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Abstract. Smart cities aim to improve citizens’ quality of life using technology. 

Due to their size, smart city projects often rely on dedicated software that is built 

using development methodologies and modelling languages. This paper aims at 

discovering what software development methodologies and modelling languages 

are being used in a Smart City context as well as revealing the drivers behind 

these choices. To do so, a literature review and six semi-structured interviews 

with practitioners in Belgian smart cities were conducted. The results 

demonstrate that there are various software development methodologies 

(Waterfall Model, Agile, Scrum, AUP, Hybrid Agile Methodology) and 

modelling languages (UML, SysML, BPMN, DSML, informal modelling) 

applied in a smart city context. This paper contributes to the understanding of the 

current state of software development methodologies and modelling languages 

within the smart city context. Moreover, by taking a closer focus on Belgian 

Smart Cities, it sheds light on the concrete state of practice and highlights the 

drivers and challenges associated with each approach.  

Keywords: Smart City, Software, Modelling Language, Software 

Development. 

1 Introduction 

During the last few years, we have observed an escalating tendency of a substantial 

number of people shifting towards living in the urban areas (Caragliu et al. 2011; Gaur 

et al. 2015). This growing number of city residents pushes city authorities to find ways 

for sustainable management of the increasing amount of organizational, technical, 

physical, and social concerns that emerge due to the high concentration of people. 

Rapid urbanization brings major challenges to the administration and general 

infrastructure of the city. These are a deficit of resources, falling into decay 

infrastructure, price fluctuations and scarcity of energy, troubles with human health, 

global environmental issues, and demand for improvement of economic potential (Nam 

& Pardo 2014). Despite this, Smart City projects can improve these challenges and 

create economic opportunities and social advantages for citizens.  
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There is no unified and standard definition of a Smart City. Common for any Smart 

City remains the aim to deliver effective services to people, regulate and improve 

infrastructure, foster cooperation of economic stakeholders to promote progressive and 

innovative solutions in private and public sectors (Albino et al. 2015). The following 

objectives are being obtained via the deployment of two vital elements that fuel Smart 

City: Information Technology (IT) and human capital (Ahvenniemi et al. 2017; 

Hollands 2008). Smart Cities are complex systems composed of tons of digitalized and 

interconnected operations and ecosystems. This complexity requires a Smart City 

system to be designed, managed, and governed properly. In the heart of the Smart City, 

there are numerous devices and sensors that are being interconnected via high-speed 

network and together they form the Internet of Things (IoT) and generate an enormous 

amount of valuable data (Gaur et al. 2015). Data, consequently, boosts the creation of 

modern services for citizens, companies, and public administrations (Zanella et al. 

2014). To properly configure, manage, and monitor IoT devices used in city 

infrastructure, the assistance of Smart City software is in the center of importance.  
To develop a successful software system, a suitable and appropriate methodology 

should be chosen (Qureshi 2012). The term methodology corresponds to the systematic 

approach to a process, following a predefined plan and appropriate management that 

guarantees that planning is being respected. Any software development methodology 

is associated with the set of steps required to be executed with the aim of delivering the 

software or piece of software as a result. These steps are: requirements, design, coding, 

testing, roll-out, and maintenance (Qureshi 2012). During this software development 

lifecycle multiple models are being constructed (Elaasar & Conallen 2013). 

Specifically, different modelling techniques are employed in the requirements 

gathering stage of software development methodology and in the design step 

responsible for specifying how the information system will be implemented (Qureshi 

2012). In general, modelling is an irreplaceable part of any system and serves a set of 

purposes: it helps to simplify reality, facilitate communication among stakeholders, and 

have different views on the system (Elaasar & Conallen 2013). To perform modelling 

there is a need for modelling languages that will determine: how the models must be 

created, their elements, notation, syntax, and semantics (Al-Fedaghi & Alahmad 

2018).Smart City software is not an exception: It also requires a suitable software 

development methodology and modelling languages that support it.  

