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Abstract 

Abstract 

This research is focused on creating a web-based mobile application to address the 

Landslide issue in Sri Lanka. Sri Lanka is a tropical country which suffers from Landslides 

continuously due to primarily the monsoon rain season and geographical terrain factors. 

Rain-induced Landslides affect the lives of the people, their public and private properties, 

the infrastructure of the country as well as the national economy. The south-western and 

central provinces are the most highly affected areas in the country. Due to the dynamic 

weather changes and unpredictable causal factors of the Landslides, it is difficult to 

predict this hazard. Sri Lanka is a third world country and the government struggles with 

limited resources to help the victims who suffer from this catastrophe.  

The Web and mobile technology are two technological mechanisms which can be used 

for convenient data gathering and interactive information sharing. This research has 

developed a web-based mobile solution which can represent information which is related 

to Landslides in Sri Lanka in a convenient and interactive manner. Due to the fact that 

the outcome of this research is a technical prototype, Design Science Research (DSR) 

methodology is the desired methodology for this study. This study will structure its 

research process to reflect on the vital phases of DSR. A literature review process, a 

development process and an evaluation process will be carried out to determine the 

desired outcome.  

The data are fetched through web sources and the processed data will be visualized on 

the geospatial map interface of the application which uses the Google Map Application 

Platform Interface (API). The heavy rainfall is the primitive factor for the rain-induced 

Landslides in Sri Lanka. The weather history and weather forecasts are fetched through 

AccuWeather Web API. The locations of the previous Landslide events are fetched from 

the Global Landslide Index API by NASA. The National Building Research Organization 

is the governmental body which sketches the hazard prone locations which could trigger 
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a potential landslide. Those maps are purely paper based and through a web tool, those 

sketches are converted into map coordinates and will be displayed on the map interface. 

Apart from that, users are given an interface to input data by creating markers on the 

map application which are the factors of Landslides. Those markers are validated 

through a social proofing process. Also, users can create campaigns through the 

application to share resources among the victims. These are the main functionalities of 

the intended application which are linked to the research objectives. Those functionalities 

are precisely illustrated in the development phase of the methodology which uses 

iterative prototyping as its Software Development Life Cycle (SDLC). 

Furthermore, this technical solution will be evaluated through a questionnaire. The focus 

group consists of ten people from the south-western provinces in the country. The 

discussion is carried out using the feedback given by the participants as it relates to the 

effectiveness, benefits, weaknesses, further required development and limitations of the 

solution. 
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  1. Introduction 
 

1. Introduction  

The Web and mobile technologies can be used as a helpful tool to tackle various real-

world problems. The Web and mobile technology can be utilized to access information 

in a convenient and interactive way. Creativity and innovation can be applied to these 

technological tools as a way of increasing the productivity and efficiency as it relates to 

tackling real world issues. This research is focused on creating a web- based mobile 

application which can be used to address the Landslide issue in Sri Lanka.  

Landslides are an ongoing natural catastrophe in Sri Lanka which results in human 

losses. Although stopping or predicting this natural phenomenon may not be possible, 

gathering data related to these events may help to more closely and conveniently study 

this issue and provide relief effectively. This research process is conducted using Design 

Science Research (DSR) methodology and proper phases are carried out to investigate 

the key elements, findings and factors which are required to develop a technological 

artefact. Furthermore, the basic phases of artefact creation are carried out and the 

outcome will be evaluated.  

Proper research objectives are placed as a guideline to manage the research process. 

This study is not entirely about creating just a web-based mobile solution it is also about 

understanding the factors of this natural phenomenon and finding ways to collect reliable 

data related to these events through web sources. Combining the data into a feasible 

mobile solution along with finding an innovative way to help the victims through this 

technological solution are the goals. Lastly, an evaluation process will be carried out and 

will discuss the potential benefits, weaknesses, further development requirements and 

limitations of this technological solution.  
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1.1 Background 

Background   demonstrates   the   key   issue   which   impacts   the   society. Factors of 

the issue and its impact are discussed in this section. Country of the issue is a primary 

concern as research objectives and the research question are created focusing on that. 

Overall, the background explains the depth of the issue and its significance. 

1.1.1 Landslides 

A land slide is a slope failure which results in a gravity driven downhill ground movement. 

A landslide could create various effects ranging from a rock falling to a whole 

mountainside collapsing. The slope movement occurs as the gravity which forces the 

down slope, becomes stronger than the physical strength of the earth materials that 

constitute the slope. The landslide is a global catastrophe which destroys human lives, 

properties and the infrastructure of the country (Davies, 2015). According to the research 

by the Department of Geography at Sheffield University, approximately 4862 distinct 

landslide events have occurred from 2004 to 2016 resulting in 55,997 human casualties 

(J & Petley, 2018). Figure 1.1 below displays an image of “Aranayaka” Landslide in Sri 

Lanka which created 92 human casualties and 502 building destructions (FloodList Web, 

2016).   

Figure 1.1: Aranayaka Landslide (FloodList Web, 2016) 
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1.1.2 Factors of a Landslide 

Numerous factors could cause a landslide. Due to the diverse nature of the factors which 

could influence, trigger or cause a landslide, it is difficult to create an in-depth factor 

index. According to the gathered information, a general index of factors related to 

Landslides can be created. The general factors of a landslide can be categorized as 

geological, physical, endogenic (Davies, 2015), exogenic, meteorological (Peruccacci & 

Brunetti, 2018), (T.McColl, 2015) and human factors (Haigh & Rawat, 2012).  

The terrain features of earth (Weedaga, Rathnayake, & Wanasundara, 2019), such as, 

hillside slopes are one of the primary reasons that cause a landslide. The angle of the 

slopes, the position of the slopes, for example, the escarpment slopes (Saroja, C.S, & 

Gunatilake, Morawakkanda Landslide - Geology and Soil Properties, 2019)  are the 

geological features which are linked to a Landslide. These factors can be defined as 

geological factors while the strength of the slope can be considered as a physical factor 

(Davies, 2015).   

The steeping or heightening of the slope, the removal of lateral or underlying support, 

the loading or surcharge of the upper edge of the slope and, the changes in either relative 

relief as a result of faulting can be considered as exogenic factors (Alexander, 1992). 

The disintegration that weakens the soil created by the weathering conditions, the death 

of the plants which holds the soil together, and the increased infiltration of water which 

can lead to soil saturation and lateral pressure created by the swelling, shrinking, 

freezing and thawing can be considered as the endogenic causes. The hydrologic 

factors, such as, the ground water level is also a sub factor of the endogenic factors 

(Weedaga, Rathnayake, & Wanasundara, 2019).  

The earth soil layer can be broken into three layers. The top level is the surface layer 

which holds the terrain factors. The features of the top layer belong to the exogenic 

factors while the features of the middle and bottom layer belong to the endogenic factors. 
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The middle layer is known as the slip slope and it is comprised of several clay and mineral 

particles. The slip surface is composed of these soil particles and nature and the physical 

factors of these particles could also activate a landslide as well (Ahamed, Jayasinghe, & 

Christoher, 2019).  Figure 1.2 below illustrates a diagram which summarizes the general 

factors related to a Landslide.   

Heavy rainfall and rapid snow melt (Davies, 2015) can be defined as meteorological 

factors while deforestation, construction and mining can be considered as human factors 

(Ratnayake & Herath, 2015).  

Figure 1.2: Factors which could trigger a Landslide (Source: Author) 

Any human activity which could influence the exogenic and endogenic factors can be 

considered as human causes. Road cuts and stream cuts for agriculture could result in 

the removal of the underlying support of soil while construction and landfill dumping could 

create a surcharge of the upper edge of slope. Deforestation could destroy the plants 

which hold the soil strong (Hewawasam, 2010) and mineral and gem mining activities 

could result in weakening the slip surface (Gunathikala, 2007).  

Heavy rainfall is one of the meteorological factors that triggers a land slide. Countries in 

Asia which face monsoon cyclones (Ratnayake & Herath, 2015) suffer from several 

natural disasters due to rain. Landslides are one of those natural disasters.  
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Figure 1.3 below depicts a map which was developed as a part of Global Landslide 

Catalogue (GLC) by National Aeronautics and Space Administration (NASA). The 

objective of GLC is to recognize any landslide influenced by rainfall (NASA, 2018). 

Figure 1.3: Global Landslide Catalogue (GLC) Map (NASA, 2018) 

 Asia is one of prominent regions which suffers from Landslides due to its geographical 

terrain features and monsoon cyclones. As shown in the GLC map, there are certain 

regions around the Himalayan arc that suffer severely from landslides due to its fragile 

geology, steep slopes and monsoon climates (Paudel, 2003). As the GLC demonstrates 

Asian countries suffer massively from rain-induced landslides.  

1.1.3 Sri Lanka and Landslides 

Sri Lanka, a tropical country located middle of Indian ocean. In the middle of the year, 

Sri Lanka faces the possibility of a monsoon cyclone and it is difficult to predict the exact 

time or duration ahead of time due to its nature. 

Due to the geological patterns and terrain factors, such as, the steep slopes, south-

western and central provinces suffer from Landslides as depicted below in Figure 1.4. 
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Figure 1.4: Rain-induced Landslides in Sri Lanka (NASA, 2018) 

Every year Sri Lanka faces landslides which cost human lives. Table 1.1 below shows a 

table which demonstrates figures related to the impact of natural disasters from 1974 to 

2016. This table is extracted from a report which was created by the Disaster 

Management Centre (DMC) of Sri Lanka. According to the statistics, Tsunami holds the 

first position for creating the highest number of human losses. Even though Tsunami was 

a rare natural disaster that Sri Lanka only faced in 2004 (Ahmed, Mulligan, Donovan, & 

Barton, 2017), Landslides occur frequently, and hold the second position in terms of 

human losses. Unfortunately, Landslides have become an ongoing natural disaster and 

have resulted in the highest number of human losses. Table 1.1 demonstrates the Sri 

Lankan statistics related to natural disaster impact from 1974 to 2016. This table is 

extracted from Asian Disaster Reduction Centre (ADRC) research program report.  
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Table 1.1: Natural disaster impact from 1974 to 2016  (Jayathne, 2016) 

From ARDC Research program country report, 2016 by J.M.A.R. Jayarathne, created for DMC 

1.2 Research Objectives 

The Research objectives serve as the foundation for this study. This research has five 

objectives. Each objective is analysed in a systematic manner in order to achieve a 

successful outcome which is the aim and the reason this study has been conducted.  

The first objective is examining the methods to apprehend the web-based data that is 

related to the Landslides in Sri Lanka. Web APIs or any other web sources can be used 

to obtain the relevant data. If some of the vital data is not attainable through web sources, 

then technical methods need to be implemented in order to convert the reliable non-

digital data objects into web-based data objects.  

The second objective is designing a web-based mobile prototype using front-end and 

back-end web languages to decipher, demonstrate and interpret the obtained data. The 
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primary prototype is an interface which demonstrates the data through geospatial 

visualization. The solution needs to have the capability to process the data into 

interactive information for the users. Research is focused on creating the solution using 

pure front-end languages without using any geospatial application tools for development. 

Due to being an open-source solution with a transparent coding structure, it is restricted 

to use any geospatial application tools for this prototype.  

The third objective is designing a mobile interface to fetch the data related to the 

Landslides using the help of the community. Procuring the data supplied by the users 

and validating it and visualising it on the map are the focus of the objective. The data 

that has been fetched and validated is then stored in the application web server.  

The fourth objective is designing a mobile interface for the users to collaborate and 

contribute resources for the purpose of helping the victims in an event of a natural 

disaster. The focus of this objective is finding the methods that will allow the application 

to be used for the purpose of resource sharing.  

The fifth and final objective is evaluating the prototype through a questionnaire. The 

questionnaire tests the effectiveness, benefits, weaknesses, further development 

requirements and the limitations of the overall solution.  

This study aims to accomplish these objectives in order to ensure that this research study 

is a valuable and worthwhile project. 

1.3 Thesis Structure  

Chapter one introduces the study. It describes the background of the study, the research 

objectives, thesis structure and the research questions.  

Chapter two, which is divided into two parts, depicts the “Literature Review”. The first 

part examines the web and mobile technological concepts and advancements. The 

second part describes several web-based mobile solutions that have been created by 

the Sri Lankan authorities to tackle this Landslide phenomenon.  
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Chapter three delineates the “Design and Development” phase. This is a crucial part of 

this research since it focuses on the methodology. First, the desired methodology is 

analysed and the reasons for its selection are explained. Second, the desired 

technological solution is conceptualized by explaining the technological terminology, the 

data retrieval methods and it identifies underlying the factors that are related to the 

Landslides in Sri Lanka.  

Chapter four, the ‘Building the solution’ phase, is woven around the desired Software 

Development Lifecycle (SDLC) and the User Requirement Specification (URS) to exhibit 

the functionalities of the proposed solution. A precise description of the proposed solution 

is conveyed through the URS.  

Chapter five, the “Implementation” phase, demonstrates the steps of the actual 

implementation of the prototype. The technical design and the coding structure are 

described in this chapter.  

Chapter six, the “Evaluation” phase, evaluates the compiled solution through a 

questionnaire. Ten participants from the south-western province in Sri Lanka, who were 

selected at random, were given ten questions to evaluate the effectiveness, benefits, 

weaknesses, further development requirements and the limitations of the solution. 

Finally, a discussion is created upon the evaluation to explain the research outcomes.  

Chapter seven, the “Conclusion”, summarises the research that has been conducted. 

The research objectives, research question, methodology, development and research 

outcomes are briefly outlined.  

1.4 Research Question 

As discussed in 1.2 Research Objectives, this research has five objectives. These 

include examining the methods to apprehend the web-based data related to the 

Landslides in Sri Lanka, designing a web-based mobile prototype using front-end and 

back-end web languages to demonstrate the obtained data, designing a mobile interface 

to fetch the data related to the Landslides through the prototype with the help of the 
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community, and designing a mobile interface for users to contribute resources in an 

event of a natural disaster to help the victims. The fifth and final objective is evaluating 

the prototype through a questionnaire.  

Even though the Governmental authorities and non-governmental institutes have 

implemented solutions and processes to tackle the Landslide issue, due to the obscure 

nature of the Landslides and the lack of resources and funds, these solutions are not 

sufficient. Hence, it is necessary to create innovative technological solutions to tackle the 

various aspects of this natural disaster so they can be implemented for the social welfare 

of the people, their families and their communities.  

Whilst the solutions may not be perfect or comprehensive, examining the technological 

tools to process the data related to the Landslides using the web and mobile technologies 

should be experimented with, as a helpful tool, to tackle this natural disaster. Therefore, 

the research question that this thesis aims to answer can be formulated as follows: 

Are we able to Address the Landslide issue that occurs in Sri Lanka using a web-

based mobile application which is developed using front-end and back-end 

languages?  

This question aims to include all of the aspects of the research objectives, so this 

question is comprehensive as possible. “Tackling” can be any technological approach 

which will help to address this issue. “web-based mobile” states that this solution utilises 

technological aspects and the advancements of web and mobile technologies. “Front-

end and back-end languages” specifies the web programming languages that this 

application is built on.  
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The Literature review is an integral part of the research where the existing concepts and 

knowledge need to be inspected in order to conduct the operations of the research. The 

Research objectives need to have theoretical roots in order to execute the research to 

achieve the outcome. The Literature review acts as a tool to assist with the formulation 

of the research question. The Literature review is divided into two sections. The first 

section investigates the technological concepts and advancements which are related to 

this study. Several web-based mobile application solutions are discussed in the first 

section in order to demonstrate how web and mobile technologies can be utilized to 

tackle Landslide issues. The second section investigates several technological 

approaches taken by governmental bodies to tackle this issue.  

2.1 Technological Advancements of Web and Technology 

Computer technology uses computer science as a practical tool to solve various 

problems. Computer science has created different innovative technological solutions to 

increase efficiency in solving issues and stimulate the outcome process. These solutions 

can be used as a tool to overcome the general issues faced by the society. Physical 

entities, such as, Central Processing Unit (CPU), Laptop or Smartphone can be 

considered as physical technological products while the Internet and Email can be 

considered as intangible technological products (Hare, 2017). Some solutions can be 

combined together in order to enhance the effectiveness of the problem-solving 

capability (Blokdyk, 2019). This combination can be considered as technological 

integration. The Web and mobile can be considered as a technological integration in the 

modern world which has become an essential part of technological advancements (Aziz 

& Madani, 2015).  

Applying scientific knowledge for human welfare is one of main purposes of technology 

(Aziz & Madani, 2015). Technology can take any shape and it can be integrated into 

various platforms to enhance the effectiveness of the desired outcome.  Web and mobile 
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technology have become integrated to increase the productivity of services and to find 

new solutions for human problems (Bonk, 2009). Several technological advancements 

related to the web and mobile have been discussed below.  

2.1.1 Geographical Information Systems (GIS) 

Geographical Information Systems (GIS) use spatial or geographic data to process and 

manipulate the data into useful information through a digital visualization. GIS uses pins, 

indicators, polygons and other tools to create the solution. GIS is closely related with 

GPS (Global Positioning System). GPS is a navigation system based on satellite 

technology. Fundamentally, GPS measures the range of a particular object and 

simultaneously observes the location by the satellite and broadcasts the signal to the 

user (Xu & Yan, 2016). GIS can be further used along with Location Intelligence (LI) to 

derive many solutions which use GIS as the primal information source (Kudamatsu, 

2018). LI is a method of investigating a particular issue using geospatial data. GIS can 

be used by mobile applications to identify casual events in a specific location and conduct 

an analysis of its impact (Kudamatsu, 2018).  

Spatial analysis is involved with using any formal techniques which manipulate 

topographical, geometric or geographic properties. Spatial analysis that is created using 

GIS can be used to make smart decisions using Spatial clusters, Spatial interactions 

models and spatial patterns which are relevant to any field-or any focus group. Figure 

2.1 below exhibits a spatial cluster which depicts child poverty in South America.  
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Figure 2.1: Child poverty distribution in South America continent (United Nations, 2014) 

Geospatial Analysis can create useful interactive information using complicated or 

unstructured data patterns. Geo-mapping, variable selection and area definitions are 

used to generate geospatial maps (Kudamatsu, 2018). GIS technological tools can help 

by demonstrating the findings related to the subject in an effective and interactive manner 

to the audience/readers.  

2.1.2 Web applications and front-end and back-end development  

Software development is one of the most important aspects of information technology 

(IT) and computer science. Software is a collection of logical functions accompanied with 

data which can navigate a computer or network system. A software application is a form 

of software which is developed to perform specific tasks for the interest of an end-user. 

If an application requires a web connection to one or several servers, it can be defined 

as a web application (Krause, 2016). 
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Developing mobile and web applications requires knowledge of programming languages, 

developer tools, such as, software libraries, code editors and Integrated Development 

Environment (IDE)s. A web application operates in two environments simultaneously. 

Those environments are front-end and back-end. The front-end is the client-environment 

or the web-browser. The back-end is the server-environment or the web server. Figure 

2.2 below demonstrates the front-end and back-end architecture of the web application 

development (Krause, 2016).  

