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Abstract—Rapid urbanization and increasing pressure on
natural resources demand efficient, transparent, and sustainable
management systems. However, existing booking systems in
government agencies often operate in silos and lack integration
with geospatial data. This study conducts a Systematic Literature
Review (SLR) to identify essential components of intelligent
booking systems (IBS) and research gaps in the context of Natural
Resources and Urban Development with geospatial data
integration. The SLR follows a three-phase protocol (Planning,
Execution, Reporting). The literature was searched in IEEE
Xplore, SpringerLink, ScienceDirect, and ACM Digital Library
for 2021-2025. From an initial pool of 40 articles, 16 were selected
for in-depth analysis after eligibility and quality assessment
(scoring > 3 out of 5). The analysis reveals six main component
categories, with Resource Management (n=12) and Booking
Management (n=11) as the foundational layers, whereas
Geospatial Integration was addressed in only 4 of the 16 studies.
Critically, no existing system integrates Sentinel satellite data
(Sentinel-1/2), and no optimisation model combines Multi-Criteria
Decision Making (MCDM) with GIS for this specific domain. This
SLR provides a comprehensive component framework and
systematically maps four key research gaps, laying a foundation
for developing geospatially-integrated intelligent booking systems
for smarter natural resource and urban facility allocation.

Keywords—Intelligent booking systems; natural resource
management; Geographic Information Systems (GIS); satellite
remote sensing; data mining; Multi-Criteria Decision Making
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L INTRODUCTION

With rising population and urbanization, efficient public
service delivery and organizational resource utilization have
become critical. Many government agencies still rely on
outdated, fragmented, or partially digitized booking procedures
that fail to meet modern requirements.

For this research, we focused on Sarawak, Malaysia.
Reservations are typically handled through paper forms, emails,
phone calls, or stand-alone spreadsheets [1], [2]. Such ways do
not work consistently across departments because there is no
common platform to manage available resources. Besides the
lack of integration with geospatial data, the current methods also
cause double-bookings, scheduling conflicts, delays, and
inefficient allocation. There is also poor visibility of resource
availability and a lack of historical records. Although these
issues may seem minor administratively, together they create a
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significant burden, reducing productivity and the efficiency of
public service delivery.

Malaysia launched its Public Sector Digitalisation Strategy
to address these operational hurdles. While significant
investments have been made in enterprise systems such as
electronic document management, HR, and financial systems.
Little attention has been paid to booking and reservation
processes. Current systems function mainly as electronic
calendars without intelligent decision support, making them
transactional rather than adaptive or predictive.

Advances in Al, data analytics, optimization, and decision
support have enabled the creation of Intelligent Booking
Systems (IBS). IBS go beyond traditional reservation tools by
offering features such as conflict detection, resource
optimization, recommendations, demand forecasting, priority-
based scheduling, and real-time decision support [3], [4].
Previous studies have demonstrated IBS applications across
transportation (e.g., EV charging, parking prediction) and
hospitality (e.g., tourism marketing, personalized travel) [5], [6],
[71,181,[9],[10], [11],[12],[13], [14], [15],[16],[17], [18]. IBS
adoption in government remains limited.

A major weakness in booking systems is the absence of
geospatial integration. Sentinel-1 and Sentinel-2 satellite data
provide crucial information on location, land cover,
environmental changes, and zoning. All highly relevant for
resource management [19], [20]. Practical experience at Spectral
Imaging Services and the Ministry of Natural Resources and
Urban Development Sarawak demonstrates the potential of
Sentinel data to improve booking decisions. Although GIS and
remote sensing technologies are mature, integration into
booking systems for natural resource and urban domains
remains scarce [21], [22].

Government organizations face unique challenges compared
to commercial ones. They operate under governance policies,
regulatory constraints, hierarchical decision-making, security
standards, and interdepartmental resource sharing. Booking
decisions often follow organizational priorities rather than “first
come — first served.” Thus, systems must ensure auditability,
policy enforcement, transparency, fairness, and compatibility
with other government information systems.

Most IBS studies focus on narrow areas such as healthcare,
laboratories, transportation, hotels, and libraries. Most previous
research does not address government-specific needs [23].
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While systems provide features like predictive analysis,
automated allocation, adaptive scheduling, conflict resolution,
workflow automation, decision support, and performance
analysis. These are implemented separately, resulting in poor
integration for administrative decision-making. No existing
system combines Sentinel satellite data with IBS or integrates
Multi-Criteria Decision Making (MCDM) with GIS for resource
and urban facility management [24], [25].

Developers lack a structured framework for IBS design in
government, leading to ad hoc development, inconsistent
functionality, poor interoperability, low scalability, and varied
implementation quality.

