ethical 

use of address (detection), time and cost for better 

residential address of the cases that are related to 

effective surveillance and control of the disease. 

This is important to precisely understand the 

patterns of disease spread over space and time. 

Visualization of such data on maps enables health 

officials to obtain, analyse and understand real-time 

disease patterns compared to the tubular or report 

forms. Displaying locations on maps serves as an 

exploration of data and can lead to cluster analysis 

of disease incidences. Generating maps for different 

time periods is helpful for understanding the disease 

progression over time.  Some health departments in 

developing countries still registered disease cases 

not in longitude and latitude information, in 

particular for early versions of data record 

management.  

The latitude and longitude information of the 

cases can be generated since they comprise 

locational addresses that are essential for disease 

geocoding and mapping. Existing manual geocoding 

techniques need to be also converted to digital 

techniques to facilitate geocoding work, involving 

hundreds of disease cases. As a result, it is 

necessary to have an automatic batch geocoding 

software which could help to geocode addresses 

automatically (Faure et al., 2017). Finally, 

representation geocoded notified cases and 

registered cases on maps within a designated time. 

Furthermore, the geolocation-updated information 

assists healthcare officials to understand patterns of 

incidence and spread of tuberculosis. In Malaysia, 

local researchers have applied the geocoding in TB 

disease mapping (Mahsin et al., 2021; ; Abdul Jalil 

and Abdul Rasam, 2021, Abdul Rasam et al., 2020, 

Azewan and Abdul Rasam, 2020 and Abdul Rasam 

et al., 2016), but specific studies on suitable 

geocoding techniques or tools still need to be 

conducted to assist researchers to create disease 

maps properly, especially among  healthcare 

communities.  

Selecting a suitable geocoder perhaps is able to 

facilitate healthcare officials in a better platform and 

would allow in depth spatial health analysis. As an 

initial step to achieve this goal, the performance of 

selected online geocoding services on a dataset of 

address is examined. Previous studies have 

demonstrated that GIS can be used to correctly 

measure geographical health applications in a cost 

efficient manner (Fortney and Warren, 2000 Hurley 

et al., 2003 and Krieger, 2003). The knowledge of 

accurate geocoding to public health practitioners is 

essential in order to consider potential biases and 

limitations in disease mapping (Edwin Chow et al., 

2016, Hurley et al., 2003, Moore and Carpenter, 

1999 and Roongpiboonsopit and Karami 2010). 

Roongpiboonsopit and Karami (2010) added any 

errors connected with the geocoded addresses will 

be disseminated to the future decisions, activities, 

modelling, and analysis. The result reliability of 

these online software platform are is also verified 

since is developed by specialized teams and there is 

no unauthenticated modification (Sood and Soni, 

2016). 

Therefore, the study was performed to explore 

the common and available free and open online 

address geocoding using a suitable method for 

geocoding of subject residences. This study consists 

of three objectives; i. to examine the existing 

platform of freely online geocoding services for TB 

disease mapping, ii. to analyse the geocoding 

capabilities of selected freely online platform for 

disease mapping of TB and iii. to map the TB 

distribution in the study area using selected freely 

online geocoding platform. 

 

2. Methodology 

This study used a methodology that consists of 

several phases, including planning, data collection, 

data processing and analysis as shown in a diagram 

at Figure 1. These phases are parallel with the 

concept and framework as explained in a GIS 

function, where converting text-based postal address 

data into digital geographical coordinates. ArcGIS 

Online, Google Map and QGIS were selected 

because they offered free and open services and 

were commonly or familiarly easy to process the 

spatial dataset. ArcGIS Online uses organization 

type under GeoUiTM Portal. QGIS is version 3.10.1 

for the Windows environment. Lastly, Google Maps 

that is mapped with Google, My Maps using google 

account. 

