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Abstract

Geographic Information Systems (GIS) are complex systems that store, or-
ganize, process, and present geographically referenced data. Developing GIS
requires specialized knowledge of algorithms, data structures, and geospatial
concepts, along with the ability to implement scalable and efficient solutions
for managing massive volumes of spatial data from various sources and pro-
viding user-friendly interfaces. This article introduces GIS-Publisher, a tool
built using the Software Product Line (SPL) approach, which is a method
of systematically creating a family of software products from shared core as-
sets managing similarities and controlling variability. With GIS-Publisher,
users without software development expertise can quickly and easily create
web applications from directories containing shapefiles, a popular format for
geographic data. The tool automates system deployment across various envi-
ronments, including local computers, Secure Shell (SSH) remote servers, and
Amazon Web Services (AWS) instances. Additionally, GIS-Publisher enables
users to specify different styles using Styled Layer Descriptions (SLDs) for
each shapefile, providing complete control over the visual representation of
geographic data. This study details the features, benefits, and implementa-
tion of GIS-Publisher, demonstrating how it can accelerate GIS development
and deployment.

Keywords: Geographic Information Systems, Software Product Lines,
Domain Specific Language, Automatic Deployment

Metadata
1. Motivation and significance

In recent years, many research fields have seen an increase in the produc-
tion of geographic information. Disciplines such as environmental science,
urban planning, public health, and disaster management rely heavily on spa-
tial data to analyze patterns, make predictions, and inform decision-making

Preprint submitted to SoftwareX October 31, 2024



Nr. | Code metadata description Please fill in this column

C1 | Current code version v1.0.3

C2 | Permanent link to code/repository | https://github.com/1lbdudc/
used for this code version gis-publisher

C3 | Permanent link to Reproducible
Capsule

C4 | Legal Code License MIT

C5 | Code versioning system used Git

C6 | Software code languages, tools, and | Javascript, Nodejs
services used

C7 | Compilation requirements, operat- | Docker (optional, only required for

ing environments & dependencies local deployment)

C8 | If available Link to developer docu- | https://github.com/1lbdudc/
mentation/manual gis-publisher#readme

C9 | Support email for questions victor.lamas@udc.es

Table 1: Code metadata

[7, [8]. Researchers and practitioners have many technologies, such as satel-
lite imagery, remote sensing, Global Positioning System (GPS) devices, and
mobile data collection apps, designed to collect geographic information ef-
ficiently. The challenge lies not in collecting geographic information but in
its dissemination. Researchers and practitioners need and want to publish
their findings to share with colleagues, stakeholders, and the broader pub-
lic. Web-based Geographic Information Systems (GIS) offer an ideal solution
for this need, providing interactive platforms where users can visualize, an-
alyze, and share geographic data seamlessly, but building a web-based GIS
is challenging because managing complex spatial data across several compo-
nents is frequently necessary [5]. One approach is to store geographic data
in a spatial database (like PostGIS), serve it through a web map server (like
GeoServer) on the backend, and visualize it on the front end using a web map
library (like Leaflet). It takes knowledge of multiple technologies to develop
this software and make these integrations. An easier approach would be to
load spatial data from files using only a web map library on the front end.
However, file-based data retrieval and processing can be slower and less scal-
able than a database-driven approach, which can cause issues with efficiency,
particularly when working with large datasets.
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Alternatives such as ArcGIST] and CartcE] provide sophisticated functionalities
like managing raster and image data, but they are pricey and require a
monthly or annual subscription. Furthermore, some of these applications
restrict the number of maps that can be made based on the subscription
that the user chooses to pay. Even though our tool lacks certain features
compared to these alternatives, our application provides an open-source, free
alternative with an unlimited number of shared maps. Additionally, our
tool gives the final user more control over how much they want to spend on
having these maps running by making it simple to deploy the final systems
on a machine to self-host the final maps.

A different option would be to use qgis2web E], an open-source QGIS plugin
that enables users to export and create web maps on the client-side [4]. How-
ever, it is limited in handling large data files and does not support automatic
cloud deployment, unlike our tool, which can handle large geographic files in
addition to enabling cloud product deployment.

Recent advances in software engineering, such as SPLs, domain-specific lan-
guages, and model-driven development, offer promising avenues to simplify
the process of building and deploying code. We propose a tool that gener-
ates web-based GIS applications from collections of geographic information
files. This tool produces a complete software project that can be deployed
to a local computer, an Secure Shell (SSH) remote server, or a cloud server.
Additionally, the generated project serves as a starting point, facilitating the
creation of more sophisticated and tailored GIS applications. Furthermore,
our tool is built upon a software product line framework. This approach
allows researchers to select functionalities from a feature model, which rep-
resents the information of all possible products of a SPL in terms of features
and their relationships, tailoring the resulting product to specific require-
ments and preferences [2].