To address these gaps, this research will conduct a
Systematic Literature Review (SLR). This study identifies,
synthesizes, and categorizes IBS components from
contemporary literature. Following the established SLR
protocol by Lane and Richardson [26], the SLR includes
planning, execution, and reporting phases. The research
questions are:

e What are the core IBS components recognized in
literature?

e How should these components be adapted for natural
resource and urban development domains?

e What components and interfaces are required to integrate
geospatial data (GIS and satellite imagery)?

e What research gaps remain, and how can they inform
future studies?

The review will cover peer-reviewed journal articles and
conference proceedings published between 20212025 in IEEE
Xplore, SpringerLink, ScienceDirect, and ACM Digital Library.
The 20212025 timeframe was deliberately chosen to capture
recent breakthroughs in Al, optimization algorithms, and GIS
technologies, which have evolved substantially in the post-
pandemic period, making earlier literature less representative of
current system capabilities. Scopus was excluded as coverage
from the four databases was deemed sufficient. Books, chapters,
editorials, dissertations, and grey literature will be excluded to
maintain methodological consistency.

The article follows the IMRaD structure. Starting from
methodology (SLR protocol and paper selection), findings (IBS
component classification and gap identification), discussion
(linking findings to government requirements), and conclusion
(contributions, limitations, and future directions).

II. METHODOLOGY

This Systematic Literature Review (SLR) follows the three-
phase protocol by Lane & Richardson [26]. This study follows
the planning, execution, and reporting phases as defined in the
protocol. The focus of this research is to identify, synthesize, and
categorize IBS components and research gaps, particularly for
natural resource and urban domains with geospatial integration.

A. Search Strategy

We searched four significant databases (IEEE Xplore,
SpringerLink, ScienceDirect, ACM Digital Library). We
selected peer-reviewed articles published 2021-2025. Scopus
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was excluded as these four databases provided sufficient
coverage. Scoping searches conducted before the main search
confirmed that the four selected databases already covered the
core computer science, information systems, and engineering
journals relevant to this topic, and no additional eligible records
were uniquely found in Scopus. Table I details the Boolean
search strings and initial results.

TABLE L SEARCH STRATEGY AND KEYWORDS
. Initial

Database Keywords / Search String Results
[EEE ("intelligent booking" OR "smart
Xplore reservation") AND ("GIS" OR "geospatial") | 3
P AND ("natural resource" OR "urban")

. . ("intelligent booking system" AND ("GIS"
ﬁl]:rmgerLl OR '"geospatial') AND ("resource" OR | 16

"urban"))

ScienceDir | ("intelligent booking" OR "smart 17
ect reservation") AND ("GIS" OR "geospatial")
giCIi\;Ial ("intelligent booking" OR "smart 4
Lil})grary reservation") AND ("GIS" OR "geospatial")
Total 40

To quantitatively validate the adequacy of the selected
databases, a supplementary scoping search was conducted in
Scopus on 15 August 2026 using the identical Boolean string
applied to the primary databases: ("intelligent booking" OR
"smart reservation") AND ("GIS" OR "geospatial"). Unlike the
primary searches, which targeted full-text content across IEEE
Xplore, SpringerLink, ScienceDirect, and ACM Digital Library,
this validation search was executed across all fields in Scopus to
maximise recall. The Scopus search returned only 5 records. A
manual title and abstract screening of these 5 records revealed
that none met the eligibility criteria: four were focused on
tourism, cybersecurity, or metaverse applications without any
booking system component, and one was a survey of parking
solutions that did not present an intelligent booking system or
geospatial integration for natural resource or urban development
domains. Consequently, no unique eligible records were
identified in Scopus beyond those already captured by the four
primary databases. Table II summarises the comparative
coverage validation, confirming that the selected databases
provide comprehensive and representative coverage for this
systematic literature review.

TABLE II. VALIDATION OF DATABASE COVERAGE
Source Initial Unique Relevant
IEEE Xplore 3 3 2
SpringerLink 16 16 8
ScienceDirect 17 17 5
ACM Digital Library 4 4 1
Scopus (Validation) 5 5 0

Notes: Initial = total records retrieved from the database; Unique = records remaining after
deduplication against the four primary databases (or within the pooled corpus); Relevant = records that
passed the title/abstract screening and eligibility criteria (quality score > 3). The Scopus validation
search returned 5 records, all of which were excluded after screening as they did not address intelligent
booking systems with geospatial integration for natural resource or urban development domains.

B. Inclusion and Exclusion Criteria

In this research, we included English-language, full-text,
peer-reviewed journal articles and conference proceedings. The
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focus of article content that discuss booking/reservation systems
employing intelligent technologies (Al, optimization, or ML).
We also consider GIS/geospatial discussion as an added value
but not mandatory for RQI. Excluded were books, book
chapters, editorials, non-English articles, studies lacking
intelligent/optimization elements, and those without GIS
relevance (unless highly relevant to core booking components).

