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Abstract 

Enriching geospatial data, particularly through address geocoding, is fundamental to many geospatial analytical solutions, facilitating 

resource allocation, accessibility assessment, and urban development planning. This paper explores the address geocoding approaches 

from traditional GIS-based methods to advanced data-driven solutions, emphasising their accuracy, efficiency, and complementarity. 

Geospatial data enrichment challenges are explored using the SemTUI framework and QGIS platform. SemTUI employs a data-driven 

approach that facilitates interactive semantic enrichment and address reconciliation. QGIS is utilised for address geocoding, using the 

MMQGIS plugin with two geocoding web services provided by OSM and Google. The comparison between SemTUI and QGIS 

workflows highlights their complementary strengths. SemTUI offers intuitive interfaces and an automated solution, while QGIS 

provides advanced geospatial visualisation and analysis capabilities. Practical applications in supply-demand analysis of social 

amenities and walkability index calculation demonstrate the significance of geocoding in urban planning. Further research efforts are 

focused on enhancing the integration between SemTUI and QGIS to improve the precision and performance of address geocoding and 

further spatial data analysis. 

 

 

1. Introduction 

Data enrichment methods and tools play a significant role in data 

processing by delivering meaningful data to implement analytical 

solutions. However, they face limitations such as a lack of 

comprehensive support for the entire data enrichment process, 

including data discovery, understanding, transforming, cleaning, 

linking and classifying (Ciavotta et al., 2022). Still, 

comprehensive and user-friendly approaches are needed to 

address geocoding challenges, particularly in urban planning 

contexts, where high-quality spatial data is crucial for informed 

decision-making. Additionally, existing solutions often suffer 

from the absence of essential Humans-In-The-Loop (HITL) 

assistance necessary to navigate and resolve uncertainties 

encountered throughout the data enrichment process, scalability 

and repeatability remain critical considerations in addressing the 

evolving demands of geospatial data processing. 

 

Enriching geospatial data is fundamental to many analytical 

solutions related to resource allocation, accessibility assessment, 

and urban development planning. In the context of address 

geocoding, it brings challenges due to the requirement for precise 

geographic coordinates and the complex nature of address data, 

which lacks common representation and standardisation (Davis 

and Fonseca, 2007, Koumarelas et al., 2018). Traditional 

methods for address geocoding have evolved significantly with 

advancements in data-driven approaches, probabilistic models, 

and machine learning techniques enhancing accuracy and 

efficiency. 

 

This paper explores the possibilities for geocoding addresses by 

evaluating two distinguished approaches as follows. First, a data-

driven approach is applied using the SemTUI framework, which 

supports interactive semantic data enrichment and address 

reconciliation to produce high-quality geospatial datasets. 

Second, QGIS is utilised for the same task by using the MMQGIS 

plugin with two geocoding web services provided by OSM and 

Google. A real-world scenario concerning municipal 

kindergartens and residential buildings in Sofia, Bulgaria, is 

developed to assess both approaches and obtain insights about 

their applicability. The practical application of address 

geocoding is demonstrated through two use cases: supply-

demand analysis of social amenities and walkability assessment 

of residential buildings. 

 

The rest of the paper is organised as follows. Section 2 outlines 

the related work. Section 3 presents the research methodology, 

including a description of the SemTUI and QGIS workflows, 

while Section 4 summarises the results. Section 5 is dedicated to 

the use cases, and Section 6 concludes the paper, giving 

directions for future work. 

 

2. Related Work 

Geocoding, the process of associating addresses with precise 

geographic coordinates, has evolved significantly from 

traditional rule-based methods. In this chapter, we explore the 

evolution of geocoding from traditional approaches to advanced, 

data-driven methods. The advancements enhance accuracy, 

integrate external data, and refine georeferencing techniques, 

which are crucial for location-based services and spatial data 

analysis. 

