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Abstract

This paper provides a detailed overview of the integration of Geographic Information Systems
(GIS) and Analytical Hierarchy Process (AHP) approaches in the optimization of public bus
transport networks. The review includes a comprehensive analysis of the literature as well as a
discussion of the major findings, computing effectiveness, utility, and possible directions for
future research. Because it smoothly blends multi-criteria decision-making and spatial analysis,
the combination of GIS and AHP shows to be a useful tool in handling the complexities
inherent in public transportation planning. The study investigates the use of GIS in integrating
optimization models, expressing network data, performing geographical and temporal analysis,
and assisting in decision-making. It looks at studies that have utilized GIS to optimize routes
in an efficient manner, showcasing the many approaches and methods that have been used in
the literature. The report also identifies the primary findings and constraints of GIS and AHP
integration research. The benefits of using GIS-AHP models in decision support systems for
companies involved in urban planning and transportation are highlighted in the discussion. The
study concludes with a prospective exploration of possible directions for future research,
including the addition of new data sources, flexible demand modeling, and state-of-the-art
optimization techniques.

Keywords: Geographic Information Systems (GIS), Multi-Criteria Decision-Making
(MCDA), Analytical Hierarchy Process (AHP), Public Bus Transport, Route Optimization,
Spatial Analysis.

Introduction

1.1. Public transport network route selection importance

For metropolitan populations worldwide, public transportation networks are essential
infrastructure that offer accessibility and mobility (Cheng & Chen, 2015). As cities deal with
the issues of expansion, shifting land use patterns, and increased transportation requirements,
the design, planning, and optimization of bus networks is becoming an increasingly important
field of research and policy. Because public transportation organizations must balance a
number of conflicting goals while working under operational, budgetary, and schedule
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restrictions, choosing the best routes may be challenging (Ahmed et al., 2019; Arbex & da
Cunha, 2015; Laporte et al., 2017). The established routes serve as the foundation for
determining the system's overall sustainability, efficacy, and efficiency.

Incorporating bus rapid transit (BRT) system elements is a crucial contemporary factor in
public bus route planning. According to Shojaei Baghini et al. (2014), BRT seeks to deliver
effective, high-capacity urban mobility through dedicated lanes, off-board fare collecting,
level boarding, and other improvements. Because specialized infrastructure requires large
capital expenditures, BRT networks need to carefully plan their routes (Warren & Ortega-
Sanchez, 2016; Walteros et al., 2015; Owais et al., 2016). The routes have to strike a
compromise between the overall network coverage and accessibility goals and the speed
advantages from busway parts. BRT systems and the specific models required to quantify the
travel time savings from dedicated lanes have been the subject of several recent studies.
However, the inability to accurately express the advantages inside standard planning
frameworks is still hampered by data restrictions. As a result, there is a current research deficit
for quickly establishing BRT networks, particularly in megacities in developing nations that
are proposing new systems. In order to simulate the time savings and reliability improvements
from building integrated BRT corridors, the route selection rules need to take into account
connection measures that go beyond those of traditional bus networks.

Effective networks may encourage the use of public transportation, lessen the impact on the
environment, and ease traffic congestion as a result of people transferring from private
automobiles (Cheng et al., 2016; Bagoee et al., 2017). They can also help underprivileged
people who have no other options by enhancing access and vital connectivity. Improved
analysis is now possible thanks to sophisticated data sources and computational methods. With
multi-criteria tradeoffs, however, it is still challenging to identify solutions that provide
sufficient service coverage and quality.

1.2. GIS applications in solving this complex problem

To address the complex problem of choosing the best route for public transportation networks,
GIS offer essential spatial analytic skills (Farogi & Sadeghi niaraki, 2015; Toms & Song,
2016). With the use of GIS, integrated data management is made easier by visualization that
takes into account the topography of coverage, demand levels in different metropolitan zones,
journey durations that represent traffic, and infrastructure limitations. In order to evaluate
accessibility gaps, find possible new connections, and evaluate benefits from route alterations,
network analysis tools representationally model transportation graphs (Mishra et al., 2015).
These functions allow model results to be interpreted in the context of their geographic
location, which is a powerful supplement to optimization techniques when comparing
alternatives.

