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ABSTRACT

Spatial data is indeed becoming increasingly valuable in today’s world, with

applications in urban planning, environmental monitoring, disaster manage-

ment, and transportation logistics, among others. However, the accessibility of

tools for collecting and utilizing spatial data is limited due to factors such as cost

and skill requirements. This thesis aims to address this challenge by developing

a semi-automatic spatial data collection instrument that is more cost-e↵ective

and easier to use. The instrument’s design will make it suitable for a wide range

of users, ultimately increasing accessibility to spatial data tools.

Key words: spatial data; data collection; landscape planning
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1 Introduction

Spatial data plays a crucial role in various fields such as urban planning, envi-

ronmental monitoring, disaster management, and transportation logistics. Ad-

equate access to geospatial data is essential for successful local planning and

management. By making this resource information available to the people at

mass level in an easy and user-friendly manner, the planning process could

be catalyzed at a micro-level.Geospatial technologies, including satellite remote

sensing, global positioning system, information technology, and geographic in-

formation systems, have the capability to generate and integrate datasets de-

rived from various sources. However, despite the huge progress in geographic

informational systems, they are still not accessible to the majority of the popu-

lation due to skill requirements and budget constraints. The skill set required to

e↵ectively operate and interpret geographic information systems is often beyond

the reach of many individuals and communities, limiting their ability to benefit

from the wealth of spatial data available. Additionally, the cost of implementing

and maintaining advanced geospatial technologies can be prohibitive for many

organizations and local governments, further limiting accessibility. As we con-

tinue to advance in this field, it is important to consider strategies for improv-

ing access to geographic informational systems for all communities, regardless of

skill level or budget constraints.One promising trend in spatial information is the

development of mobile devices and systems. By harnessing the power of smart-

phones and tablets equipped with GPS capabilities, we can now collect spatial

data more e�ciently and accurately than ever before.This has the potential to

revolutionize spatial data collection, as it allows for real-time data collection and

analysis on the go.This paper explores the development of a semi-automatic spa-

tial data collection instrument using smartphone GPS technology.By leveraging

the accessibility and ubiquity of smartphones, this instrument aims to empower

individuals and communities to collect their own spatial data.The collected data

can then be processed and integrated into geographic information systems for

further analysis and decision-making. The development of this semi-automatic

spatial data collection instrument can greatly improve the availability and acces-

sibility of geo-spatial data at the mass level.This may ultimately aid the world by

allowing every individual without a deep skill to perform a complex analysis of

the land individually. By utilizing smartphones and GPS technology, this semi-

automatic spatial data collection instrument can democratize access to spatial

data, leading to informed decision-making at a micro-level. Abbott (2003) The
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user-friendly nature of this instrument can potentially empower communities

and organizations with limited resources to harness the power of spatial data

for local planning, disaster management, and environmental monitoring. Ad-

ditionally, the real-time data collection and analysis capabilities o↵ered by this

instrument can enhance the e�ciency and accuracy of spatial data collection,

ultimately contributing to better-informed and strategic decision-making pro-

cesses. As such, the development of this semi-automatic spatial data collection

instrument represents a significant step forward in improving the accessibility

and utility of geo-spatial data for all communities, regardless of skill level or

budget constraints.

2 Overview of the Development

A progressive web application is a form of software accessed through the in-

ternet, created using standard web technologies such as HTML, CSS, JavaScript,

and WebAssembly. It is designed to function on any device with a compliant

browser, including computers and smartphones. The use of a progressive web

application for the development of the semi-automatic spatial data collection

instrument o↵ers several advantages. As it falls under the category of web ap-

plications, there is no need for separate packaging or dissemination. Developers

can simply deploy the web application online, ensure it meets basic installation

criteria, and enable users to add it to their home screen. This approach enables

the development of an automated spatial data collection tool via PWA which

o↵ers accessibility across di↵erent devices without relying on app store distribu-

tion methods - resulting in decentralization. Utilizing PWA technology allows

for the easy deployment and usage of the semi-automatic spatial data collection

instrument, ensuring that it can be accessed by individuals and communities

across di↵erent platforms. Additionally, the inherent features of PWAs, such as

o✏ine functionality and speedy performance, can contribute to the seamless col-

lection and integration of spatial data for further analysis and decision-making,

bringing about greater accessibility and utility of geo-spatial data at the mass

level.