 

2.1 Traditional Rule-Based Geocoding Approaches 

Traditional geocoding was primarily accomplished using rule-

based systems and databases, often relying on heuristic methods 

to match textual addresses to their corresponding geographic 

coordinates. These systems, while effective to a certain extent, 

suffered from limitations in terms of accuracy, especially when 

dealing with complex addressing structures, multilingual 

variations, and user-generated content (Rahul Bakshi et al., 

2004). This leads to the need for more sophisticated techniques 

to improve the precision of geocoding systems. Numerous 

algorithms and methods have been proposed in the literature to 

enhance geocoding accuracy based on probabilistic and machine 

learning methods. The probabilistic geocoding approaches use 

statistical models to estimate the likelihood of an address being 

associated with specific geographic coordinates. Approaches 

such as Hidden Markov Models, Bayesian Networks, and 

Conditional Random Fields have improved geocoding accuracy, 

particularly when dealing with ambiguous or incomplete 

addresses (Christen et al., 2004). Machine learning techniques, 

including supervised and unsupervised learning algorithms, have 
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also shown promising results in geocoding. Support Vector 

Machines (SVM), Random Forest, and deep learning models like 

Convolutional Neural Networks (CNN) and Recurrent Neural 

Networks (RNN) have been employed to learn complex 

relationships between textual addresses and geographic locations 

(Lee et al., 2020, Zhang et al. 2022). These approaches often 

incorporate vast datasets to train models that can handle 

variations in addressing conventions and formats. 

 

2.2 Integration of External Data Sources 

Integrating external data sources, such as street maps, building 

footprints, and land-use information, has become increasingly 

popular. By incorporating these datasets, geocoding systems can 

leverage additional context to enhance accuracy and reduce 

ambiguity. Research in this area focuses on data fusion 

techniques and matching algorithms that combine textual 

information with spatial data (Lane et al., 2023, Zandbergen et 

al., 2008). Address matching and geocoding systems must deal 

with errors and ambiguities in textual addresses. Research in this 

area has led to advancements in error analysis, quality 

assessment, and methods for resolving inconsistencies. 

Algorithms for address standardisation, data cleansing, and error 

correction play a vital role in improving the overall performance 

of geocoding systems (Lane et al., 2023, Schootman et al., 2007, 

Kravets et al., 2007). 

 

2.3 Semantic Data Enrichment 

A systematic literature review on recent approaches for the 

automatic identification of addresses revealed the importance of 

semantics with regard to methods and algorithms for address 

geocoding (Cruz et al., 2022). The SemTUI framework facilitates 

the data enrichment process by assisting users in enriching 

tabular data by integrating data linking and extension services. It 

supports data discovery and linking by employing advanced 

algorithms to integrate data from various reference sources while 

leveraging open-linked data and private knowledge graphs. 

Furthermore, SemTUI provides interactive reconciliation and 

extension, involving users in the identification and revision of 

uncertain links (Ripamonti et al., 2022, Cara et al., 2023, Udroiu 

et al., 2023). It has a backend serving as an advance gateway for 

access to a variety of services, including built-in (e.g., Alligator), 

third-party (e.g., Atoka and services compatible with 

OpenRefine), or a combination of both (e.g., the built-in GEO 

service relying on HERE and OSM services) (Cutrona et a., 2019, 

Avogadro et al., 2022). 

 

2.4 Geographic Information Systems 

Geographic Information Systems (GISs) provide a powerful 

functionality that covers the whole data lifecycle, such as 

capturing, storing, enriching, analysing, visualising, etc. There is 

much software that supports the use of GIS technologies in 

different fields like urban planning and management, health, 

services, etc. (Chang, 2019, Mennecke et al., 1996). Some of the 

most widely used are QGIS and ArcGIS Pro. QGIS is an open-

source GIS for creating, editing, visualising, analysing, and 

publishing geospatial information across various operating 

systems. To geocode a bulk amount of addresses effectively, it's 

essential to identify a plugin tailored to the specific needs of the 

task. One of the most promising ones is the MMQGIS plugin 

(Minn, 2021). It can work with 5 different web services, namely 

Google with API key, OpenStreetMap/Nominatim, US Census 

Bureau, ESRI server and NetToolKit. Each of these services 

offers varying levels of geocoding accuracy, depending on the 

geographic area of the addresses being processed and their 

format. ArcGIS Pro is a GIS application supporting data 

visualization, data analysis, and maintenance, boasting various 

instruments and capabilities. The geocoding of addresses 

requires using of ArcGIS World Geocoding Service (ArcGIS). 

The service can geocode addresses that are stored in a single 

field, divided into multiple fields, or stored in a single field and a 

country field. Some locators support multiple input address 

fields, where the address component can be separated into 

multiple fields, and the address fields are concatenated at the time 

of geocoding. 