Our tool’s value comes from its capacity to facilitate access to GIS technol-
ogy, helping researchers and institutions to quickly develop and exchange geo-
graphic data without depending on sophisticated software or costly subscrip-
tion services. Our tool promotes effective data publication and collaboration
by facilitating a smooth deployment process on multiple server platforms,
such as cloud instances and dedicated servers. This, consequently, aims to
assist the scientific community in publishing results with greater efficiency
and effectiveness.

"https://arcgis.com/
Zhttps://carto.com/
3https://plugins.qgis.org/plugins/qgis2web/
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2. Software description

2.1. Software architecture

GIS-Publisher is divided into separate components, each responsible for com-
pleting a specific task. The left part of Figure [1| shows the GIS-Publisher
main component and the artifacts it depends on: a folder with the geo-
graphic information, the configuration of the product to be generated, and
the annotated code of the SPL. The right part of the figure shows the com-
ponents responsible for the different steps in the process: shapefile-reader
extracts metadata from the shapefiles in the folder with the geographic infor-
mation, gis-dsl uses the metadata to create a product specification for the
SPL, spl-js-engine creates the product from the product specification and
the annotated code, code-uploader deploys the product, and gis-publisher
uploads the shapefile data into the final deployed product. All components
are implemented in JavaScriptff] with NodeJ$?] We will now describe each
component in more detail.
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Figure 1: Component diagram of the tool architecture
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° shapeﬁle-readelﬁz The shapefile format is the most common and
widely accepted standard for handling geographic data in the GIS
community. Each shapefile contains both geometric information and
associated data attributes. The geometric data defines the shapes of
geographic features, such as points, lines, or polygons, while the at-
tribute data provides additional information about each feature, includ-
ing names, IDs, and other relevant details. This component processes
the shapefiles within a folder, extracting metadata about their data
structure and geometry type. The main component of GIS-Publisher
uses the metadata to specify the data model and the visualization model
of the web-GIS product creating an instance of a domain-specific lan-
guage (DSL) [1]. Users can define the visual appearance of geographic
data layers by associating Styled Layer Descriptor (SLD) files with each
shapefile using the same file names. This allows for customization of
how geographic data is visually displayed.

° gis-ds][]: This component parses a product definition provided as an
instance of the DSL, generating a JavaScript Object Notation (JSON)
file usable by the software product line’s derivation engine. Domain-
specific languages bridge the gap between feature model-based configu-
ration and general-purpose programming, maintaining clarity between
problem and solution spaces [9]. A default feature set is pre-selected
in the config. json configuration file including standard map-viewing
functions such as layer management, zooming, panning, and map mea-
surement. Users can modify this file to customize feature selection and
thereby create a product with functionalities tailored to their specific
needs selected from those provided by the SPL.

° spl-js-engineﬂ: The products are generated by the tool using a SPL
derivation engine called spl-js-engine [3]. This component takes the
product specification created from the SPl, and the annotated code
of the SPL, and it generates a finished product using the annotative
approach. The annotated code of the SPL can be accessed as publicly
availabld’]

e code-uploader%; This component deploys the final product into a

Shttps://github.com/1bdudc/shapefile-reader
"https://github.com/lbdudc/gis-dsl
8https://github.com/AlexCortinas/spl-js-engine
9https://github.com/lbdudc/mini-1ps
Ohttps://github.com/lbdudc/code-uploader
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local computer, a remote computer accessible via SSH, or an Amazon
Web Service (AWS) instance. In addition to managing pre-machine
setup tasks, it uses Docker to launch the product when required. Re-
gardless of the deployment destination, users may specify the config-
uration in the config.json file (e.g., host, port, the authentication
certificate, etc.). Depending on the destination, the component per-
forms additional tasks:

— Local Deployment: The tool deploys the final product on lo-
calhost for rapid setup and testing. This feature is beneficial for
testing and debugging generated products before deployment to
ensure they meet user requirements. Users only need Docker and
docker-compose installed on their computers. The component
starts docker containers on the machine after finishing the product
generation.

— SSH Deployment: Users can install final products via SSH on
a remote computer. The tool ensures all installation requirements
are met and automatically sets up Docker and docker-compose if
needed. It handles source code transfer and starts Docker con-
tainers on the remote machine.

— AWS Deployment: This is handled as an SSH deployment, but
the tool first creates an AWS instance for cloud-based deployment.

2.2. Software features

In this section, we describe some of the most relevant features of the tool.
We will first describe the features of GIS-Publisher, and then we will describe
the features of the products that it generates.

2.2.1. GIS-Publisher features

GIS-Publisher is designed to create, customize, and deploy web-based GIS ap-
plications starting from a folder of geographic information. It is a command-
line utility that offers flexibility by allowing users to select specific features
for inclusion and generates comprehensive, customizable products tailored to
meet diverse project needs. Thus, we believe it can be used by researchers
who generate geographic information to easily create applications to share
their information with other stakeholders.

