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Abstract. Geospatial Artificial Intelligence (Geo-Al) is aninteresting topic in its development
and application in our lives. One of them is spatial planning which contributes to the economic
and social development of a region or country. Spatial data is the main thing in this research,
by maximizing the effectiveness of land use spatial data on the area as upstream data and
developingGIS-based tourism applications to display the results of analysis and predictions of
tourist objects automatically. On the other hand, to maximize tourism revenue, the government
plans urban areas for both spatial and land use and makes a lot of spatial databased on
geographical and environmental conditions. This study will analyze the benefits of Geo-Al in
urban planning and the tourism sector. The method used in this study is the Systematic
Literature Review (SLR) where the search for the required articles comes from electronic
databases obtained using the NVivosoftware with article sources from Publish or Perish. This
study discusses the main steps for the analysis of geospatial data that have been successful in
the main areas, namely the development ofapplications and models including visualization. By
treating issuesin geospatial artificial intelligence, the overall aim of the researchis to improve
the quality of life for Indonesia's growing urban population. The results of the study with the
systematic literaturereview of Geo-Al found a gap in the research implementation of the
machine learning model used where there were 5 models that were compared and relevant to
the geospatial dataset displayed inthe form of a literature review matrix. Visually included in
the relevant keywords in the bibliometric analysis. Interdisciplinary results that are developing
and are urgently needed by both government and private stakeholders in the development of
smartcities to prepare spatial planning in urban areas and strategies in optimizing technology
in the field of spatial planning in implementing systems based on Geo-Al.

Keywords: SLR; GIS; Geospatial Artificial Intelligence; Geo- Al; Machine Learning).

1. INTRODUCTION

GeoAl, which is a field that is constantly evolving and aimsto assist processing and
spatial analysis of big data, and can alsobe described as a new discipline that combines
innovations in spatial science, Al methods such as Machine Learning (ML), and Deep
Learning (DL), data mining (data mining), and high performance computing (high
performance computing.
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According to Gartner, GeoAl is the use of artificial intelligence(Al) methods,
including ML and DL[1], to generate knowledgethrough spatial and image data
analysis. The increasing availability of geographic data, the development of Al,
and theavailability of large computational capacities have all contributed to the
increased significance and potential of GeoAl. This concept is fed into the larger Al
framework as a sub- discipline of Al that uses machine learning to extract
knowledge from geographic data. Geo-Al now has an important role to playin
advancing traditional Al technologies and innovating new ways to solve specific
problems posed by the massive, complex,diverse and ever-increasing nature of
geospatial data, which is considered geo-referenced data containing geotagging
locationsor position marker. Geospatial data is widely used in many scientific
fields and applications, including smart cities, transportation, business, public
health, public safety, resilienceto natural disasters, climate change and so on. The
goal of tackling this problem is to improve the quality of life of the world's
growing urban population[2]. Various disciplines are involved in shaping this
interdisciplinary field, including computer science, geography, geographic
information systems(GIS), as well as urban studies. The purpose of this study is
to provide an overview of the main concepts surrounding the emerging field of
GeoAl, Clarify the differences between GeoAland more general Al, Integrate Al
with GIS, making visualization and software that have AI characteristics
paramount. In addition, this study discusses the main steps for geospatial data
analysis that have been successful in the main areas, namely application and
model development including visualization. By addressing issues in geospatial
artificial intelligence[3], the overall aim of the research is to improve thequality of
life for Indonesia's growing urban population.

2.  LITERATURE REVIEW

Previous research was obtained before doing SLR. Alastal andShaofa[4] research
about an overview of GeoAl technology, including the definition of GeoAl and
the differences between GeoAl and traditional AI. Key steps to successful
geographic data analysis include integrating Al with GIS and using GeoAltools
and technologies. It also shows the main areas of application and models in
GeoAl, as well as challenges to



A Review Geospatial Artificial Intelligence (Geo-Al) 313

adopting GeoAl methods and technologies and their benefits. This article also
includes a case study of using GeoAl inKuwait, as well as some recommendations. W.
Liand C. Y. Hsu [3], research based on various types of imagery or structured data,
including satellite and drone imagery, street views, and geo-scientific data, and their
application to a variety of image analysis and machine vision tasks. While different
applicationstend to use different types of data and models, we summarize the six main
strengths of GeoAl research, including (1)enablement of large-scale analytics; (2)
automation; (3) highaccuracy; (4) sensitivity in detecting subtle changes; (5) noise
tolerance. K. Janowicz, et al [6] research on GeoAl for geographic knowledge
discovery, explains how changes in dataare driving the rapid growth of GeoAl, and
points out future research directions. Also describes the development of spatially
explicit models and the sharing of high-quality geospatial datasets to advance GeoAl
research that can be reproduced in future research. The research based on two
practical examples, how geospatial products can be generated in the proposed
architecture, how these products can be used in machine learning for tactical
planning, and how learned action courses and intelligence products can be provided
to planners in decision support.