1.3. Significance of using AHP in decision-making

In order to define the best routes for public transportation networks, it is necessary to balance
the opinions of many stakeholders and frequently at odds criteria (Laporte et al., 2017; Dib et
al., 2017). Such complicated multi-criteria judgments can be addressed using an organized
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framework called the AHP (Ghaderi & Pahlavani, 2015; Oswald Beiler & Treat, 2015). With

the use of AHP, the problem may be hierarchically divided into smaller issues that can be

compared pairwise to determine priority weights on a ratio scale, allowing for a systematic

evaluation. This method assists in gathering empirical data and subjective expert opinions in

order to evaluate trade-offs between criteria such as operational difficulties, budgetary

restrictions, environmental efficiency, and rider coverage in a comprehensive manner. AHP-

based route selection conclusions can resist examination and re-evaluation, which is crucial

for long-term infrastructure planning, because they permit inconsistent judgments and
sensitivity analysis (Glner, 2018).

2. Challenges of Public Transport Route Optimization
2.1. Multiple objectives - cost, accessibility, coverage, demand levels
When defining the best routes for public transportation networks, transit authorities must
balance a number of intricate and sometimes at odds objectives (Baaj and Mahmassani, 1995;
Chakroborty and Wivedi, 2002). The combination of these conflicting goals and intrinsic data
ambiguities presents considerable analytical challenges for route selection based on models.
Table 1 illustrates how, with constrained operational resources, important outcomes pertaining
to cost, connection, coverage, and rider demand compete.
The route topology should ideally maximize public transportation and environmental
advantages while maintaining the agency's financial sustainability (Ceder, 2007). Nonetheless,
it might be difficult to create tradeoff functions and hierarchies between such incompatible
objectives (Friman and Fellesson, 2009). Consistent decision-making for route selection
challenges is further complicated by the existence of diverse stakeholder interests.

Table 1. Major objectives in transit route optimization.

Objective Example Metrics

Operational cost efficiency Total fleet size, Deadhead kilometers, Fuel consumption
Network connectivity Transfer points/nodes, Maximum transfers, Network diameter
Demand served Total ridership, Household, or job accessibility

Service coverage % of stops within distance threshold, Low-income areas covered
Travel and wait times Route directness, Headway frequency

2.2. Lack of integration between data and methods

The disconnection between data sources and analytical methodologies impedes not only the
pursuit of various goals but also the identification of optimal paths (Peng and Dueker, 1995).
For ridership statistics, transit agencies typically use antiquated surveys, census demographics,
and smartcard archives; geographic datasets show the limitations of the network infrastructure.
It has been challenging to meaningfully incorporate such data into mathematical models (Baaj
and Mahmassani, 1991). It's possible that the results of route generating algorithms don't
match the real-world temporal, geographical, or demand flows. Furthermore, creating unique
interfaces and measurements is necessary to visualize results so that planners may evaluate
options within geographic settings. Planning is hampered by a lack of coherence across data,
computational techniques, and decision support graphics. Integration of GIS has evolved,
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although this still requires highly skilled technical knowledge. A simpler toolkit could
encourage the use of a method.

2.3. Dynamics of urban systems and demand patterns

Transit service design is typically stagnant, with route adjustments occurring over extended
periods of time, despite the fast evolution of urban areas and transportation requirements (Lee
and Vuchic, 2005). Before implementation, changes in land use, demography, and transport
patterns may cause the underlying assumptions of modeled optimizations to become out of
date. For example, brand-new housing complexes may change network-wide predicted
ridership numbers. An analytical problem arises from dynamic demand-supply interactions
when crowding and congestion also affect route selection (Szeto and Jiang, 2014). Planning
frameworks that are responsive are necessary to capture such cyclic linkages. Forecasting is
quite challenging because of uncertainty surrounding new transportation choices (like
ridesharing) and economic shocks. Effective route designs must therefore strike a compromise
between adaptability to accommodate variations and efficiency for present trends.