2.0.1 HTML (HyperText Markup Language)

HTML is a standard markup language used to create and structure the content

of web pages. It stands for HyperText Markup Language and was created by

Tim Berners-Lee in 1991. HTML provides the basic structure of a web page and
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is used to define the layout of the page, including headings, paragraphs, links,

and other elements. In the development of the semi-automatic spatial data col-

lection instrument, HTML plays a crucial role in creating the user interface for

data collection. Through HTML, developers can design forms, input fields, and

other interactive, visual elements that allow users to input and submit spatial

data directly from their smartphones. This enables the seamless integration of

smartphone GPS technology with the data collection instrument, empowering

individuals and communities to capture and contribute spatial data with ease.

With the use of HTML, the semi-automatic spatial data collection instrument

can provide a user-friendly interface that allows individuals to easily navigate

through the data collection process and access controls.

2.0.2 CSS

Cascading Style Sheets is a style sheet syntax utilized to define the appearance

of an HTML document. It was created by H̊akon Wium Lie and Bert Bos in

1996. CSS allows developers to control the layout, styling, and appearance of

HTML elements on a web page. This includes defining colors, fonts, spacing, and

positioning of various elements. Developers have the ability to produce visually

attractive and adaptable designs that respond to a variety of screen sizes and

devices using CSS. When developing the semi-automatic spatial data collection

instrument, CSS is utilized to enhance the user experience and improve the

visual aesthetics of the application.

2.0.3 Javascript

JavaScript, alternatively referred to as JS, was developed by Brendan Eich in

the year 1995.A widely utilized high-level, interpreted programming language

known for its ability to create interactive and dynamic web pages.JavaScript

is primarily known as a client-side scripting language, meaning it runs on the

user’s web browser without the need for constant communication with the serv-

er. This allows for the creation of interactive interfaces and real-time updates

without requiring the entire web page to be reloaded. What makes JavaScript

so special is its versatility and widespread adoption. It not only powers the

interactivity of web pages but also plays a crucial role in developing web and

mobile applications. JavaScript has a rich ecosystem of libraries and frameworks

that facilitate rapid development and deployment of various types of software.

Its ability to work seamlessly with HTML and CSS allows for the creation of
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visually appealing and responsive user interfaces. Additionally, JavaScript’s

popularity and extensive community support make it a versatile and powerful

tool for developers across the globe.

2.0.4 SCSS

SCSS, which stands for Sassy CSS, is a style sheet language that is a superset

of CSS. Hampton Catlin initiated its development in 2006, with further ad-

vancement by Chris Eppstein. SCSS extends the capabilities of standard CSS

by including reusability of styles through features such as variables, nesting,

and mixins. This allows developers to write more organized and maintainable

CSS code, making it easier to manage and update styles across a project. By

utilizing SCSS in the development of the semi-automatic spatial data collection

instrument, developers can take advantage of its advanced features to streamline

the styling and presentation of the application. The use of variables and mixins

in SCSS can provide consistency in design elements, while nesting allows for a

more intuitive and structured way of organizing styles. This not only enhances

the maintainability of the codebase but also promotes a more e�cient develop-

ment process. Incorporating SCSS into the development workflow enhances the

scalability and modularity of the stylesheets, ultimately contributing to a more

robust and flexible spatial data collection instrument. This empowers develop-

ers to create visually compelling and cohesive user interfaces while maintaining

a high level of code maintainability and reusability. Overall, SCSS plays a cru-

cial role in elevating the capabilities of CSS and enriching the development of

the semi-automatic spatial data collection instrument.

2.0.5 Co↵eeScript

Co↵eeScript is a programming language that transpiles into JavaScript. It was

developed by Jeremy Ashkenas and was first released in 2009. Co↵eeScript aims

to provide a more concise and readable syntax while still maintaining full com-

patibility with JavaScript. By utilizing Co↵eeScript, developers can leverage its

syntax to write cleaner and more organized code, reducing the overall verbosity

and boilerplate typically associated with JavaScript. This results in improved

code readability and maintainability, leading to more e�cient and error-free

development workflows. Furthermore, Co↵eeScript brings a set of additional

features such as comprehensions, improved function syntax, and structured dec-

larations that are not natively available in JavaScript. This enables developers
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to write more expressive and idiomatic code, ultimately enhancing productivity

and code quality.

2.0.6 Transpilation

Transpilation has completely transformed the approach developers use to write

and oversee their code. It allows for the conversion of code written in one

language to another by source-to-source compiler (or transpiler), enabling de-

velopers to leverage the advantages of a particular language while still targeting

the execution environment of their choice. Transpilation is an essential aspect

of web development, playing a major role in simplifying the process of creating

websites and web applications. One language that particularly excels in this

aspect is Co↵eeScript. By writing code in Co↵eeScript, developers can benefit

from its concise and expressive syntax, which leads to cleaner and more or-

ganized code. This code is then transpiled into standard JavaScript, allowing

for seamless execution across web browsers. Transpilation not only improves

the e�ciency and readability of the code but also opens up a wide array of

additional features and syntactic sugar that may not be natively available in

JavaScript. The transpilation process of Co↵eeScript brings forth a new era of

web development, where code e�ciency and maintainability are at the forefront.