Figure 2.2: Front-end and back-end architecture of web applications (Martinelli, Samani, Tucker, 
Oliver, & Chang, 2018) 

Programming languages which are interpreted in the web browser are known as the 

front-end languages while the programming languages which are compiled in the web 

server are known as the back-end languages. JavaScript is one of the highly used front-

end language whereas Active Server Pages (ASP) is one of the highly used back-end 

language. User inputs and user views are primarily handled by front-end languages and 

the data and transactions are primarily managed by server-side languages (Vemula, 

2017).  
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2.1.3 Mobile Application Development 

If an application interface can be accessed by a mobile phone it can be described as a 

mobile application. If the mobile application has a back-end environment which has a 

connection to a web server or requires service from a web server, it can be defined as a 

web-based mobile application (Blokdyk, 2019).  

Mobile phones were devices that had minimal requirements in the past. Along with the 

evolution of microelectronic engineering, the integrity of the mobile phone has changed. 

The modern mobile phone can execute a great number of functionalities which a 

personal computer can execute. The modern mobile phone is known as a Smartphone. 

The Smartphone has the ability to execute a great number of functionalities and the 

mobile phone has become a portable computer (Kavanagh, 2018). Mobile application 

development can use traditional industrial software processes and methodologies. Due 

to the portability aspect, mobilized data retrieval, inbuilt sensors, and the inbuilt features 

of mobile applications, they can execute extra functionalities which traditional computer 

applications cannot perform (Kumar & Krishna, 2016).  

Android, iOS and Windows mobile are the dominant mobile operating systems that are 

used in smartphones. Java, CSharp, Swift and Objective-C are the primary programming 

languages that are used to develop the end-user mobile applications. Even though the 

market dominance of mobile applications has accelerated gradually, mobile application 

development faces various challenges. Since the smartphone is a portable device, its 

privacy and security are of primary concern. The marketplace has different devices with 

different operating platforms. Creating one application which is a cross-platform is not an 

easy task. Cross-platform application is an application which can run on multiple 

platforms. The mobile features of a smartphone change vigorously. For example, digital 

authentication has evolved so that face recognition through the camera or bio-metric 

finger recognition and it can be given as new mobile security features. Due to these new 

features, mobile application development methods need to be changed vigorously as 

well (Kumar & Krishna, 2016).     
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2.1.4 Web API  

Before understanding “Web API”, it is vital to understand “API”. API or Application 

Programming Interface is an interface between two application platforms which facilitates 

the communication between those platforms. Due to the diverse features those platforms 

inherit, both platforms have to follow common documentation in order to achieve the 

goals of their transaction (Medjaoui, Wilde, Mitra, & Amundsen, 2019).  

Web API is an interface which uses a Web Framework (WF) to create a connection 

between two platforms. The Client and the Server are the two platforms used in a WF. 

The interface between the ‘client’ and the ‘sever’ to communicate and share resources 

through a network is the Web API. The client requests a resource and the server respond 

to that request. The Web API uses common identification methods to verity the request 

identifications. For example, an identification may come as a “Key” from a “Get” method. 

The Web API uses a URL (Unique Resource Locator) to send the request and the ID is 

transmitted through the URL. Resources can be data, such as, statistics, postal 

addresses or numerical figures or predefined methods to manipulate the programming 

segments or multimedia items, such as, images or videos. WF uses the HTTP (Hypertext 

Transfer Protocol) protocol to create the connection between the client and the server. 

HTTP is the foundation protocol for the World Wide Web (WWW) (Kanjilal, 2013).  

A Web application is a program which creates a connection from a client to a server in 

order to achieve the tasks of the application. An example would be an Email-client 

application in a mobile platform. An Email-client application will automatically 

synchronise with an email server and download emails every hour automatically. A Web 

application can use a Web API to simplify the communication related to fetching the data. 

Some applications may use multiple Web APIs and those applications are known as 

Mashups. An example would be a social media application/program which keeps track 

of a group of friends and their fun activities (Kanjilal, 2013). An Application can use 

Google Map API to find the location of the group activity and Cloudinary API (Cloudflare, 
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Inc., 2019) to store and retrieve the images of the group. Figure 2.3 below demonstrates 

the APIs that are related to google services (Google Geocoding API, 2019).  

Figure 2.3: APIs related to google services (Google Geocoding API, 2019) 

 

Web APIs are used to provide numerous web services. Weather information including 

precipitation (AccuWeather API, 2019), financial information like foreign exchange rates 

(Fixer Foreign Exchange API, 2018), daily news like alert news (Statistics Netherlands, 

2019), spatial and geographic details like physical locations (Google Geocoding API, 

2019) and communication information like postal codes (NZ Post, 2019) can be 

considered as widely used Web APIs.  

2.1.5 Internet of Things (IoT) via Internet  

The IoT (Internet of Things) is a connection of devices through a series of layers to 

produce the information that is gathered through the layers. One of the layers includes 

the electronics-software and mobile devices that are part of it. One of the important layers 

is the connectivity and the network or the network of networks and ultimately the internet 

is the largest and most widespread network. The transmission of information through 

protocols and interpreting it to the User Interface (UI) is possible through web. Data 

needs to be properly processed and with the development of web and data modelling, 
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computer engineers have had issues with processed data regarding clarity and accuracy. 

Through the individual development of each of the layers of IoT, such as, the electronics, 

sensors and mobility, the amount of processed data of each layer has increased over 

the years, and this has led to complications naturally. Ideology behind this echo-system 

of IoT is to provide IoT-generated quality data to different sectors. These sectors can be 

energy, healthcare, environmental, transportation and safety and security (Alaya, Drira, 

& Gharbi, 2017). Figure 2.4 below demonstrates an illustration of the components of IoT.  

Figure 2.4: IoT components (Acharya, 2015) 

 

2.2 Web-based mobile application solutions  

Web-based mobile solutions can be used to tackle real world problems and contribute 

towards social welfare. Mobile applications help tackle problems in an efficient and 

innovative manner through better data manipulation. The following examples depict 

several web-based mobile solutions which have been developed to tackle various real-

world issues.  

2.2.1 Example 1: Healthcare mobile application 

The use of deep neural networks on a mobile application focusing on healthcare is 

research that was conducted by Jose I. Benedetto, Pablo Sanabria, Andres Neyem, 

Jaime Navon, Christian Poellabauer and Bryan Xia. 
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Deep Learning is a derived Machine Learning (ML) method. ML is a broad scientific 

concept. ML is a subfield of Artificial Intelligence (AI) and Computer Science (CS). ML is 

woven around mathematical and logical constructions which learn from data rather than 

following procedures. ML processes data through real-time data learning patterns and 

transmits data live (Alaya, Drira, & Gharbi, 2017). Doctors and professionals in the 

medical healthcare world use mobile applications which help them to predict or detect 

data regarding anomalies relating to the medical reports of patients. Data analysis is 

processed through gathered data from various sources, such as, sensors, detectors and 

other input methods. The IoT has contributed to this advancement (Benedetto, et al., 

2018). Deep neural networks rely on complex data processing thus require powerful 

workstations and servers. Deep neural networks are Artificial Neural Networks (ANN) 

which constitute human brains. ANN is not an algorithm, it is a framework of ML 

algorithms which process complex data (Benedetto, et al., 2018).  

The requirement to have an advanced CPU server has been diminishing in recent years 

due to the advancement of cloud computing. Cloud computing is a technology where 

data processing can be done through WWW by connecting to a high standard 

server/CPU. The connection of cloud computing extends to mobile users where it allows 

the transfer of rich computational resources to users who are connected through mobile 

devices (Liu, et al., 2017).  Retrieved medical data can be processed through the mobile 

healthcare application which uses cloud computing service. The capability of efficient 

mobilized data input and other processes is pragmatic due to these advancements that 

are related to the development of mobile applications. 

The use of a web-based mobile application is very useful because medical anomalies 

are spread all over the world and rural and remote areas that do not have a strong 

network can get benefit from it (Benedetto, et al., 2018). A summary of the process 

related to the above mobile application is demonstrated in Figure 2.5 below. 
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Figure 2.5: Data process of web-based mobile application which finds health anomalies using 
medical data (Benedetto, et al., 2018) 

2.2.2 Example 2: Environmental mobile application 

Smart Home 2.0 is an independent project that has been created using the infrastructure 

of cloud computing, IoT and mobile technologies. Using an open-source development 

software created by Hadoop, this application executes the functionalities of the system 

on the client-side. Mobile based cloud computing service supports the data processing 

functions (Liu, et al., 2017).  

This application monitors plants, its productions and greeneries in a greenhouse. 

Sensors established in the greenhouse monitor the air conditioning, humidity and 

temperature. The User-End experience is accessed through an Android web terminal 

from a mobile device. Using the environment-monitoring intelligence equipment which 

has setup in different crops, data can be pooled into one cloud platform and simulate a 

large data analysis to provide suggestions for better farming. 
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Real-time data are monitored by the mobile devices. Figure 2.6 below exhibits the 

process of the Smart home 2.0 application. This mobile based solution is comprised of 

IoT and Mobile Cloud Computing (MCC) (Liu, et al., 2017).   

Figure 2.6: Process of Smart home 2.0 application (Liu, et al., 2017) 

2.2.3 Example 3: Geographical and spatial mobile application  

The GPS-Based mobile exercise application is an application which has been created 

by Jinwon Kim, Brijesh Thapa and Seongsoo Jang as an independent project to grasp 

the spatial-temporal activity patterns of people who visit Seraksan national park, South 

Korea. 

Spatial-temporal activities are the events which occur that are related to both time and 

location. This application explores the activity patterns of the visitors who are using a 

GPS-based exercise dataset. These data patterns can be used for the actions of 

mitigating negative impacts to the natural resources of the national park as well to 

provide security to the visitors. In terms of acquiring the data, 1206 anonymous mobile 

application users along with 2541 activity start points were used to acquire the data. The 

result breaks down the activity hotspots related to the time durations, for example, 

morning, afternoon or evening. The result also marks risky points, such as, areas of 
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falling rocks or structure collapse. Figure 2.7 below demonstrates the findings in the form 

of geospatial data on the application generated map (Kim, Thapa, & Jang, 2019).    

Figure 2.7: Results of GPS-Based Mobile Exercise Application (Kim, Thapa, & Jang, 2019) 

The findings can be utilized by the management of the national park to accurately monitor 

the Spatial-temporal visitations during specific seasons and times.  

2.3 Existing Web or Mobile based solutions to tackle Landslides by Disaster 

Management Centre - Sri Lanka.   

The DMC in Sri Lanka is the governmental body which manages disaster mitigation 

activities and operates national emergency centres. The DMC is a subsidiary of the 

Department of Public Administration and Disaster Management (DPADM). The DPADM 

integrates the policies under National Emergency Operation Plans (NEOP). The DMC 

initiates campaigns according to the policies of the DPADM. The DMC focuses its 

motives regarding or related to the hazards profiling categories. One of main items in the 

hazard profiling category is Landslides. The DMC sets up its operations to address the 

areas of preparedness, mitigation, prevention, relief, rehabilitation and reconstruction. 

DMC works along with relevant stakeholders to achieve its objectives. In an event of a 

natural disaster, the DMC creates campaigns and establishes safe locations for the 

victims to evacuate (Jayathne, 2016). According to the situation report of the DMC on 

September 2019, the DMC has established 13 safety locations and 129 families had 



37 | P a g e

2. Literature Review

been temporarily located in those locations (Disaster Management Centre - Sri Lanka, 

2019).  

2.3.1 Solution 01: 

The DMC web site is an active website which keeps updates about possible disaster 

situations in Sri Lanka. The DMC website constantly updates time sensitive information, 

such as, early warnings and weather forecasts. The Website issues dynamic alerts and 

news related to natural events which could lead to possible casualties. This web alert 

system on the website focuses on urging preparedness for a possible disaster event and 

to mitigate possible casualties. Figure 2.8 below demonstrates a screenshot of the DMC 

website. Website also publishes information regarding donation campaigns, relief 

programs and donation gathering activities that take place to help prevent a natural 

disaster. People can get information or participate in DMC activities to provide relief to 

the victims through their website (Disaster Management Centre - Sri Lanka, 2019).  

Figure 2.8: Web alert news system by DMC website (National Building Research Organisation - 
Sri Lanka, 2019) 

2.3.2 Solution 02: 

The “RiskInfo” website is a web project initiated by the DMC as demonstrated in Figure 

2.9 shown below. The “RiskInfo” web site provides descriptive datasets that are related 

to the aftermath of natural disasters.This website has divided all of the possible disasters 
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into categories. Users can search for the vital data related to natural catastrophes on this 

website (RiskInfo - Sri Lanka, 2019).  

Figure 2.9: Homepage of “RiskInfo” website by DMC (RiskInfo - Sri Lanka, 2019) 

2.3.3 Solution 03: 

The Disaster Emergency Warning Network (DEWN) mobile application is a mobile 

platform which was collaboratively created by DMC, Dialog telecom company and 

Microimage mobile media company.  In 2004, the Tsunami that hit Sri Lanka caused the 

highest number of humans losses due to a natural disaster (Ahmed, Mulligan, Donovan, 

& Barton, 2017). In the aftermath of this tragedy, the DMC initiated several programs 

collaboratively with other private organizations to increase awareness about natural 

hazards. This mobile application was funded by the Dialog telecom company and it was 

developed by the Microimage mobile media company. The DMC uses this application to 

send alerts related to Landslides, Floods, rising water level, weather conditions and other 

natural disaster related real-time alerts. With the increased mobile connection usage in 

Sri Lanka, which was 26.1 million mobile connections in 2015, DMC realized sending 

mobile notifications through this application is an effective and economical 

communication method ( Global System for Mobile Communications - Sri Lanka, 2015). 

Alerts related to Landslides are fetched from the National Building Research 

Organization (NBRO) which is the governmental body for Landslides research activities 

(National Building Research Organisation - Sri Lanka, 2019).    
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Figure 2.10 below exhibits several User Interface (UI) screenshots of the DEWN mobile 

application. The application provides a description about possible events and their 

details.   

Figure 2.10: Screenshot of DEWN mobile application ( Global System for Mobile 
Communications - Sri Lanka, 2015) 

2.3.4 Solution 04: 

The NBRO, the governmental research body, is responsible for executing programs 

related to sustainable building construction. The research on Landslides is one of main 

objectives of the NBRO. The NBRO utilizes their resources to understand the nature of 

Landslides in Sri Lanka and they try to find solutions to prevent them, mitigate them or 

work on early detection (National Building Research Organisation - Sri Lanka, 2019). 

Their website provides valuable information related to the risk management of 
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Landslides, Landslide related findings, alerts, procedures and safety steps to undertake 

while carrying out construction project in an area which is recognized as a Landslide 

hazard area. The NBRO is the official institute to sketch the possible Landslide hazard 

locations onto the maps and distribute the information to the general public (National 

Building Research Organization - Sri Lanka, 2019). Figure 2.11 below shows the 

“Landslide Maps” page of the NBRO website. Their website publishes information and 

alerts related to Landslides.  

Figure 2.11: “Landslide Maps” page of NBRO website (National Building Research Organization 
- Sri Lanka, 2019)

As mentioned in the Research question, this study aims to investigate the possibility of 

utilising web and mobile technology to address the Landslide issue in Sri Lanka. The 

preceding literature review assists to formulate the following research question “Are we 

able to address the Landslide issue in Sri Lanka utilising a web-based mobile application 

that has been developed using front-end and back-end languages?”  

2.4 Chapter Summery 

This chapter describes several technological advancements and concepts related to web 

and mobile technology and several web-based mobile solutions which have been 

created to tackle real world issues. This chapter also describes several technology-
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based solutions that have been initiated by governmental authorities in Sri Lanka to 

tackle the key issue, namely, the Landslides disaster.  
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3. Design and Development

Following the literature Review in the previous chapter, design and development focuses 

on the actual development of the solution according to the in the research objectives. 

The desired methodology and development techniques need to be established in order 

to conduct the design and development process.  

3.1 Research Approach  

The proper construction of the research design is determined by the research 

methodology. According to the research objectives, designing a prototype to investigate 

the issue of Landslides using a web-based mobile application within the scope of the 

study is required. The methodology is a theoretical approach to analyse the principles, 

processes and properly investigate the outcomes of the project (Ranjith, 2019). The 

research methodology determines the stages of the solution. The stages may start with 

identifying the issue and proceed to evaluate the solution. The desired research type 

varies, depending on the nature of the study (Bairagi & Munot, 2019). Depending on the 

outcome of the research, the solution could be a mathematical model, Information 

System (IS), Application, Theory, Algorithm or any other artefact.    

According to the fifth edition of book “Research Methodology: A Step-by-Step Guide for 

Beginners” by Ranjith Kumar, Figure 3.1 below illustrates the basic flow of a traditional 

research methodology. 



43 | P a g e

3. Design and Development

Figure 3.1: Flow of a traditional Research Methodology (Ranjith, 2019) 

Adapting a suitable methodology will depend on several assertions. The desired 

methodology must be able to produce a working prototype of a mobile application which 

uses a map-based application. Correct principles, procedures and practices must be 

adopted to support the objectives of the research which are mentioned in the Chapter 1. 

Determining the merits and usefulness of the prototype must be carried out from a 

pragmatic process since it is a crucial phase for this research. The Evaluation process 

must help to identify the limitations, weaknesses and further required modifications. The 

Evaluation process acts as a terminal to modify the solution. The Research methods 

must be focused on pursuing research objectives which are involved with an artefact 

(Azasoo & Boateng, 2015). 

DSR, an artefact-based methodology, comprises research methods which support 

paradigms, and quantitative and qualitative research methods which could guide this 

research to create a pragmatic solution which can justify the research question (Peffers, 
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Tuunanen, Rothenberger, & Chatterjee, 2008). Considering the above aspects, the DSR 

methodology can be considered as a viable option for this research.   

Figure 3.2 shown below depicts a research design flow created by Julius Quarshie 

Azasoo and Kwame Osei Boatang, for their study “A Retrofit Design Science 

Methodology for Smart Metering Design in Developing Countries” (Azasoo & Boateng, 

2015). This modified diagram was developed using the stages of traditional DSR.  

Figure 3.2: Flow of process for Retrofit DSR Methodology  (Azasoo & Boateng, 2015). 

The research question focuses on creating a prototype rather than a theory or a concept. 

Even though tackling Landslides disaster is the goal of the application, the research 

focuses on creating the solution using HTML (Hypertext Mark-up Language), CSS 

(Cascading Style Sheets), JavaScript and ASP.net which are web-based languages. 

HTML5 and CSS3 are the newest versions of HTML and CSS.  According to the 

restriction implemented by the research objectives, this prototype will not use any 

geospatial development platforms or tools to build the prototype.  
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Figure 3.3 shown below illustrates a DSR methodology diagram which is modified to 

reflect the nature of this research. The initial part of the research design focuses on 

finding the factors which could act as the input/variables for the application.  

Figure 3.3: Modified DSR Methodology for this thesis (Source: Author) 

Afterwards, the methods to retrieve the data required (for the factors) are identified and 

executed. Then the solution is drafted into a technical documentation known as the User 

Requirement Specification (URS). Then the prototype is built and documented. This 

research does not develop a complete feasible application. It focuses on the technical 

design (Merriam & Tisdell, 2016) and creating a prototype which can be evaluated into 

a pragmatic solution.  
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3.2 Conceptualizing the factors   

In order to create a solution, the relevant elements need to be addressed. The factors 

related to Landslides in Sri Lanka, including the strategies and techniques put in place 

to tackle this disaster along with the technical approach of the solution must be 

investigated.  