 

2.1 Phase of Planning and Study 

The findings were carried out to examine the 

capabilities and availability of the selected free 

online address geocoding services. During this 

phase, each of the free online address geocoding 

services was explored and reviewed by doing 

research on the internet, journaling and exploring its 

capabilities for mapping. This method is one of the 

efficient ways to start this planning phase and can 

decide the most relevant free online address 

geocoding service for disease mapping. Three 

websites are used to find the top three common 

software for geocoding (ArcGIS Online, QGIS and 

Google Maps) of TB cases in the state.  
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Figure 1: Research Methodology 

 

The selection for free online address geocoding 

service for disease mapping is very fundamental in 

making this study meet the aim and results. When 

selecting the best free online address geocoding, the 

requirement of the service that involves the element 

of mapping for disease needs to be considered in 

order to ensure this project fulfils the requirement. 

All the software that has been found is licensed 

either as free service or free and open source 

service. Three software have been selected and used 

(ArcGIS Online, QGIS and Google Maps). ArcGIS 

Online (https://www.esri.com) is selected as the 

common online address geocoding service for 

disease mapping. ArcGIS Online is a cloud-based 

mapping, analysis and data storage system hosted by 

Esri that can be used to create, share and manage 

maps, scenes, layers, apps and other geographic 

content. ArcGIS Online is a global platform and in 

order to provide base maps that are useful to a 

global community of users the default projection has 

to work globally. ArcGIS Online uses the WGS 

1984 Web Mercator (Auxiliary Sphere) coordinate 

system as the default Projected Coordinate System 

(PCS).  

QGIS is selected as the second common free 

online geocoding service for disease mapping. 

QGIS is an open source software and it is easy to 

access as compared to commercial software 

ArcGIS. Although a continuous development of 

plugins in QGIS, at present time it is not as much 

developed as ArcGIS is. QGIS has less processing 

time and better rendering capabilities. Google Map 

Geocoding is the third common free online 

geocoding that is selected is Google Map 

Geocoding. Google Maps has become everyone’s 

favourite source for navigation, traffic, and transit 

and location information. Behind the scenes, it is 

because of Google Maps' rich geocoded database 

containing millions of data points. And it is as 

simple as typing a place in the address bar and 

Google Maps will take you to the location. 

 

2.2 Data Collection and Software Selection 

The data that were used is tuberculosis cases in 

Sarawak in 2018. For this case study, the data used 

were limited only to the Kuching area that involved 

30 cases from the overall of the cases. Each address 

element was entered into separate fields of 

Microsoft Excel file. In Figure 2, the field is divided 

into several columns that contain the country 

(Negara Asal), state (Negeri), city 

(Bahagian/Kawasan/Daerah) and address (Alamat 

Kediaman (Seperti Dalam CDCIS)). The file was 

saved as CSV (Comma delimited). 

 

2.3 Data Processing 

The data processing is into two consecutive steps, 

namely address data cleaning and address 

geocoding. The previous step, address data cleaning, 

intends to improve standardization and quality of 

geocoding. The address of subjects was verified 

manually for the spelling of street and district 

names. Address fields of subjects were also 

completed such as missing or incomplete postal 

code, district name, street name and street number.  
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Figure 2: Address data (*Specific patient addresses are null due to ethical data protection) 
 

 

Haversine formula: 

 

a = sin²(Δφ/2) + cos φ1 ⋅ cos φ2 ⋅ sin²(Δλ/2) 
c = 2 ⋅ atan2( √a, √(1−a) ) 

d = R ⋅ c 

 

where φ is latitude, λ is longitude, R is earth’s radius (mean radius = 6,371km) 

 
 

Figure 3: Haversine Formula 

 

Assistance from Google map was used to find the 

incomplete address data. The later step, address 

geocoding, is based on a linear interpolation of an 

address within the address range for the street 

segment in a reference street file. There were 30 

sample addresses in the database system geocoded 

after the cleaning step was passed. This step 

undergoes trial-and-error process to obtain the 

expected solid result. The purpose of this repeating 

process is to obtain reliable results for the 

comparative evaluation of the domestic TB mapping 

using ArcGIS Online, Google Map and QGIS. 