By harnessing the power of transpilation, developers are empowered to write

cleaner, more expressive code without sacrificing compatibility or functionality.

2.0.7 Web Components

Web Components are a set of web platform APIs that allow developers to cre-

ate new HTML elements, encapsulate functionality, and compose interactive

elements in a more maintainable and reusable way using the shadow DOM.

The shadow DOM, or Shadow Document Object Model, is a web standard

that allows developers to encapsulate the structure and style of a web compo-

nent, keeping it separate from the rest of the document. This encapsulation is

achieved by creating a shadow tree within the element, which hides its internals

from the outer document and vice versa. By utilizing the shadow DOM, devel-

opers can create custom HTML elements with their own encapsulated styling

and behavior, preventing style and script conflicts with the surrounding docu-

ment. This not only enhances modularity and reusability but also improves the

maintainability and structure of the codebase. Web components were created

by a group of developers from Google, Mozilla, Microsoft, and Apple and were
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first proposed by Alex Russell in 2011. The purpose of Web Components is to

enable the development of reusable components that can be used across di↵erent

web applications and frameworks. This modular approach to web development

provides benefits such as encapsulation of functionality, allowing developers to

create custom elements with their own set of properties and behavior. Addi-

tionally, Web Components promote reusability, interoperability, and maintain-

ability, making it easier for developers to share and distribute their components

across projects or within a team. Furthermore, the use of Web Components

can result in cleaner, more maintainable codebases, as each component oper-

ates independently and can be easily integrated into di↵erent projects without

conflicting with existing code. This promotes code consistency and reduces the

likelihood of code duplication, ultimately leading to more e�cient and scalable

development processes. By leveraging Web Components, developers can take

advantage of the encapsulation, reusability, and maintainability benefits, em-

powering them to create modular and consistent user interface elements that

enhance the overall development workflow.

2.0.8 JSON

JSON, known as JavaScript Object Notation, serves as a lightweight data in-

terchange format that is simple for humans to comprehend and create while

also being easily parsed and generated by machines. It was derived from the

JavaScript programming language and was created by Douglas Crockford in

the early 2000s. JSON’s structure consists of key-value pairs, where data is

represented in a hierarchical manner using objects and arrays. The purpose

of JSON is to provide a simple and e�cient way to exchange data between a

server and a web application. It is commonly used as a data format for asyn-

chronous browser/server communication, particularly in the context of AJAX

requests. JSON’s simplicity and flexibility made it a popular choice for configu-

ration files, data exchange, and even data storage, as it can be easily parsed and

manipulated by various programming languages. The benefits of JSON for de-

velopers are manifold. Its human-readable syntax makes it easy to understand

and work with, while its lightweight nature ensures minimal overhead during

data transmission. JSON’s compatibility with most programming languages

and its widespread support across platforms and frameworks contribute to its

versatility and ease of integration. Additionally, JSON’s built-in capability to

handle nested data structures and arrays o↵ers a convenient means of represent-
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ing intricate data, making it suitable for a diverse array of applications. JSON

serves as a foundational component of modern web development, enabling de-

velopers to e�ciently exchange and manipulate data in a readable and portable

format. Its simplicity, interoperability, and broad adoption have cemented its

position as a fundamental tool for data interchange in the digital ecosystem.

2.0.9 GeoJSON

GeoJSON is a standard for representing di↵erent types of geographical data

structures. It was created by a collaborative community e↵ort in 2008, with

key contributors including various individuals from the Internet Engineering

Task Force and the Open Geospatial Consortium. The purpose of GeoJSON is

to provide a simple and lightweight way to represent geospatial data, such as

points, lines, polygons, and their associated properties, in a format that is easy