C. Study Selection Process

Selection followed the PRISMA 2020 flow [29]. We
identified database searches and deduplication. Besides
screening (title/abstract review), eligibility (full-text assessment
against criteria), and inclusion (final dataset). Results of our
article selection are presented in Fig. 1.

Each article was evaluated with a quality score (0-5). The
scoring criteria included clarity of objectives, methodological
depth, completeness of system description, discussion of
intelligent aspects, and relevance to GIS. Studies scoring <3
were excluded. The scoring rubric was as follows: clarity of
objectives (0—1), methodological depth (0-1), completeness of
system description (0—1), discussion of intelligent aspects (0—1),
and relevance to GIS (0-1), for a maximum total score of 5.

IDENTIFICATION

Records identified through database searching (n = 40)
IEEE: 3 | Springer: 16 | ScienceDirect: 17 | ACM: 4

v

SCREENING

Records after duplicates removed (n = 38)
Recond: based on fitlefabstract (n = 12)

v

ELIGIBILITY

Full-text articles assessed for eligibility (n = 26)
Full-text arficles excluded (n = 10)
{Mot about booking: 4 | Without AL'Optimization: 3 | Mot available: 2 | Irrelevant: 1)

v

INCLUDED

Studies included in qualitative synthesis
n=16

Fig. 1. PRISMA 2020 study selection process flow diagram (modified
from[27]).

D. Quality Assessment

From each eligible study, we extracted bibliographic data,
research objectives, methodologies, system components,
intelligent techniques, GIS relevance, application domain, key
findings, and identified gaps. Data were analyzed thematically
[27] through coding, categorization, theme identification, and
narrative synthesis to map IBS components and integration
requirements.

E. Data Extraction, Analysis, and Study Management

From each eligible article, we extracted data on
bibliographic details, research objectives, and methodology. We
also recorded system components, intelligent techniques such as
Al and optimization, and GIS relevance. In addition, application
domains, key findings, and research gaps were documented
using a standardized form.

Data synthesis was conducted using thematic analysis. This
process involved iterative coding, which grouped components
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by function, such as scheduling, optimization, and GIS. The
coding was followed by categorization and narrative synthesis
to ensure a structured mapping of IBS architectures and
integration needs.

The review process was managed using Mendeley for
reference storage. Excel spreadsheets were used for selection,
quality assessment, and extraction tracking. Each study was
assigned a unique identifier (S1, S2, ...). This ensured
traceability throughout the review.

III. RESULTS

A. Search Results and Study Selection

The literature search was conducted across four academic
databases. We used IEEE Xplore, SpringerLink, ScienceDirect,
and the ACM Digital Library, as described in the search strategy
in Section II. The initial search yielded a total of 40 articles.
Specifically, 3 articles were from IEEE Xplore, 16 from
SpringerLink, 17 from ScienceDirect, and 4 from the ACM
Digital Library.

The study selection process followed the PRISMA 2020
flow diagram, which is recommended for SLR reporting [27].
The flow diagram is shown in Fig. 1. It maps the number of
articles identified, included, and excluded at each stage. It also
presents the reasons for exclusion.

TABLEIIl.  MAPPING OF INCLUDED STUDIES TO IBS COMPONENT
CATEGORIES
ID Author & Year Domain Primary Category(ies)
S1 | Sun & Song (2021) [28] I{gmembh Booking, Intelligence
S Sadreddini et al. (2021) | EV Resource, Booking,
[29] Parking Intelligence
3 Al-Khatib et al. (2022) Vehicular Resm_lrce, Booking,
[30] Intelligence
S4 | Muzzini etal. 2023) [31] | Smart Resource, Intelligence
) Parking ’ g
. EV Resource,  Geospatial,
S5 | Tingetal. (2024) [32] Charging Intelligence
Laborator | Resource, Booking,
S6 | Wang (2023) [33] y Intelligence
S7 | Zhou (2025) [34] Stadium | Resource, System,
Intelligence
Channamallu et al. (2026) | Urban
S8 35] Parking Resource
EV . .
S9 | Yadav et al. (2026) [36] Charging Booking, Intelligence
gl Lv et al. (2026) [37] Parking Resource, Intelligence

S1 EV

Han & Wang (2025) [38] Booking, Intelligence

1 Charging

S1 | Navpreet et al. (2025) Parking Resource, Intelligence
2 [39]

,?1 Fatema et al. (2026) [40] Tourism Booking, Intelligence
S1 | (X. (Simon) Zhou et al., | Transporta . .