Each of the components that are used by GIS-Publisher can also be used on
their own:

e shapefile-reader: This component can analyze folders containing ge-
ographic information, extracting metadata from the shapefiles and en-
abling various actions based on this metadata.



e gis-dsl: This component defines a DSL for describing the data model
and visualization model of a GIS. The DSL allows for the configuration
of various aspects of a GIS application. Additionally, it includes an
extendable parser that can be customized to perform additional actions.

e spl-js-engine: This JavaScript library uses an annotative approach to
handle variation points, supporting three types of annotations. The
basic annotation indicates whether a piece of code is included in the
product source code. The interpolation annotation allows specific val-
ues from the specification to be included in the source code using
JavaScript syntax. The code generation annotation is used to gen-
erate new files based on product specification data. According to the
classification by [6], the tool characteristics are as follows:

— Domain Analysis: Supports basic features and constraints.

— Requirement Analysis: Validates product specifications against
the feature model.

— Domain Implementation: Uses an annotation-based approach
with a low abstraction level and supports multi-language artifacts.

— Product Derivation: Generates products but lacks validation
beyond feature selection and traceability.

e code-uploader: Facilitates the deployment of software products in
various environments, including local machines, remote servers via SSH,
and AWS instances, accommodating diverse deployment scenarios.

2.2.2. Web-based GIS features

Figure [2| shows a screenshot of a product generated by GIS-Publisher to
illustrate the features offered by a product where the user can view the ge-
ometries and data of each shapefile (each shapefile corresponds to a layer
on the map), with the SLD styles applied to each layer. The main part of
the user interface is a map viewer with common features such as zoom (1),
coordinate display and graphical scale (2), a reference map (3), and a tool to
retrieve information about elements in the map (4). The product line allows
for the support of multiple maps (5), but GIS-Publisher does not support
this feature. The current map can be exported (6) as a PDF document or a
permanent URL can be generated to be shared.

The application includes a powerful layer manager (7), shown in Figure
where users can hide, center, rearrange, and change the opacity of individual
layers. Alternative visualization styles can be added to layers, but they are
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Figure 2: Screenshot of the WaterSupply example generated by GIS-Publisher
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Figure 3: Screenshot of the product layer manager with WaterSupply example layers

not persisted for later sessions. Users can also add external Web Map Service
(WMS) layers to the map (8 in Figure [2)).

PostGISEl, a spatial database extension to PostgreSQL, is used for storing
and managing geographic data, enabling efficient data retrieval. By default,
map rendering is carried out by Geoserver via its WMS service.When the
product is deployed, Docker will automatically configure and run the Post GIS
and Geoserver services. The SPL can generate products that render data on
the client side using GeoJSON as an alternative. Furthermore, to avoid visual
clutter, the SPL supports geographic information clustering, which groups
multiple geometries into a single shape. Additionally, users can view layer
information through lists and forms, although this feature is not enabled by
default. Finally, because of its responsive design, the user interface is usable
on mobile devices.

The feature model of the SPL is displayed in Figure |4| to show a glimpse of
the alternative features that the user can select when a product is created. A
fully expanded version of the figure can be seen in the project repositorylﬂ

Uhttps://postgis.net/
2https://github.com/lbdudc/mini-1ps/blob/main/src/platform/model . png
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Figure 4: Software product line feature model for customizing GisPublisher
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3. Illustrative example

To illustrate the use of our tool, we will present a practical example involving
asbestos cement pipes in a Spanish province. The deterioration of these
pipes leads to the leakage of hazardous materials into the water system. The
regional government of the province of A Corunia is aware of the deteriorating
condition of the asbestos cement pipes and the associated hazards. They
have identified the locations of these pipes and aim to publish a web-based
GIS to inform the municipal governments. This tool will help municipalities
know where the asbestos cement pipes are located so they can decide on the
necessary actions to remove them.

The first step is to gather all the information about asbestos cement pipes
and store it in shapefiles within a designated folder. Additionally, appro-
priate styles will be defined for these shapefiles using SLD files. The folder
containing the files supporting the water supply example is shown in Figure 5]
Furthermore, the user can specify in the config. json the information re-
quired to deploy the finished system correctly. Listing [1| shows an example
configuration to deploy on an SSH remote server. Additional fields will be re-
quired for different types of deployments; the tool’s README.de file contains
more details on these deployment options.