It is important to identify the factors which could influence a landslide. Identifying these 

factors is vital to determine the methods that need to be used in the application to gather 

the data related to the factors. As mentioned in the literature review, there are number 

of diverse leading factors that can cause a landslide. These factors can be categorized 

as geological, endogenic, exogenic, meteorological, physical (T.McColl, 2015) and 

human factors (Haigh & Rawat, 2012). Some of these factors are correlated to one 

another. These factors can create a Landslide while miscellaneous human factors 

(Alexander, 1992) can influence a landslide. Examples of the factors related to 

Landslides in Sri Lanka are illustrated in Figure 3.4 below.  

Figure 3.4: Examples of factors behind rain-induced Landslides in Sri Lanka (Source: Author) 

 

Sri Lanka undergoes the monsoon rain season between March to December due to 

monsoon cyclones. The south-western areas and the central provinces of Sri Lanka face 

land sliding due to heavy rains. Since rainfall is the primitive factor which triggers a 

landslide in Sri Lanka thus it is known as a rain-induced land sliding (Ratnayake & 

Herath, 2015). This factor is an assertion and it needs to be measured using quantitative 
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units. Rainfall is measured using precipitation in millimetres per day (Ariyakumara, 

Prasadani, & Ekanayake, 2010). According to a research study conducted by NBRO 

using 15 major landslides and 25 minor slope failures, a Range of 150mm/day - 

220mm/day was reported as the range of precipitations which influenced those hazards 

(Ariyakumara, Prasadani, & Ekanayake, 2010).  

Slope inability is a geotechnical problem in some provinces in Sri Lanka due its 

geographical establishment. The hydrological characteristics of the soil and the 

endogenic factors are the root cause of this slope inability.  ‘Sabaragamuwa’ is the 

political province in the South-Western area of Sri Lanka while “Madyama” is the central 

province in Sri Lanka. These provinces have numerous large-scale slopes, steep slopes 

and escarpment slopes (Saroja, Menikpura, & J.Gunatilake, Morawakkanda Landslide - 

Geology and Soil Properties, 2019). Morphologically, these slopes are present in various 

locations along with the diverse land cover which consists of numerous terrain factors 

(Weedaga, Rathnayake, & Wanasundara, 2019).   

Figure 3.4 above shows that the deforestation is a human-made factor. There are several 

other major humans-made factors, such as, mining the land for gems (Gunathikala, 

2007), creating engineered slopes for harvesting and agricultural activities, landfill 

dumping or the construction of roads (Hewawasam, 2010). Rainfall can be considered 

as a direct factor for this natural disaster while human made factors can be considered 

as indirect factors. Heavy rain may create small mudflows which weakens the soil and 

decreases its resistance to shearing. These mudflows are also known as natural 

drainage. These mudflows can also indirectly influence land sliding as well (Gunathikala, 

2007). 
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Figure 3.5 below illustrates a diagram from a journal article extracted from “Geo-

environmental Disasters Journal – 2018”. This research was carried out by E. N. C. 

Perera, D. T. Jayewardene, P. Jayasinghe, R. M. S. Bandara and N. Alahakoon. Spatial 

statistics demonstrate the impact of human activities on land sliding. While the areas 

highlighted in yellow are the landslide effected areas, the other highlights show areas 

with various human activities (Perera, Jayawardana, Jayasinghe, Bandara, & 

Alahakoon, 2018). 

Figure 3.5: Human-made factors effect on Landslides  (Perera, Jayawardana, Jayasinghe, 
Bandara, & Alahakoon, 2018) 

3.2.2 Disaster Management Techniques in Sri Lanka  

As mentioned in the Introduction, due to the land sliding phenomenon in Sri Lanka, 

people suffer injuries or lose their lives, lose their houses and commercial 

properties/crops or suffer damages every year. The infrastructure of the country gets 

destroyed or damaged, the national economy suffers from the temporary downfall and 

the whole country suffers from the social and economic calamity caused by the 

landslides (Perera, Jayawardana, Jayasinghe, Bandara, & Alahakoon, 2018).  

According to the policies of DMC as mentioned in literature review, it is important to 

coordinate with the various stakeholders and involve them in their disaster management 

activities. The Public sector is the main stakeholder in the event of a natural disaster. 

The Public sector can help with resources and they provide support to those who are 
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affected by the disaster event (Jayathne, 2016). This contribution can be initiated parallel 

to the relief, rehabilitation and reconstruction activities of the DMC. The Public sector can 

contribute resources, such as, food and nutrition, healthcare products/ services and other 

materials related to basic needs. They also provide security and protection for the people 

by creating safe locations for the victims to locate to in a disaster event.   

3.2.3 Technological Approach for finding the solution   

The precipitation of rainfall is measured using millimetres in height on a square meter 

during a certain time duration (mm/day) (Ariyakumara, Prasadani, & Ekanayake, 2010). 

This variable can be understood using a weather-related API. AccuWeather is a widely 

used weather forecasting and historic weather data providing service which provides a 

platform for the developers to fetch the data through an API. The API can be programmed 

through JavaScript and the data can be transmitted as a JSON file. Then the data can 

be submitted to the application database on the server side (AccuWeather API, 2019).   

According to the literature review, the south-western province and the central province 

have numerous slopes. The terrain factors and land cover properties (National Building 

Research Organization - Sri Lanka, 2019) of these areas must be analysed in order to 

understand the potentially dangerous areas. The NBRO has recognized potential hazard 

areas and published spatial data as shown in Figure 3.6 below. 
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Figure 3.6: Landslide spatial data map of Rathnapura district  (National Building Research 
Organization - Sri Lanka, 2019) 

This data needs to be visualized using a web-based map. Google Map is the most often 

used web mapping service in the world. It is used by numerous industries and by 

academic/research developers. Data visualization can be implemented in two methods. 

The first method is to use geospatial development platforms or tools (GeoNode, 2012). 

The second research objective states, that this research needs to be conducted using 

only pure front-end languages. Due to this limitation, the geospatial development 

platforms cannot be used. Even though the desired method uses an API, NBRO does 

not provide an API. 

The third-party design tools related to Google maps can be used to create a polygon 

which reflects the spatial data in Figure 3.6.  These data are saved as coordinates 

(latitudes and longitudes) and the coordinates can be converted into arrays in a JSON 

(JavaScript Object Notation) file and can be implemented into the Google map API of 

the application (Google Map API, 2019).   
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Field data related to deforestation, sand erosion of rivers, mining activities, unplanned 

cultivation and destructive construction works can be depicted in the map using 

markers/pins. Users of the application can create markers and those markers can be 

validated by users through the concept called social proofing. Users can validate the 

marker by approving it, if the user determines it is genuine. An eighty percent (80%) 

approval rate can be considered as a valid approval rate.  

 Figure 3.7 below demonstrates a basic marker on a google map. These markers can be 

customized through modular programming concepts of JavaScript and Google map API 

(Google Map API, 2019). GLC is the rain-induced Landslide map data catalogue created 

by NASA. GLC can be included in the application to depict the historic Landslide events 

(NASA, 2018).  

Figure 3.7: Instance of a marker on Google Map (Google Map API, 2019) 

 

In the event of a Landslide, people can create markers/pins on the map which can act 

as events or campaigns. These events have attributes to create interaction among users. 

These objects are used to create activities to gather resources and distribute them to the 

victims. Resources can be foods, medical supplies, medical services, monetary funds or 

any other required material or service (Jayathne, 2016). These markers can be safe 

locations for the victims to assemble in a land sliding event. These markers/objects can 

be customized by users according to their role and can be shared through social media. 
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People can participate in these activities by logging into the application and signing into 

the activities. Proper resource management is one of the main goals of these campaigns. 

The data that is relevant to the factors of Landslides and the activities that are part of the 

aftermath of a Landslide can be stored in a database. This data can be used to make 

factual assertions and to check the efficiency of the campaigns/donation activities.  

This data can be summarized as datasets using charts in the mobile application. These 

charts and reports can be programmed using the ChartJS Framework. ChartJS is a 

JavaScript framework that has been developed for creating charts and reports (ChartJS, 

n.d.).

All of the data extracted from the APIs, Web sources and markers is stored in a SQL 

(Structured Query Language) Server using the ASP.net Model-View-Controller (MVC) 

framework (Microsoft, 2019). Using the web application as a tool, a Web API (Microsoft, 

2019) can be created to share the data that is related to the Landslides in Sri Lanka.  

3.3 Chapter Summery 

This chapter describes the desired methodology, and the reasons for its selection. DSR 

is the selected methodology and the steps of the research process are explained in this 

chapter. This chapter also conceptualizes the factors related to the research subjects in 

order to form the required application solution.  
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The application needs to be developed according to the best mobile application 

development strategies and practices. Suitable SDLC needs to be selected and the 

requirements of the application need to be properly established.  

4.1 Application Development Approach 

SDLC is the standard process and structure to develop a quality software product 

(Kneuper, 2017). Due to the nature of this research, some specifications may need to be 

reformed or revised. Due to that, Prototyping model could be the ideal SDLC for this 

research. Iteration is the repetition of a process in order to generate a sequence that 

relates to the  outcome of the artefact until the potential result is achieved (Kneuper, 

2017). Figure 4.1 below depicts the standard flow of an iterative prototyping SDLC. This 

application will have several requirements which will need to be revised in order to get 

the best result. For example, there are several factors that are related to a landslide that 

are collected through the field data given by the users. Since these factors could change, 

the prototype must be able to adopt the alterations. The proposed mobile application will 

have numerous requirements. The application can be changed further by adding more 

requirements for future purposes.  

Figure 4.1: Standard iterative prototyping SDLC diagram  (Powell-Morse, 2016) 

The SDLC must have the capability to improve the application with fewer 

difficulties. Prototyping is a model building process by improving the features of the 
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product. The model can be a component, class, unit or an object (Ardagna, et al., 2018). 

The product/artefact can be created from a technical design or a URS. Prototyping SDLC 

helps to refine the product until it meets the desired requirements. The artefact can be 

improved and restructured by any party irrespective of or unrelated to the 

initial developer if the artefact has a strong SDLC and a URS.   SDLC will generally have 

four different steps regardless of the nature of the product (Peffers, Tuunanen, 

Rothenberger, & Chatterjee, 2008 ; Soegoto & Cica, 2018). The four steps have been 

explained below.  

1.Identify basic requirements: The basic requirements of the application are adequate

for this initial step. This process will need minimal data input and minimal information will 

be processed as the output. Rules, restrictions, security issues and end-period 

processing are disdainful at this point (O'Connor & Basri, 2018). 

2.Develop an initial prototype: This process will be carried out to create an initial program.

The program can include UI, such as, screens, the basic functionalities of the program 

and some outcomes. The basic connectivity functions can be executed at this step, such 

as, the database connections, cloud connections and user integrations (O'Connor & 

Basri, 2018).    

3.User review: This step will initiate the iterative process of the prototyping. The end

users will be involved with this step. The testing phases are carried out at this stage. 

According to the suggestions of the end users and the results of the test cases, the 

program will get reviewed (O'Connor & Basri, 2018).  

4.Revise the application: The implementations that are related to the reviews are carried

out at this last stage. After the implementation, the process will roll back to step three. 

The prototype will be evaluated repetitively until the final product is decided on (O'Connor 

& Basri, 2018).   

The URS is the technical document which illustrates the comprehensive functionalities 

of the application.  The USR is also used as a guideline for planning, creating milestones, 
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creating timetables, and costing and testing. The URS can be written in technical and 

non-technical languages. The URS is used by developers, non-technical staff members 

as well as clients. It is compulsory to create the document in a way that anyone without 

software engineering knowledge can get an understanding of the application, its 

requirements, deliverables, constraints and other related functionalities (Ribeiro, Pereira, 

Rettberg, & Soares, 2018).   

An effective understanding of the application can be achieved through URS. Model 

based approaches, such as, the Unified Modelling Language (UML) or the System 

Modelling Language (SysML) can be used to create a visual-based technical 

representation of the application. Even though ER Diagrams and Dataflow Diagrams 

(DFD) (Rumpe, 2016) can be considered as components of the modelling languages, 

these visual based languages may not be able to tackle the functional or non-

functional constraints, such as, the time related issues or the relationship between the 

hardware and the software. Each of the modelling languages have their advantages 

and weaknesses. The UML diagrams can be used along with the specifications to clarify 

every aspect of the application (Ribeiro, Pereira, Rettberg, & Soares, 2018).   

4.2 Requirement Specification of the Mobile Application 

This section will demonstrate the URS of the mobile application. As illustrated in Figure 

4.2 below, the URS has been broken into three parts. These are the functional 

requirements, the non-functional requirements and the UML diagrams. 
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Figure 4.2: Structure of URS (Source: Author) 

 

4.2.1 Functional Requirements of the System 

Functional requirements demonstrate the behaviour of the application. It focuses on the 

Inputs and Outputs of the events/functions and the objectives of the application 

components. Overall it explains what the system is supposed to achieve or is capable of 

achieving (Chung, Nixon, Yu, & Mylopoulos, 2000).  

A)  Functional Requirements – Users  
 

• Users can register into the system. After a user creates an account, the User 

can log into the system. Users can change their login and personal details after 

their initial registration. Registration should be carried out with a minimal detail 

requirement, for example, Username, Password, Full Name, Location/Address 

and Email are the only required details.  

• Any user can create a “Marker” related to a land-slide factor 

• Any user can create a “Campaign” both public and DMC 

• Any user can create an activity or get assigned to an activity for a campaign   

• Any user can navigate the spatial map to browse any information  
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• Any user can access the reporting section to generate a report related to all the

events that occurred.

• Any user can publish their real-time location. If the address of the user is

located in an area that is considered a high-risk zone, the user will be shown

on the map in a red colour circle as a ‘defector’ user. If not, by default, the user

will be referred to as an ‘observer’ and will be shown on the map as a blue

circle.

• Any user can validate the Markers.

B) Functional Requirements – Markers

• Landslide factor Markers are a geographical pin about an event, activity or

occurrence which is a suspicious activity related to a factor of a landslide. Titles

for the markers will be given to the user. User must choose a most related title

among the given titles. Instances are Deforestation, Mining, Construction and

Soil erosions. Images for the markers need to be uploaded by taking an image

through the camera. Users cannot select an image from their gallery. Users

cannot change the location of the marker rather than the current GPS location.

Verification needs to be done to validate that the marker is a true marker.

Validation is done by social proofing of the marker. The status of the marker

will be changed as the marker is validated. People can validate the marker

using two buttons that are given to verify it as a true marker. Those buttons are

labelled as “Approval” and “Disapproval” buttons. Approval and Disapproval

does not happen right away; it happens after adequate social proofing. It will

be shown in a grey colour until the market is validated.

• A Campaign is a geographical marker/pin about an event, campaign or an

activity related to a social welfare program initiated to help victims. A User can

create two types of Campaigns. One is a public campaign and the other is a

DMC campaign. A Public campaign is hosted by registered users to contribute

donations, labour and other resources to victims. A Safe location is also a type
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of campaign where victims can temporarily stay until the danger related to the 

catastrophe goes away. A Public campaign can be itself a safe location. Users 

can determine the nature of the campaign and request other users to join. DMC 

campaign is a campaign hosted by DMC. A User can create a marker to show 

a campaign or a safe location on the map. A User can also give contact 

information, an official online link and a brief description about a DMC 

campaign.  

• The user can store his or her credit card details on the application to donate 

money to a DMC campaign. The donation that is sent via an online transaction 

can only be given to a DMC campaign.  

• The users can create an activity for both the public campaigns and the DMC 

campaigns. An activity can be gathering materials to give as a donation. The 

materials could be medical supplies, foods, clothes or any items that are related 

to basic needs. A donation can also be providing a service event, for example, 

providing medical services to injured victims in a safe location.  

C) Functional Requirements – Map   
 

• The entire application is a map-based application. The map should contain the 

map properties to the highest potential that the application can produce. Map 

properties are political provinces with borders, towns/cities/villages with 

borders, land cover information (bare ground, forests, roads), terrain features 

(slopes, valleys), markers (activities related to landslides, campaigns) and 

NBRO identified slope areas which could trigger a landslide (Expected to have 

a landslide or Moderate risk of an occurrence) (National Building Research 

Organisation - Sri Lanka, 2019).  

• Additionally, GLC by NASA needs to be included in the map as markers to 

depict historic Landslide events (NASA, 2018).  
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D) Functional Requirements – Weather

• Weather details are programmed to cities / towns / villages. Once the title of

the city/town/village is clicked, a popup screen will display an interactive table

of figures which shows the rain precipitation for two weeks.

• The table will demonstrate one-week historic figures and one-week forecast

figures from the current date.

E) Functional Requirements – Chart Reports

• The Main Menu will have a separate button for a report generation screen.

• The User has the capability to customize a chart report to divulge the

information/data that is related to the activities/events of the application.

• Locations (villages, cities, towns), weather figures, hazard zones, markers and

durations are the customizable items which can be generated as a report.

Reports can be generated as line charts.

F) Functional Requirements – Back-End

• All retrieved data from weather API, markers and other sources are stored in

the database of the application server.

• The data must be transmitted as a JSON data file to provide a web service to

any party who requires data related to Landslides in Sri Lanka. This web

service or web API is used to generate the report functionality of the application

as well.

4.2.2 Non-Functional Requirements 

Non-functional requirements focus on the requirements, which impact the system or the 

application as an overall product. These are also known as global requirements and play 

a vital part to facilitate the implementation of the application and the success of the 

application (Chung, Nixon, Yu, & Mylopoulos, 2000). This research breaks non-

functional requirements into User Interface (UI) requirements, Software Interface 
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requirements, Hardware Interface requirements, performance requirements and safety 

and security requirements.  

A) User Interface Requirements 
 

UI is required to create a functional human computer interaction. This is the digital 

interface where the direct interaction between the user and the application exists. It is 

vital to create this digital design according to the UI standards recognized by accepted 

international organizations (Shneiderman, Plaisant, Cohen, Jacobs, & Elmqvist, 2017).  

I. Initial screen:  

This is the first screen of the application. The application will rout to this screen first and 

anyone can view this screen. This is an animated screen with the logo and the application 

title. This screen will automatically redirect to the Login screen.  

• The initial screen/page will display the Logo and Application name.  

• The right bottom of the screen/page will display the name of the person who 

developed the application and for which purpose it was developed.  

II. Login and Register screen: 

These two screens are authentication screens. Username and password of the 

user are required, to redirect to the main application screen. If a person does not 

have login details, then that person can create login details through the register 

screen.   

• The Login screen/page should display the username and password. 

• A check button is given to remember the user-login details by the application. 

If that option is clicked, then the next time a person opens the app, it will not 

be required to display the login screen. 

• The Login screen should be provided with a link/button to navigate to the 

register screen if the user is not registered. 

• The register screen should provide input boxes for Full name, Username, 

Location/Address, Password and Repeat password.  
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• The register screen should have a Google Captcha validation to verify that 

the register process is done by an actual human being.  

• Table 4.1 below demonstrates the validation requirements for the registration. 

 

Table 4.1: Register screen/page validation (Source: Author) 

All input boxes Cannot be null. 

Full Name: This should have a minimum of 2 Words. 

Username: This should be a minimum of 6 letters and the input must be 
checked through the database to check if that username has 
not been previously registered. 