 

2.5 Internet-based Mapping Services 

In the past few years, the democratisation of internet-based 

mapping services has empowered non-GIS users to use 

geocoding services such as Google Maps or MapQuest (Wu et 

al., 2005; Roongpiboonsopit and Karimi, 2010). The 

OpenStreetMap (OSM) Nominatim API supports geocoding and 

reverse geocoding, providing a straightforward translation 

between geographic coordinates and place names (Geoglify, 

2024). NetToolKit consults several data sources to deliver better 

results when attempting to geocode an address. These data 

sources have overlapping coverages of the US (i.e., an address 

might be included in one source but not the others). For non-US 

addresses and landmarks, NetToolKit relies on Nominatim. It 

also queries PostGIS for US addresses, as it offers a different 

method of parsing input (NetToolKit). In the context of 

geocoding, PostGIS enhances accuracy and efficiency by parsing 

and standardising address data, utilising spatial indexing for 

faster geocoding, and integrating with external datasets for richer 

context. It supports multi-field address parsing, error correction, 

and spatial querying, particularly beneficial for US addresses, 

making it a valuable tool in the geocoding process within the 

PostgreSQL database environment. 

 

3. Methodology 

This section outlines the methodology employed to assess 

geocoding approaches using both the SemTUI framework and 

QGIS. Their efficacy in handling the geospatial data enrichment 

challenges is evaluated in the context of urban planning 

scenarios, particularly in Sofia, Bulgaria. 

 

3.1 Study Area and Data 

The study area covers Sofia, the capital of Bulgaria, where 

historical planning variations have caused insufficient coverage 

of essential services like schools, medical centres, and, 

especially, kindergartens. Sofia presents an ideal case study for 

evaluating geocoding approaches in urban planning contexts due 

to its diverse spatial characteristics and ongoing development 

projects. To evaluate the accessibility of kindergartens within 

walking distance, a spatial analysis should be performed based 

on the residential address of the children. The dataset, comprising 

over 23,621 data points sourced from the municipal Directorate 

of Education, encompasses addresses of children aged 1 to 6 

years, along with an extensive list of over 300 childcare 

amenities.  

A dataset is prepared to fulfil the specific requirements of the 

SemTUI framework and QGIS. Subsequently, a subset of 1028 

addresses, representing diverse children enrolled across 12 

kindergartens, is selected to validate the SemTUI service's 

functionality. To explore QGIS, 200 addresses are selected from 

the dataset prepared for the SemTUI framework. 
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3.2 SemTUI workflow 

The SemTUI framework is used for interactive semantic 

enrichment, including the following steps: 

• Preprocessing, excluding lacking addresses and preschool 

classes and removing non-relevant columns. 

• Address reconciliation, comprising the identification and 

utilisation of a linking service from those available in 

SemTUI. At this step, geo-coordinates are assigned to each 

address, leveraging the HERE Geocoder as the geocoding 

service. 

• Geocoding extension, including further augmentation of the 

reconciliation process by supplementary information. This 

optional step adds route length, walking duration, and a 

well-formed Latin transliteration of the addresses. 

• Review, engaging the user to find potential inaccuracies 

caused by the geocoding task. 

• Resolve reconciliation discrepancies, involving correction 

actions to deal with inaccuracies identified during the 

review process. 

• Enrich for downstream analytics, including extending the 

geocoded dataset with supplementary data. 

 

3.3 GIS-based Tools Workflow 

MMQGIS plugin is used for address geocoding in QGIS. The 

steps performed for address geocoding are as follows: 

• Preprocessing, including splitting the address information 

based on address parts and removing the unnecessary 

address components to streamline the geocoding process. 

• Translating the addresses from Cyrillic to Latin to enable 

compatibility with the plugin. 

• Geocoding, involving the specification of the fields that will 

be used, determination of how to deal with duplicates and 

storage location for the output and the list with unmatched 

addresses. 

• Export, including a selection of data format for the export, 

usually as a shapefile with a geometry point for each 

address. 

• Visualisation of the geocoded dataset on 2D maps and 

further visual exploration of the geocoding issues that arise. 

 

4. Results 

This section presents results obtained from the SemTUI 

framework and GIS, specifically QGIS in this case. 

 

4.1 SemTUI Results 

The SemTUI framework automatically enriched the source table 

by adding geocoordinates of the Cyrillic addresses and 

successfully converted them into their Latin counterparts. This 

opens opportunities for enhanced cross-platform compatibility 

and data interoperability. The address geocoding demonstrated 

an accuracy rate of approximately 95% for residential addresses. 

Problems with the remaining 5% were identified using the visual 

support provided by SemTUI to identify and correct anomalies if 

they appear during the reconciliation to enforce a human-in-the-

loop approach.  