to read, write, and parse. The structure of GeoJSON is based on JavaScript

Object Notation, consisting of geometry objects and feature objects. Geometry

objects represent spatial elements like points, linestrings, and polygons, while

feature objects contain a geometry object along with additional properties to

describe the feature. This structure allows developers to represent complex

geographic features and their attributes in a standardized and portable man-

ner. GeoJSON o↵ers several benefits to developers working with geographic

data. It provides a flexible and interoperable format that can be easily inte-

grated into various GIS software and web mapping libraries. Additionally, the

human-readable and lightweight nature of GeoJSON simplifies data exchange,

making it ideal for transmitting geospatial information between di↵erent sys-

tems and platforms. GIS software such as QGIS, ArcGIS, Mapbox, and Leaflet,

among others, support GeoJSON, allowing developers to seamlessly incorporate

geospatial data into their mapping applications. This widespread support and

compatibility enable developers to leverage GeoJSON for visualizing and ana-

lyzing geographic information within their projects, promoting e�cient develop-

ment and data-driven decision-making. The widespread support for GeoJSON

across various GIS software and web mapping libraries makes it the perfect

choice for a spatial data collection instrument. Its flexible and interoperable

format allows developers to seamlessly integrate geospatial data into their map-

ping applications. Furthermore, the human-readable and lightweight nature of

GeoJSON simplifies data exchange, making it ideal for transmitting geospatial

information between di↵erent systems and platforms. By leveraging GeoJSON,
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developers can e↵ectively represent complex geographic features and their at-

tributes in a standardized and portable manner. The standardized structure of

GeoJSON, based on JavaScript Object Notation, allows for the representation

of points, lines, polygons, and their associated properties in a format that is

easy to read, write, and parse. Moreover, the compatibility of GeoJSON with

various platforms and frameworks enables developers to visualize and analyze

geographic information within their projects, promoting e�cient development

and data-driven decision-making. Such wide support for GeoJSON not only

enhances the modularity and reusability of geospatial data but also streamlines

the process of integrating and working with spatial data, ultimately leading to

more e�cient and scalable development processes.

2.0.10 Leaflet

Leaflet is an open-source JavaScript library for interactive maps, created by

Vladimir Agafonkin in 2011. The purpose of Leaflet is to provide a lightweight,

versatile, and user-friendly mapping solution for web applications. It allows

developers to easily integrate interactive maps into their projects, whether it’s

a simple map display or a more complex application with layers, markers, and

custom interactions. With its modular and customizable nature, Leaflet en-

ables developers to create and display maps with sleek, mobile-friendly designs.

It supports a variety of map providers and tile layers, providing flexibility in

choosing the desired map style and data source. Furthermore, Leaflet’s extensive

plugin ecosystem allows developers to enhance map functionality with addition-

al features such as geolocation, routing, and data visualization. By leveraging

Leaflet, developers can create interactive and visually appealing maps that en-

hance the user experience on web platforms. Its support for various mapping

providers and easy integration with GIS data make it a powerful tool for visu-

alizing geographic information and creating engaging map-based applications.

Integrating Leaflet into web projects promotes the reusability and maintainabil-

ity of map components, allowing developers to e�ciently incorporate mapping

features across di↵erent applications. Its user-friendly interface and extensive

documentation contribute to its widespread adoption and support within the

web development community, making it a valuable asset for developers seeking

to incorporate interactive mapping capabilities into their projects. ]
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2.1 Modules and tools

2.1.1 PWA (progressive web application)

A progressive web application is a form of software accessed through the inter-

net, created using standard web technologies such as HTML, CSS, JavaScript,

and WebAssembly. It is designed to function on any device with a compliant

browser, including computers and smartphones. The use of a progressive web

application for the development of the semi-automatic spatial data collection

instrument o↵ers several advantages. As it falls under the category of web ap-

plications, there is no need for separate packaging or dissemination. Developers

can simply deploy the web application online, ensure it meets basic installation

criteria, and enable users to add it to their home screen. This approach enables

the development of an automated spatial data collection tool via PWA which

o↵ers accessibility across di↵erent devices without relying on app store distribu-

tion methods - resulting in decentralization. Utilizing PWA technology allows

for the easy deployment and usage of the semi-automatic spatial data collection

instrument, ensuring that it can be accessed by individuals and communities

across di↵erent platforms. Additionally, the inherent features of PWAs, such as

o✏ine functionality and speedy performance, can contribute to the seamless col-

lection and integration of spatial data for further analysis and decision-making,

bringing about greater accessibility and utility of geo-spatial data at the mass

level.

2.1.2 HTML (HyperText Markup Language)

HTML is a standard markup language used to create and structure the content

of web pages. It stands for HyperText Markup Language and was created by

Tim Berners-Lee in 1991. HTML provides the basic structure of a web page and

is used to define the layout of the page, including headings, paragraphs, links,

and other elements. In the development of the semi-automatic spatial data col-

lection instrument, HTML plays a crucial role in creating the user interface for

data collection. Through HTML, developers can design forms, input fields, and

other interactive, visual elements that allow users to input and submit spatial

data directly from their smartphones. This enables the seamless integration of

smartphone GPS technology with the data collection instrument, empowering

individuals and communities to capture and contribute spatial data with ease.

With the use of HTML, the semi-automatic spatial data collection instrument
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can provide a user-friendly interface that allows individuals to easily navigate

through the data collection process and access controls.