Location/Address: The address is checked through Google Geolocation to verify 
it is an existing location. 

Password: The password must be a minimum of 6 words, must contain at 
least one upper case letter and one number. The characters 
need to be hidden from the view of the register screen. 

Repeat password: This must be exactly equal to the Password value in the 
Password input box. Characters need to be hidden from the 
view of the register screen. 

 

III. Main Home Screen: 

This is the main home screen. This is the primary geographical application screen. This 

interface runs on top of Google Map API.  

• After login, the Application will direct to the homepage. The Homepage will 

have a main menu icon on the top left side.  

• The Homepage will be a complete map-based application.  

• The Map will consist of following properties:  

o Political provinces with borders, towns/cities/villages with borders and 

land cover information (bare ground, forests, roads) will have graphical 

features as given by Google Map API. 

o Terrain features (slopes, valleys) are highlighted with colours and specific 

features as programmed by Google API. 

o Markers (activities related to landslides, campaigns) are pop-up screens 

with functions and they are marked on the map by unique icons.  
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o NBRO identified slope areas which could influence a landslide will be 

highlighted by coloured polygons on Google Map. Moderate risky areas 

are coloured by yellow while high risky areas are coloured by brown.  

o GLC will be shown in the map as markers. Those markers will be red 

colour pins which resemble the default pin icon of the Google markers.  

• Upon clicking the menu icon, the main menu will be displayed. Personal 

information, notifications and user specific information will be positioned on the 

top left. The menu items will be positioned on the left middle.  

• The personal information section will have user-icon, username, user-location 

and notification icon. 

• The notification icon will be a small green coloured bell. Every time a 

notification comes, the phone will be vibrated once. The amount of notifications 

received, will be shown in a small red coloured circle.  

• The menu items will be CREATE, FIND, REPORTS and SETTINGS, 

respectively.  

• CREATE and FIND will have collapsing sub menu items. The functionality of 

the CREATE button can create markers and the Functionality of FIND can find 

markers. 

• The SETTINGS button will open a screen to customize the content and 

features of the application.  

• Upon clicking REPORTS, it will open a screen which has the functionality to 

generate a customized visual presentation of the events/activities of the 

application.  

IV. Create marker screen: 

This is the screen to create markers. The User can choose the intended marker type and 

input the data related to that marker. The first menu item of the main menu is the 

CREATE button which will open the create marker screen.  
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• Upon clicking CREATE it will open the map and create a pin to the current GPS 

location of the user.  

• The Map screen will have a CONFIRM button bottom-middle to confirm the 

location. Upon clicking the CONFIRM button it will open another screen to input 

the details about the marker. That screen will have two large buttons. 

• One button is to create a “Markers related to land sliding” and the other is to 

“Create a campaign”.  

• If the user chooses a marker related to Landslides, a screen will appear with 

functions related to that marker. The top section of the screen will have a large 

Camera button to take real pictures of the event/activity/occurrence related to 

land sliding. A minimum of one image is needed and a maximum of ten images 

is allowed. Upon taking the images, the screen will create a carousel of images. 

The User can select the type of marker. The type can be deforestation, mining 

activity, river erosion, soil instability, construction works, unplanned cultivation 

or other factors. The User can create a description about the marker and 

confirm the marker.   

• If the user chooses a marker to create a campaign, a screen will appear with 

functions related to that marker. The top section of the screen will have a large 

Camera button to take real pictures of the campaign or a banner of the 

campaign. An image is not compulsory and a maximum ten images is allowed. 

Upon taking the images, the screen will create a carousel of images. The User 

can select the type of the campaign. The type can be a Public campaign or a 

DMC campaign. The User can create a description about the campaign and 

create activities. If it is a DMC campaign, the contact method of the campaign 

and an official online link regarding the DMC campaign must be added. 

Activities can be added to the campaign. An activity is an event with an actual 

time and place to collect, donate or contribute resources. In order to launch a 

campaign, a minimum of one activity is required. Campaign object has a button 
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to add an activity. Upon clicking “Add an activity” button, a screen related to 

adding an activity will pop up in another screen where the user can input the 

details about the nature, constraints, time and location related to the activity. 

The Campaign can be saved as a draft or it can be launched instantly. The 

Creator of the campaign can launch a draft campaign by clicking the “Launch” 

button.    

V. Viewing Marker Screen:

This is the screen to view the stored markers. The icons of the markers will be 

displayed on the Google map according to the location. Upon clicking the desired 

marker, this marker screen will appear with the details of that selected marker.  

• Any Marker on the map can be viewed by clicking the marker on the map.

Alternatively, a marker can be searched using the FIND button on the menu.

Upon clicking the FIND menu item, it will collapse a list of marker types. Each

marker type will have its own instances of markers related to each marker type.

• If the marker is a marker related to Landslides, and the user has seen the

occurrence/event/activity in the actual geographical location, then the user can

approve the marker. If the user identifies that it is a not a correct marker, then

the marker can be disapproved.

• If the marker is a campaign, the User can add himself/herself into the campaign

activity. Also, the user who is the creator of that marker can create an activity

in a campaign. Upon creating the activity, a notification will go to the creator of

the campaign. If the activity got approved, then the activity will go live, and

other users can join it.

• Users can comment on markers related to land sliding and activities related to

campaigns and share them on the social media platforms of Facebook and

Twitter. Comment Boxes are given to each of the markers and activities. Social

media share buttons/icons are also given to the markers and activities as well.

VI. Reports Screen:
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The Report screen is the screen where users can generate chart reports based on their 

selected variables. The Report screen can be found on the main menu which appears 

on the left side of the application.  

• The Report screen will have the elements to select as the variables. The

Variables are the locations (cities, towns, villages), weather figures, hazard

zones (slope areas), markers and durations. The Chart type will be a line chart.

The Elements will be shown as checkboxes and the location can be typed into

a textbox. At the Lower middle, there will be a CONFIRM button to generate

the chart report.

VII. Settings screen:

The settings screen allows you to update and modify the metadata, terms and features 

of the application.  Further customization to the application can also be created using the 

settings screen. The Report screen can be found on the main menu which appears on 

the left side of the application. 

• Upon clicking the SETTINGS button, another screen will pop-up. It will have

two sections. The First section will have the personal details of the user. Each

personal detailed item will have an EDIT button to the right side. Upon clicking

it, the user can change the details on the same screen. After updating the

changes, the SAVE button located in the bottom of the screen needs to be

clicked in order to save the changes.

• The Lower section will have the following buttons. There will be a ‘KEEP ME

PUBLIC’ button which has an on-off switch. The User can make it public and

show their real-time location on the map using that button.

• There will be a LOGOUT button to log out from the application. Upon clicking

it, the user will be redirected to the login screen.
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B) Hardware Interface Requirements 
 

There are hardware Interface requirements that are involved with the requirements which 

need to be accomplished in order to facilitate the hardware interaction. The hardware 

Interface is involved with the networking and the device compatibility. These are 

essential features for an effective application.    

I. Mobile Access: 

• The application will run on a smartphone that has Dual-core 1.2 GHz CPU with 

1GB Random Access Memory (RAM). These CPU and RAM requirements can 

be considered as the minimal requirements that are necessary (Ung, 2019).  

• The application will have a graphically enhanced UI interface. It is required to 

have a touch screen mobile phone with a minimum of 480 x 800-pixel 

resolution. A thin-film-transistor (TFT) or Liquid-crystal-display (LCD) screen is 

recommended (Hara, et al., 2018).   

• The application is a real-time application, connected to WWW. GPS 

connectivity is compulsory. A-GPS (Assisted Global Processing System) is not 

accepted (McNamara, 2008). The smartphone needs to have minimum HSPA 

(High Speed Package Access) mobile broadband connectivity (Tapia, Jun, & 

Karimli, 2009).  

• Smartphone is required to have an inbuilt camera with minimum 5MP. 

II. Server: 

• Green web hosting service is the desired hosting service as it uses sustainable 

web server techniques. “GreenGeeks” is the chosen commercial green hosting 

service.  Back-end development is created through the Dot.Net framework 

using Internet Information Services (IIS) server and SQL Server. So, the 

hosting server must support Microsoft server-side applications (Nagel, 2018).  
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C) Software Interface Requirements

The Software Interface requirements are involved with the way the application interacts 

with other application platforms. It is woven around the capability of the application to 

operate and it exists on a root Operating System (OS), it transmits the data among the 

servers and interacts with distinctive APIs. The OS, Software development languages, 

frameworks and tools can be considered as a part of the Software Interfaces.  

I. Mobile Access:

• The Mobile application can be accessed in the Android OS environment, iOS

environment and the Windows mobile OS environment. Any smartphone with

one of above operating systems can run the application (Hansen, 2001).

II. Development:

• The Mobile application is developed using web-based languages and APIs.

The Front-end development languages are, namely, HTML5, CSS3,

JavaScript, jQuery and JSON or XML (Extensible Mark-up Language). The

back-end of the application is developed using ASP, CSharp and Microsoft

SQL Server along with IIS Server (Galloway, Wilson, Allen, & Matson, 2014).

Visual Studio-2019 is the desired Integrated Development Environment (IDE)

and Model-View-Controller (MVC) is the software development architecture

(Nagel, 2018).

• The Mobile application is compiled using Adobe PhoneGap or Ionic

frameworks (PhoneGap, 2016).

• This is a web-based application. It requires access to the internet with a

minimum HSPA connection (Tapia, Jun, & Karimli, 2009). This application gets

connected to third party APIs over the internet such as AccWeather

(AccWeather, 2019) and Google Map (Google Map API, 2019).

D) Performance Requirements

Performance Requirements are involved with the actual execution of the application. The 

Features of the performance requirements are involved with application loading time, 
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connectivity speed and efficiency of the application (Chung, Nixon, Yu, & Mylopoulos, 

2000).  

• This application requires high-speed internet, and the commercial mobile

industry has moved away from 3rd generation broadband internet connectivity

(Tapia, Jun, & Karimli, 2009) to 4th generation broadband connectivity. This

application will work adequately on a moderate smartphone with minimum

requirements. It will be compulsory that the mobile network service providers

or Internet Service Providers (ISP) have high speed internet.

• The Servers of the mobile application need to have a strong response time.

APIs and Web services used for this application must connect through efficient

Content Delivery Networks (CDN) (Cloudflare, Inc., 2019) and Servers.

E) Safety and Security Requirements

The Web application will always face cyber related attacks and malware issues. It is 

required to implement safeguards to the application to counter these infiltrations. Safety 

is measured by the security methods that are implemented.  

• The back-end of the application along with the Web servers must be secured

with up to date security standards (Ebert, Brasse, & Metzker, 2016). Users will

store their sensitive information in the database of the web server. The Web

server must run on HTTPS (Hypertext Transfer Protocol Secure) rather than

HTTP (Krause, 2016).

4.2.3 UML Diagrams 

Unified Model Language (UML) is a visual-based terminology to demonstrate the 

functionalities of a product or an application. A graphical representation can be used to 

illustrate the events of the software application. UML is comprised of several subsets of 

diagrams (Torre D. , Labiche, Genero, & Elaasar, 2018).  

The Activity diagram is a UML diagram which illustrates the flow of activities of the 

application. The System may have a number of activities which may or may not be 
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interconnected. A Diagram can be drawn to demonstrate the flow of each of the activities 

(Torre D. , Labiche, Genero, & Elaasar, 2018).  

The diagram illustrated in Figure 4.3 shown below explains the activity diagram for the 

user account creation and login process. In order to get to the application, the User must 

be a registered user.  

Figure 4.3: Activity diagram for user login and user account creation (Source: Author) 

The user’s information needs to be stored and extracted accordingly. Once someone 

opens the application, the system checks if s/he is a registered user or not. This 

validation is done through a user validation process by sending a request to the server 

and getting the user’s details as the response. If the user is not a registered user, then 

an account needs to be created with the correct information.  
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Figure 4.4 below demonstrates an ER Diagram for creating the weather details of a 

location on the map. The Location is an entity which has the properties and methods. 

The Location is an entity with properties which are the data types and it has the capability 

to execute the methods. “WeatherDays” is a property with the data type “AvgDList” which 

is modelled by another entity called the “AvgDList”. The Location entity can save the 

weather details into the “WeatherDays” property by using the “getWeather()” method.  

Figure 4.4: ER Diagram for Weather details of a location (Source: Author) 

 

Correctly recognizing properties and methods increase the efficiency involved with 

developing the application. The ER Diagram helps the programmer to quickly do the 

coding as the developer can simplify the application by following an ER Diagram. 

Simplification will reduce unnecessary coding and lead to a normalized and fast 

development (Roques, 2004).  
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The diagram in Figure 4.5 below illustrates the Database diagram for this application. 

Figure 4.5: Database Diagram (Source: Author) 

Objects in diagram are created as entities, and they are connected to each other based 

on their functionalities.  For instance, “Markers” is an object and it has “comment_list_id” 

as a property. The “CommentList” is another object/entity which has “comment_list_id” 

as one of the properties. Markers and CommentList have a relationship based on the 

functionality so that Users can create comments on a marker.  
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The Database stores and manages the data of the Application. Modern database tools 

are Object Oriented Principles (OOP) driven tools and the data structure of the 

application should be developed based on the objects of the application.                                      

The Database diagrams help developers to improve the database efficiency as it helps 

to reduce data redundancies (Rob, Coronel, & Crockett, 2008).  

4.3 Chapter Summery  

This chapter discusses the proposed web-based mobile application in detail. The SDLC 

is explained and the URS is described in this chapter. The URS is illustrated in detail, in 

order to explain the functionalities and the requirements of the proposed solution.  
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5. Implementation  

This application is a web-based mobile application. This application can be developed 

using the native application development method or the web-based application 

development method.  

Mobile applications run on mobile and hand-held devices. Those devices could have 

various operating systems and the application should be able to run on most mobile 

operating systems that are in use. The Applications can be implemented using the same 

languages and development methods that were used to develop the OS of the mobile or 

hand-held device (Hansen, 2001). This approach is known as the native mobile 

application development. 

The mobile applications can also be implemented using languages and development 

techniques that used to develop web applications. This is known as the web-based 

mobile application development.  

5.1 Choosing web languages for mobile application development   

Java is one of the main languages that was used to create Android OS and the mobile 

application development for the Android OS using Java can be called the native 

application development. iOS is the mobile OS of Apple handheld devices and Objective-

C is one of primary languages that was used to build iOS. The Mobile application 

development using Objective-C for Apple devices is referred to as native applications 

development (Doran, 2017).   

The primary advantage of the native application development is the optimized 

performance of the application. Graphic related applications, such as, 3D games (Doran, 

2017) and image processing software works faster and smoother. Since both the OS 

and Mobile application share the same development tools, the application performance 

optimization is higher. The applications load faster and the response time is lower. The 

access to the device hardware capabilities and features is robust because the Hardware 

(H/W) and Software (S/W) interfaces are developed using the same development tools 
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and languages. Geolocation, accelerometer and light sensors are several of the many 

capabilities of the device (Charland & LeRoux, 2011) which work smoother in native 

application development.  

However, generally, the application works on native OS platform only. The same 

application development methods cannot be used to deploy the application for another 

mobile OS environment. In order to work in multiple OS platforms, native code needs to 

be recompiled using different Software Development Kits (SDK) and different tools and 

APIs are required to build the system. The process of creating the application for various 

markets requires additional skills and rebuilding the system is costly (Charland & 

LeRoux, 2011).  

Mobile application development using web languages, such as, HTML5, CSS3 and 

JavaScript is web-based mobile application development. The layout of the application 

runs on a WebView and the WebView runs on a native OS platform. Industry players 

started competing against each other to create faster web browsers and this resulted in 

creating better JavaScript rendering engines for the browser. JavaScript is a browser-

based programming language and JavaScript rendering engine is a JavaScript codes 

executing program which runs underneath the web browser. Optimizing JavaScript 

interpretation is vital to the success of the web browser (Panhale, 2016). Figure 5.1 

below demonstrates examples of several rendering engines in web browsers. 
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Figure 5.1: Mobile Browsers and their rendering engines (TumariWeb, 2019) 

 

Web browsers run on a Mobile OS platform and PhoneGap is a development framework 

which allows  the use of HTML, CSS and JavaScript to create a WebView on the mobile 

OS platform (Myer, 2011). Figure 5.2 below demonstrates the root layout of the web-

based development process on a mobile device. 

Figure 5.2: Mobile application development root layout for web-based development (Source: 
Author) 
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JavaScript can call native codes of the mobile OS using PhoneGap JavaScript API. 

PhoneGap JavaScript API can access mobile device features, such as, geolocation, 

accelerometer, battery level, camera or Media Capture (Charland & LeRoux, 2011).  

The UI of the mobile application is rendered by HTML and CSS. HTML stands for 

Hypertext Mark-up Language and CSS stands for Cascade Styling Sheets. HTML 

creates the structure and the data representation of the application while CSS designs 

the visual format of the application. Some outdated web browsers do not have the 

capability to render some properties of CSS3 and HTML5 thus create issues related to 

the consistency of the interface. As an example, the flexbox properties of CSS were not 

supported by 27 or below versions of the Firefox browser. Issues such as this have been 

diminished by the new versions of the modern browsers (Collins, 2017).  

The Source code of the application can be compiled into multiple platforms at once with 

PhoneGap. This makes cross platform compatibility easier and less expensive compared 

to native application development (Charland & LeRoux, 2011).  

Connectivity to online content is much faster and creating a connection to a web server 

and transmitting a file using a web service is smoother and more consistent using a 

WebView compared to a native application view (Charland & LeRoux, 2011).  

Considering the above advantages and the research question along with research 

objectives, this research uses web languages to create the mobile application for this 

research study.  

5.2 Application development Architecture  

Web development has two parts and they are front-end development and the back-end 

development. Front-end includes UI as well as User Experience (UX). The Front-end 

development focuses on the client-side development while the back-end development 

focuses on the server-side development (Krause, 2016). 
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Web development has two parts and they are front-end development and the back-end 

development. Front-end includes UI as well as User Experience (UX). The Front-end 

development focuses on the client-side development while the back-end development 

focuses on the server-side development (Krause, 2016). Figure 5.3 as shown below has 

broken down the complete system architecture into entities in order to make the 

illustration clearer.  

Figure 5.3: System architecture of the application (Source: Author) 

5.3 User Interface (UI) and User Experience (UX)  

As shown in Figure 5.3 above, both the UX and the UI are connected to the Human 

Computer Interaction (HCI). The UI is a design strategy where the User experience (UX) 

is a strategy to enhance the user satisfaction. Prototype should have characteristics, 

such as, it is easy to learn, it has a clear and simple structure, it is attractive, pragmatic, 

has less surprising behaviour and it delivers maximum user satisfaction. This application 

is used by people who have miscellaneous social and age backgrounds and the 

application should be developed in a way that any person from such a background can 

use it. Due to that, this prototype should have a minimum learning curve. The design 

should be simple and it should be tested for major UI and UX issues (Hinderksa, et al., 

2019).  
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The Application works as a portal from the mobile side where it opens a screen which 

loads from a web server. WebView or the screen acts as the client. HTML is the language 

which is used to convert the normal text into hypertext. CSS is a styling language which 

is used to format and represent the HTML content on the WebView. The current version 

of HTML is version 5.0 and the current version of CSS is version 3.0. The standards of 

HTML5 and CSS3 are mentored by the Word Wide Web Consortium (W3C) (Krause, 

2016).   