4 2025) [41] tion Geospatial, Intelligence
?1 Zayat et al. (2023) [42] f‘ng“my Intelligence

S1 Transporta

6 Gurung et al. (2025) [43] tion System

The selection process was conducted in four stages. The
Identification stage produced 40 articles from four databases.
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The Screening stage removed 2 duplicates, leaving 38 articles.
After screening titles and abstracts, 12 articles were excluded
because they were not relevant to the research topic. This left 26
articles. The Eligibility stage involved full-text reading of these
26 articles. At this stage, 10 articles were excluded. The reasons
were: 1) did not substantially discuss intelligent booking
systems (n=4), 2) did not include intelligent or optimization
aspects (n=3), 3) full-text was not available (n=2), and 4) not
relevant to natural resource or urban domains (n=1). Examples
of excluded studies include a sports teaching application without
intelligent booking components, a study on recreational prawn
fishing focused only on consumer behavior [18], and a grounded
theory study on voluntary blood donation outside the scope of
booking systems [44]. The Inclusion stage resulted in 16 final
articles that met all quality criteria for further analysis.

Based on the analysis of 16 articles, the publication
distribution shows an increasing trend in recent years. The
growth is especially visible since 2020. This indicates a rising
research interest in intelligent booking systems. The focus is
particularly on systems that integrate artificial intelligence and
optimization technologies. Most of the articles come from
journals and conference proceedings. They are mainly in the
fields of computer science, information systems, and
engineering.

B. Characteristics of Included Studies

From the 16 articles that passed the selection, data extraction
was conducted to identify the characteristics of each study.
Table III presents a summary of the characteristics of each
reviewed article.

C. Classification of Intelligent Booking System Components

Based on thematic analysis of the 16 reviewed articles [45],
the components of intelligent booking systems can be classified
into six main categories. Table IV presents a summary of the
component classification along with the number of studies
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First is Resource Management. It includes bookable
resources such as inventory, availability, location,
categorization, etc. Most of the articles covered this element. It
shows that any booking system is built on resource management.

The second category is Booking Management. It manages
the booking lifecycle: new bookings, modifications,
cancellations, recurring bookings, and approvals. This
component was consistent across the literature. This is the heart
of what a booking system does.

The third category is Intelligence. It is the most diverse and
distinguishes the conventional from the intelligent systems.
Features include smart scheduling, conflict detection,
recommendations, optimization, and predictive booking.
Compared with tourism and service industries, research on the
application of MCDM to booking systems is still limited [42].

The fourth category is Geospatial Integration. It is the least
common we find in the literature. Components. GIS interfaces,
satellite data, mapping, zoning, location validation. This
suggests that geospatial integration remains an under-explored
area. Studies [32] and [41] did not use remote sensing but only
simple location data or IoT.

The fifth category is System Integration. It links booking
systems to calendars, HR, and facility management. Its
importance is mentioned in the literature from other domains.
These include loT-enabled facility management and Al-
powered web architectures in e-commerce and healthcare [46].
Other studies such as [oT-based transport frameworks [47] and
digital transformation in railways [48] illustrate how
interoperability can be achieved in public sector environments.

The sixth category is Security and Compliance. This protects
data and ensures regulatory compliance. It provides access
control, single sign-on, audit trails, and data protection.

. TABLE V.  SUMMARY OF RESEARCH GAPS IDENTIFIED FROM THE
addressing each category. LITERATURE
TABLEIV.  CLASSIFICATION OF INTELLIGENT BOOKING SYSTEM Gap ID Research Gap Supporting Evéden?e from Included
COMPONENTS ‘tudles 4
Out of 40 reviewed articles, none
Category Components Identified Studies (n) No intelligent utlhzeq satellite Imagery .(Sen.tmel-
- — . 1/Sentinel-2) for location verification or
Resource inventory, availability status, booking  system environmental analysis. Studies such as
Resource geospat'lal ' locatl.on, _ resource | Gl Integrating Ting et al. (2024) and X. (Simon) Zhou
Management | categorization, charging/parking space satellite data et al. (2025) only employed basic
management s - - (Sentinel) location data or IoT, not remote sensing
Booking New booking, modification, data.
Management canckeflllatlon, recurring blo °k¥“};g’ approval | 11 No optimization | Zayat et al. (2023) discussed MADM in
wor ow,hreselryatlon a gf,;)‘rlt ms__ model combining | general for Industry 4.0, but no study
, Smart scheduling, conflict detection, G2 MCDM with GIS | integrated it with GIS-based spatial
lntelhgepcg recqm;ner}datmn engine, - resource for natural | analysis for natural or urban resource
‘(AI/Optlmlzat optimization, _predlqth_e ) booklng, 10 resource domains allocation.
ion) MADM, heuristic optimization, multi- Most studics (c.g,, Sadreddini et al
Z%‘;“‘.I:L T T e R Nlj’ig;’lﬁgrehe““x 2021; X. Wang, 2025; S. A. Zhou, 2025)
Geospatial int m:r ace, satetlite data n egrz; ton, 4 %ooking svstem focused on  specific = domains
Integration Inferaclive Mapping, Zonmng analysls, G3 Y f (laboratories,  stadiums,  parking)
location verification, spatial placement components or | ithout providing an  integrated
IoT  integration, ~ Outlook/Google natural resource component framework that could be
System. Calendar, HR, system, facility 8 and urban domains replicated for natural resources.
Integration management, digital workplace, cloud None of the 16 included articles
cAormectIVlty T Sinele Sizn-On (350 S::lfi?;e];;stems addressed cross-system interoperability
Security & Cdc'isst C('Tmzl,t ng et ltgn' n (, ), 5 G4 still operate in or inter-agency integration. All
Compliance audit trall, data protection, - privacy, 1 solutions were single-domain or single-
regulatory compliance silos organization.
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D. Research Gaps Identified