2.1.3 CSS

Cascading Style Sheets is a style sheet syntax utilized to define the appearance

of an HTML document. It was created by H̊akon Wium Lie and Bert Bos in

1996. CSS allows developers to control the layout, styling, and appearance of

HTML elements on a web page. This includes defining colors, fonts, spacing, and

positioning of various elements. Developers have the ability to produce visually

attractive and adaptable designs that respond to a variety of screen sizes and

devices using CSS. When developing the semi-automatic spatial data collection

instrument, CSS is utilized to enhance the user experience and improve the

visual aesthetics of the application.

2.1.4 Javascript

JavaScript, alternatively referred to as JS, was developed by Brendan Eich in

the year 1995.A widely utilized high-level, interpreted programming language

known for its ability to create interactive and dynamic web pages.JavaScript

is primarily known as a client-side scripting language, meaning it runs on the

user’s web browser without the need for constant communication with the serv-

er. This allows for the creation of interactive interfaces and real-time updates

without requiring the entire web page to be reloaded. What makes JavaScript

so special is its versatility and widespread adoption. It not only powers the

interactivity of web pages but also plays a crucial role in developing web and

mobile applications. JavaScript has a rich ecosystem of libraries and frameworks

that facilitate rapid development and deployment of various types of software.

Its ability to work seamlessly with HTML and CSS allows for the creation of

visually appealing and responsive user interfaces. Additionally, JavaScript’s

popularity and extensive community support make it a versatile and powerful

tool for developers across the globe.

2.1.5 SCSS

SCSS, which stands for Sassy CSS, is a style sheet language that is a superset

of CSS. Hampton Catlin initiated its development in 2006, with further ad-

vancement by Chris Eppstein. SCSS extends the capabilities of standard CSS

by including reusability of styles through features such as variables, nesting,
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and mixins. This allows developers to write more organized and maintainable

CSS code, making it easier to manage and update styles across a project. By

utilizing SCSS in the development of the semi-automatic spatial data collection

instrument, developers can take advantage of its advanced features to streamline

the styling and presentation of the application. The use of variables and mixins

in SCSS can provide consistency in design elements, while nesting allows for a

more intuitive and structured way of organizing styles. This not only enhances

the maintainability of the codebase but also promotes a more e�cient develop-

ment process. Incorporating SCSS into the development workflow enhances the

scalability and modularity of the stylesheets, ultimately contributing to a more

robust and flexible spatial data collection instrument. This empowers develop-

ers to create visually compelling and cohesive user interfaces while maintaining

a high level of code maintainability and reusability. Overall, SCSS plays a cru-

cial role in elevating the capabilities of CSS and enriching the development of

the semi-automatic spatial data collection instrument.

2.1.6 Co↵eeScript

Co↵eeScript is a programming language that transpiles into JavaScript. It was

developed by Jeremy Ashkenas and was first released in 2009. Co↵eeScript aims

to provide a more concise and readable syntax while still maintaining full com-

patibility with JavaScript. By utilizing Co↵eeScript, developers can leverage its

syntax to write cleaner and more organized code, reducing the overall verbosity

and boilerplate typically associated with JavaScript. This results in improved

code readability and maintainability, leading to more e�cient and error-free

development workflows. Furthermore, Co↵eeScript brings a set of additional

features such as comprehensions, improved function syntax, and structured dec-

larations that are not natively available in JavaScript. This enables developers

to write more expressive and idiomatic code, ultimately enhancing productivity

and code quality.

2.1.7 Transpilation

Transpilation has completely transformed the approach developers use to write

and oversee their code. It allows for the conversion of code written in one

language to another by source-to-source compiler (or transpiler), enabling de-

velopers to leverage the advantages of a particular language while still targeting

the execution environment of their choice. Transpilation is an essential aspect
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of web development, playing a major role in simplifying the process of creating

websites and web applications. One language that particularly excels in this

aspect is Co↵eeScript. By writing code in Co↵eeScript, developers can benefit

from its concise and expressive syntax, which leads to cleaner and more or-

ganized code. This code is then transpiled into standard JavaScript, allowing

for seamless execution across web browsers. Transpilation not only improves

the e�ciency and readability of the code but also opens up a wide array of

additional features and syntactic sugar that may not be natively available in

JavaScript. The transpilation process of Co↵eeScript brings forth a new era of

web development, where code e�ciency and maintainability are at the forefront.

By harnessing the power of transpilation, developers are empowered to write

cleaner, more expressive code without sacrificing compatibility or functionality.

2.1.8 Web Components

Web Components are a set of web platform APIs that allow developers to cre-

ate new HTML elements, encapsulate functionality, and compose interactive

elements in a more maintainable and reusable way using the shadow DOM.