A bidirectional connection between the web application and the web server is created 

and the Internet uses protocols to standardize this process. HTTP is an application 

protocol which transmits HTML. HTTP is the base for WWW as it was initiated by Tim 

Berners Lee. A secure version of HTTP exists and it is known as HTTPS. S stands for 

“Secure” and the protocol is encrypted using a conceptual layer called Transport Layer 

Security (TLS) (Krause, 2016).  

HTTP creates the request from the front-end through the application and the request is 

received by the server and it responds with the correct data. Some methods of HTTP are 

used to transmit data, such as, weather reports, spatial and geographic data  through a 

software architecture style called Representational State Transfer (REST). REST is a 

part of the Web API which is a data transmitting system which transmits data 

representation file types, such as, JSON or XML (Krause, 2016).   

As mentioned in (1) of Figure 5.3, UI is created using HTML5 and CSS3. The additional 

CSS based toolkit known as “Font Awesome” will be used to add icons and typograhpy 

to the application. The User will interact with the application using the client side and this 

interaction is HCI. The Web design has been carried out using sustainable designing 

standards (Mighty Bytes Sustainability Web Designing, n.d.). It is recommended by W3C 

to use the best industry practice. The new industry practice is concerned with 

Web Content Accessibility Guidelines (WCAG), Sustainable HCI and Sustainable Web 
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Designing (Wille, Dumke, & Wille, 2016). This application should be implemented by 

employing optimal industry practices.  

5.3.1 Login Screen 

Figure 5.4 below demonstrates the login and registration screen of the application 

prototype. The name of the application is given as “Sustainable Sri Lanka”, however this 

name is a temporary working title only. It is mandatory to register before browsing the 

application. 

Figure 5.4: Login and Registration screen of the application (Source: Author) 

 

Div tag ‘cover’ in line-1 as illustrated in Figure 5.5 below is the default parent HTML tag 

to wrap all other tags of the application. This is valid for any screen throughout the 

application. 
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Figure 5.5: Login Screen: HTML5 (Author: Source) 

5.3.2 Registration Screen 

The User details are taken as inputs as illustrated in Figure 5.4 above and the data are 

sent to the database once the details are validated. Data are sent using a method called 

“post” to hide the sensitive data and it is fetched by another screen called 

“processRegistration” as illustrated in line-5 in Figure 5.6 as shown below. 

Figure 5.6: Registration Screen: HTML5 (Author: Source) 

5.3.3 CSS for General Screen with Login and Registration 

Figure 5.7 shown below illustrates CSS which has been used to format the login and 

registration form shown in Figure 5.4 previously. 
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Figure 5.7: CSS for Login and Registration (Author: Source) 

 

WCAG is used to measure the accessibility level of the application. Users with eye sight 

disabilities must be able to use this application. UI related issues, such as, insufficient 

contrast between font-colors, background-colors and smaller font-sizes could create 

accessibility issues for users with eye-sight issues. The Application in this thesis is 

developed in accordance with accessibility standards outlined by W3C. This application 

uses reponsive design as the design method. This web-based deisgn can be viewed 

from any Android, iOS or Windows Mobile smartphone or hand-held device thus this 

design framework enables ubiquitous computing (Krumm, 2018). The Application will be 

displayed with minimal accessibiltiy issues from any of above mentioned devices. WCAG 

helps this artifact in the sense of measuring the accessbility level and facilitating Quality 

Assurance (QA) (Wille, Dumke, & Wille, 2016).  
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S/W and H/W are the main parts of any application development process. In this 

scenario, a software application is developed to run it on the mobile phone which is a 

hardware device.  Live ware (L/W) is one of less talked about concept of IT yet it is also 

an important one. All these technological advancements are done to help people. The 

Interaction between people and the computer application process must be efficient in the 

sense of accessibility and effectiveness (Dix, 1998). Accessibility focuses on connecting 

people with the application correctly while the benefits given to the people by the 

application justify the effectiveness. Correctly connecting with the application is required 

to get the optimal benefits. Due to the above reasons, it is certain that UI, UX and HCI 

play a huge part in the application development process (Bernhaupt, et al., 2017).  

This mobile application uses web-based UI designs. UI and UX designs need to be 

implemented in a way that the design methodology fulfils the optimal design practices 

that are used by the industry.  

The Internet uses a vast majority of the electricity consumption around the world. Even 

so, less than 10% of the energy production around the world is generated by renewable 

energy. The annual internet carbon footprint is approximately 830 Metric Tons per year. 

Fast loading websites which consume less storage capacity along with conductive 

information delivery, can minimize bloated websites which take more time to load and 

more time to find information. Developing web design sustainably (O'Toole, 2013) can 

reduce energy waste in four key areas. These four key areas include Findability, 

Performance Optimization, Sustainable Design and Green Hosting (Mighty Bytes 

Sustainability Web Designing, n.d.). 

“Finding” focuses on the ability to get the information quickly with less data, less 

bandwidth and less time consumption. “Performance Optimization” focuses on speeding 

the load time thus reducing energy and carbon footprint. Efficiency can be achieved 

through instantaneous page loading, normalized HTML, CSS and JavaScript coding. 

“Sustainable Design” focuses on promoting accessibility, reducing larger content and 
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responsive designing which supports mobile-first web design. “Green hosting” focuses 

on storing web content and the database in a Web server which uses renewable energy 

(Mighty Bytes Sustainability Web Designing, n.d.). This prototype adapts sustainable 

web design strategies and the application back-end is hosted in “GreenGeeks” Web 

server which uses eco-friendly server strategies (GreenGeeks, 2019).  

5.4 JavaScript as the front-end development programming language  

As illustrated in (2) of Figure 5.3, JavaScript plays a vital part in the Application 

architecture. JavaScript is a functional programming language which is loosely based on 

OOP concepts. It is a web front-end language where it uses the browser to interpret the 

coding into an executable program (Grover & Kunduru, 2017). 

The Front-end events of this application are created using JavaScript. PhoneGap 

enables a specific JavaScript API to access and manipulate the features of the mobile 

application. As an example, if a user creates a marker, he needs to use the Camera to 

take pictures of the location. PhoneGap JavaScript API enables this Camera feature.  

JavaScript has two approaches in this application front-end. The first purpose is to 

execute UI related functions. An example would be showing an error message if the login 

verification failed (Rauschmayer, 2014).  

The second purpose is to manipulate and represent the data which is received through 

the Web services. Weather data, spatial data and marker data could be given as 

examples of the JavaScript related data. JSON, a data objects structuring and 

transmitting file type, is derived from JavaScript. JSON is strongly connected with 

JavaScript (Grover & Kunduru, 2017).   

This application will use additional JavaScript frameworks for application development. 

Figure 5.8 below illustrates several JavaScript frameworks used in this application and 

their functionalities. 
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Figure 5.8: JavaScript Frameworks used in this Application (Author: Source) 

This application is a map-based application. Most of the actions and events that occur in 

this Mobile interface will be based on a well-structured Map. The map is constructed 

using UI based JavaScript frameworks and APIs. This application prototype uses several 

JavaScript frameworks and front-end APIs. Google Map JS API, Geolocation JS, 

Geocoding JavaScript API, jQuery, ChartJS (ChartJS, n.d.) and jQuery UI are the 

JavaScript frameworks used in this application. This project uses Google Map JS as the 

desired framework to create the interactive mobile-friendly Map. This application should 

be able to adequately perform on any phone with minimum requirements. Due to the 

adaptability of Google Map, it is viable to use the well documented Google Map 

JavaScript API as the desired Map API (Dewsbury, 2008).  

Even though JavaScript is a lightweight language, due to its multi-paradigm, dynamic 

and declarative characteristics, using Vanilla JS (Duckett, 2014) coding could result in 

an outstretched coding structure. The definition of Vanilla JS is using the pure functions 

and methods of JavaScript. jQuery is a JavaScript library with minimalized functions and 

method. The Document Object Model (DOM) in HTML can be manipulated and animated 

by jQuery (Felke-Morris, 2019). DOM traversal and event-handing are supported by 

jQuery. This application uses jQuery to implement some of the components as an 

alternative to pure JavaScript. Even so, this does not mean pure JavaScript is replaced 

by jQuery. 
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5.4.1 jQuery implementation  

Figure 5.9 below demonstrates the Menu screen, Settings screen and its components. 

The Functionality of the events has been implemented using jQuery and jQuery UI 

frameworks.  

Figure 5.9: jQuery-based Menu Interface (Author: Source) 

 

The UI based functionality of the mobile application is programmed by the jQuery 

framework. Figure 5.10 below demonstrates several jQuery coding components. The 

comments have been added in green colour to the coding structure for the purpose of 

depicting the functionality of that code component. 

  



86 | P a g e  

 

  5. Implementation 
 

Figure 5.10 jQuery coding for mobile UI functionalities (Author: Source) 



87 | P a g e

5. Implementation

5.4.2 Google Map Integration 

The most important aspect of the Application is data visualization using Google Map API 

since this is a map-based application. The mobile application is required to create an API 

Key in order to use Google Map API. It is a mandatory technical requirement 

implemented by Google (Google Map API, 2019). Figure 5.11 below depicts the API 

script with the API Key and Figure 5.12 below depicts the default zoom position of Sri 

Lanka in the prototype interface.  

Figure 5.11: Google Map API Key integration (Author: Source) 

Figure 5.12: Sri Lanka default view in prototype interface (Author: Source) 
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Figure 5.12 above has highlighted, the south-western and central provinces using a 

transparent green colour polygon. Polygon is loaded into the Google Map using a 

GEOJSON file. GEOJSON is a JSON file which consists of geographical data and the 

metadata related to it. Figure 5.13 below depicts the “areas.geojson” file declaration in 

JavaScript and its basic structure. The ‘Coordinates’ are the geographic data and the 

‘colours’ and ‘line-strokes’ stored under ‘features’ are the metadata related to the 

polygon.  

Figure 5.13: Structure of GEOJSON file (Author: Source) 

5.4.3 JavaScript Markers creation 

Figure 5.14 below is a combination of three of the screenshots for the Application 

prototype. The screenshot exhibits two Landslide factor markers. One is a construction 

activity which affects a slope and the other is a medium-scale deforestation created by 

humans. 
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The Markers are visualized as small balloons with a specific colour and a letter assigned 

to it. Google Map API recognizes balloons as icons. The Balloon/Icon will be shown in a 

grey colour until the marker gets validated. Image which was used to create model 

‘Construction activity marker’ was taken from Sany web hydraulic excavator manufacture 

web site (Sany Excavators - Sri Lanka, 2017) and Image which was used to create model 

‘Deforestation marker’ was taken from Biodiversity-Sri Lanka website.  

Figure 5.14: Landslide factor marker Screens and their icons (Author: Source) 

 

Figure 5.15 below states the JavaScript coding that is related to the markers above. 

These instances of the objects are created with static dummy information. Once this 
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application gets practically developed, these values will be passed from a JSON file from 

the database using the loop functions for each instance. 

Figure 5.15: JavaScript coding as related to markers (Author: Source) 

 

Data input by the users and the generated data/Information by the application will be 

fetched by the database through JSON file format. Figure 5.16 below demonstrates the 

data flow that related to markers.  

Figure 5.16: Markers data flow (Author: Source) 

 

5.4.4 JavaScript Campaigns creation 

Campaigns are a type of marker. However, for clarity, it is not mentioned as a marker 

but a campaign where people can help the victims of a potential or a disaster that has 

already occurred. Figure 5.17 below demonstrates the two instances of campaigns. 
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These campaigns are visualized like markers but with one specific pink colour 

balloon/icon. 

If it is a campaign that belongs to DMC, it is marked as ‘dmc’ using simple letters. If it is 

a campaign created by users, then it is marked as ‘R’ using a capital letter. Since it is a 

Google marker/Pin, JavaScript coding structure is similar to the coding structure of the 

markers related to Landslides. HTML5 will create the screen for each marker. Image 

which was used to create model ‘Resource Gathering Centre’ campaign marker was 

taken from ‘Help a Child in Sri Lanka’ donation web site (Help a Child-Sri Lanka, 2019) 

and image which was used to create model ‘Disaster Management Centre’ DMC 

campaign marker was taken from governmental web site of Ministry of Disaster 

Management (Ministry of Disaster Management - Sri Lanka, 2019). 

Figure 5.17: Rescue and DMC Campaigns (Author: Source) 

Figure 5.18 below demonstrates HTML coding for a marker while Figure 5.19 

demonstrates additional HTML structure for a DMC campaign. 
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Figure 5.18: HTML coding for a marker (Author: Source) 

Figure 5.19: additional HTML structure for a DMC campaign (Author: Source) 

5.4.5 Hazard areas visualizing 

According to the Conceptualizing the factors section in chapter 3, the areas that are 

identified by NBRO as hazard prone slopes need to be visualized on the map. 

Visualization is done through a GEOJSON file. 
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Using the sketched maps created by NBRO (National Building Research Organization - 

Sri Lanka, 2019) to visualize the hazard prone slopes, which are mentioned in Chapter 

3, those sketches need to be converted into GEOJSON data using a parsing tool called 

“getjson.io”. Then the data can be parsed into the GEOJSON file of this prototype, which 

is the ‘areas.geojson’ file.  Figure 5.20 below demonstrates the visualization of hazard 

prone slopes on the prototype. Moderate hazard locations are coloured in orange while 

high risk locations are coloured in brown. 

Figure 5.20: Hazard zones visualization on map (Author: Source) 

5.4.6 Creating Markers for previous rain-induced Landslide events 

NASA GLC has a GEOJSON file (NASA, 2018) which can be used to create markers for 

historic rain-induced landslide events. Figure 5.21 below shows markers of previous 

Landslide events in Sri Lanka depicted in the prototype using NASA API. 
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Figure 5.21: Previous Landslide events in Sri Lanka (Source: Author)  

5.4.7 Reports creation 

Figure 5.22 below demonstrates a report visualization using the ChartJS framework.  The 

ChartJS framework has been used to manipulate the data. ChartJS uses data structures 

that are loaded as JS objects. The JSON file type is a collection of JS objects. Figure 

5.23 below shows an image of the coding structure that extracts the data into ChartJS 

functions/methods and displays the generated Chart as a HTML canvas. 
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Figure 5.22: Report screen example using dummy content (Source: Author) 

Figure 5.23: Section of ChartJS data structure (Source: Author) 

5.4.8 Weather Map API integration 

AccuWeather is a widely used commercial weather reporting service which has won a 

reputation as an accurate, detailed and consistent weather data provider for web and 

mobile application projects (AccWeather, 2019).   
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A user account with AccuWeather needs to be created to retrieve this service and the 

desired programming language, method of communication and the time period of data 

requirement need to be provided.  

There are several sub APIs that are provided by AccuWeather service. Locations API is 

used to get the locations of the required locations, Forecast API is used to get the 

forecasting of those locations and current conditions and API is also used to get the 

current weather situation for the specific location. A truncated version of the hourly 

forecast and the forecast for the upcoming seven days is rendered and provided by the 

web service. These data are transported as a JSON or an XML file and this information 

is captured by the mobile application. The Location API is stated at the top of the API 

data chain since it is the primary requirement. Figure in 5.24 below demonstrates the 

data flow of the API references (AccuWeather API, 2019). The “LocationKey” is used as 

the primary ID for this weather data retrieval process.  

Figure 5.24: API flow of AccuWeather (AccuWeather API, 2019) 

The AccuWeather data array holds several weather unit-types, for example, 

Precipitation, Rain, Snow and Wind as illustrated in Figure 5.25 below. 
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The Millimetres of rain is the unit which is required for this Application. However, if 

necessary, AccuWeather is comprised of all the related weather data. JavaScript 

apprehends the JSON/XML data, which is basically data arrays and it visualizes the data 

onto the Google map relevant to the locations. 

Figure 5.25: Sample of AccuWeather data (AccuWeather, 2017) 

5.5 ASP.net and SQL Server as the Back-end development languages  

The Data plays an important part of a mobile application. Security, clarity, storing, 

modifying and retrieval need to be considered while choosing a good solution for data 

management. Due to the diverse nature of this solution, data should be queried as a 

large volume of unstructured data or Big data (Reddy, 2018).   

This application will retrieve the data from several external hosts/databases through web 

services. There are two objectives related to retrieving data from external parties.  

• Store the needed data in a private database

• Convert the data into information and store the reformed data
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• Use data to create a different information/data and delete the data

retrieved from the third party

One form of data retrieval that happens in this application is creating markers through 

users who are registered with this application. The objective of retrieving data from users 

is to store the user-given data in a private database. 

This application initiates the events of the data management though Internet Enabled 

Devices or in this scenario smartphones (Graham & Dutton, 2014). This application 

generates the combined data units in images and texts. This type of data can be 

considered as unstructured and diverse data (Reddy, 2018).  

Choosing Microsoft (MS) SQL Server is the best solution since this application processes 

dynamic unstructured data which requires security. MS SQL server has good security 

features. Also, data manipulation and learning methods are easier with Microsoft SQL 

server (McQuillan, 2015). Visual Studio(VS) is the Integrated Development Environment 

(IDE) of Microsoft and VS can be used in parallel with SQL server since VS has tools 

built into IDE to use SQL server (Sur, 2013). 

ASP (Active Server Pages) is a server-based scripting language which is often used to 

manipulate, retrieve and store data using the Dot.NET Framework. The Dot.NET 

Framework is the Microsoft software development framework which includes features, 

such as, extensive class libraries and language interoperability which are required to 

develop software applications (Chiaretta, 2018).  

5.5.1 Data Retrieval and database 

This application needs to connect to external web sources to gather the data. The data 

could be directly used by the application and stored in the application database for future 

need.  

There are two technical ways that the application will use the data from external sources. 

The first way is to directly create or connect to a JSON/XML file and create an interactive 

visualization of the data on the application. One example would be using Google Map 
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API. The second method is to manipulate the data and create improved data and 

visualize and illustrate that information on the Application on request.  An example would 

be creating a chart report to depict the rainfall in a certain town during a certain period. 

Users create markers and campaigns and that data are sent to the database that 

corresponds with the created user details.  

Figure 5.26 below illustrates data retrieval from data from different sources. This 

application will have a direct connection to the external data and will demonstrate that 

data as content or as a visual on the application. Depending on the data requirement, 

the data could be stored in a Database. Data for campaigns and markers should come 

from users. However, if achievable, consent can be given to an agent of DMC to create 

DMC campaigns on behalf of MPADM. 

Figure 5.26: Data retrieval from sources (Source: Author)   

 

According to the developed URS, any user can create a DMC campaign pin/marker 

because the objective of any disaster campaign despite one that has been created by 

the private sector or DMC, is to deliver resources to victims. A link to a DMC related 
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campaign link can be added to the application. That DMC website link could provide 

valuable information.  

The data from NBRO is used to create the relevant spatial polygon on the map to depict 

the potential hazard areas. This data will be created as a form of JSON with the 

properties of the latitudes and the longitudes. This data can be passed into the Google 

Map API to depict them interactively on the map. Google Geolocation and Geocoding is 

used to store information related to the location, the markers, the campaigns and the 

users.  

5.5.2 Database creation 

As depicted in Figure 4.26 above, the database holds the complete data related to the 

application. Data entities are stored as tables in a database. Structured Query Language 

(SQL) is a modelling language which can be used to manipulate the data in a database. 