3. METHODS

The research method that will be used in this study uses themethod proposed by
Moher D et al [8] namely PRISMA Systematic Literature Review (SLR)[4] where the
search for therequired article comes from an electronic database obtained using the
VOS Viewer and Publish or Perish software. Moher explained an overview of the
methodology in the 4 phases/stages used which can be seen in Figure 1.

. --- “

Figure 1. Research Methods

1. Identification

At this stage identification is carried out from the collection ofarticles that have been
obtained whether there are duplications.If there is duplication, one of the articles will
be deleted. Fromthis stage, all articles that have been obtained are not duplicated.

2. Screening

At this stage a check is made for the suitability of the content with the title of the
article and the Geo-Al topic, whether it is related to the topic being discussed or not.
at this stage, the number of articles available is still entirely based on the keywords,
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titles and contents that have been determined. In thisstage the initial coding is given in
each literature by naming theyear and the author.

3. Eligibility

At this stage a check is made on the feasibility of the existing paper producing a
paper that is more supportive of the researchbeing conducted.

4. Included

At this stage, checking the feasibility of existing papers is carried out to produce
the most supportive paper from the research conducted.

In the flow of these stages, it is detailed in searching for articleswith a meta-
analysis of each article that has been obtained andillustrated with the SLR Prisma
Flowchart [9], as shown in Figure 2.

Identification

Tagbitty
H

Iinduded

Figure 2. Research Stages

4. RESULTS AND DISCUSSION

4.1 Identifucation

Significant work using SLRs in climate change studies wascarried out by Berrang-
Ford[5]. The authors adopted their recommendations for the SLR primarily for
outlining the research questions and objectives, selection of data sources and
documents, and analysis and presentation of results. The authors conducted a
layered literature review to determine the inclusionand exclusion of findings that
were more relevant to study publications using the Scopus research engine by
publication nolater than June 26, 2023, with a time span from 2019 to 2023.
Scopus was chosen because it has the largest database of peer-reviewed literature
and the ability to search, find, and analyze. There is the first stage, the author uses
the key research terms Geospatial Artificial Intelligence, Geo-Al, Geospatial Al
The second stage involved exclusion to further refine the results in the previous
literature review[5]. Exceptions include improvements to the field of study,
namely urban planning andtourism, types of documents and titles of sources that
are not directly related to the topic. This resulted in 129 publications. The final
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phase involves excluding those studies on tourism andurban topics that are covered
under the topic of Geo Al in a verygeneral scope and that touch on tourism and
urban planning issues but not specifically in Indonesia. Further exceptions are
warranted when the author deems the scope too broad..

Screening

The author downloads the results in XML format, saves them, and imports them
into Nvivo. When importing into Excel,the author selects all delimiters to make sure
the information goes into the right columns. However, the results are not always
consistent, requiring manual checking of each entry line. The author found that the
number of counts on the author's publications and citations presented in the Scopus
search sometimes differed from the actual Excel sheet checks. Therefore, to ensure
consistency, a higher number of publications and citations was chosen. Results in
Excel format are checked line by line to further determine exclusion from thelist.
Finally, there are 38 ingredients selected.

Eligibility
In carrying out a qualitative synthesis in this stage using the Matrix Framework, by
coding or codifying each literature and case in accordance with the findings related to
the topics found,namely:

1. Title
2. Years
3. Methods and Models4.Tools

Included (Meta Analysis)

Geo-computation and Geospatial Artificial Intelligence (GeoAl) represent innovative
approaches that promote better Geographic Information Systems (GIS) and earth
observation. Geo-computation has the advantage of using computational methods and
tools to explore geospatial data and carth data, to generate new knowledge[6],.
Meanwhile, GeoAl provides learning algorithms and techniques such as machine
learning, deep learning[7], and knowledge transfer, to develop effective and
innovative solutions for geospatial and earth problems[8], [1], [9]. Mapping is an
important component of GIS and earth observation which helps in understanding the
natural and built environment. Traditionally, spatial analysis based on spatial
statistical inference theory is used for mapping. Spatial analysisissues can be classified
into the following categories: identifying spatial patterns [10], exploring spatial
factors[9],, spatial simulation [19], [20], and geographic decision making[16].
Despite differences in scope and focus, geo- computation and GeoAl have
significantly advanced methods of geospatial analysis and mapping in recent years
and have thepotential to change the way we understand and manage the complex
interactions between human and natural systems.