3. GIS Application in Transportation Network Analysis

3.1. Network data representation and modeling

Transit planning requires the ability to store, visualize, and evaluate transportation
infrastructure restrictions. Geographic information systems offer particular capabilities for this
purpose (Peng and Dueker, 1995). Transport networks are represented digitally as topological
graphs with segments and junctions that have capabilities restricted, transit lanes,
directionality, and speed limitations. Multimodal connections, lines, routes, pauses, and
timetables are included in advanced data models (Curtin et al. 2013). Travel impedances and
accessibility levels may be accessed on a system-wide basis thanks to the integrated
representation that takes geography and hierarchy into consideration. Before creating optimal
improvements, planners might use visual map analytics to identify gaps or inadequacies. When
compared to more abstract mathematical formulations, these realistic representations help to
explain why most practical initiatives are supported by GIS. In order to capture congestion,
the attention has recently switched to dynamically segmenting networks by time period.

£

Edge

(a) Isometric Real World (b) Transport Network (c) Graph Representation

Figure 1. lllustration of transport network representation from real world to a graph
representation.
3.2. Spatial and temporal analysis capabilities
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GIS systems offer flexible toolkits of statistical methods, overlay operations, and proximity
analysis that produce essential inputs for transportation planning (Peng and Dueker, 1995).
Demand may be estimated using catchment zones surrounding stations that are based on walk
access thresholds. At underserved areas, ridership prediction is provided by mapping
demographic characteristics. Network distribution gaps are analyzed using features including
clustering, interpolation, and buffer creation. Modeling time-variant flows with historical or
simulated traffic datasets is made possible by temporal capabilities. Animation visualizations
evaluate the effects of congestion, delays, and wait times on various transportation lines (Zhou
et al. 2014). Rather than using static models to detect problematic routes, these spatiotemporal
analytics evaluate network performance.

3.3. Integration with optimization models

GIS and mathematical programming integration has improved transit assessments to create
better networks (Baaj and Mahmassani, 1995). Optimization models lack the geographical
data base and representational flexibility that GIS offers. Combining methods allows modeled
route maps derived from GIS platforms to be assigned optimal vehicle schedules or stop
patterns. Then, the geographic representation aids in determining if optimal theoretical designs
are feasible. The integrated models are further improved by input on shortcomings. Recent
developments in GIS also make it possible to execute simple optimization queries for transit
allocation issues natively. However, creating embeddable algorithms, effective solvers, and
techniques for parameter adjustment inside recognizable GIS interfaces for planners is still an
active research area.

3.4. Overview of GIS-based route optimization studies

3.4.1. Applications of GIS in Public Transport Studies

Rui and Haihong (2010) concentrated on improving shortest path algorithms, network
modeling, and topology construction in a touch-screen public transportation system in Wuxi,
China. They demonstrated enhanced overall performance through the implementation of GIS
and relational database management system (RDBMS) integration. This report offers
information on how GIS is really used in public transportation. Using GPS and GIS, Devlin,
McDonnell, and Ward (2008) carried out a thorough investigation of the routing of timber
hauling in Ireland. Finding the best routes based on road class, distance, speed, and travel time
was their goal. According to the study, GIS by itself could assess lumber truck route rather
well, particularly when taking road classifications into account. The transportation network's
overall efficiency was improved by the real-time tracking and monitoring capabilities that the
GPS integration brought. Zhu, Zou, and Xu (2006) used GIS and Global System for Mobile
Communication (GSM) technology in another study to present an integrated solution to the
public transit guiding problem. With an emphasis on reaction speed in a real-time system, the
goal was to route travelers to their destinations as quickly as possible. The study illustrated
how a productive algorithm was implemented in a GIS in Guangzhou, proving the usefulness
of the suggested model and algorithm for guiding public transportation. With an emphasis on
urban bus routes, Akgol et al. (2020) presented a unique technique for evaluating the
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rationality of transit route plans. The study optimized Istanbul Metropolitan City's bus route
design by measuring geometric elements. A visual depiction of illogical bus routes was made
possible by the use of GIS in geocoding the "digital rationality map,” which helped to
influence future changes in public transportation route design based on more than a million
trips. Chao (2011) made a significant contribution to the subject by introducing a model for
the intelligent monitoring and real-time regulation of Tangshan's urban public traffic. The
project created a framework for real-time control and monitoring of bus operations by
simulating urban public transportation operation using GIS. An intelligent monitoring and
scheduling system for public transportation in metropolitan areas was developed with the help
of GPS and GIS integration, demonstrating the potential for sophisticated traffic management
systems.