The data from the tables is passed into the ASP.net using a Data Model called ADO 

(ActiveX Data Object) .net. ADO.net (Sur, 2013) is a data access technique Microsoft 

developed to manipulate the data from the databases in a convenient way. SQL and 

ADO.net are used to fetch the data into the ASP.net framework as variables (McQuillan, 

2015).  

The following Figure 5.27 below demonstrates the database tables structure for the 

database while Figure 5.28 below depicts the tables and Entity classes related to the 

tables.  
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Figure 5.27: Database tables logic Structure (Source: Author) 

Figure 5.28: Database tables and Data Models (Source: Author) 

5.5.3 ASP coding structure  

This application executes numerous data related events. ASP coding establishes the 

connection with MS SQL server and retrieves the complete data and stores it into a 
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JSON file. Then the JSON file is used to transmit and restructure the data in the 

application. Figure 5.29 below demonstrates the coding structure of ASP.net to make 

the connection with the database and pass the “Markers details” into a JSON file. CSharp 

is the widely used Class based programming language of Microsoft. Even though ASP 

is used to create the web applications, the back-end coding is implemented using 

CSharp (Chiaretta, 2018).  

Figure 5.29: Passing Markers data from the database into a JSON file (Source: Author) 

5.5.4 Web API Creation 

Web API is a web service which can provide data as its service (Medjaoui, Wilde, Mitra, 

& Amundsen, 2019). This application has a database which has data related to 

Landslides in Sri Lanka. Data can be coordinates of previous Landslide events, 

coordinates of locations of hazards prone zones, markers related to human made events 

like deforestation and historic weather details. These data are stored in the server. Even 

though the application provides an interface to view the data through the application, the 

data can be fetched as row data through the Web API without using the application. The 

data can be used by other third parties, such as, developers for their purposes.  

Since this is a prototype, creating a complete API is not viable. Even so, the structure of 

the Web API has been shown below in Figure 5.30 as a diagram. 
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Figure 5.30: Structure of Web API (Source: Author) 

This application connects its backend through ASP.net. ASP.net can be used to create 

a Web API which can generate responses to requests. Users can request data through 

a URL as shown above and the Web API generates the correct data and sends it to the 

client.  

Fiddler is a web proxy debugging program which can be used to test Web APIs (Fiddler 

Proxy , 2019). Figure 5.31 below demonstrates a screenshot from a program called 

Fiddler which has fetched “areas.geojson” file through the application URL.   

Figure 5.31: Screenshot of Fiddler querying “areas.geojson” file (Source: Author) 
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5.6 Application Testing 

Proper testing is highly important for a successful application development. Nearly 

hundreds of adequate testing cases are required to conduct the testing phase of a mobile 

application. Each input for a test case may have different values which could produce 

different outcomes (Kuhn, Wallace, & Jr., 2004).  

Even though triggering errors and faults in the application is the goal, it would be difficult 

to determine the degree of interaction required to achieve that goal as this application is 

a prototype only. This prototype uses empirical and theoretical data as an input to 

process the outcome. Testing using theoretical data is the viable option for this research 

due to the fact that this application is an initial prototype (Kuhn, Wallace, & Jr., 2004). 

Empirical data can be used in a situation where the application is actually deployed to 

the general population.  

There is a variety of testing methods that could be used however for the purpose of this 

application, the Testing phase breaks down to three components, specifically 

Performance, Usability and Security testing.  

Security testing is concerned with integrity, confidentiality, authentication and validity of 

the data which is being processed (Wysopal, Nelson, Dustin, & Zovi, 2007). Performance 

testing focuses on determining the responsiveness, reliability and interoperability of an 

application. This prototype uses the “GreenGeeks” server as the hosting server. The 

bandwidth, data transfer rate and latency depend on the ISP (Internet Service Provider) 

apart from the strength of the hosting server. Performance testing evaluates the 

effectiveness of the application and identifies the bottlenecks of the system (Erinle, 

2015). Table 5.1 below demonstrates a test case table sample for Performance Testing. 
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Table 5.1 Test case table sample for Performance Testing  

Test Case: Application Login 

Description 
This process simulates a normal login activity a user performs on 
the application. 

Data Requirement 

A valid Username which is a unique name. It cannot be duplicated.  
A valid password which is comprised of minimum 8 characters, one 
of them needs to be capital letter. Two minimum numbers are 
required as well. 

STEPS 

Step Number Step Description Expected Result Waiting time 

01 
Open the application 
from the phone 
applications dock. 

Main screen of the 
application appears 
then leads to the 
login page. 

2 seconds 

02 Entering username 
Username appears 
with the correct 
display format. 

Less than a second 

03 Entering Password 
Password appears 
as Asterisk 
characters. 

Less than a second 

04 
Clicking the login 
button 

If the username and 
password are 
correct and get 
validated correctly, 
the screen will take 
you the Map screen. 

6 seconds 

05  

If the username and 
password are 
incorrect or do not 
match with each 
other, then the same 
screen will show a 
text displaying 
“Username and 
Password are 
incorrect”. 

4 seconds 

 

Usability testing focuses on the complete solution or the entire aspects of the application. 

S/W and H/W both are considered in usability testing. H/W has a strong connection to 

the performance of the application as well. The H/W requirements that were established 

in the URS must be addressed in this phase (Barnum, 2010).  

Usability testing is inspected by users while the UI and UX design of the application has 

been carried out using sustainability web designing concepts which were mentioned in 

the UI and UX section of the implementation section. The adaptation of these concepts 

are used by the researcher/developer as a tool for usability inspection (Barnum, 2010).  
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The final stage of this research focuses on the evaluation since the evaluation phase is 

a unique part of the DSR methodology. Indirectly, some aspects of the evaluation are 

connected to testing. An ethically approved questionnaire is created to present it to the 

participants. In this scenario, the participants may act as the usability testers to some of 

the questions in the questionnaire because those questions have features that are 

related to the usability testing. 

A prototype of the application could be viewed online, and the participants can do the 

experiment on the application through a browser. The questionnaire could facilitate 

identifying the faults and constraints of the prototype as it relates to usability and 

functionality. This method could be considered as a remotely monitored usability testing 

technique (Maramba, Chatterjee, & Newman, 2019). The output will be the feedback that 

the participants will give.  

5.7 Chapter Summery 

This Chapter demonstrates the implementation process of the prototype interface. This 

chapter also includes a discussion about choosing the correct front-end and back-end 

languages and other programming techniques. This chapter exhibits the technical 

development of the prototype using the coding examples and screenshots of the 

prototype.  
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The evaluation is executed based on a Questionnaire that has been created to get 

feedback from ten participants who have been selected randomly from the Southern 

Western province. The aim of the Questionnaire is to acquire suggestions and inputs 

related to UI, UX, accessibility, limitations/weaknesses, additional functionalities and to 

find out more about the further advantages of the prototype. Only the substantial and 

qualitative suggestions are discussed implemented into the prototype and the other 

suggestions are only discussed in the evaluation phase.  

6.1 Questionnaire 

The questionnaire is comprised of ten qualitative questions which can be used to 

measure the outcome of the technical solution. The purpose of the questionnaire is to 

discuss the effectiveness, benefits, weaknesses, further development and limitations 

that are related to this technical solution. Each question has been explained below.  

When conducting the interview, creating a campaign was considered as ‘creating a zone’ 

and creating a Landslide factor marker was considered as ‘creating a marker’. Changing 

the name ‘campaign’ into ‘zone’ and changing the ‘Landslide factor marker’ into ‘marker’ 

was done prior to finalizing the report. Because both are markers by nature, the aim was 

that it would increase the clarity of reporting. 

Q1) Was the application easy to use? 

This question is used to test the usability of the application. The HCI of the application 

must be accessible and easy. This application is created using the best UI standards 

and it is responsive. Responsiveness is a development term that is used by the web 

development industry which stands for being able to view the site or screen from any 

portable mobile device properly (Jain, 2014). The participants who volunteered for this 

study may or may not have knowledge about Web technologies. So, the question is 

formulated in an easy manner to identify if the application is easily usable and eye catchy. 
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This question also focuses on the learning curve that a user takes to properly understand 

the interface. Proper interaction is needed for executing functionalities of the application 

without any turmoil. This question is partially related to usability testing (Redondo, Bravo, 

& Ortega, 2009).  

Q2) Did you face any slowness of the application? 

As mentioned in the research objectives, this application is developed using Web 

languages. This application does not use native languages, such as, Java (for Android) 

or SWIFT (for iOS). Due to the nature of HTTPS for creating a web request through the 

web portal and due to the behaviour of HTML5 and JavaScript, the web-based 

applications may tend to create a slow response compared to native application 

development methods. The reasons for using web languages as the building tool for this 

prototype have been discussed in Chapter 5, If the application is built according to best 

practices, it will not create an issue.  This application should be created according to the 

software and hardware interface requirements which are mentioned in the URS. If the 

application platform is properly implemented, then the application will not slow or lag. 

The Internet speed of the user environment is a dominant factor for the speed of the 

web-based prototype.  

Q3) Were you surprised by some actions of the Application? 

The term ‘surprise’ is used to grasp if the user gets astonished by the behaviour of the 

application. Best practice is that most of the time web applications should behave 

conventionally when it comes to its behaviour because the user expects them to have 

the same behaviour since that is how the user sees those elements behave in other 

platforms. If the user feels that those elements of the application behave differently, the 

User may feel negatively about the application (Nielsen, 2004). Indirectly this has a 

connection to the learning curve of the application as mentioned in Question 01. If the 

user gets surprised by the application, simultaneously it will require time to learn how to 
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use the application, in other words, it will take time to understand the functionality of the 

application.  

Q4) Do you think the application will be able to achieve its expectations? If it’s NO, 

please state the reasons. 

This is an important question which aims to foresee the success of the application. This 

question expects a personal assumption from the participant. The answer will also be 

used to determine the likelihood of the success of the application as a factual assertion. 

As a practical solution it should fulfil the objectives of the research question. The word 

“Expectations” is used to express the objectives in an informal manner. 

Q5) Do you think this application provides security and reliability to users and other 

resources? Please state the reasons whether it’s a Yes or No. 

Security is the main concern of the application and the application should implement 

security strategies to protect sensitive information, provide access to specific information 

and provide a safeguard to the application. If the users feel it is insecure to access the 

application or input their sensitive information, users will hesitate to use the application 

and the application would not succeed to deliver the desired objectives.  

Safety Requirements in URS should be implemented to provide security for the 

application. The functional requirements of the application should also be implemented 

in such a way that it will help the security requirements to achieve the target. For 

example, the Personal information required by the application should only be limited to 

the information required to execute the functions of the application. If the user needs to 

be informed about an event that occurs in the application, sending an email would be 

enough since email is a sufficient method. Requesting a mobile number or postal 

address is not required. The user can select the opt-in or opt-out option through a button 

to turn-on and turn-off the functionality to publish the real-time location of the user 

through GPS technology. 
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The second part of the question asks the participant to state their assumptions related 

to the security and reliability. There are two types of security implementations. The first 

type can be seen by the users, and even though the latter type cannot be seen by the 

users it must be implemented in the back-end of the application. The participants can 

give their opinions by experimenting with the application and use the existing knowledge 

they have about the basic security safeguards that they have seen implemented on other 

applications. They can give their assumptions regarding the modifications that are 

required to be implemented into the application.  

Q6) Are there any aspects of the application you think which were not reliable? You 

can state your comments regarding markers and zones or looking at overall structure 

of the application.  

This research uses Landslide factor markers (markers) and Campaigns (zones) as a tool 

to investigate the Landslides related issues. This question aims to get the perspective of 

the participants regarding what they think of the Landslide factor markers (markers) and 

Campaigns (zones). It is not assumed that the users have knowledge about map 

applications that use field data. The guidelines in the questionnaire and the PIS 

(Participant Information Sheet) would help them to grasp an idea about what the 

objectives of the application would be, including the functionality of the Landslide factor 

markers (markers) and Campaigns (zones). The reliability of the Landslide factor 

markers (markers) and Campaigns (zones) plays a strong part in the application and the 

evaluation needs to have the perspective of the users to conclude information and create 

a discussion about the delivered prototype. In terms of ‘looking at the overall structure of 

the application’ this illustrates that the comments must be made regarding the connection 

that the Landslide factor markers (markers) and Campaigns (zones) have relating to the 

objectives of the application.   
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Q7) What are the limitations you see in this application? You can state regarding its 

benefits, problems in the technical aspect of the application.  

This question focuses on the limitations of the application. Limitations have two 

variations. One is the limitations that are related to getting its benefits and other one is 

limitations which are related to web and mobile technologies. Identifying limitations 

related to technologies would be helpful to identify bugs, anomalies and the 

inconsistencies of the applications. The input of the participants can be used to modify 

the application. Limitations related to the benefits would be helpful to change the 

functional requirements of the URS, so the benefits which are accrued by the application 

could go higher. The limitations that are identified related to the mobile technology could 

be used to modify the implementations, so the actual result is more accurate. These 

implementations are necessary if the limitation affects the security and the results of the 

application.  

Q8) What are other additional functionalities you think can be added to this 

Application? 

Additional functionalities can be used to provide more assurance for the application 

regarding fulfilling its objectives. If a function suggested by a participant, helps to improve 

the UI/UX and increases the effectiveness of the application then those functionalities 

can be implemented if those functionalities don’t affect the URS and the objectives of the 

application.  

Q9) Apart from the benefits, do you think there are other good qualities this application 

processes? You can give your opinions regarding to any social, technological or any 

aspects.  

This question is created to evaluate the advantages of this application regarding the 

social, technological or any other aspect conveyed by the participant. Even if the benefits 

and the advantages are similar by nature, the idea behind this question is to get the 

perspective of the participants regarding the positive outcomes of the application. The 
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phase “other good qualities” is used to make the participants think a bit more deeply 

rather than stating the mentioned benefits of the application in the Questionnaire and the 

PIS.   

Q10) Apart from the land sliding issue. Do you think this application can be modified to 

achieve other purposes or goals? State your examples. 

After letting the participants think about the different advantages of the application, this 

question requests participants to give their opinions if this application can be modified to 

achieve other objectives/goals which are not directly related to a landslide. At the same 

time, it can be assumed that these goals may or may not be indirectly connected. These 

modifications could help to enhance the usefulness and productivity of the application.  

6.2  Questionnaire process   

The questionnaire has been given to ten randomly selected participants who reside in 

the south-western province in Sri Lanka. The south-western province is the most highly 

affected area in terms of Landslides as depicted in the Introduction. It was assumed the 

community that resides in the south-western province has been exposed to this 

catastrophe more generally and their insight would be much more effective. Ethical 

approval was required to conduct this study and it has been approved by Auckland 

University of Technology Ethics Committee (AUTEC) under application 19/193.  All of 

the documents related to conducting the questionnaire has been approved by AUTEC.  

The recruitment of the participants was carried out through Facebook as the medium. 

The AUTEC Approved advertisement was published on a Facebook page. The 

advertisement is a web banner which conveys the nature, requirement and contact 

method of the study. The requirement is testing the prototype in order to answer the 

questionnaire. Interested candidates were able to send their interest through the contact 

method which is the email of the researcher. Upon receiving the initial feedback from the 

candidates, the researcher randomly selected ten candidates as participants. As the 

advertisement explained people who live in south-western province are qualified for 
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participation. Then the researcher sends the consent form and Personal Information 

Sheet (PIS). Once the signed consent form was received, the researcher forwarded the 

questionnaire along with the URL to test the prototype. A maximum of two weeks was 

given to the participants to return the completed questionnaire.   

The following tables illustrate the answers given by the participants. One question has 

ten answers given by the ten participants. Each table is assigned to one question. Ten 

tables are aligned from question 01 to question 10 respectively. 

In terms of the feedback from the Questionnaire (the answers given by the participants), 

the significance of creating a zone means ‘creating a campaign’ while creating a marker 

means ‘creating a Landslide factor marker’.  

Table 6.1: Feedback given by participants for question 01 

Participant Answer 

01 Yes 

02 Yes, I understand the expectation of the application 

03 Yes 

04 It was resembled a web page. It was easy though … 

05 Yes 

06 Yes 

07 Yes, it was good. Picture quality of the Markers could have been better. 

08 It was ok. It is like lot of mobile application. 

09 Yes 

10 It was great. 

Table 6.2: Feedback given by participants for question 02 

Participant Answer 

01 Little bit … it was a website rather than an application 

02 No, I didn’t recall that … 

03 No, only the loading time 

04 No 

05 No, I was OK. 

06 No, it took bit time to load the Map, but I think it is normal for any 
application. 

07 Well I think it depends on the internet speed 

08 No. 

09 No 
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10 I don’t think so 

 

 

 
Table 6.3: Feedback given by participants for question 03 

Participant Answer 

01 After a while I got familiar with the application 

02 It took some time to understand the application 

03 No 

04 It was a new application to use. 

05 
It took some time to understand some of the functionalities of the 
application. 

06 It took bit time to understand the application. The help guide helped a lot. 

07 No 

08 No, it was easy to use the help guide. 

09 I wasn’t surprised as it was common application type 

10 
It bit took time to understand it but as a person who uses google map 
daily basic I’ m confident about Markers. 

 

Table 6.4: Feedback given by participants for question 04 

Participant Answer 

01 I think so … It is a good try ….  
It needs to be more developed 

02 Yes, I think it will be if it gets finished completely. 

03 Maybe, it needs more developments 

04 Yes, I think it is an important application  

05 Yes, I think it will benefit Sri Lanka and help people. It will create a 
platform to help victimized people in the Sabaragamuwa.  

06 I think it is too early to tell. I think the application needs to be launched 
first. People use mobile phones and addicted to applications. Because of 
that I think the user interaction or sending awareness of a project like this 
would be practical if it is correctly.  

07 I think it’s a good effort and if the application is attracted by the customers 
then it will be effective and will deliver a good result  

08 I think so and I think this is important application. I think it needs to be 
popular and socialize among people.  

09 Yes, But It cannot be just fulfilled by implementing an application. It needs 
to have marketing strategies and popularity media assistance for that as 
well.  

10 Yes, 

 

Table 6.5: Feedback given by participants for question 05  

Participant Answer 

01 Because it has a login method, I think the system is secure … is it reliable 
that people who there are real ….  
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02 We need to be sure that our credit card details providing are stored 
securely. 
I do not think I like the fact that everybody would know the current location 
of myself.  

03 It has login system, only few details required to login. So It’s good that I dnt 
have to give lot of information 

04 It depends on the user as well. The way how he creates input and the way 
he gives information. And the application should validate the information as 
well. 

05 It is difficult to think from this side. But I think the weather details that the 
application gets must be reliable. I think Sri Lankan Meteorology cannot be 
properly relies on. Because the application has a great responsibility to give 
a correct answer about a upcoming disaster. 

06 We give our information to application. That information must be stored 
properly. It is up to the developer to implement the security standards. It is 
difficult to say. Application accesses our real time location using GPS. This 
information is very sensitive.  

07 I think it is practically can be done. I believe the application will be able to 
deliver that result. 

08 Yeh, I think this has a password method and we can opt in or out to give 
the Realtime location of me. So, I think it is secured. Markers get verified 
by the people who actually witnesses an actual marker.  