The shadow DOM, or Shadow Document Object Model, is a web standard

that allows developers to encapsulate the structure and style of a web compo-

nent, keeping it separate from the rest of the document. This encapsulation is

achieved by creating a shadow tree within the element, which hides its internals

from the outer document and vice versa. By utilizing the shadow DOM, devel-

opers can create custom HTML elements with their own encapsulated styling

and behavior, preventing style and script conflicts with the surrounding docu-

ment. This not only enhances modularity and reusability but also improves the

maintainability and structure of the codebase. Web components were created

by a group of developers from Google, Mozilla, Microsoft, and Apple and were

first proposed by Alex Russell in 2011. The purpose of Web Components is to

enable the development of reusable components that can be used across di↵erent

web applications and frameworks. This modular approach to web development

provides benefits such as encapsulation of functionality, allowing developers to

create custom elements with their own set of properties and behavior. Addi-

tionally, Web Components promote reusability, interoperability, and maintain-

ability, making it easier for developers to share and distribute their components

across projects or within a team. Furthermore, the use of Web Components

can result in cleaner, more maintainable codebases, as each component oper-
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ates independently and can be easily integrated into di↵erent projects without

conflicting with existing code. This promotes code consistency and reduces the

likelihood of code duplication, ultimately leading to more e�cient and scalable

development processes. By leveraging Web Components, developers can take

advantage of the encapsulation, reusability, and maintainability benefits, em-

powering them to create modular and consistent user interface elements that

enhance the overall development workflow.

2.1.9 JSON

JSON, known as JavaScript Object Notation, serves as a lightweight data in-

terchange format that is simple for humans to comprehend and create while

also being easily parsed and generated by machines. It was derived from the

JavaScript programming language and was created by Douglas Crockford in

the early 2000s. JSON’s structure consists of key-value pairs, where data is

represented in a hierarchical manner using objects and arrays. The purpose

of JSON is to provide a simple and e�cient way to exchange data between a

server and a web application. It is commonly used as a data format for asyn-

chronous browser/server communication, particularly in the context of AJAX

requests. JSON’s simplicity and flexibility made it a popular choice for configu-

ration files, data exchange, and even data storage, as it can be easily parsed and

manipulated by various programming languages. The benefits of JSON for de-

velopers are manifold. Its human-readable syntax makes it easy to understand

and work with, while its lightweight nature ensures minimal overhead during

data transmission. JSON’s compatibility with most programming languages

and its widespread support across platforms and frameworks contribute to its

versatility and ease of integration. Additionally, JSON’s built-in capability to

handle nested data structures and arrays o↵ers a convenient means of represent-

ing intricate data, making it suitable for a diverse array of applications. JSON

serves as a foundational component of modern web development, enabling de-

velopers to e�ciently exchange and manipulate data in a readable and portable

format. Its simplicity, interoperability, and broad adoption have cemented its

position as a fundamental tool for data interchange in the digital ecosystem.

2.1.10 GeoJSON

GeoJSON is a standard for representing di↵erent types of geographical data

structures. It was created by a collaborative community e↵ort in 2008, with
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key contributors including various individuals from the Internet Engineering

Task Force and the Open Geospatial Consortium. The purpose of GeoJSON is

to provide a simple and lightweight way to represent geospatial data, such as

points, lines, polygons, and their associated properties, in a format that is easy