3.4.2. GIS-based route optimization studies

Heuristic optimization and shortest path algorithms are two methods that are frequently used
to optimize public transportation networks using GIS. Arunadevi et al. (2007) and Deshmukh
et al. (2019) both provided evidence of the value of GIS in route design and optimization.
Shortest route algorithms for transit networks have been developed and evaluated in several
research, improving user convenience and routing efficiency (Su et al. 2005; Bielli et al. 2006;
Ming-qu 2007; Wenyuan 2011; Hai 2013; Xu et al. 2017). Additionally, heuristic algorithms
have been successfully applied to objectives including minimizing transfers, establishing
resilient routes, and decreasing parking congestion (Jerby and Ceder 2006; Yan-yan Chen and
Dong-zhu Wang 2009). (Koszelew and Ostrowski 2013).

Bus network dynamic optimization has shown results when genetic algorithms and GIS are
used. Fan and Machemehl (2006) generated the best bus routes under varying demand by
combining network analysis and evolutionary algorithms. A hybrid genetic and simulated
annealing technique was presented by Majima et al. (2008) for the construction of earthquake-
resistant bus networks. Genetic algorithm implementation for routes that evolve based on
urban shape was made possible by GIS-based frameworks (Huang et al. 2010; Zhang and
Huang 2011). Shatnawi et al. (2020) optimized bus stop location using genetic algorithms and
particle swarm optimization, whereas Heyken Soares et al. (2019) proposed network scaling
to enable genetic algorithms to function. Wei et al. (2022) created an ant colony optimization
method to expand upon current bus routes in order to satisfy passenger demand.

Bielli et al. (2006) took into account the limits of various forms of transportation when
designing their suggested system for multimodal networks. A real-time model that generates
time-dependent best routes across several modes and criteria was reported by Li et al. (2011).
An effective method for both private and public transportation was proposed by Khani et al.
(2012). Integrating geospatial data across modalities to enable analysis for better mobility was
demonstrated by Ismail and Said (2014). Using Google Maps, Kang and Youm (2017) created
an application with an easy-to-use interface for searching multimodal routes. Table Al
summarizes key information from studies on GIS-based route optimization studies.

4. AHP and Decision Making in Route Optimization
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4.1. Principles of AHP

A organized framework for complex judgments including several criteria, parties, and
intangible aspects is offered by the Analytical Hierarchy Process (Saaty, 1980). Hierarchies
are used to break down problems, each consisting of a goal, criteria, sub-criteria, and options.
Priority vectors for the ratio scale are derived by pairwise comparisons of components at each
level. To get weights, for example, professionals analyze route length vs transfers. Uncertainty
in judgment is managed via consistency validation. Synthesis determines ranks by applying
criterion priority among options. Sensitivity analysis measures how resilient results are to
modifications. In order to make optimal selections, AHP integrates both qualitative and
quantitative data.

4.2. Key criteria and indicators used

AHP has used a variety of hierarchical criteria as a decision aid for route planning, depending
on the specific settings and data availability limits in each situation (Schoon et al., 1988).
However, anticipated demand, operating expenses, fleet size needs, and network integration
concerns are frequently important considerations (route directness, transfers etc.). The overall
trip time, transfer nodes, vehicle kilometers, stop coverage, and load factors are all reflected
in the metrics for alternate routes. In data-rich implementations, input criteria for ranking route
possibilities might come from GIS-based accessibility measurements or urban transport
models (Eboli and Mazzulla, 2012).