Based on the analysis of the reviewed literature, several
significant research gaps were identified. Table V summarizes
the identified gaps along with supporting evidence from the
literature.

Gap 1: Satellite Data Integration. The most significant
finding of this SLR is the absence of intelligent booking systems
that integrate satellite data (such as Sentinel-1 and Sentinel-2)
into the booking process. Satellite data provides critical
information about location, land cover, and environmental
changes that is highly relevant for decision-making in natural
resource management and urban planning.

Gap 2: MCDM + GIS Optimization Model. Although
MCDM has been used in various fields such as tourism and
education, its application to booking systems for natural
resource and urban domains integrated with GIS remains very
limited. No optimization model comprehensively combines
these two approaches.

Gap 3: Domain-Specific Component Guidance. Existing
literature on booking system components is mostly generic or
developed for specific domains such as libraries or laboratories.
No guidance or component framework has been specifically
designed for natural resource and urban development domains.

Gap 4: Siloed Systems in Government Agencies. Most
research on booking systems focuses on solutions for a single
domain or specific organization. There is limited research
addressing integration across systems in government agencies
that still operate in silos.

E. Initial Conceptual Map

Based on the component classification findings in Table IV,
an initial conceptual map can be drawn showing the
relationships between components in an intelligent booking
system. This map is synthesized from the literature. It serves as
the basis for the framework proposed in the Discussion section.

The conceptual map shows that the components of an
intelligent  booking system are interconnected and
interdependent.  Resource Management and Booking
Management form the core of the system. Intelligence and
Geospatial Integration add extra layers that provide value.
System Integration and Security and Compliance act as
supporting layers. They ensure the system can operate within a
broader ecosystem and meet security standards.

IV. DISCUSSIONS

This section discusses the findings presented in Section III.
The discussion answers the four research questions (RQs) that
have been formulated. It also analyzes the implications of the
findings from the 16 reviewed articles. In addition, the section
identifies the research limitations. The structure of the
discussion follows the logical flow from RQI to RQ4. It
concludes with a synthesis that connects the findings to the
research contributions.

A. Core Components of Intelligent Booking Systems (RQ1)

Six main categories of intelligent booking system
components were identified, extending the earlier five-
component framework by Owonibi et al. [49]
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Resource Management and Booking Management are the
foundational elements, present in nearly all studies, covering
inventory, recording, modification, cancellation, and approval
workflows [28], [29], [33].

Intelligence is the key differentiator from conventional
systems, enabling optimization, conflict detection, and
recommendations. Research on MCDM in booking systems is
still limited, leaving room for further exploration [50], [42].

The most important new finding is Geospatial Integration.
The use of GIS and remote sensing technologies in booking
systems is underexplored despite mature technologies and is one
of the major contributions of this SLR. Supporting layers are
System Integration and Security and Compliance. They provide
interoperability with other organizational systems (e.g.,
calendars, HR) and security and regulatory compliance [51].

B. Component Modifications for Natural Resource and
Urban Domains (RQ2)

The SLR results show that the generic components identified
in RQ1 should be adapted and extended to address the specific
needs of the natural resource and urban development domains.
These changes concern three main aspects.

The first step is to require geospatial data to be a property of
every resource managed by the system. In conventional
reservation systems, resources are usually identified by name,
code, or category only. However, in the natural resource and
urban domains, each resource (e.g., land plots, forest areas,
public facilities) needs to be accurately described by location
attributes, including geographic coordinates and boundary areas.
This is consistent with the literature on spatial data infrastructure
that identifies the importance of location as a key attribute in all
resource management decisions [52].

Second, the addition of zoning protection and eligibility
rules as constraints in the booking system is required. Unlike
booking lecture rooms or laboratories, which are relatively
simple, booking natural resources involves more complex rules,
such as utilization quota limits, environmental protection
zoning, and user eligibility requirements. This finding aligns
with research on natural resource management that emphasizes
the importance of zoning and utilization rules in maintaining
environmental sustainability [1], [2].

Third, the system must be equipped with automatic location
verification capabilities based on geospatial data. This capability
enables the system to automatically verify whether the requested
location is within an allowed zone, whether there are conflicts
with existing land use, and whether it complies with applicable
spatial plans.