Many papers have already discussed characteristics, advantages, and challenges of 

different software development methodologies  (Vijayasarathy & Butler 2016) and 

modelling languages (Evensen & Weiss 2010). However, the investigation of existing 

studies has shown that there is a lack of literature dedicated to the description and 

comparison of different software development methodologies and modelling languages 

for a specific Smart City context. Therefore, the goal of this paper is to dig deeper into 

these two vital components of smart city software. More specifically, this paper is 

focused on answering the following three Research Questions (RQ):  

  

– RQ1: What software development methodologies and modelling languages have 

been used or suggested to be used in Smart City projects?  

– RQ2: What advantages do these methodologies and modelling languages bring?  
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– RQ3: What software development methodologies and modelling languages are 

now used in Belgian Smart Cities and what is the reason behind these choices? 

2 Methodology 

2.1 Literature Review 

Since our first objective is to discover the current state of software development 

methodologies and modelling languages in Smart City context, literature review was 

considered a proper method to give an answer. To find articles that describe 

software development in Smart Cities we started with several combinations of the 

obvious search terms: software development Smart City. Based on this term the 

following queries were executed: (software OR development OR projects OR process 

OR application OR method OR methodology) AND “Smart City”. To extract specific 

information about modelling languages, we executed the following search query: 

(design OR modelling) AND Smart City. 

 

   

Fig. 1. Literature Review Methodology 

The following inclusion criteria were developed: the study is written in English; the 

study is published between 2000-2020, to ensure that the article is recent and up to date; 

the study is cited in other research papers; the study cites other research papers; the 

study is written in a consistent and academic way; the study is aligned with the purpose 

of the literature review: it describes software development methodologies and/or 

modelling languages used in Smart Cities and reasons behind this choice. The most 

heavily used database was Google Scholar since it gives an extensive overview of the 

existing publications in multiple databases. Complementary searches were performed 

on other databases such as IEEE Xplore, Scopus and Web of Science. The procedure 

to select a study to be added to the paper is the following: first check the title and read 

the abstract. If the abstract of the paper is related to the purpose of the literature review, 

proceed with a full read of the paper; otherwise, discard it. If after full critical reading 
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all inclusion criteria are met, the study is selected and utilized in the paper; otherwise, 

it is discarded. In total, as highlighted in Figure 1, 27 papers were finally selected. 14 

articles were selected for software development methodologies and 13 were selected 

for modelling languages. These papers can be found in the Appendix of this paper.  

2.2 Interviews  

To understand the use in practice in Belgium, we performed semi-structured 

interviews. This type of interview comprises a set of open-ended questions that tackle 

the topic the research aims at investigating. This research is considered beneficial since 

the open-ended nature of the questions identifies the focus of the interview yet provides 

room for a more detailed discussion between interviewer and respondent. The fact that 

the interview is not strictly structured permits to discover personal opinions and 

experience of the respondent (Guest et al. 2006). Six people participated in the 

interviews. Four of them were representatives of Smart City of Ghent (Belgium) and 

are employees of the organization named District09. District09 was defined by the 

respondents as the ICT provider for Ghent city. Other two respondents are employees 

of Digipolis Antwerpen, the IT partner of the city of Antwerp (Belgium). Table 1 

summarizes the background of respondents in terms of Smart City they are related to 

and position occupied. 

Table 1. Interviewees’ information 

City Position 

Ghent Business Analyst 

Ghent Business Analyst 

Ghent Innovation Lead 

Ghent Innovation Lead 

Antwerp Solution Architect 

Antwerp Enterprise Architect 

 

The type of qualitative data analysis that we have selected for this research is 

thematic one. Thematic analysis was performed according to (Braun & Clarke 2014) 

and comprised six sequential steps: data familiarization, initial code generations, 

searching for themes, reviewing themes, defining and naming themes and producing 

the report. We started from transcribing recorded interviews into textual format. After 

this, interview transcripts were carefully read and meaningful units, recurrent ideas and 

main issues in data were highlighted. After thorough review of data, we performed 

initial coding by selecting relevant parts of text and assigning them a code name that 

captures the sense included in it. Coding executed has an inductive nature meaning that 

codes emerge progressively from the data content and no codebook was developed in 

advance (Medelyan, 2020). After the first round of coding was finished, the procedure 