 

2.4 Mapping and Analysis 

This phase is the process to evaluate the capabilities 

of the selected free and open software. The selected 

software is evaluated based on the following 

aspects: coverage (detection), quality (accuracy), 

speed (time) and cost. For the spatial coverage or 

detection, the cleaned data were searched and 

matched using the selected geocoding. The match 

rate for each geocoding service is compared and 

analysed. The high rate of match is considered as 

more closely reliable or practical geocoding than the 

other platforms. The locations of the dot points 

(cases) on the area were also confirmed whether 

they are placed on the study area or not using the 

base map provided in the respective platform. The 

base map data used by different geocoding services 

also to find the quality and the completeness. 

The other aspect of the evaluation is quality or 

position. Accuracy is used to describe the closeness 

of a measurement to true value. The results on 

match rate and similarity. Match rate is the 

proportion of input addresses that retrieves a 

geocode from the geocoding system. This similarity 

is defined as the distance measure between 

geocodes from two services. For example, if the 

distance between each geocode from Google Maps 

and QGIS is greater than the distance between 

geocodes from Google Maps and ArcGIS Online, 

then can be concluded that the geocode from Google 

Maps has more similarity to the geocode from 

ArcGIS than that of QGIS. The similarity evaluation 

was only focussed on the addresses that had a 

matching geocode across all three services. 

After searching and matching processes through 

the geocoding services. The distance between the 

locations provided by the two different services 

were compared using Haversine formula (Figure 3). 

Haversine formula needs distance between two sets 

of coordinates, which are in latitude and longitude 

format, and gives output (distance) in the metric 

system. In other words, the shortest distance on the 

earth’s surface is performed by computing the great-

circle distance between two points. It takes into 

account the distortion due to the curvature of earth 

and different scale factors at different latitude 

values. Movable Type Scripts are used to calculate 

distance between latitude and longitude. The page 

presents a variety of calculations for 

latitude/longitude points, as well as the formulas and 

code fragments. The computation process in this 

step is performed on the isometric surface, i.e. under 

an assumption that the globe is a perfect sphere. 

Although the earth geometric model in common 

practical geodetic application is approached by 
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ellipsoidal, the spherical model deviates only by 

0.3% from the actual reference ellipsoid. 

Speed in time is related to the operating 

performance of a geocoding system and defines 

characteristics of the geocoding system that affect 

how fast records can be processed. In most modern 

computing environments in use today, per-record 

processing speed is of little concern as many 

commercially available geocoding systems can 

process on the order of millions of records per hour. 

However, if large volumes of data must be 

continually processed or re-processed, speed may be 

an issue that can be used to discriminate between 

geocoding systems. An extreme example would be a 

need for real-time geocoding in health emergency 

scenarios such as disease outbreaks. The geocode 

data needed immediately to help resolve or 

understand a phenomenon as it is unfolding on the 

ground to assist in the decision-making process, 

determine where resources are needed and identify a 

course of action to pursue to save lives. The last 

aspect is cost, in which the true cost of a geocoding 

system can be a difficult thing to quantify. However, 

some aspects of the geocoding system cost are easy 

to quantify. The prices for a software license for the 

geocoding system, the price of a license for the 

required reference data layer, and the price for a 

support contract are examples of one-time (or 

yearly) fixed costs that can readily be obtained from 

a software vendor or assumed to be zero for open 

source-software.  

 

3. Results and Discussion  

3.1 Existing Online Geocoding Services for TB 

Disease Mapping 

There are several geocoding services available both 

commercial-license and free-license software. In 

this contribution, three geocoder or address 

matchers from ten different developers were studied 

based on their positional quality, detection, time and 

cost factors. Based on the main website sources (e.g 

https://gisgeography.com/geocoders/,https://www.pr

ogrammableweb.com/news/7-free-geocoding-apis-

google-bing-yahoo-and-mapquest/2012/06/21, 

https://rapidapi.com/collection/geocoding-location-

apis) describe that seven free geocoding API and 

compare the geocoder on features, speed and limits. 

For geocoder timing, each API is checked every ten 

minutes for every week. The address used to be the 

same for all decoders. Google Geocoding API and 

Cloud made Geocoding API were the only two with 

100% uptime. In terms of speed, the fastest two 

were Bings Map Geocode and Google Geocoding. 