 

An example is illustrated in Figure 1, where anomalies above a 

certain threshold can be detected by numbers (enclosed in a red 

rectangle) and verified by clicking on the polyline (enclosed in a 

blue rectangle), which opens the view in Figure 2. This view 

clearly indicates that the discovered address is located outside the 

city; therefore, this anomaly appears to be an error. In this case, 

it was caused by a misinterpretation of the abbreviation for 

‘boulevard’ in the address. 

 

 
 

Figure 1. Visual detection of anomalies in discovered addresses 

by examining the added columns.  

 

Anomalies can be detected and possibly fixed by domain experts. 

Thus, various forms of user input can be integrated, allowing 

domain adaptation through user feedback. Consequently, fine-

tuning of the provided services can be achieved for a specific 

domain of the processed data. 

 

 
 

Figure 2. Visualisation of a polyline in SemTUI to  

check anomalies: the discovered address is outside the city. 

 

A sample illustrating the results from the enrichment process is 

presented in Figure 3. 

 

 
 

Figure 3. Enrichment outcome: new columns added to the 

source table with duration, length, and polyline of routes. 

 

The enriched dataset includes a dedicated column with encoded 

polylines representing routes. A specialised Python script was 

developed and applied to convert the routes from polylines to 

arrays of coordinates, rendering them suitable for visualisation in 

GIS, specifically QGIS. Moreover, two supplementary columns, 

route duration and length, have been added. As a result, the 

quality of the dataset is enhanced, offering insights into the 

routes' temporal and spatial dimensions and thereby improving 

the understanding of the data. 

This exploration of results from the SemTUI framework shows 

minor issues. Incorrect or unconnected routes were discovered 
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(Figure 4). For instance, some residential addresses are 

accurately geocoded, and their corresponding kindergartens were 

identified but remained unconnected. 

 

 
 

Figure 4. Unconnected residential buildings and kindergartens. 

 

The lack of information on the route length and duration also 

leads to a missing connection between a residential building and 

its corresponding kindergarten (Figure 5). 

 

 
 

Figure 5. Connected (in green circle) kindergarten and 

unconnected (in red circle) kindergarten due to missing route 

duration and length. 

4.2 QGIS Results 

Geocoding with QGIS is tested using the MMQGIS plugin. Two 

of the five available geocoding web services, provided by OSM 

and Google, were used. Each of them gives a different degree of 

success regarding the number of geocoded addresses. Note that 

the way and order the addresses are written affect the results. For 

some addresses, OSM gives a better result, and for others - 

Google. In addition, the same address geocoded with a different 

web service might receive a different location. In some scenarios, 

MMQGIS cannot process addresses with any web service. 

 

The results from address geocoding performed on a dataset with 

200 residential addresses are shown in Figure 6. Notably, Google 

web service successfully geocoded 195 addresses, while OSM 

web service managed only 28. However, it's essential to 

recognise the limitations of Google web service, as it imposes 

restrictions on the number of free geocoding requests before 

payment is required. In contrast, OSM offers a free-for-use web 

service but demands careful preprocessing of address data. 

 

 
 

Figure 6. Geocoding results, obtained with Google and OSM 

web services. 

 

Despite the quantity of successful geocoded addresses, both web 

services demonstrated errors in quality. Figures 7 and 8 illustrate 

a common issue where multiple addresses are incorrectly 

geocoded to a single point, often located in a road infrastructure 

zone outside of a residential area. 

 

 
 

Figure 7. Common geocoding error: multiple addresses mapped 

to a road infrastructure zone (OSM). 
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Figure 8. Common geocoding error: multiple addresses mapped 

to a road infrastructure zone (Google). 

 

The generation of the shortest path in QGIS has not been 

explicitly performed. The software offers various functionalities 

provided by both external plugins like ORS and Traveling 

Salesman analysis, and inbuilt network analysis tools. Figure 8 

shows a successful generation of the shortest path between two 

points using the Network analysis tool and, more specifically, the 

Shortest path function. It should be noted that the execution time 

has taken around 30 seconds, which raises the question of the 

applicability of the tool on large datasets. 

 

 
 

Figure 9. Shortest path between two points, generated with 

Network analysis tool in QGIS. 

 

5. Use Cases 

The geocoding of addresses is successfully applied in two use 

cases: supply-demand analysis of social infrastructure and 

walkability index of residential buildings based on walking 

access to different points of interest (POIs). 