was repeated to refine the code names and arrive with polished codes. Based on the 

acquired set of codes, we aimed at searching for themes by sorting initial codes into 

potential themes and sub-themes. The outcome of this step was a set of candidate 
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themes, sub-themes and code associated with them. Next, themes and sub-themes were 

reviewed and refined making sure that they indeed capture what they were supposed 

to. Themes and sub-themes were then defined and renamed if necessary, highlighting 

the actual meaning stored in them and their differentiating characteristics. The coding 

scheme containing overarching themes, sub-themes, distinguishing characteristics, and 

example from transcript can be found in the supplementary material online1. 

3 Results 

3.1 Methodologies and Modelling Languages in Smart City projects 

Based on our literature review related to software development methodologies, it 

was possible to identify three types of methodologies that were used or suggested to be 

used in different Smart City software projects: Traditional (Waterfall), Agile (General 

Agile, Scrum and AUP) and Hybrid Agile Methodology. Waterfall Model is 

characterized by sequential development, defined and clear requirements, testing only 

taking place after coding, documentation creation after each phase and test team 

involvement during the testing stage only. Agile is a framework that manifests client’s 

satisfaction through continuous frequent delivery of functional software, welcomes 

changing requirements and encourages constant collaboration among motivated 

individuals. Table 2 illustrates the software methodologies that are being applied for 

different Smart City projects, the types of projects they were executed in, and the 

benefits (reported in the selected papers) of using them.  

Table 2. Software Development Methodologies 

Methodology Applications Benefits 

Waterfall Prototype of the smart office 

system for IOT-based security 

system   

 easy to understand; 

 easy to coordinate;  

 structured documentation; 

 minimal resources ; 

 easy implementation; 

 quality of development process;  

 minimized overhead; 

 better cost estimation; 

Agile  InterSCity  

Environmental 

monitoring system  

microservices-based 

platform (Custom Agile) 

 Smart City Bus 

Application (Scrum) 

 Blockchain- based 

software (Scrum) 

 time and cost savings; 

 less documentation; 

 feedback from end-users;  

 faster implementation; 

 transparency; 

 lightweight development process; 

 rapid delivery  of value;  

 self-organizing team;   

                                                           
1 https://zenodo.org/record/5887609#.Yeq08f7MI2w  

https://zenodo.org/record/5887609#.Yeq08f7MI2w
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 e-Rakorev Smart City 

Application (AUP) 

 acceptance of changing 

requirements; 

 earlier data visualization.  

Hybrid-Agile 

Methodology 

(HAM)  

 

Smart City  

Procurement  

 allows to estimate time and budget;  

 improved planning;  

 resource sharing; 

 reduced cost of misunderstanding 

and poor communication 

involvement of users;  

 increases acceptation; 

 educates citizens in project-related 

topic; 

 strengthens citizens' interest in the 

city. 

 

After investigation of modelling languages, we identified four modelling languages that 

were applied in different Smart City software development projects: UML, SysML, 

BPMN, DSML. Table 3 illustrates the software modelling languages that are being 

applied for different Smart City projects, the types of projects they were executed in 

and their reported benefits.  

Table 3. Modelling Languages 

Language Application Benefits 

UML  e-Rakorev Smart City 

Application 

 Intelligent cloud-based 

car parking service  

 Location aware mobile 

services for a Smart City  

 common clarity about system 

operation; 

 effective communication among 

stakeholders; 

 guarantee that the correct system 

is being developed;  

 support of the validation;  

 traceability from requirements to 

low-level design. 

SysML  Integrated Smart City 

System 

 

 unambiguous; 

 enforces consistency;  

 prevents attempts at making 

incompatible connections; 

 improves precision and efficient 

communication. 

BPMN 

 

 Bike Sharing System  

 Report broadcasted by 

police to citizens via the 

Telegram channel  

 

 standardization; 

 ease of use;  

 rich set of symbols;  

 no specific software required;  

 improves business processes. 