C. Components for Geospatial Data Integration (RQ3)

Based on the SLR findings and domain requirements
analysis, the components required to integrate geospatial data
into intelligent booking systems can be identified. Fig. 2
presents the proposed component framework for geospatial
integration in intelligent booking systems.

The proposed framework (Fig 2) shows that geospatial
integration requires four main components:
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Natural Resources & Urban Development Domain

LAYER 1: USER INTERFACE

‘Web Portal Mabile App Self-Service Kiosk Dashboard (Admin)

LAYER 2: CORE BOOKING MANAGEMENT

Hew Booking Modify Booking Cancel Booking Recurring Booking

APPROVAL WORKFLOW ENGINE
Rule-Based Routing & Multi-Level Approvals

LAYER 3: INTELLIGENCE ENGINE

Resource Recommendation

Smart Scheduling Conflict Detection Optimization Engine

Predictive Booking

Algorithms: MGDM (AHF/TOPSIS) | GSF | Genetic Algorithm | Ruie-Based

LAYER 4: GEOSPATIAL INTEGRATION * NOVELTY %

GIS Interface
(Map Server)

Satellite Data Interactive Mapping
(Sentinel-1/-2) (WebGIS)

Zoning Analysis
(Location Validation)

+* This layer represents the PRIMARY NOVELTY of this research
Mo existing framework in literature combines these geospatial components
with intelligent booking capabilities for NR & Urban Development domain

LAYER 5: SYSTEM INTEGRATION

Outlook/Google

Callendar HR System

Facility Management Digital Workplace

LAYER 6: SECURITY & COMPLIANCE

Single Sign-On Access Control Audit Trail Data Profection
(350) (RBAC) udit Trai (GDPRASO)

LAYER 7: DATA RESOURCES

NATURAL RESOURGES
URBAN FAGILITIES GEOSPATIAL DATA SYSTEM DATA
- User Frofiles
- Booking History
- Resource Inventory
- Approval Records

- Meeing Rooms
- Sports Fields/Stadiums
- Public Faciliies

- Govemment Vehicles

- Sentinel-1/ 2 Imagery
- Land Cover Maps

- Zoning Soundaries

- Environmental Data

+ Quota | Permits
- Protected Aress

Fig. 2. Proposed component framework for intelligent booking system in
natural resources and urban development.

1) GIS interface: A layer that connects the booking system
to a map server to display spatial data interactively. This
interface enables users to view resource locations on a map,
select resources based on location, and visualize spatial
conflicts. This finding aligns with research on web-based
geographic information systems that emphasize the importance
of intuitive interfaces for user adoption [53].[53]

2) Satellite data integration: The capability to consume and
process satellite imagery data (such as Sentinel-1 and Sentinel-
2) to obtain information about land cover, environmental
changes, and resource conditions. For natural resource booking,
Sentinel-2's 10-meter resolution optical bands enable the
verification of land cover classes (e.g., forest, water,
agricultural) to ensure that a requested site complies with its
designated zoning category. Simultaneously, Sentinel-1's C-
band SAR imagery provides all-weather change detection,
allowing the system to flag recent illegal encroachments or
flood-affected areas before approving a booking. Unlike static
GIS layers, these satellite products offer near-real-time ground
truthing, which is essential for enforcing environmental
compliance in resource allocation. Studies such as Zhou et al.
(2024) and Zhou et al. (2025) [54], [55] only used basic location
data or IoT, not remote sensing data. The authors have direct

Vol. 17, No. 8, 2026

experience in managing Sentinel satellite data at Spectral
Imaging Services, which provides an advantage in designing
this component.[54], [55]

3) Interactive mapping: The capability to display resources
on an interactive map that enables users to view availability,
zoom, and click on resources for further information.

4) Zoning and location analysis: The capability to analyze
resource locations based on zoning rules, spatial regulations,
and environmental data to determine eligibility and booking
optimization.

D. Main Research Gaps and Future Research Directions

(RO4)

Based on the analysis of the 16 reviewed articles, four main
research gaps have been identified (Table V). These gaps not
only indicate what remains under-researched but also open
opportunities for future research. Of the four gaps, Gap 1
(satellite  data  integration) and Gap 2 (MCDM+GIS
optimization model) are the most significant gaps that have not
been addressed at all by the existing literature. However, merely
listing these gaps is insufficient; understanding their underlying
causes is critical for charting meaningful future work. The
persistence of these gaps can be attributed to disciplinary silos—
researchers in  optimization, GIScience, and public
administration rarely collaborate—as well as the technical
complexity of operationalizing satellite imagery (which requires
preprocessing pipelines) within transactional booking databases.
The following analysis reframes each gap not as a simple
omission, but as a multi-faceted design challenge involving data
integration, algorithmic adaptation, and institutional readiness.
These gaps are not mere omissions but reflect deeper challenges:
disciplinary silos between optimization, GIScience, and public
administration researchers, as well as the technical complexity
of integrating satellite imagery preprocessing pipelines with
transactional booking databases.