The other website explains that there are seven 

geocoding and reverse geocoding services for 

pinpointing addresses. Next website reference 

describes 36 top geocoding and location API. The 

geocoding is evaluated based on the timeliness, 

positional quality and detection.  

The following list (Table 1) presents some 

geocoders or address matchers used in many GIS 

applications, including Google Map, QGIS, Here, 

Esri, PBBI’s Geocoding (Phitney Bowes), US 

Census, and Bing Location API. According to the 

review, all platforms are almost the same, but the 

difference is the description of evaluation for each 

geocoder. From the reviews done, most of the 

website selected three main geocoder services which 

are QGIS, ArcGIS (Esri) and Google Map 

Geocoding. This three selected online geocoding 

service is explored and evaluated based on criteria 

of positional quality, timeliness, detection and cost. 

 

Table 1: Summarized list of the geocoding service platforms 
 

Service License Description (Geocoding capacity) 

ArcGIS Online Free and Open 

Source 

1,000,000/month  

Location-weighting unknown 

Quantum QGIS Free Google Map only 2,500/day 

OpenStreetMap has no limits 

Google Maps Free 2,500/day 

HERE Maps Geocoding Free 10,000 per day 

US Census Geocoder  Only for United State area 

Bing Location API Free 125,000/year 

MapQuest Geocoding API Free 15,000/month 

Location weighting 

Test area 

CloudMade Geocoding Free 100,000/month 

Pitney Bowes Geocoding Free Storing geocodes 30 days 

Location-weighting unknown 

OpenAddresses GeoLocated Free 5000/day 

https://gisgeography.com/geocoders/
https://www.programmableweb.com/news/7-free-geocoding-apis-google-bing-yahoo-and-mapquest/2012/06/21
https://www.programmableweb.com/news/7-free-geocoding-apis-google-bing-yahoo-and-mapquest/2012/06/21
https://www.programmableweb.com/news/7-free-geocoding-apis-google-bing-yahoo-and-mapquest/2012/06/21
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Table 2. Address matched 
 

Software / Services Addresses Matched Match Rate 

ArcGIS Online 30/30 100 % 

Google Maps 29/30 97 % 

QGIS 16/30 53 % 
 

Table 3. The distances of two difference geocode 
 

Address 

Distance (km) 

QGIS to ArcGIS Online 
ArcGIS Online to Google 

Maps 
QGIS to Google Maps 

Address 1 0.320 0.151 0.177 

Address 2 0.062 0.772 0.138 

Address 3 0.415 0.004 0.416 

Address 5 0.413 0.241 0.193 

Address 6 0.271 5.362 5.126 

Address 7 0.157 0.014 0.144 

Address 8 1.653 0.943 1.036 

Address 9 0.135 2.170 2.155 

Address 11 1.034 8.133 7.408 

Address 12 0.699 0.066 0.764 

Address 13 0.209 0.050 0.255 

Address 14 4.449 0.074 4.473 

Address 15 6.127 1.383 7.249 

Address 16 0.199 0.062 0.255 

Address 18 7.284 0.029 7.256 

 

3.2 Comparative Analysis of Selected Online 

Geocoding Capabilities for TB Disease Mapping  

The capability of the selected free and open 

platform (ArcGIS Online, Google Map and QGIS) 

is evaluated in this part. The selected platform were 

evaluated based on coverage (detection), quality 

(position), speed (time) and cost.   

 

3.2.1 Coverage (Detection) 

Match rate was at its lowest level (53%) when using 

QGIS geocoding service (Table 2). The other two 

geocoding services retrieved most of the geocodes 

(97% - 100%). After checking one by one, by using 

ArcGIS Online, all 30 address dot points are still in 

the area (Kuching, Sarawak). Using Google Map the 

29 dot points are still in the area. While using QGIS 

only 16 dot points were still in the area. In terms of 

coverage, Google Maps, and ArcGIS Online (using 

Google map has higher coverage. OpenStreetMap 

(OSM) in QGIS, on the other hand, has an average 

coverage. For instance, many important places such 

as hospitals, government buildings, parks and others 

will be missing from the map and an operator will 

have an additional task to include and edit the 

missing places. Google map is very detailed in its 

coverage down to the smallest streets and shops. In 

website categories, Google map is also ahead of 

OpenStreetMap in many categories including 

business and more than 200 other categories. 