DSML  Smart Service System  

 Citizen Mobility System 

 increased modelling productivity;   

 allows better coverage of the target 

domain; 

 understood more easily by modelers 

and model users; 

https://www.mdpi.com/0718-1876/7/3/27
https://www.mdpi.com/0718-1876/7/3/27
https://www.mdpi.com/0718-1876/7/3/27
https://www.mdpi.com/0718-1876/7/3/27
https://www.mdpi.com/0718-1876/7/3/27
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 use of expertise to share knowledge 

within the development team. 

3.2 Methodologies and Modelling Languages in Belgium: State-of-Practice  

Software Development Methodologies 

All the respondents, both from Ghent and Antwerp, confirmed that their 

organizations try to be as Agile as possible and use Agile methodology most of the 

time. However, later participants explained that the development process is not 

completely Agile, even though it is called this. The requirements stage is completed in 

the Traditional Waterfall way, meaning that all the requirements are very detailed, 

clear, and consistent. The reason for this, as explained by our participants, is that Smart 

City projects are complex projects with many stakeholders involved and they are 

dependent on grants, funding, subsidies and on multiple governmental organizations 

that provide their support. When a proposal about the solution is created, it should 

include detailed, clear requirements and estimations to be present to relevant parties for 

approval. Business analysts from Ghent Smart City specified that when the new project 

initiation is received, they are responsible for conducting the whole research about the 

project and for producing a report containing all the strictly specified requirements, and 

a clear estimation of the timeline and budget needed. Antwerp representatives have also 

admitted that in the proposal that is being generated for their projects all requirements 

are very detailed, clear and are gathered and specified in Traditional Waterfall manner. 

The development itself, on the other hand, is being performed in Agile way with 

continuous incremental delivery.  When asking about the reason for choosing this 

hybrid methodology, all respondents explained that the Traditional part of methodology 

applied to requirements is, first, required due to multiple stakeholders’ dependency. 

Some Smart City representatives stated that, even though this way of dealing with 

requirements is necessary in Smart City projects, this method is also beneficial since it 

allows to avoid extra cost and time spending on modification of the solution.  

Modelling Languages 

All respondents mentioned that there is no standard modelling approach undertaken 

for software projects in their organizations and the selection of the models to be created 

depends on the business analyst responsible for their production and the characteristics 

of the project itself. Business analysts, as described by our respondents, are quite free 

to choose the way to deal with visualization of the requirement and design of the 

system. There are business analysts who create many different visualizations, while 

some business analysts barely create any models at all.  When asking if the respondent 

find this unstructured modelling approach sufficient, we got an answer that it develops 

models that are clear, intuitive and understandable and this is far more important than 

sticking to strictly defined modelling languages. Therefore, practitioners focus more on 

understandability within their organization through ad-hoc modelling languages than 

one understandability in a broader context. Business analysts also underlined that there 

is no demand for standard UML diagrams since they require constant update. On the 
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other hand, another business analyst from Ghent told us that he personally does not 

create any specific models. Business analyst, nevertheless, admitted that he can develop 

a Context Model sometimes. It was described as a useful model since it provides a 

useful overview of external factors and the system's interaction with them. Business 

analyst also explained that there is no specific modelling language applied for Context 

Models creation and named the approach used for this an “informal way” of models’ 

generation. In favor of this modelling technique respondent stated that this approach is 

understandable, simple and allows for creativity. When investigating the challenges that 

are associated with certain modelling techniques, it was noticed that some of the 

respondents associate UML with complexity, maintenance that arises from changing 

requirements and time consumption. One of the participants said that: “We avoid UML 

models that require updates, maintenance, probably explanation even, we try to be high-

level. Of course, different business analysts do this the way they consider it to be 

relevant. But no standards for this and no desire to spend time, effort, and money on 

structural modelling”. One respondent also explained that BPMN-based models can 

sometimes be too complex or lack certain features. Therefore, the Service Blueprint is 

added as an extra model in this case. In general, participants tend to highlight that they 

are trying to avoid complex modelling, keep models clear, intuitive, lightweight and 

understandable. According to one of the respondents, “this is more important than the 

fact that I have to use strict analyst models”. During one of the interviews, respondents 

suggested that focus should be shifted from the design stage, where these models are 

created, to the actual development and emphasis should be there. One more challenge 

that was announced and is not related to the specific modelling language, is the fact that 

advice about tooling is not given within the organization.  