Geo-computation and GeoAl have advanced approaches toaddress complex
geospatial and earth-related challenges. The integration of advanced computing tools
provides more opportunities for innovative applications of geospatial artificial
intelligence (GeoAl) and earth observation. These advanced computational tools
include big data analysis[11], cloud computing [22]) (such as Google Earth
Engine)[12], graphknowledge[13]), GeoAl has become a driving force in
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advancing geospatial data utilization[14]. Even though the implementation of geo-
computation and GeoAl in mapping is growing, there is still a need to improve
application development from various perspectives. First, it is increasinglyimportant
to understand the geospatial implications of the methods and results generated by geo-
computation and GeoAl.Currently, from an algorithm or model perspective. Geo-
computation and GeoAl largely involve applying computational methods and direct
learning to geospatial data, leading to relatively simplified integration of geospatial
characteristics and spatial associations in models. Traditional spatial analysis
techniques make use of various geospatial characteristics, such as spatial
autocorrelation to measure similarity between observations [25], spatial
heterogeneity to describe variations in geospatial data across space [17], [26], [27],
spatial singularity and spatial anomalies to detect observations unusual and rare data,
and to measure similarity and complexity[28] of geospatial data based on their
respective geographic configurations. Although some recent studies have
characterized spatial dependence using the relationship between data and their
correlation [19], the incorporation of these geospatial features is still limited. In
addition, geospatial data is complex and diverse, with sources and types as diverse as
satellite imagery, aerial photographs, photogrammetric data, geospatial data, and
location data from social media treated as samples or images like other fields,
regardless of their geospatial features. special. As we know, geospatial data and
geospatial data can accurately describe geospatial information with various spatial
types (eg points, polylines, areas and grids)and at different scales, apart from the
location itself such as longitude and latitude. Therefore, there is a need to integrate
these unique geospatial features into GeoAl algorithms and models to fully utilize its
capabilities in solving geospatial and geodata related challenges [29]. with SLR
contains a review ofGeoAl and a collection of case studies that have been conducted
which have been classified into four categories: GeoAl Applications, Spatial
Analysis, Methods and models in Geo-Al,and Tools. This case review categorizes
applications in findinggaps in the GeoAl topic into these four categories, giving the
reader a clear understanding of the case or issue presented in this study. In summary
of literature review

Based on the SLR process, selected articles are presented in categories that have
been determined based on the results of thereview of each article, in the article
there may be no mention ofone of the categories, and articles with gray shading
are reviewarticles of the same type as in table 1.

Table 1. Matrix Framework

No | Author | Title Year | Metho Models | Tools
s d
1 Berran | Systematic 2015

g-Ford | review

L,Pear | approaches for
ce climate change
T,Ford | adaptation

JD research[5]
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Furthermore, this research will show how network visualization, overlay
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visualization, and density visualization with the keyword "GeoAl" can be seen
in figure 3, 4, and 5.

geaspatial agficial el g

machinearning
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Figures 3. Network Visualization

Figure 3 shows the existence of 10 clusters which are detailed in the table below, with
the keyword "Machine Learning" beingmentioned the most at 17. The second position
which is often mentioned is "Deep Learning" 16 times. However, if you look closely,
there are similar keywords, namely GeoAl (14) and Geospatial Artificial Intelligence
(21). Other keywords that areclosely related to Geospatial and Artificial Intelligence
have received many reviews, namely: Healthcare, Public Healthcare,Remote Sensing,
Sustainability. More details can be seen in table 2.

Table 2. Keyword Clustering

Cluster

Element

1

Deep Learning, GeoAl, Geospatial Artificial
Intelligence, GIS, Machine Learning

Climate  Change, Geospatial  Data,
Healthcare, Public Health, Remote Snsing

Bigdata, Data Mining, Geospatial

Artificial Intelligence, Ontology,
Sustainability

Table 2 shows what keywords appear in searches viaVosViewer. If you look closely,
there are several technologies mentioned in relation to GeoAl, namely Machine
Learning, Deep Learning, GIS, and Remote Sensing. These three are technologies
that are considered important today. It has been proven that in several applications,
technology is the basis usedin developing artificial intelligence. An example is:
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Machine Learning is used in although several methods are mentioned inthe article
(classification, clustering, etc.) but what often appears is Machine Learning. Also from
the table, it can be seen that several keywords are more related to
GeoAlimplementation, such as Healthcare, Public Health, and Sustainability. If you
look at the trend, there are lots of data setsused for Sustainability monitoring.
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geospatial arificial intellig

maching learning

L o
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artificial intelligence
remaresensing S
publighealth

healtcare
geospatis| datz

ateghange
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Figures 4. Overlay Visualization

Figures 5. Density Visualization

Figures 4 and 5 show that there are still many variables that arehot to be raised as
research issues. Machine Learning and DeepLearning are still the most discussed
topics.

Gap Analysis

GeoAl topic, so according to the author this topic is still in thedevelopment and
exploration stage of methods and models from ML and DL, so there is still a gap
in the GeoAl topic, butthis is one of the hottest variables to discuss, namely the
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gap between GeoAl and Sustainability and Ontology, There are stillvisible gaps
even though there seems to be a relationship.
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