to read, write, and parse. The structure of GeoJSON is based on JavaScript

Object Notation, consisting of geometry objects and feature objects. Geometry

objects represent spatial elements like points, linestrings, and polygons, while

feature objects contain a geometry object along with additional properties to

describe the feature. This structure allows developers to represent complex

geographic features and their attributes in a standardized and portable man-

ner. GeoJSON o↵ers several benefits to developers working with geographic

data. It provides a flexible and interoperable format that can be easily inte-

grated into various GIS software and web mapping libraries. Additionally, the

human-readable and lightweight nature of GeoJSON simplifies data exchange,

making it ideal for transmitting geospatial information between di↵erent sys-

tems and platforms. GIS software such as QGIS, ArcGIS, Mapbox, and Leaflet,

among others, support GeoJSON, allowing developers to seamlessly incorporate

geospatial data into their mapping applications. This widespread support and

compatibility enable developers to leverage GeoJSON for visualizing and ana-

lyzing geographic information within their projects, promoting e�cient develop-

ment and data-driven decision-making. The widespread support for GeoJSON

across various GIS software and web mapping libraries makes it the perfect

choice for a spatial data collection instrument. Its flexible and interoperable

format allows developers to seamlessly integrate geospatial data into their map-

ping applications. Furthermore, the human-readable and lightweight nature of

GeoJSON simplifies data exchange, making it ideal for transmitting geospatial

information between di↵erent systems and platforms. By leveraging GeoJSON,

developers can e↵ectively represent complex geographic features and their at-

tributes in a standardized and portable manner. The standardized structure of

GeoJSON, based on JavaScript Object Notation, allows for the representation

of points, lines, polygons, and their associated properties in a format that is

easy to read, write, and parse. Moreover, the compatibility of GeoJSON with

various platforms and frameworks enables developers to visualize and analyze

geographic information within their projects, promoting e�cient development

and data-driven decision-making. Such wide support for GeoJSON not only

enhances the modularity and reusability of geospatial data but also streamlines

the process of integrating and working with spatial data, ultimately leading to
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more e�cient and scalable development processes.

2.1.11 Leaflet

Leaflet is an open-source JavaScript library for interactive maps, created by

Vladimir Agafonkin in 2011. The purpose of Leaflet is to provide a lightweight,

versatile, and user-friendly mapping solution for web applications. It allows

developers to easily integrate interactive maps into their projects, whether it’s

a simple map display or a more complex application with layers, markers, and

custom interactions. With its modular and customizable nature, Leaflet en-

ables developers to create and display maps with sleek, mobile-friendly designs.

It supports a variety of map providers and tile layers, providing flexibility in

choosing the desired map style and data source. Furthermore, Leaflet’s extensive

plugin ecosystem allows developers to enhance map functionality with addition-

al features such as geolocation, routing, and data visualization. By leveraging

Leaflet, developers can create interactive and visually appealing maps that en-

hance the user experience on web platforms. Its support for various mapping

providers and easy integration with GIS data make it a powerful tool for visu-

alizing geographic information and creating engaging map-based applications.

Integrating Leaflet into web projects promotes the reusability and maintainabil-

ity of map components, allowing developers to e�ciently incorporate mapping

features across di↵erent applications. Its user-friendly interface and extensive

documentation contribute to its widespread adoption and support within the

web development community, making it a valuable asset for developers seeking

to incorporate interactive mapping capabilities into their projects.

3 Design of the Semi-Automatic Spatial Data

Collection Instrument

In designing the spatial data collection app, particular attention was given to

ensuring optimal visibility and usability, especially in outdoor environments

with bright sunlight. The design approach chosen for the app is the ”Flat”

design, known for its clean, bright, and minimalistic aesthetic. This design not

only enhances visibility under various lighting conditions but also minimizes

unnecessary details, creating a focused and user-friendly interface. To ensure

e↵ective contrast and visibility, a technique called ”The Saturation Analysis”

was developed. This technique allows for the evaluation of contrast between
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two colors, essential for enhancing readability and visibility in the app. The

first step in the saturation analysis involves capturing the picture of the chosen

colors. Subsequently, the saturation of the complete picture is removed, leaving

behind a black and white picture with shades, which visually represents the

contrast between the colors. If numerical data is required, the brightness of the

colors can be measured, so the module of di↵erence between color brightness

will be the level of the contrast, providing quantifiable contrast values. The

brightness value range is determined by the color scheme in use. In the standard,

unsaturated RGB format, all three primary colors (red, blue, and green) have

an equal value which spans from 0 to 255. To determine the ideal contrast level,

conducting additional research through surveys may be necessary. Gathering

su�cient statistical data from a diverse group of participants will reveal the

optimal contrast level. The spatial data collection tool utilized an average of

119 RGB contrast levels to ensure clear visibility under bright sunlight in sunny

weather conditions.

• b - brightness

• C - contrast

|b1� b2| = C

Figure 1: Colors

Figure 2: Unsaturated colors
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Figure 3: Unsaturated colors with labelled RGB value (Red, Blue, Green values
are the same in unsaturated figure)

By incorporating the ”Flat” design and utilizing the Saturation Analysis

technique, the spatial data collection app ensures optimal visibility and usability,

even in challenging outdoor conditions. These design considerations not only

enhance user experience but also contribute to the e�ciency and e↵ectiveness

of data collection in the field.