 

A unified solution for supply-demand analysis of public 

amenities considering a 15-minute walking distance. The 

solution is validated through a real case study related to the 

kindergartens and nurseries in Sofia Municipality, where a 

shortage of these amenities affects around 12,000 children. It is 

based on geospatial data for the public facilities, residential 

buildings, and pedestrian network; demographic data for 

estimating the demand capacity of the residential building; and 

regulations used to calculate the supply capacity of the 

kindergartens and nurseries. The proposed solution finds the best 

possible distribution of the children living in the residential 

buildings among the public facilities by achieving optimal 

coverage. A sample result from the supply-demand analysis of 

Sofia city centre is shown in Figure 10. 

 

 
 

Figure 10. Sample result from the supply-demand analysis of 

Sofia city centre. 

The primary goal of the supply-demand analysis is to ensure 

maximum utilisation of the capacity of public facilities while 

minimising the overall distance children need to travel to access 

these facilities. The distance between public facilities and 

residential buildings is determined based on the shortest possible 

path within the pedestrian network. As a result, underserved areas 

and areas with an over-supply are determined. 

 

Although the coverage of kindergartens and nurseries is 

considered for validation, the solution is developed in a unified 

way that allows its application to other public facilities such as 

schools, health centres, public transport stops, etc. This motivates 

the second use case related to the walkability index of residential 

buildings in District Lozenets”, Sofia. The study evaluates the 

walkable access to the available POIs, considering perceptions of 

convenience, how people spend their valuable time and their 

proximity. The POIs are classified into primary and secondary 

groups and assigned weights based on their significance, 

permanence, and public or private status. The walkability index 

for a single residential building is calculated as follows: first, a 

score for each primary group is calculated by summing up the 

weights of accessible POIs in secondary groups and multiplying 

the result by the weight of the primary group, second, a final 

score is calculated by sum up all calculated scores for each 

primary group. A result from the calculation of the walkability 

index is shown in Figure 11. 
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Figure 11. Walkability index calculated for District “Lozenets”. 

 

6. Conclusion 

This study demonstrated the important role of data enrichment 

methods in facilitating analytical solutions in the geospatial 

domain, particularly in addressing geocoding. The SemTUI 

framework and QGIS are used to assess the applicability of both 

data-driven and GIS-based approaches. SemTUI offers an 

intuitive interface and fully automated solution, making it 

practicable even for users with limited technical proficiency. 

However, it lacks valuable visualisation capabilities. In contrast, 

QGIS requires the usage of plugins or external tools for 

geocoding but provides inbuilt visualisation and geospatial 

analysis functionalities. 

 

The comparison between SemTUI and QGIS workflows reveals 

complementary strengths. SemTUI excels in efficiently 

processing datasets to generate geocoded points and optimal 

routes. On the other hand, QGIS provides a platform for 

advanced visualisation, analysis and publishing of geospatial 

data on different platforms and devices. Such complementarity 

provides an opportunity to combine or integrate them into a 

common data pipeline that can enhance performance, execution 

time, and ease of use. 

 

Furthermore, the presented use cases, including the supply-

demand analysis of social amenities and the calculation of 

walkability indices, highlight the significance of geocoding in 

urban planning and design. They illustrate how geocoding, 

facilitated by tools like SemTUI and QGIS, can provide valuable 

insights into resource allocation, accessibility analysis, and urban 

development strategies. 

 

Further research and development efforts should focus on 

enhancing the integration between SemTUI and QGIS, as well as 

providing additional, rich functionalities for the end users, such 

as improved visualisation tools and automated error detection 

mechanisms. This integrated approach could lead to improved 

efficiency and effectiveness in the address geocoding and spatial 

data analysis, ultimately benefiting various industries in the 

geospatial domains.  

 

The integration of SemTUI and QGIS presents a promising 

opportunity to enhance the precision, performance, and 

efficiency of address geocoding and spatial data analysis. By 

leveraging the complementary strengths of both tools, users can 

benefit from a comprehensive data pipeline that combines data 

enrichment capabilities offered by SemTUI with advanced 

visualisation and analysis functionalities provided by QGIS. 

Integrating SemTUI for data preprocessing and enrichment, 

followed by seamless data transfer to QGIS for visualisation and 

analysis, can streamline workflows and improve overall 

productivity. This integrated approach holds the potential for 

addressing the evolving demands of geospatial data processing 

and facilitating more informed decision-making in urban 

planning and analysis contexts. 
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