10 It must be implemented from the side of the developer. It is difficult to predict 
from this side. It must be told to the users by the developer using the 
Application that how the security been implemented. 

Table 6.6: Feedback given by participants for question 06 

Participant Answer 

01 How to determine that the markers are real and currently existing 

02 Markers need to be certified that they are correct. There’s a confirmation 
button for it.  
Is this information is enough for it. I think Raining is the main reason.  Also 
to what degree you think markers can be reliable. Even when you say 
deforestation, to how length … how to determine this specific marker will 
trigger the actual impact. 

03 How the markers can be verified. 
People may create bogus almsgiving centers to get items. 

04 I think markers need to be checked if it is correct or not. It also needs to be 
checked if they are in the correct location.  
Zones needs be verified otherwise people may use the application to get 
unnecessary advantages for personal gain.  

05 I think Makers are a good idea. Zones must be reliable one as people may 
cheat to get materials from people. 
Also are there any governmental organizations like Disaster Management 
Center where we can get information to help markers or locations. 

06 Markers should be authenticated in some manner. When creating a 
Rescue zone by users, I do not think everybody should be allowed to make 
it as they wish. I think there should be a control mechanism for that.  

07 I think its good and straight forward. I do not think we have to verify 
everything as this is as a social experiment. There are no legal obligations 
or anything. 

08 I think its good and straight forward. I do not think we have to verify 
everything as this is as a social experiment. There are no legal obligations 
or anything.  
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09 Its just not for Land sliding at the end but the web application strategies are 
correct but the overall this gives actual map-based information about the 
status of the country and what happens to its environment. So, the 
human’s activities need to be verified.  

10 Markers needs to be sure that they are correct. 
Weather reports must be sure that they are correct as well. 
Rescue Zones need to be certified that they have a postal address. Other 
vise people may cheat.  

 

Table 6.7: Feedback given by participants for question 07  

Participant Answer 

01 It is partially done. It is like a website.  
It helps to save lives of people. 
It not that attractive to use.  

02 Benefits: It will give information about dangerous places of the country 
and let know people about dangers activity people does.  
Will help save human lives or resources  
Problems: 
Need be completely working. Will people use it often. Thts not sure  

03 Limitations: I understand about markers and campaigns but if people 
leave their homes or be in alert on Heavy rain time if everything becomes 
normal, will the application give information related to that. I do not see a 
option or a method for that.   

04 Application needs to be fully completed and tested if lot of people are 
using it.  
Locations need to be checked if the points are correct or not.  
But it will help Sri Lanka as people are using mobile phones a lot and it 
will help to get information about dangerous locations of the country.  
This is a website not a web application.  

05 Limitations: The application is not finished mobile app. 
Map of the Sri Lanka could be more specific.  
Benefits: It will help to distribute gifts and donations to the victims and 
their families. 
People will be able to see actual catastrophe happens in Sri Lanka and 
how the environment is being destroyed by the people.  
Problems:  
It is difficult to predict the result unless the application is launched 
completely. 

06 Limitations / Problems: I’m not convinced that just using these markers, it 
is easy to predict a disaster. I need to be convinced that the Weather data 
are correct as well.  
Benefits: 
Every year nearly hundreds of people die or suffer from this disaster. 
Government is not powerful enough to find a solution by itself. Corruption 
of the government also a factor for that. I think it is a good that as the 
society, we try to find a solution for that. I think that’s why technology is 
there for.  

 

07 Limitations: It only looks for Land sliding only. Land slide may create other 
environmental issues as well.  
Benefits: It will help to save lives of human being.  

08 I think its only see some aspects of a land sliding causing issues. There 
could be more issues which could create a land slide. I do not know other 
methods, but I think there could be more.  
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09 Limitations: It only looks at the issues related to land sliding when it can 
be used to fetch other vital information about the country. Related to 
human’s activities, weather and environment.  

10 Limits: 
It makes the assumptions just based on Markers and Weather.  
It needs to be promoted. 
Good things: 
It helps the environment, gives the people a good understanding about 
what happening in the country.  

 

Table 6.8: Feedback given by participants for question 08 

Participant Answer 

01 People can be appointed with different titles. Everybody acts like similar. 

02 Connecting to governmental web sites or governmental media 

03 Rain, Earthquakes, Roads on the hill side. Also this application needs to 
be promoted rather than just being an application.  

04 It doesn’t give more information about Realtime events of the location. 
Application should be modified to reflect that.  

05 This information should be stored within the application, so in the future 
that information can be used to calculate the predictions about future 
occurrences of the disasters.  

 

06 If there were other methods to get data which could to help the App to 
predict about a natural disaster rather than just markers, I think it should 
be included as well. I think it will make the reliability of the application 
higher.  
Also, I think as users, we should be able to communicate with each other 
as well.  

07 As I mentioned before you may be able to predict other natural 
occurrences as well. I think Heavy Rainfall creates flooding as well. 
Flooding is a good issue in the area of Sabaragamuwa as well. I live there 
so I know.  

08 I think the people must be able to communicate with each other. People 
should need to communicate like social media platforms. 

09 I think people need to able to comment about the weather activities as 
well. I think its not reliable to depend on weather data predictions. People 
can provide actual weather conditions.  

10 This information can be shared or give to other Data platforms which 
could help to solve issues in the country or needs the information for other 
purposes. It’s something needs to be implemented into the application. 
It’s cannot be seen by the users, but the developer can use it for other 
sustainability issues.  
Social Media integration needs to be much more than this.  Application it 
self will not be enough to solve the issues. There must be a way take this 
application among to the general publication and make this application 
popular.  

 

Table 6.9: Feedback given by participants for question 09  

Participant Answer 

01 It helps the name of the country.  
It is cable to identify locations which are dangerous  
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02 People always use garbage social media applications. This may help to 
use social interaction to a good cause.  

03 Will help poor people and victims of the society 
Help us to participate in a good cause. 

04 As Sri Lanka is a poor country this application will help the community to 
share materials in a case of emergency. There are lot of poor and 
innocent people in these areas. If there was a potential issue, there life 
would be spared from this. This application integrates with the Public 
Service system in a such a such situation. This will benefit the 
government as well.  

05 This proves that the people in the country try to solve issues of their 
society without getting political help. 
When technology is getting stronger and stronger, it proves people have 
the power to innovate new ideas. 
This application may help future generations to think out of the box. 

06 I think it is a good idea to find any method to help the victims. As a person 
lives in those areas, even people aware about a potential disaster there is 
no one influence them to exercise an action. I think this app will be an eye 
opener for people, specially youth. I think youth are more invested in 
technology.  

07 Social impact: Lot of people in Sri Lanka uses Mobile phones. Sri Lanka 
has 4G good internet coverage. So, I think this thinking new. This is for 
the welfare of the country. I think this will motivate people us, young 
generations to do something good for the country. And I think this can be 
used by any country. It is a great gift for all over the world. 

08 Social: It helps to reduce casualties and help the victims 
Technological: Google maps is the most used web service in the world. 
So using google maps is a good thing  

09 Social: It helps the society and the country not just by reducing victims or 
supporting people but people who live in a safer environment will have the 
capability to know about what happens in the country. Since people live in 
a mobile age, information spreading, and digital involvement will be great. 
Technology: Sri Lanka has high speed connections even in the areas 
where there no proper electricity supply. Mobile network is great that a 
mobile application can create an effect. 

10 Benefits: - it is helpful to the people and to the environment. People will 
get a knowledge about what happens in the country as in Sri Lanka 
people destroy the forests and environment. People will have social 
media platform to share this.  

Table 6.10: Feedback given by participants for question 10 

Participant Answer 

01 Dengue mosquito issue locations 

02 I think deforestation itself will be good. 
As we are a poor country, if the rescue centres are properly created, they 
can be used to achieve help to any poor peoples who suffering from any 
catastrophe.  

03 Dengue issue 
People affected from political issues 
Deforestation 

04 I think the application gets information about Deforestation. Also bad 
effects of the land mining can be considered as I’m around those areas 
where people suffers these kind of issues.  

05 This can be used to create markers for other negative effects of the 
environment and the people. 
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Sri Lanka faces a huge problem of sand stealing from Rivers. People 
mine sand from the Rivers and lagoons to sell it for construction. That 
creates issues such as river erosion. I have seen lot of incidents happen 
related to that. I think we can use these markers in an informal manner to 
create an awareness among people. 
Other environment destructions can be monitored using this application.  

06 I think any human activity which could destroy the nature can be 
monitored using these type of application 

07 Flooding, Forest destruction, Healthcare related issues. Elephant attacks 
happen on the country.  

08 Dengue and Cholera issues are healthcare related problems come along 
with Heavy Rainfall. I think those issues need to be addressed as well.  

09 Deforestation, Governmental corruptions, social injustice etc. 

10 As mentioned before. 
Evident about destruction happens in the country.  
Deforestation etc. 

 
 

6.3 Findings and Discussion  

According to the feedback given by the participants, the discussion is conducted to 

evaluate the effectiveness, benefits, weaknesses, further development and the 

limitations of the solution. Discussion is divided into ten sections, in order to reflect on 

the ten questions and to increase the clarity of the discussion.  

Question 01: 

While analysing the answers received by all ten participants, it can be comprehended as 

the Application was easy to use. Participant-04 stated that it resembles a web site. This 

is partially true due to this prototype is made using web languages. Participants-07 

suggested that the quality of the markers could be better. It can be assumed that a 

participant would suggest that the quality of the icons is not clear. The size of the icons 

of the markers are 40px by 40px and it can be considered as an optimal size for the icons 

as popular CSS frameworks use 32px by 32px as the default width and height (Jain, 

2014). Changing the icon quality can be done through a small code modification.  

Question 02: 

When it comes to developing a web-based application, it is compulsory to take account 

of the latency of the network. The mobile application makes a http request to a server 
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every time a new event is triggered. This application internally accesses several 

databases and APIs. This prototype is basically a web site and it needs to be transformed 

into a mobile application using the PhoneGap framework. However, loading a website or 

a web-based application would not be any different as both send an http request to a 

server and the server responds to it. Participant-06 has expressed that it took bit of time 

to load the map. The map API used in this research is Google map. Google map is the 

most used navigational map API in the world according to the survey by The Manifest-

USA (Panko, 2018). The sluggish nature of the map could be due to a cache issue of 

the browser or due to the slowness of the internet speed. This application is hosted in 

“GreenGeeks”, a reliable green hosting service which uses Solid State Drives (SSD) 

drives to store the information and the requests come through HTTP/2 protocol. 

GreenGeeks has a set of proprietary tools known as “PowerCatcher” which makes the 

Application load faster (GreenGeeks, 2019).   

Question 03: 

A mobile application by nature has different functionalities depending on the nature of its 

objectives. But the behaviour of the application should act similarly in order to keep the 

proper development standards of the application. This application is not a completed 

solution; it is a basic prototype.  In order to express the objectives of the application, a 

help guide has been provided with the application and according to Participant-08 and 

Participant-10, the help guide has been useful. Even though it seems participant-10 is 

familiar with the map-based solutions, it still has taken some time to understand the 

application. It can be assumed it would take a minor learning curve to understand this 

application. Overall, every participant was able to apprehend the functionalities of the 

application.  

Question 04: 

As mentioned in the research objectives, this is a prototype of a solution. Participant-01, 

02 and 03 have realized the nature of the prototype and suggested that the application 



121 | P a g e

6. Evaluation

needs to be developed completely in order to be able to determine its success. Anyhow, 

the thesis covers the complete solution even though the complete application was not 

built. Anyhow, this is a meaningful prototype in the sense of using a web-based mobile 

application to address the Landslide issue for the welfare of the society and it seems that 

all the participants have understood the importance of the application.  

Participant-05 has clearly stated that he believes ‘it will be a platform to help victimized 

people’.  Even though the comment of Participant-06 is unclear, it seems that the 

participant believes due to the increased interaction that people have with a mobile 

device, it could lead to a positive outcome if the application was implemented fully. 

Participant-07, 08 and 09 believe creating a functional application would not be the sole 

reason for a successful application. Even though the development of the application and 

methodology was successful, actual objectives can only be fulfilled if the application can 

be practically used by the people in Sri Lanka. The success of the application depends 

on the post-production aspects as well. The above mentioned Participants have 

suggested that marketing strategies and media assistance are also factors to publicize 

the application among users who can gain a benefit from this solution or contribute to 

the solution. Overall it seems the participants have a positive vibe towards the application 

but the actual utilization of the application towards the social welfare of Sri Lanka 

depends on finalizing a complete solution and marketing the solution towards the desired 

focus group. In this scenario the focus group is the community of Sri Lanka.  

The use of the correct digital marketing strategies and plans could be included into the 

URS as a section. But it does not imply the URS has been modified into a market driven 

requirement for the engineering (Vakkalanka & Engu, 2012). URS requires some aspects 

to be included into the project to advertise the application. At this stage creating a 

marketing plan for the prototype is only discussed.  
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Question 05: 

Participant-06 and 02 were concerned about publishing their real-time location on the 

application. This prototype has an option to opt-in or opt-out the real-time location if 

needed. 

The above mentioned participants may have failed to notice that option given in the 

settings as shown in Figure 6.1 below. Participant-08 has identified that option and has 

given a positive answer.  

Figure 6.1: Opt-in and Opt-out option for real-time location for the users (Author: Source) 

Participant-2 has concerns about giving Credit Card details. Credit card donations can 

be made to DMC campaigns through online transaction facility built into the application. 

The actual implementation of the online transactions is not fully developed. Basic credit 

card security validations have been implemented to ensure the security of the information 

using ASP.net back-end framework (Microsoft, 2019). The requirement of a new login 

request, in order to confirm the continuing process for doing the payment can be 

implemented as a security functionality. The hosting service has an SSL certification to 

ensure that the data that was transmitted within the client-side and server-side is 

secured. As an alternative, a different payment processer, such as, PayPal or Google 

Pay can be implemented.  

Participant-04 has expressed that the application should validate the information. The 

Application has implemented methods to validate the information, such as, the use of 

Google address locator to confirm the physical address of the user and the server-side 

information validation using ASP.net to confirm the information, such as, an email 

address. If required, an option of integrating a mobile number into the registration form 
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to validate registration or other information can be added as an option. Nevertheless, the 

mobile number does not need to be added into the database as information about the 

user.  

Participant-05 was intrigued about the reliability of the weather-related data. 

AccuWeather Inc. uses big data from meteorological and oceanographic sensors to 

forecast the weather (Adams, 2019). AccuWeather has been collaborating with several 

academic research studies related to weather and forecasting. Instance would be, 

“System and method for forecasting probability of precipitation” which was invented by 

Joel N. Myers, Michael A. Steinberg and James T. Candor (Myers, Steinberg, & Candor, 

2008). Precipitation is the primary detail required for the above research and it had used 

AccuWeather. Due to the mentioned factors above, using AccuWeather can be 

considered as a viable option. 

Participant-06 has stated that the given information about users must be stored in a 

secure location while Participant-09 has conveyed that it is required to use secure 

database strategies, but it is not visible from the view of the user. “GreenGeeks” hosting 

service uses HTTP/2 network protocol and that protocol increments the security over the 

connection as HTTP/2 requires modified encryption over transmission (GreenGeeks, 

2019). The GreenGeeks server has real-time security scanning, checking for malware 

signatures, secured virtualized file system, advanced clustered threat analysis and pro-

active server monitoring to secure the database and files (GreenGeeks, 2019).  

Participant-09 believes that Android applications are less secure by nature. This 

application can be converted into an Android, iOS and Windows Mobile application. 

Android is partially open-source and it is a fact that Android applications face malware 

attacks. Android has inbuilt security features that reduce the frequency of security 

threats. It has a feature called “Sandbox” which isolates the app data from other 

applications so malicious penetrations can be avoided. Google, as the developer of 

https://patents.google.com/?inventor=Joel+N.+Myers
https://patents.google.com/?inventor=Michael+A.+Steinberg
https://patents.google.com/?inventor=James+T.+Candor
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Android, has increased security implementations to their application store in recent years 

(Misra & Dubey, 2013).  

The comments of Participant-01, 03, 07 and 08 demonstrated that they were happy with 

the security strategies which were implemented to their best of their knowledge.   

Question 06: 

Some participants were satisfied with the Landslide factor markers (markers) and 

Campaigns (zones) while several participants had doubts about the reliability. 

Participant-2 questioned the depth of the Landslide factor markers (markers). These 

selected markers are considered as factors to influence a Rain-induced Land slide. The 

depth of the factors is not considered as a major part of the thesis since it is geological 

in nature. This is a web-based mobile solution which grasps web sources to provide a 

way to demonstrate the information related to Landslides in Sri Lanka. Grasping every 

aspect related to Landslides is not the focus of the research. The focus of the research 

study is limited to the research objectives. There are numerous factors which are linked 

to Landslides such as hydrologic factors, strength of the soil and so forth. This solution 

tries to grasp primary factors related to Landslides in Sri Lanka as researched by NBRO 

and investigate those web sources to fetch those data into the application.  

Some of the participants had doubts if the Landslide factor markers (markers) and 

Campaigns (zones) are genuine. They wondered if some people could try to deceive 

users by creating bogus Campaigns (zones) to embezzle materials by faking them as 

donations. Also, participants have stated that the reliability of the Landslide factor 

markers (markers) needs to be authenticated further. The following steps have taken to 

amend the URS to reflect the further modifications that are needed for the prototype 

regarding Landslide factor markers (markers) and Campaigns (zones).  

Landslide factor markers (markers): 

Previously the Landslide factor markers required an eighty percent (80%) validation. This 
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simply means that 8 out of 10 people should approve a marker in order to get it validated 

as a true event. This validation can be increased to hundred percent (100%) if required. 

The Landslide factor markers can only be added from the current GPS location. These 

constraints have been set to make sure that the Landslide factor markers are true and 

valid.  

Users can have ranks and ranks can be upgraded into higher ranks. People who are 

actively participating with the application and stay on the application can upgrade their 

ranks. Active participation stands for exploring the country to find markers and creating 

markers if a disaster strike. Figure 6.2 below demonstrates the UI mock-up of the rank 

as it is displayed in the application. This application can create a special logging 

account/portal for government officials or government appointed personnel from the 

National Building Research Organization (NBRO) in Sri Lanka to create Landslide Factor 

Markers. In order to do that consent must come from the relevant governmental authority.   

Figure 6.2: User rank and notification node of the UI of the application (Source: Author) 

 

Convolutional neural network is a method of deep neural networking, which can be used 

to understand and classify visual content (Zhang, et al., 2018). Once a marker is created, 

uploading several images related to the markers is required. Vision AI is a Google AI and 

ML product which can identify objects, label them and classify those images into 

predefined categories (Google Vision API, 2019). Auto ML Vision is a part of Vision AI to 

automate the custom models.  
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Images that are uploaded into the application can be sent to Vision Artificial Intelligence 

(AI) API to validate the classification of the object. Even though this method can be 

suggested, the implementation requires more research and practical work.  

The URL of the images can be sent to Google cloud as a request through jQuery; and 

Vision AI can validate the images and send back the category as the response to the 

request as shown in Figure 6.3 below.   

Figure 6.3: Vision AI process to identify an image (Google Vision API, 2019) 

Campaigns (zones): 

Verification and validation requirements for Campaigns (zones) need to be increased as 

well. Requirements need to be adjusted accordingly. Either DMC zones only can be 

created by officials of Ministry of MPAD in Sri Lanka or the Campaign (zone) needs to 

be approved by the relevant official.  