Gap 1: Satellite Data Integration. The most significant gap is
the absence of intelligent booking systems that integrate satellite
data (such as Sentinel-1 and Sentinel-2) into the decision-
making process. This finding aligns with the research by Turner
et al. [56], [57], which emphasizes that satellite data has great
potential to support natural resource management, yet its
integration into operational systems remains very limited.
Future research can focus on developing architectures that
enable booking systems to consume and process satellite data in
real-time to improve decision accuracy.

Gap 2: MCDM + GIS Optimization Model. Although
MCDM has been used in various fields such as tourism and
education, its application to booking systems for natural
resource and urban domains integrated with GIS remains very
limited. Future research can focus on developing new
optimization models that combine MCDM with GIS-based
spatial analysis to solve complex resource allocation problems
[58], [59].

Gap 3: Domain-Specific Component Guidance. Existing
literature on booking system components is mostly generic or
developed for other specific domains. Future research can
develop a comprehensive and validated component framework
for natural resource and urban development domains, which can
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serve as a guide for system developers in government agencies
[60], [61].

Gap 4: Siloed Systems in Government Agencies. Most
research on booking systems focuses on solutions for a single
domain or specific organization. Future research can address
integration across systems in government agencies, including
data interoperability and business processes.

E. Research Implications

This SLR yields several important theoretical and practical
implications. Theoretically, it bridges critical gaps in the
existing body of knowledge by presenting an updated
six-category classification framework for intelligent booking
systems (IBS) components, highlighting geospatial integration
as a notably absent architectural element, and delivering a
systematic map of research voids. These contributions extend
Babafemi et al’s [62] foundational framework with
contemporary categories driven by Al, optimization, and spatial
technologies.

Practically, the proposed framework (Fig. 2) acts as a
blueprint for developers at Malaysia’s Ministry of Natural
Resources and Urban Development, Sarawak, and other
government agencies. It clarifies not only the necessary modules
and their interconnections but also how geospatial data can be
operationalized. However, technical architecture alone is
insufficient; success depends on organizational readiness,
digital-intelligent transformation [63], and generative Al
adoption [64]. Furthermore, frameworks for AI social
responsibility [65] and sustainable governance (e.g., CICC,
2022 [66]) offer essential benchmarks for designing systems that
are efficient, socially responsible, and transparent, aligning with
public sector values and the digitalization mandates for resource
management [1], [2].

F. Research Limitations

This review is limited to English articles, excluding non-
English research. The search, confined to IEEE Xplore,
SpringerLink, ScienceDirect, and ACM Digital Library
(representing core CS/IS/engineering outlets), may miss
relevant works in Web of Science, Google Scholar, or regional
databases; Scopus was deliberately excluded after scoping
searches confirmed no additional eligible records. The 2021—
2025 timeframe, justified by recent AI/GIS progress, excludes
earlier foundational literature, though key advancements remain
recent. Finally, despite a systematic protocol, subjectivity in
screening and quality assessment was unavoidable, but
minimized through documented traceability.

V. CONCLUSION

This section presents the conclusion of the research, the
contributions made, as well as suggestions for future research.
The conclusion is formulated based on the findings and
discussion elaborated in the previous sections, while still
referring to the research questions that have been established.

A. Conclusion

Guided by the established research questions, a
comprehensive Systematic Literature Review (SLR) was
conducted across four major databases—IEEE Xplore,
SpringerLink, ScienceDirect, and ACM Digital Library—
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covering the 2021-2025 period. This rigorous process initially
retrieved 40 articles, which were subsequently filtered through a
strict eligibility and quality assessment protocol, resulting in 16
final articles selected for in-depth synthesis. Based on this
analysis, four principal conclusions have been formulated.

First, the core components of intelligent booking systems
(IBS) can be systematically classified into six distinct
categories. These comprise Resource Management (identified in
12 articles), Booking Management (11 articles), Intelligence and
Al/Optimization (10 articles), Geospatial Integration (4
articles), System Integration (8 articles), and Security and
Compliance (5 articles). While the Resource and Booking
Management categories constitute the essential functional
foundation consistently found across the literature, the
Intelligence and Geospatial Integration categories serve as the
primary differentiators, elevating these systems from
conventional transactional calendars to truly adaptive and
predictive platforms.

Second, to effectively meet the specific requirements of
natural resource and urban development domains, these generic
IBS components require three critical modifications. Geospatial
data must be treated as a mandatory attribute for every resource
within the system. Additionally, zoning protection and
eligibility rules must be embedded as core constraints in the
scheduling logic. Finally, automatic location verification
capabilities, based on geospatial datasets, must be enabled.
These modifications are non-negotiable given the distinct spatial
characteristics and stringent regulatory frameworks governing
natural resources and urban facilities, which are absent in
conventional domains like libraries or laboratories.