Google and OpenStreetMap (in QGIS) use 

crowdsourcing to collect data. OpenSteetMap is a 

volunteer power organization and Google map 

maker also collects data from the crowd. Therefore, 

the base map data used by different geocoding 

services at any point may vary in quality and 

completeness. Thus, it is important to also document 

what data the geocoding service used. Different 

address-matching sensitivity settings built into the 

geocoder may produce different positional 

placements. Manually cleaned the addresses for this 

study prior to geocoding. Although geocoded the 

same addresses that had been cleaned, it likely 

impacted the geocoding finding. For example, in 

QGIS, the only detectable matched addresses are 7 

out of 30 before data cleaning, however the 

geocoding has improved to 16 matched addresses 

after data cleaning. This revealed that a procedure of 

manual standardization was performed in order to 

enhance the quality of the results provide a more 

precise geographic representation of health related 

events (Baldovin et al., 2015) 

 

3.2.2 Positional quality (Quality of reference maps) 

For this exploration, only 15 addresses were 

geocoded with all the geocoding services (ArcGIS, 

QGIS and Google Maps) for quality evaluation of 

the cases positions/distances. The distances between 

the locations provided by the three differences 

services (Table 3) were compared based on the point 

of location. The average distance between a pair of 

geocodes from different services is larger when 

comparing geocodes from Google Maps and QGIS 
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(Table 4).  In other words, the lowest similarity was 

found between geocodes from Google Maps and 

QGIS. The quality of geocodes in part depends on 

the quality of the street reference maps used to 

generate the coordinates. The smaller gap of 

distance between ArcGIS online and Google Maps, 

showing that these geocoder comprise a better 

quality of base/reference map for the cases 

placements. The actual geographic location of each 

address can be also determined through a global 

positioning system (GPS). The further study can be 

considered the standard of accuracy especially for 

disease mapping.   

 

3.2.3 Speed (Time) 

Three-time processing attempts for each service 

were recorded for each service to find the average of 

the time required to do the address-matching 

process. The result showed that the fastest time for 

geocoding processing is ArcGIS Online, followed 

by Google Maps and QGIS (Table 5). For example, 

ArcGS Online has taken less than 5 seconds to 

complete the 30 addresses location-matching of the 

cases, whereas Google Maps and QGIS required 

more than 30 seconds to carry the same processes. 

This study has suggested that the process of 

location-matching is strongly affected by the 

networking, and it is therefore in maintaining the 

consistency of data, processing is done at the same 

speed of the network and same the desktop or 

laptop. 

 

3.2.4 Cost 

There are many geocoding services available with 

specific characteristics, in particular cost factors. In 

QGIS, the geocoding process is quite flexible 

because the web service (OpenStreetMap) used is 

free and there is no limit to the use of space 

compared to the use of Google which requires cost 

and space due to the API key license. Open Street 

Map or Nominatim used in QGIS is user friendly 

and does not have these restrictions. ArcGIS Online 

is available for personal use through a free public 

account or organization-wide through an annual 

subscription. The license costs $100 for a 12-month 

period. This annual fee allows for the home use or 

personal use of the ArcGIS suite of GIS software 

along with its most popular extensions. Though 

Google Map is free, there are certain charges 

incurred when one makes use of Google mapping 

services. There is the cost of privacy in addition to 

not being able to control whatever is displayed on 

the map. OpenStreetMap on the other hand, always 

will be free to users, developers and companies. 

Nevertheless, According to Swift et al., (2008) the 

study findings indicate that price alone is not a 

reliable indicator of geocode correctness. Centrus, 

the most expensive geocoder tested, produced 

USCB misclassifications on various input addresses, 

all of which were handled correctly by the less 

expensive commercial versions (ESRI) as well as 

the free internet web services. 