Public Campaigns (zones) need to be registered under a provincial district office related 

to the location where the zone is situated. Registration number and the name should be 

submitted to the Application as shown in Figure 6.4 below. 

Figure 6. 4: Verification details of the Rescue zone (Source: Author) 
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As an instance, in Figure 6.5 below shows a Campaign (zone) created in a location in 

Sri Lanka. The Campaign (zone)  is situated in “Morakatiya” provincial area and it needs 

to be registered in “Ebilipitiya” provincial council as “Ebilipitiya” is the provincial council 

related to “Morakatiya”, established under Provincial council act No:15 of 1987 (Urban 

Council-Embilipitiya, n.d.).   

Figure 6.5: Personal Campaign mock-up - Morakatiya (Source: Author) 

The application can verify the details by automatically sending the details to the relevant 

Provincial office personnel. It could be via email and the personnel from the relevant 

council can view the email with the information given by the creator of the Campaign 

(zone) and the personnel can verify the account. 

Figure 6.6 below visualizes the mock-up of the verification part of the email. Physical 

address shown in the Figure 6.6 below is extracted using Google Geocoding API through 

GPS (Google Geocoding API, 2019) 
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Figure 6.6: Mock-up of the verification email sent to the official (Author: Source) 

 

Upon the verification, the Campaign (zone) will go live, or it will be rejected. The User 

will get a notification through the application. Notification can be found on the top left side 

of the menu as demonstrated in Figure 6.2.  

In terms of the limitation of the implementation, it is required to have a Web API which 

has the email addresses of the provincial councils and the relevant divisions if the back-

end actions of the application need to be done automatically. Otherwise a manual 

mechanism is required, in order to send the emails to the relevant authorities.   

DMC Campaigns can be only created by an officer of DMC centre. The officer can be 

given a portal to create and main the activities of the campaign.   

Question 07: 

Participant-10 and 04 have stated that this application resembles a website. Web 

languages have evolved from a technological tool to develop web sites to create 

advanced web-based programming applications. The Web application can be viewed 

through the HTTP Viewer and the Web viewer is converted into a cross platform mobile 

application. This conversion happens through the mobile application development 

framework called PhoneGap.  
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Participants-02,04,05 and 06 stated that without creating a full solution, it will be harder 

to predict the actual impact made by the application. It also can be assumed due to the 

nature of the prototype that they are confused about some aspects of the application. 

This prototype is an artefact created using DSR methodology only to depict the URS of 

this research. Delivering a pragmatic working application is not the focus of the research. 

Participant-06 and 10 have mistakenly identified if the application can predict a potential 

landslide event. This application does not have the capability to predict a Landslide. 

Since the research objectives emphasise that this application is a technological tool to 

demonstrate and visualize the data related to Landslides in Sri Lanka, at the same time 

people can interact using the Landslide factor markers (markers) and the Campaigns 

(zones).  

It may or may not possible to predict a land slide due to the ambiguous nature of this 

natural phenomenon since the factors and their impact may differ from one geological 

location to another or due to the diverse nature of the causes of landslides (National 

Building Research Organisation - Sri Lanka, 2019). It is still necessary to conduct further 

research in the area of Geology and related sciences to investigate the best model or to 

improve the models that exist that have been created to predict a landslide. The 

technological tools which require to gather related data from the physical location to a 

digital platform also need to be thoroughly investigated. For an example, IoT is a 

technological concept which supports this requirement. IoT is a connection of devices 

through a series of layers to produce information gathered through these layers. Through 

the individual development of each of the layers of IoT, such as, electronics, sensors and 

mobility, data are gathered. One of the important layers is the Connectivity layer and it 

can be the network or a network of networks. Ultimately, the Internet is the widespread 

network. The transmission of information through protocols and interpreting it to UI is 

possible through the Web. The ideology behind this echo-system of IoT is to provide 

quality IoT-generated data (Alaya, Drira, & Gharbi, 2017). Several researchers from 

Matoshri college of engineering & research centre Nashik-Maharashtra in India have 
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created a conceptual system to grasp the data through sensors which are related to a 

land slide. This IoT based system uses soil moisture sensors, vibration sensors and 

accelerometer/gyroscope sensors to detect the moisture content of the sand, 

movements and the vibration of the land. Grasped data are then transmitted to a cloud-

based server (Eknath, Dashrath, Pandurang, & DInkar, 2018). If the data is presented in 

the server, a modified version of this application can fetch the data and demonstrate it to 

the users through the application because the data is available through a web source. 

Even so, it is still necessary to conduct proper research to determine the correct 

integration strategy.  

Another aim of this application is to find a way to help the Sri Lankan community through 

a web-based mobile application and to promote increased awareness of Landslides. This 

research aims to evaluate a method to increase the resource management of the 

community through the development of this application.  

Participant-03 has raised an important question stating that after the post math of a 

landslide, if the displaced people who left their residencies decided to come back would 

the application help them in such a scenario. This assertion is made by DMC through 

NBRO (Disaster Management Centre - Sri Lanka , 2019). After their inspection on 

locations and decreased weather conditions, they release a public massage through 

broadcast media or via the web. This application could add an additional functionality to 

send NBRO and MPADM notifications to the users. Figure 6.7 below demonstrates a 

mock-up of the UI where the messages received from NBRO and MPADM get displayed 

through the application. Figure 6.8 below shows an example of the news that can be 

retrieved from the MPADM website to display in the web application. The RSS (Really 

Simple Syndicate) Feed is a web feed method which can be used to fetch news via 

online. The DMC website supports RSS and it can be used as a technological tool in the 

application. However, since this application is a prototype to investigate a solution, 

according to the scope of this research, the implementation of this functionality is not an 
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intention. This can be considered as an additional functionality and additional 

functionalities are discussed in Question-08 in this Questionnaire.  

Figure 6.7: Notification location of Messages sent by Governmental organizations (Source: 
Author) 

Figure 6.8: News alert released on DMC-Sri Lanka (Disaster Management Centre - Sri Lanka, 
2019) 

Partcipant-07 and 09 convey that this application could point to other environment and 

weather-related events. An assumption can be drawn from the comments made by 

Participant-7 and 08 that this technological tool can be used to analyse data relating to 

other society and sustainability related issues. This comment points to Question-10 in 

this Questionnaire, and it will be discussed in the final Question (10th Question).  

Parcipiant-01,05 and 06 have stated that this application will bring support to the 

community of the affected areas in the sense of giving them a relief and convenience at 

a time of a social disaster however the application needs to be fully finalized. This 
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application could be a tool to connect people who can help the helpless people through 

zones (Campaigns). As a citizen in Sri Lanka, Participant-06 has identified that the 

government is not strong enough to provide relief to the victims due to limited resources. 

The campaigns by the applications, alerting and connectivity with NBRO and MPADM 

will help the government through the time of a natural disaster and collaboratively can 

help each other to help the victims, if this prototype is correctly finalized and effectively 

utilized.  

The intention of Question-07 was to find limitations in terms of benefits except some 

participants have commented about the benefits and stated their views on the 

advantages in Question-07. A discussion related to the benefits is evaluated through the 

Question-09 in this Questionnaire however since their views are relevant those 

comments are discussed below.  

Participant-04 has identified that because this application is a mobile solution it is good 

for the country since mobile and broadband infrastructure is increasing significantly in 

Sri Lanka. Due to the rapidly increasing market share of the telecommunication industry 

in the country (Paul Budde Communication Pvt Ltd, 2018), a mobile application would 

be an effective communication mechanism to share information in Sri Lanka.  

Participant-02, 05 and 10 have stated that this application will help to demonstrate how 

people have and do destroy the environment. It can be assumed that these comments 

have been made in regard to Landslide factor markers that are related to human causes. 

Human activities have a strong influence on the occurring natural disasters (Goudie, 

2018) and this application could be a tool to gather data related to natural destructions.  

Question 08: 

Participant-01 has stated that users can be categorized into several categories. Separate 

categories suggest different privileges. Giving user ranking as discussed in Question-06, 

will grant them additional privileges. Therefore, giving separate categories is not 

required.  
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Participant-02 states that the application should be able to connect and communicate 

with a governmental platform. Governmental bodies related to natural disasters, such 

as, NBRO and MPADM could be linked to the application to share dynamic relevant 

information or data related to Landslides. They could have a web portal to access the 

application, similar to registered users. These functionalities have been discussed in 

Question-06 and 07.      

Participant-03 and 10 make a strong argument that the success of the actual application 

depends not only on the effectiveness of the application it also depends on the promotion 

of the application as well. This argument was brought on earlier question as well. In order 

create an actual impact on the society, and to create Landslide factor markers (markers) 

and Campaigns (zones) to achieve research objectives, the Application needs to be 

distributed and promoted to the society. The Application should be promoted through 

social media and other digital advertising/marketing platforms. It could be possible to get 

support from governmental bodies to promote the application, as they have a strong 

media platform to broadcast information related to natural disasters. The Application 

could be promoted in Schools and other community institutions as well as in public 

exhibitions in Sri Lanka.  

Participants-10 and 05 have suggested that the data / information received by the 

application should be stored in the application for future purposes. “Purposes” illustrates 

that the information could be used by other digital platforms. This application has a 

database which is hosted in a Cloud based Green hosting virtual environment. Another 

aim of this research is to create a Web API to share restructured and generated data 

through the web server. The distribution of the data can be completed though any web-

based data transmitting method, such as, JSON, XML or CSV (Comma-Separated 

Values). The API can share the gathered data / information related to land sliding among 

any party who requires it to use the API for their research or on a website/application. 

However, at this stage, the practical implementation of an API has not been carried out 

as this is still at the prototype stage. Due to this being just an interface actual 
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implementation is not developed but mentioned in the implementation section.  Further 

modifications to the prototype and the validation of the data are required for that purpose. 

This is only a discussion of the functionality.   

This prototype could also have a functionality to view reports related to the 

retrieved/generated data. It could be shown graphically, such as, via graphs and charts. 

Even though this functionality was not mentioned by a Participant, it is linked to the 

objectives of the application. The Data/Information related to the Landslide factor 

markers (markers) could be summarized through reporting as designed in the ‘Reports 

creation’ of the Chapter 5. 

Participants-06 and 08 suggest the idea of implementing a messaging method between 

users. This application aims to keep the privacy of the users to its maximum level and 

communication is limited to fulfilling its objectives and functionalities.  Users can 

communicate through limited questions and communicating methods related to 

events/functionalities. The URS of the application has created limitations to the 

communication regarding markers as shown in Figure 6.9 below to protect privacy and 

security. Comment censoring validations are implemented through jQuery framework to 

protect the application and its users.   

Figure 6.9: communication methods by commenting and participating to activities (Source: 
Author) 
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Question 09: 

According to the diverse answers given by the Participants, a summary can be drawn 

accordingly. This application can be used to help the victims and helpless people who 

face a catastrophe. This application can create a bridge between people who need help 

and people who can help them. In other words, it is a management of resources among 

people in the country. People who live in any location of the country, who are only aware 

about natural disasters as news, can actively participate by contributing to the welfare of 

the country. Participation would increase the thoughtfulness of the people as well.   

It can be assumed that identifying the verified locations which are dangerous and 

notifying about crisis situations may help to increase awareness about Landslides in Sri 

Lanka. It is presumed that it will motivate, inspire and influence people to act earnestly 

and keep track of the danger.  

Using a mobile application will be an innovative idea as the smart phone consumption, 

Social media consumption and infrastructure for high speed internet connections have 

been increasing over the years (Paul Budde Communication Pvt Ltd, 2018). Using 

mobile applications to solve social issues could be a tech savvy idea and it would 

motivate the youth of the country to think out of the box. This application uses web 

technological tools, such as, AccuWeather and Google Maps. These tools can be 

manipulated to achieve something innovative, interactive and useful.  

Mobile phones use less energy and even in a time of power failure, compared to 

traditional digital broadcasting methods, such as, radio or television, Smartphones will 

be an effective media tool in terms of sharing information.  

This application acts as a platform to retrieve information about various adverse activities 

that harm the environment. Instances include deforestation and mining of the soil. This 

application gathers data related to these occurrences. This data can be analysed to fulfil 

other purposes in addition to investigating land-sliding. Question-10 will discuss that 

aspect of the application.     
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A fully developed and modified application can gather data and keep track of dangerous 

areas. If this data can be accurately analysed, it could be used to make correct decisions 

regarding land sliding.  

A modified reporting tool can be used to view statistics related to the events in the sense 

of seeing correlations, make comparisons, find a relationship among variables for the 

purpose of making factual assertions based on the visualized data. It could be an 

informative tool for the users to recap a summary of the impact created by a natural 

disaster, through an application where the users can actively participate in campaigns. 

This application could be developed to interact with governmental resources, such as, 

the DMC of Sri Lanka and the NBRO. Collaboration between personal resources with 

governmental resources could increase social sustainable development when it comes 

to natural disasters (Browne, Sustainable development goals : seven decades of UN 

goal-setting, 2017). This application could be helpful to the government as the 

governmental entities can use help in the event of a natural disaster. As responsible 

citizens of the country, people can collaborate and come together to help each other to 

overcome difficult situations by using this application as a tool.   

The above discussed points are the key points that have been based on an analysis of 

the answers from the participants to Question-09 related to the advantages of the 

application.   

Question 10: 

After letting the participants think about the different advantages of the application, this 

question requested the participants to give their opinions if this application can be 

modified to achieve other objectives/goals which are not directly related to a landslide. 

Therefore, it can be assumed that these goals may or may not be indirectly connected 

to Landslides. This is because an additional aim of the research was to brainstorm ideas 

by asking the participants for their feedback to find out if there were any additional 

positive outputs related to the solution.  According to the suggestions received by the 
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participants, the participants have realized deforestation and land mining could be 

considered as factors that influence a land slide and they are also environmental issues 

as well. The markers that are created could help to point out the locations where these 

activities happen.  

Heavy rainfall which is the primary factor for land slide in Sri Lanka creates massive 

flooding throughout the south-western and central provinces, as investigated in 

Conceptualizing the factors in chapter 3, Flooding is also a natural phenomenon that 

destroys properties, human lives and subverts the natural balance of the society. Every 

year due to flooding caused by heavy rain, people lose their homes, properties, crops 

and even their lives in Sri Lanka (Wagenaar, et al., 2019).  

Flooding pollutes the natural water sources, such as, rivers and wells. This is a breeding 

ground for a bacterium called Vibrio which spreads a bacterium which causes watery 

diarrhoea. This disease is called Cholera (Heyningen, 2018). The occurrence of these 

events may or may not interconnected. 

If water collects on surfaces due to rainfall, it creates a natural breeding ground for a 

lethal mosquito called Dengue, which could be considered as one of deadliest diseases 

in the world (Falcón-Lezama, Betancourt-Cravioto,, & Tapia-Conyer, 2019). Cholera and 

Dengue are both fatal and could lead to death.  

This could also be a platform to analyse the distribution of resources to the victimized 

people. Necessary input methods to retrieve feedback from the people who got affected 

and who contributed resources, can be implemented into the application. It will help to 

determine the success of a social cause as well as the weaknesses and anomalies 

associated to it.    

Deforestation, Land mining, Flooding, Cholera, Dengue and Resource Distributions were 

the other goals the participants suggested in Question-10. Modifying the markers, 

connecting the other external web sources, collaborating with digital platforms that 

belong to the governmental and other relevant authorities that work to solve these 
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problems and linking web services through APIs to the back-end of the application will 

require further research, in order to investigate, based on an analysis of those initiatives, 

the ones that are feasible through an interactive web-based mobile application. 

6.3 Chapter Summery  

The Evaluation process is thoroughly depicted in this chapter in order to identify the 

effectiveness, benefits, weaknesses, further development requirements as well as the 

limitations of the solution. Feedbacks given by participants are exhibits on this chapter 

and the relevant discussion has been carried out.  This chapter also demonstrates the 

conducted questionnaire process which facilitated the process involved in creating the 

evaluation. 
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7. Summery and Conclusion  
 

This research has conducted an investigation into the rain-induced Landslides that occur 

in Sri Lanka by addressing this issue through a web-based mobile solution which was 

created as the research outcome. The south-western province in Sri Lanka suffers from 

Landslides which occur during the monsoon season. Due to the diverse and complicated 

nature of this issue, tackling this issue is difficult even with the effort that the 

governmental bodies have taken. Reason for this difficulty is due to the unpredictable 

factors and the limited resources. 

This research investigates the factors which cause the Landslides in Sri Lanka through 

web sources and create a tool to visualize and analyse the data gained through a web-

based mobile application. Due to the lack of use of technological tools in Sri Lanka by 

the government and other related parties, using a web-based mobile tool could be 

helpful. This solution interacts with users and give them a mobile interface to share 

information related to Landslide factors in Sri Lanka which gets validated through a social 

proofing process. Another functionality of this application is to create a web-based mobile 

interface where people can contribute resources towards the people who face such a 

disaster. This application is a prototype which was built using front-end and back-end 

technologies. This solution grasps data related to factors of Landslides in Sri Lanka 

through web sources, but this solution does not grasp every factor related to a Landslide 

due to resource limitations and diverse nature of Landslide factors. An example would 

be unavailability of web sources to get statistics of underground water levels in Sri Lanka. 

Underground water level is one of many endogenic factors related Landslides and 

investigating all the endogenic factors would be infeasible to the scope of this research.  

The DSR methodology is used for this research for the data gathering, design, 

development and evaluation process. Creating a functional application is not the 

objective of this research but to create an artefact to demonstrate its functionalities is the 

goal. In order to achieve that goal, five research objectives have been created which 

formulate a research question. Due to the diverse nature of this solution it is required to 
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have a strong evaluation process and DSR is the desired methodology. Prototyping can 

be considered as the SDLC for this artefact, as the requirements may need to be added, 

removed or modified in a non-sequential manner. URS have been created to 

demonstrate the components of the application. This is strictly built using web languages 

including HTML5, CSS3, Pure JavaScript, JavaScript Frameworks and ASP.net while 

using external Web APIs, such as, AccuWeather, ChartJs and Google Maps.  

The evaluation has been done by conducting a Questionnaire by choosing ten 

participants from the south-western area as the desired candidates. The participants are 

asked questions about UI, the accessibility of the application, learning curve of the 

application, benefits, weaknesses, limitations, and the further requirements needed for 

the solutions. The discussion is created using the answers given by the participants. The 

discussion delineates each key point and if the suggestions are not material enough to 

consider adding to the solution, justifications are given.  

According the findings, this solution can be helpful to Sri Lankan community to increase 

the awareness of this issue, access information related to this issue interactively and 

able to actively participate to this issue through the application. But the application needs 

to be fully developed and shared among the community. Additional verification methods 

need to be implemented in order to increase the validity of the Landslide factor markers 

and campaign markers. According to the suggestions given by the participants of the 

Questionnaire, additional functionalities can be implemented to the application in order 

to address other issues which are indirectly connected to similar environmental disasters. 

This solution does not only visualize information, but these data can be stored in a green 

hosting server and can be utilized through a Web API. 
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Coding Structure of the prototype Interface  

• Home Screen: 

 

• Login Screen: 
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• Register Screen: 
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• Map Screen:  
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• JavaScript Coding: 
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• CSS Coding:
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