4 Discussion 

Overall results of literature review led us to the conclusion that there is no specific 

methodology that fits all the Smart City software development projects. This finding is 

in line with the conclusions previously made in the literature related to the general 

software development projects (Andrei et al., 2019; Awad, 2005; Vijayasarathy & 

Butler, 2016). However, Hybrid Agile Methodology seems to be the most popular one 

in the Smart City projects performed by the interviewees. This makes sense as this 

method combines the benefits of the two other methods while addressing some of their 

challenges or limitations. With respect to the modelling languages, literature review 

results introduce four modelling languages implemented in multiple Smart City 

software projects: UML, SysML, BPMN and DSML. The findings with respect to the 

benefits demonstrate that all of the modelling techniques facilitate communication 

among stakeholders. UML leads to evasion of costly remarks and gives common clarity 

of the system, while SysML is unambiguous, scalable, consistent and allows to detect 

errors in early stages. BPMN is concluded to be easily understandable and facilitates 

involvement of the stakeholders. DSML, finally, is beneficial mainly due to its ability 

of customization for certain purposes, reliability, and reusability. One more important 

finding is that UML tends to be considered as time-consuming, expensive, effort 

demanding and can sometimes provoke miscommunication. When looking for 
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modelling languages applied in Smart City projects in Belgium, some interviewees 

mentioned that did not always use models. This, consequently, leads us to assume that 

the modelling part could have been skipped in these projects due to the drawbacks 

mentioned above. As we can see from the results, all the modelling languages 

introduced by Smart City representatives serve the facilitation of communication 

among various parties which again supports the arguments illustrated in former studies 

(Elaasar & Conallen, 2013).   
Even though this paper provides a broad overview of software development 

methodologies and modelling languages in a Smart City context, this paper also has 

several limitations. The literature that refers to methodologies or modelling techniques 

in a Smart City context almost never explains the reasoning behind. Therefore, the 

answer to the second research question is more general and the link between the 

methodology or modelling technique chosen and the reasons behind this is missed. We 

tried to overcome this limitation by explicitly searching for the specific outcomes of 

the identified methodologies and modelling languages. The general lack of existing 

literature about the topic in the Smart City context shows that more research needs to 

be performed in this area. In addition, this study considers a limited number of 

interviewees (six people) of two Belgian Smart Cities, Ghent and Antwerp. This may 

have not allowed us to see a broader picture of possibilities and experiences. As such, 

in future work we suggest increasing the sample size to make results more 

representative. Moreover, we suggest making purposive sampling more accurate and 

direct the interviews towards more specific profiles. For example, when there is an aim 

to discover modelling techniques, it is suggested to consider business analysts, 

designers or modelers as a rich source of information. 

5 Conclusion 

This paper aimed at discovering software development methodologies and 

modelling languages applied in various Smart City projects, the reasoning behind their 

selection and have a closer look at the Belgian Smart Cities’ experience with respect to 

these terms. From the literature study we discovered that Traditional (Waterfall), Agile 

(General Agile, Scrum, AUP) and Hybrid Agile are the methodologies applied for 

different Smart City projects. With respect to the modelling languages, we found UML, 

BPMN, SysML and DSML executed. Through the interview with Belgian Smart City 

representatives, we explored that they apply Traditional and Mixed methodology and 

execute UML, BPMN, ArchiMate, DSML and Informal modelling techniques. We also 

demonstrated benefits of the methodologies and modelling techniques derived from the 

literature and illustrated the experience of Belgian Smart Cities with respect to their 

approaches. While the limited number of respondents limits the generalizability of the 

findings, the paper provides valuable insight about possible approaches applied in 

Smart City context and sheds light on how Belgian Smart Cities manage software 

projects with respect to methodologies and modelling. Most importantly, it highlights 

justifications of the choices made and challenges faced by these Smart Cities. Further 

research is needed to discover software development methodologies and modelling 
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languages implication in other Smart Cities and investigate how Smart City context 

influences the choice.   
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