 

3.3 Geocoding Services for TB Disease Mapping   

The ArcGIS has seen much use in spatial analytics 

and modelling in different perspectives and is one of 

the most advanced and reliable geospatial analytical 

tools available (Table 1) as illustrated in Figure 4. 

However, QGIS, an open-source GIS tool, has 

become very popular in the field of geospatial 

analytics. In this study, QGIS is used to plot 

geocoded locations on a map using QGIS version 

3.10.1 for the Windows environment.  Within the 

QGIS environment, the open layers plugin provides 

options for selecting Google Maps and OSM as base 

maps on which to plot geocoded locations of the 

cases (Figure 5). These locations were plotted on 

OSM only. Plugin in QGIS in an effort to balance 

the capabilities of ArcGIS, especially in offering 

better rendering capabilities. However this platform 

still lacks in terms of optimal geocoding processing 

(Figure 6). QGIS is an open source software and it 

is easy to access as compared to commercial 

software ArcGIS, Google Maps has a street view 

option. 

 

Table 4. Average distances (km) of geocodes between geocoding services 
 

 ArcGIS Online QGIS Google Maps 
ArcGIS Online - - - 

QGIS 1.562 - - 

Google Maps 1.297 2.469 - 

 

Table 5. Time processing for 30 addresses location-matching 

Software / Services Time Comment 
ArcGIS Online Less than 5 seconds Fast 

Google Maps Less than 30 seconds Medium 

QGIS More than 1 minute Medium 
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Figure 4: Geocoding of TB using ArcGIS Online 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Geocoding of TB using QGIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6: Geocoding of TB using Google Maps 
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Table 6. Summarized result of the geocoding processes 
 

Software Free or 

license 

Programming 

Requirement 

Online or 

locally installed 

Relative output 

quality, speed and 

coverage 

Key Benefits 

ArcGIS Online 

with ESRI World 
Geocoding 

Service 

Unlimited 

via site 
license 

No Online High 

 
Fast 

 

Global 

Easy to use once figure 

out the workflow but 
limited metadata output 

with results. 

 
~30 in less than 10 

seconds 

QGIS 
(OpenStreetMap 

Geocoding API) 

Free Yes, MMQGIS 
plug-in 

Installed Medium 
 

Moderately fast 

 
Global but spotty 

Free, no API key needed.  
 

~30 in 1 minutes 

Google Maps Flexible 

price 

No Online High 

 

Moderately fast 
 

Global 

Flexible price 

 

~30 in less than 30 
seconds 

*mileage may vary – results based on limited testing and local hardware, software and network configuration 

 

Prior to conducting GIS and spatial analyses, health 

researchers and practitioners often need to geocode 

address-based data and many do so “in-house”. 

However, with more user-friendly, geocoding 

services available, the more user-friendly, 

geocoding services available, the important 

decisions regarding geocoding sensitivity may be 

hidden from the user (which might not be 

identifiable to a non-specialist) and the geocodes 

obtained may be inaccurate (which can lead to 

substantial exposure misclassification). The study of 

free software for geocoding requires a lot of time 

and decision. In order to find the suitable software 

or service, the selection must fulfil requirements 

especially in terms of pricing and other relevant 

aspects. In the context of this study, the overall 

result of the respective geocoding processes is 

shown in Table 6. Although Swift et al. (2008) 

indicated that no one geocoder stands out as above 

and beyond the others, with each having their strong 

and weak points, in this study found there were 

slight advantages to ArcGIS Online in terms of 

address matching and time completeness. 

In regard to review on software or service 

available in the market. A finding was conducted to 

identify the free and open online service for 

geocoding. Therefore, there about a hundred 

software was generally reviewed by study based on 

the main website references. Then 10 software were 

specifically reviewed to find the three suitable and 

common services for geocoding that have 

capabilities to fulfil the requirement such as cost 

required and others. This is important for healthcare 

officials to analyse data of TB in an easier way. All 

the reviewed software is only licensed as free 

software or and open source software. One of the 

most important parts for this study is address 

matching or geocoding using three selected services 

(or software). Selection of the Suitable Software or 

Service The findings indicate that ArcGIS Online is 

the best way for mapping based on the coverage 

(detection), quality (accuracy), speed (time) and 

cost. However, it is important to note that the 

chosen geocoding method may depend on the nature 

of the project, cost restrictions and the skills of the 

analyst.  