4.3. Review of Integrated GIS-AHP Route Studies

GIS and AHP approaches are used in a number of studies to prioritize transportation
infrastructure with an emphasis on sustainability metrics, as well as to optimize route
alignment, bus route efficiency, and optimal route selection in highway networks. Singh et al.
(2019) provides a solid method for planning route alignment by combining fuzzy AHP with a
multi-criteria decision-making framework based on geographic information systems. The
research efficiently handles uncertainty by including environmental, social, economic, and
technological variables, and it uses Least-Cost Path (LCP) analysis to determine the best
course of action. In addition, Shi et al. (2021) provide a thorough assessment model based on
multi-source data and AHP with an emphasis on bus route optimization. Using a variety of
data sources, their analysis highlights the significance of a well-optimized public
transportation network and suggests an assessment indicator system. As the actual
examination of the Beijing bus network shows, the model works well for objectively
evaluating and optimizing bus routes.

A "User-System" decision-making theory is introduced by Xiang et al. (2007) as they explore
the best route selection in highway networks. They convert the "Optimal Route Problem™ into
the traditional "Shortest Path Problem™ by establishing an index system for link impedance
evaluation using AHP theory. Insights into dynamic route optimization in highway networks
are provided by the suggested theory, which has been verified by a testing system. AHP and
GIS are used in a strategy presented by Oswald Beiler and Treat (2015) to prioritize
transportation infrastructure based on sustainability parameters. The report tackles the dangers
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associated with climate change and offers policymakers an extensive framework for project
prioritization that takes into account social, economic, and environmental aspects. In another
paper, Kaewfak et al. (2021) make a contribution to the field of multimodal transportation by
emphasizing the optimization of freight routes with multiple objectives. Their study takes into
account variables including travel cost, duration, and inherent hazards to identify the best
multimodal transportation routes using AHP and zero-one goal programming. In complex
transportation networks, the integrated approach aids in decision-making and improves
logistical performance. A Multimodal Multi-Criteria Route Planning (MMRP) model
combining fuzzy Analytical Hierarchy Process and simulated annealing is proposed by
Ghaderi and Pahlavani (2015). The model considers factors like fee, time, user inconvenience,
and path length when combining public and private transportation options efficiently. Tehran
serves as a demonstration of the method's resilience and offers insightful information for
optimizing urban transportation.

Moreover, Rahman et al. (2022) use AHP and GIS geoprocessing techniques to strategically
allocate new bus stop locations in Shah Alam. Their research provides useful insights for
improving public transportation infrastructure by highlighting the significance of location,
functionality, safety, and aesthetic appearance in meeting the changing demands of urban
populations. Yildirim and Bediroglu (2019) integrate GIS-based network analysis with AHP
to provide a substantial contribution to high-speed railway (HSR) route identification. Their
hybrid route optimization model, which takes into account both environmental and economic
factors, demonstrates a thorough methodology and emphasizes the significance of sustainable
infrastructure development within the framework of intricate transportation networks. The
problem of effectively capturing real-world road networks in GIS for route planning analysis
is discussed by Sadeghi-Niaraki et al. (2011). In order to provide more accurate and realistic
route planning outcomes, the study incorporates actual aspects like weather, sight-seeing
information, and road type into its introduction of an impedance model (IM) based on AHP.
Pahlevani et al. (2019) make a substantial contribution to multimodal transportation planning
with their Multi-modal Multi-criteria Personalized Route Planning (MMPRP) model. The
paper presents a customized method to optimize transportation options, integrating TOPSIS,
quantifier-guided Ordered Weighted Averaging (Q-OWA) operators, and fuzzy AHP. This
practical tool is intended for planners and users. The safety and appropriateness of bicycle
routes are examined by Saplioglu and Aydin (2018) in their investigation of the integration of
riding with public transportation. Their study offers a thorough method to resolve safety
problems and enhance the efficacy of cycling integration through the use of GIS, AHP, and a
questionnaire survey. A new city major road bus signal priority model is presented by Da-
Ming et al. (2011). It uses GIS for micro-traffic simulation and AHP for priority factor
determination. Their model shows a workable way to increase the efficiency of public
transportation in metropolitan areas by reducing the total delay for buses and other priority
vehicles. Sattayaprasert et al. (2008) use AHP for multiple criterion analysis to optimize
logistics routes for hazardous materials (HazMats). The risk-based route network offers
policymakers and practitioners a methodical and risk-based strategy to handling the complex
problems related to HazMat transportation. Elangovan (2021) chooses the metro route location
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in Madurai city using remote sensing, GIS, and AHP. The paper presents a progressive method
for planning urban transportation, taking into account variables such as land use, traffic, and
population density. It also highlights the significance of sophisticated technology in the
decision-making process. Table A2 summarizes key information from studies on optimal
routing of public transit networks and infrastructure, including the research aim, data inputs,
methodology, outcomes, limitations, and bibliographic details.