4 Principle of Operation

The principle of operation of the spatial data collection instrument revolves

around real-time updates based on the user’s movement and interaction with

the app. Every time the GPS coordinates are changed, the user location and

the map view are updated accordingly. Furthermore, when the user selects the

mark type from the list, the variable of the selected mark updates to reflect the

choice. This allows the user to easily switch between marking points, lines, and

areas on the map. Additionally, the app utilizes the phone’s GPS to collect alti-

tude data in order to accurately depict the terrain and elevation changes on the

map. The app also allows the user to add labels and colors to the marked points,

lines, and areas, providing additional information and context to the collected

spatial data. The collected spatial data can be further analyzed and utilized for

a variety of purposes, such as identifying risk areas for potential landslides or

determining optimal locations for infrastructure development. Upon activating

the ”PRESS” button, the map is updated with a new marker and the data is

recorded in GeoJSON format. This action is then added to the list for possi-

ble undo or redo operations. When selecting the ”AUTO” button, automatic

mode will be enabled, marking points every 0.25 meters. Holding down the

”PRESS” button will close a polygon or draw a line, enabling users to create

multiple distinct lines if needed. The user can also navigate and zoom in/out

on the map to visualize the collected data more e↵ectively. The app includes
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Figure 4: Result
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a settings button and a menu for importing, exporting, and sharing the work

in the top right corner. In addition, there is a menu in the top left corner that

allows extensions to enhance functionality for the user. These add-ons can be

utilized to conduct on-the-fly land analysis. The spatial data collection app’s

design and functionality aim to provide a seamless and e�cient experience, fa-

cilitating the collection and visualization of geospatial data in diverse outdoor

environments. Despite the simplicity of the controls and user interface, the app

o↵ers powerful capabilities for data collection and map creation. For example,

the modern satellites still cannot allow the user to find and mark where is the

ant colony, what species of plants are present in a specific area, or capture the

road covered by trees. What is more important satellites still do not provide

the clear interface which allows to any new user immediately mark the needed

objects and construct the vector map on the top of the image. This limitation

presents an opportunity for future development in spatial data collection tools,

particularly in enabling users to capture finer details of their surroundings with

ease. To address these limitations, future iterations of spatial data collection

tools could potentially leverage advancements in augmented reality technology

to superimpose virtual markers and annotations onto real-world environments.

This would enable users to seamlessly mark specific points of interest or visual-

ly annotate features within their surroundings, providing a more intuitive and

precise method for collecting geospatial data. Furthermore, the incorporation

of collaborative and crowd-sourced data collection features within spatial data

collection tools could enable users to contribute and share their collected data

with a larger community of researchers, environmentalists, and enthusiasts. This

collaborative approach would not only enrich the collective geospatial dataset

but also foster knowledge sharing and insights across diverse geographic regions

and ecosystems. By embracing these advancements and innovations in spatial

data collection, future tools can empower users with enhanced capabilities for

capturing, annotating, and sharing geospatial data, ultimately contributing to

a more comprehensive and accessible understanding of the natural world.

5 Discussions

To further enhance the capabilities of spatial data collection tools, it is crucial

to focus on integrating data from various sources, including other sensors and

crowd-sourced information. Goodchild (2007) This integration will facilitate a
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more holistic and accurate representation of the environment being analyzed

and enable more comprehensive spatial analysis. One potential area for future

development is the implementation of various extensions to allow users to per-

form spatial analysis with just 1 click. These extensions could include features

such as automated terrain analysis, vegetation classification, or identification of

environmentally sensitive areas. By incorporating these extensions, users will

be able to gain valuable insights and make informed decisions with minimal

e↵ort. Miao et al. (2006) In addition, the integration of newer technologies such

as augmented reality and artificial intelligence into spatial data collection tools

holds significant potential. AR technology can be utilized to superimpose vir-

tual markers and annotations onto real-world environments, providing a more

intuitive and precise method for collecting geospatial data. AI advancements

can be leveraged to automate data processing, classification, and analysis, em-

powering users with powerful analytical capabilities. These developments in

spatial data collection tools will not only enhance user experience and e�cien-

cy but also contribute to a more comprehensive understanding of the natural

world, enabling informed decision-making and resource management.

6 Conclusion

While the spatial data collection instrument is e↵ective in covered from the sky

zones and small lands, it is essential to consider additional mobile information

sources for a comprehensive geospatial data collection approach. Drones and

satellite images are indeed powerful tools for analyzing large areas that are dif-

ficult to access or traverse within a short time. Lin et al. (2011) However, to

complement these traditional methods, the integration of mobile applications

and tools that harness the capabilities of smartphones and tablets can signifi-

cantly enhance the e�ciency and scope of data collection e↵orts. Looking ahead,

future iterations of spatial data collection tools could leverage augmented real-

ity technology for intuitive and precise data collection, as well as incorporate

collaborative and crowd-sourced data collection features to enrich geospatial

datasets and foster knowledge sharing across diverse communities. By embrac-

ing these progressions, spatial data gathering instruments have the potential

to equip users with improved abilities for collecting, marking, and distributing

geospatial data, leading to a more thorough comprehension of the environment.
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