Quantum GIS uses the Google API to geocode 

addresses, but only allows for entry of one address 

at a time unless a custom programme is allowed for 

more. Although many of free geocoder and allow 

many addresses to be geocoded, all have one or 

more of the following limitations: 

a) Allows only geocoding one address at a 

time 

b) Requires the creation of a user account 

c) Includes multi page navigation before 

arriving at the geocoding interface 

 

ArcGIS, Quantum GIS and Google Maps are user 

friendly. Although I do not know the actual 

locations of each address, I am confident that the 

geocodes produced by this service are generally 

positional accurate. Since the accuracy of geocodes 

in part depends on the quality of the street reference 

maps used to generate the coordinates, most up-to-

date maps are used like from the ArcGIS Online 

World Geocoding Service which uses the most 

recent commercial street data. This study should 

include geocoded addresses with the highest 

positional accuracy. The true geographic location of 

each address can be determined through aerial 

imagery or with global positioning systems (GPS) 
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receiver data. However these are superior standards, 

this was not practical nor a central focus of the 

study.  

The base map data used by the different 

geocoding services play a large part in determining 

accurate address matches. The base map data used 

by the different geocoding services at any given 

point may vary in quality and completeness. The 

quality and completeness may vary by geographic 

region. Thus it is important to also document what 

base map data the geocoding service used.  

However, even if geocoding services use the 

exact same base map data, different address-

matching sensitivity settings built into the geocoder 

may produce different positional placements. 

Further, while error might be introduced due to 

incorrect geocodes (with correctly recorded 

addresses), error can also arise due to the quality of 

the collected addresses in other words could also be 

due to incorrect addresses such as incorrectly 

spelled street names). For this reason, the addresses 

for this study are manually cleaned prior to 

geocoding. Although geocoded the same addresses 

that had been cleaned, it is likely that the editing of 

addresses impacted the geocoding findings for 

example improved the match rate and probably also 

increased the positional accuracy. 

 

4. Conclusion and Future Direction  

Geocoding is useful in public health tracking 

because it tells us where disease, specific 

demographics, environmental issues, or other 

health-related factors are concentrated 

geographically. Several health departments still 

registered disease cases in manual systems, 

especially old cases recorded without longitude and 

latitude information. Thus, it is necessary to have 

online batch geocoding software which could assist 

to geocode addresses automatically. For this disease 

mapping of tuberculosis (TB) study, three common 

platforms utilized for the domestic applications, 

namely QGIS, Google Map, and ArcGIS Online, 

were explored in terms of positional quality, time of 

speed processing, cost and spatial coverage. 

Experimentally, these platforms have special 

features, but ArcGIS Online has a slight advantage 

based on the aspects evaluated, especially in 

coverage and time. Although this study indicated 

that positional differences between the three 

geocoding methods examined exist, the differences 

found with ArcGIS were minimal and most 

addresses were placed only a short distance apart. 

The selected geocoding services are a free/open and 

powerful alternative when geocoding addresses, a 

much relevant task for healthcare officials or health 

researchers and practitioners with limited 

experience in this field. The knowledge of accurate 

geocoding to public health practitioners is essential 

in order to consider potential biases and limitations 

in disease mapping that are important for the future 

decisions and analysis. This exploratory result could 

be also utilised as a rough guideline for finding a 

service that meets the needs of an application that 

may depend on the nature of the project, cost 

restrictions and the skills of the analyst. However, 

future research should compare the positional 

difference of services to criterion measures of 

longitude/latitude using manual reference methods 

(GPS measurement or manual digitization) for better 

accuracy evaluation. In addition, the study can 

further apply statistical evaluation methods, 

covering a big area with the number of the 

cases/addresses, and getting perspective from 

software experts on the platform capabilities. 
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