5. Conclusions

The optimization of public bus transit routes through the integration of GIS and AHP has
shown to be a potent synergy. Research demonstrated the advantages of merging multicriteria
decision-making procedures with spatial analytic capabilities, providing a comprehensive
method for route selection that takes into account both qualitative and quantitative aspects.
The creation of efficient decision support systems for transportation agencies and urban
planners is greatly aided by GIS-AHP models. The literature study indicates that by taking a
wide range of factors into account, GIS-AHP models significantly aid in the discovery of the
best bus transit routes.

Notwithstanding, certain challenges continue to exist, such as those concerning data precision,
computational effectiveness, and the dynamic characteristics of urban transportation networks.
It is vital for scholars and professionals to maintain a watchful eye on these obstacles in order
to guarantee the sustained resilience and applicability of GIS-AHP techniques. With the
introduction of new technologies, real-time monitoring, and data source developments, the
integration of GIS and AHP is anticipated to continue to develop. Route optimization
techniques will probably become more flexible, responsive, and context-aware as a result of
this progress. More collaboration between GIS specialists, data scientists, transportation
engineers, and urban planners is probably in store for future studies. The improvement of GIS-
AHP procedures is expected to be greatly aided by interdisciplinary approaches that use
machine learning, sophisticated optimization techniques, and stakeholder engagement tactics.

6- Supplementary materials for the paper :
Table Al. Summary of GIS-based public transport route optimization methods.

Research Aim Input Data Methods Results Limitations Reference
Ant colony optimization Road network ACO with transfer Feasible bus Specific to Wei et al
for bus network data, passenger rules and network urban context (2022)
improvement demand data constraints optimization
Multimodal route search Public Android application Improved quality of Specific to Kang & Youm
algorithm transport data, with Google Maps service and South Korean (2017)

user needs API efficiency transport
Integrate multi-mode Transport ArcGIS Network Integrated Limited to case Ismail & Said
transport for network data Analyst, abstract transport model study area (2014)
mobility/accessibility for various connector approach enabling  optimal
improvements modes path analysis
Design GIS-based transit Spatial and Arc-node network Flexible model Maintenance Zeng et al.
data model as foundation non-spatial model with point, supporting network and scalability (2010)
for planning/management transit data link, polygon functions not discussed

features

Enable multi-destination
route queries in public
transit

Public
transportation
network data

Enhanced A* and
greedy algorithms

Feasible and quick
optimal route
recommendation

Focused only
on
computational
performance

Xu et al
(2017)
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Expand bus routes using
fuzzy optimal path
algorithm

Transit route optimization
using genetic algorithms

Improve bus-subway
transfers and residents'
accessibility

Develop GIS-based
demand responsive transit
system

Develop dynamic optimal
traffic route finder

Real-time multimodal
route optimization across
transport modes

Optimize public transport

using  vehicle routing
problem

GlIS-based bus transfer
query system

Optimize bus networks

using GIS and genetic
algorithms

Bridge public transit gap in
weak-demand areas via
ant colony optimization
Campus bus route
optimization