dev » GEMA » gisbuilder? » examples » WaterSupply v O

| ]01_water_collection.cpg

| ] 01_water_collection.shp

| ]02_rnain_fibrecement.cpg

| | 02_main_fibrecement.shp

|| 03_distribution_fibrecement.cpg
| ] 03_distribution_fibrecement.shp
| 104_main.cpg

| ] 04_main.shp

| | 05_distribution.cpg

|| 05_distribution.shp

| | 06_populated_place.cpg

| | 06_populated_place.shp

| ] 07_runicipality.cpg

| 1 07_municipality.shp

| ] 01_water_collection.dbf

| ] 01_water_collection.shx

| ]02_rnain_fibrecernent.dbf

| | 02_main_fibrecement.shx

|| 03_distribution_fibrecement.dbf
| ] 03_distribution_fibrecement.shx
| 104_rnain.dbf

| ] 04_rnain.shx

|| 05_distribution.dbf

|| 05_distribution.shx

| ] 06_populated_place.dbf

| | 06_populated_place.shx

| 1 07_municipality.dbf

| 1 07_municipality.shx

| ] 01_water_collection.prj

| ] 01_water_collection.sld

| ] 02_rnain_fibrecerent.prj

| | 02_main_fibrecement.sld

|| 03_distribution_fibrecement.pr
| ] 03_distribution_fibrecement.sld
| 1 04_rain.prj

| 104 _rnain.sld

| | 05_distribution.prj

| | 05_distribution.sld

| ] 06_populated_place.prj

| ] 06_populated_place.sld

| 1 07_rnunicipality.prj

| ] 07_municipality.sld

Figure 5: Folder with the shapefiles needed in the Water Supply example

{
"deploy": {
"typell: "SSh"
"host": "remote-host.comyl| |, IP",

"port": 22,

13https://github.com/lbdudc/gis-publisher/blob/main/README.md
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"username": "username",
"certRoute": "/path/to/your/cert.pem",
"remoteRepoPath": "/path/to/remote/repo/code"

}
}

Listing 1: config.json file example for SSH configuration

After setting up a remote server, the user runs the command line shown in
Listing [2 The second parameter indicates the location of the folder holding
the necessary shapefiles. After the tool generates the product code, deploys
the application to the remote server, and imports the shapefiles into the
application, the user can view the final system by navigating to the remote
server.

npx gispublisher ./examples/WaterSupply

Listing 2: Running the cli tool example

With the final application running the user can visualize the water network’s
current status, distinguishing between the asbestos pipes and the modern
pipes, as well as displaying population centers and municipalities (see Fig-

ure [2)).

4. Impact

Researchers are traditionally given pre-made software tools, which may not
satisfy their requirements. Building a new tool from scratch, on the other
hand, requires even more time and resources. With the help of our tool,
research groups can collaborate more successfully even when domain experts
lack software development experience. Our software makes it easier to han-
dle and analyze shapefiles, which reduces the time it takes to market and
develop GIS systems. Offering an accessible, user-friendly, and cost-effective
substitute for pricey proprietary software, increases researcher productivity.
This improvement is particularly significant for projects with short timelines
where quick deployment and prototyping are essential. It is no longer neces-
sary for users to spend much time and money learning difficult programming
languages or buying expensive software licenses. Alternatively, they may
focus on their data analysis assignments and research goals. This change
promotes a more inclusive research environment where a range of expertise
can contribute to GIS projects.

Additionally, our work raises new research questions. At first, the tool can
have advanced capabilities added to it (new functions in the map viewer,
or new data formats for the geographic data, for example). Furthermore,

12




there are several alternatives to manage the variability in GIS applications
that can be investigated thanks to SPL engineering and variability man-
agement. Lastly, domains like environmental monitoring, urban planning,
public health, disaster management, bioinformatics, and social sciences have
particular needs that could be added to the tool, moving beyond a generic
web-based GIS.

5. Conclusions

This paper describes a tool that creates a web-based geographic informa-
tion system (GIS) from a collection of geographic information represented
as shapefiles. The tool is built on a SPL framework that is configured au-
tomatically from the datasets. The generated products are centered around
an interactive map viewer that allows end users to navigate and analyze geo-
graphic information. The tool is user-friendly for field experts and requires no
prior web development experience. It also offers seamless automatic deploy-
ment on various platforms, including AWS, SSH servers, and local machines.
In future work, we aim to support additional data formats (e.g., Geopackage,
OGC web services, or raster file formats) and more complex visualization
models (e.g., including multiple maps). Additionally, we plan to provide
users with greater flexibility by allowing them to customize visualizations
through changes to the DSL or by configuring the product through modified
feature selection. Additionally, it would be interesting to expand the services
in which the product can be deployed (e.g., Microsoft Azure).

Data Availability

The examples folder on the tool’s github https://github.com/lbdudc/
gis-publisher/tree/main/examples|contains the shapefiles to run the ex-
amples. The SPL related annotated code can be downloaded from github
https://github.com/1bdudc/mini-1ps.
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