Third, successful integration of geospatial data into
intelligent booking systems requires four essential architectural
elements. These include a GIS interface to connect the system to
map servers for spatial data rendering, integration of Sentinel-1
and Sentinel-2 satellite data to provide up-to-date land cover and
environmental change information, interactive mapping features
enabling users to view and select resources based on location,
and comprehensive zoning/location analysis to verify eligibility
against spatial and environmental regulations. The proposed
component framework (Fig. 2) presents a holistic architecture
that cohesively integrates these four elements.

Fourth, the review identifies four significant research gaps
currently unaddressed in the literature:

e None of the studies use Sentinel-1/2 imagery for location
verification or environmental monitoring, leaving a
complete void.

e No models combine Multi-Criteria Decision Making
with GIS-based spatial analysis for resource and urban
facility allocation; existing studies treat them separately.

e Most articles are generic or narrowly focused (e.g.,
parking, EV charging), lacking frameworks tailored to
natural resources and urban planning.

e Current research ignores interoperability and inter-
departmental collaboration, focusing only on isolated
organizational environments.
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Among these four gaps, Gaps 1 and 2 are the most critical,
as they remain entirely unexplored in the existing literature.
Consequently, they offer the most substantial opportunities for
future applied research, particularly for advancing sustainable
and efficient natural resource management practices in Sarawak.

B. Implications and Contributions of the Research

Theoretically, this research delivers the first Systematic
Literature Review (SLR) mapping the intersection of Intelligent
Booking Systems (IBS), GIS, and natural resource/urban
management. This study also produces a six-category
classification framework, highlighting geospatial integration as
a missing architectural element. This study also provides a
systematic map of research gaps.

Practically, the proposed framework (Fig. 2) in this research
serves as a blueprint for system developers at the Ministry of
Natural Resources and Urban Development Sarawak and other
Malaysian agencies. This study offers guidance on component
relationships and  geospatial implementation.  Policy
recommendations include digitizing manual booking systems,
investing in spatial data and satellite integration, and building
HR capacity in geospatial Al

Methodologically, the SLR protocol, classification
framework, and geospatial integration approach are replicable
for IBS studies in other domains and public sector systems.

C. Limitations and Future Research Agenda

This review has several limitations that should be
acknowledged. First, it is confined to English-language articles
from IEEE Xplore, SpringerLink, ScienceDirect, and the ACM
Digital Library. While these databases represent the core outlets
in computer science, information systems, and engineering,
relevant works published exclusively in Web of Science, Google
Scholar, or regional/non-English journals may have been
omitted. Scopus was deliberately excluded after scoping
searches confirmed no additional unique eligible records beyond
those already covered. Second, the 2021-2025 timeframe was
chosen to capture recent advancements in Al, GIS, and
optimization technologies; however, this decision intentionally
excludes foundational pre-2021 literature that may provide
relevant historical context. Third, despite the implementation of
a systematic and documented protocol, inherent subjectivity in
title/abstract screening and quality assessment scoring was
unavoidable, though it was minimized through consensus-based
decision-making and traceable records.

To address the identified gaps and advance the field, future
research should pursue the following directions:

e Develop MCDM+GIS optimization models — Design
and validate novel optimization frameworks that
integrate Multi-Criteria Decision Making with GIS-
based spatial analysis specifically for natural resource
and urban facility allocation, addressing the complete
void identified in Gap 2.

e Integrate Sentinel-1/2 satellite data— Operationalize
near-real-time Sentinel-1 (SAR) and Sentinel-2 (optical)
imagery within booking workflows to enable automated
location verification, land cover classification, and
environmental change detection, directly tackling Gap 1.
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e Validate the proposed framework via case studies—
Apply the component framework (Fig. 2) in real-world
settings at the Ministry of Natural Resources and Urban
Development Sarawak using Design Science Research
(DSR) methodologies to assess its practicality, usability,
and effectiveness.

e Prototype and test the integrated system — Build
functional prototypes of the geospatially-enabled
intelligent booking system and conduct empirical
evaluations in live government environments to measure
performance improvements in decision accuracy,
resource utilization, and operational efficiency.

e Engage multi-stakeholder perspectives — Incorporate
viewpoints from public agencies, private sector
operators, NGOs, and local communities to ensure the
resulting system is equitable, transparent, inclusive, and
aligned with the Sustainable Development Goals
(SDGs).

By systematically bridging these gaps—particularly satellite
data integration and MCDM+GIS optimization—this research
provides a solid foundation for developing smarter, more
transparent, and sustainable resource governance systems in
Sarawak, Malaysia, and other regions facing similar
urbanization and natural resource management challenges.
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