GIS and genetic algorithm-
based bus network
optimization

Optimize bus stop
locations using GIS and
algorithms

Develop computer
algorithm for transit route
choice

Optimal path finding using
bipartite graph model

Planning  method  for
optimal bus routes

Optimal design of electric

bus systems minimizing
total cost
Bus route optimization

using trajectories

Explore GIS and remote
sensing for route planning

Hybrid metaheuristic for
robust transit route design

Intelligent route planning
using  parallel genetic
algorithms

Geospatial data
of  transport
network
Ridership
demand data,
route data

Subway service
area data,
resident travel
data

Public fleet
data, passenger
demand data
Transport
network data,
traffic patterns

Transport
network data,
traffic data
Transport
network data,
timetables

Public  transit
network data

Bus route, rail
route data

Transport
network data,
ridership data
Transport
needs survey
data
Population,
land use,
transport data
Transport
network and
ridership data
Public  transit
network,
passenger data

Public  transit
network data

Road network,
passenger
capacity data
Transport
network data,
costs

Mobility
pattern, bus
demand data
Transport
network data

Transport
network data,
seismic history
Transport
network data

Fuzzy optimal path
algorithm in GIS

Genetic algorithm

GIS analysis, NSGA-
1l optimization,
TOPSIS

GIS dynamic routing
optimization

GIS integrated
routing algorithm

GIS integration with

traffic  simulation,
AHP
GIS network

analysis, VRP tool

GIS network
modeling, visual
programming

GIS platform,
genetic algorithms

GIS, ant colony
optimization

GIS, Dijkstra
algorithm

GIS, genetic
algorithms,

accessibility models
GIS, PSO, genetic
algorithms

GIS, psychological
analysis

Iterative penalty
method for multi-
path selection

k shortest path
algorithm

Mixed integer linear
programming
MKNNHC algorithm
Network analysis in
ArcGIS

Network evolution,
simulated annealing

Parallel genetic
algorithms on HPC
cluster

Potential bus stop
and route
identification
Effective
methodology
tested
scenarios
Enhanced bus stop
locations and
resident
accessibility
Improved
operational
efficiency

Effective
incorporation of
real-time traffic
data

Dynamic least cost
routing across
modes

Insights on spatial
analytics for
transport
optimization
Decision support for
travelers

across

Improved bus route
design aligned with
rail routes

Optimal feeder
routes  improving
coverage
Enhanced
utilization and
accessibility
Improved and
robust bus route
design

Reduced travel

times and improved
access

Algorithm
optimizing
connections,
reducing transfers
Efficient algorithm
considering
transfers, distance
Provided insights on

improving  public
transit routes
Versatile
optimization model
tested across
scenarios

Efficient route
planning and
capacity estimation
Framework for
travel time and cost
reduction
Fault-tolerant and
eco-friendly route
generation

Efficient route
finding avoiding
local optima

Scholarsdigest.org
Route Duong et al.
implementatio (2016)

n not discussed
No real-world Fan &
validation Machemehl
(2006)
Specific to case Wang et al.
study (2023)
Limited Faroqi &
technical Sadeghi-
details Niaraki (2015)
Limited details Monica
on data Bhavani &
sources Valarmathi
(2020)

Limited factors
and modes
included
Limited case
study focus

Basic
prototype
functions
Limited
validation

Unable to
validate in real-
system

Narrow scope

Parameter
sensitivity not
analyzed
Specific to case
study area

No
computational
testing

Limited testing

Narrow focus,
no limitations

Focused only
on cost factors

Only
computational
testing
Qualitative
analysis

Domain-
specific
assumptions
Focused on
static
environment

Lietal. (2011)

Borowska-
Stefanska &
Wisniewski
(2017)

Fei (2009)

Zhang &
Huang (2011)

Calabro et al.
(2020)

Ru (2015)
Huang et al.
(2010)

Shatnawi et
al. (2020)

Bo-tao (2010)

Yan & Shang
(2010)

Wenyuan
(2011)

Lotfi et al.
(2020)
Gupta &

Yadav (2018)

Deshmukh et
al. (2019)

Majima et al.
(2008)

Arunadevi et
al. (2007)
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Efficient  Pareto-optimal
route computation

GIS-based public transit
query system

Integrate geometry and
semantics for public transit
transfers

Bus transit optimization
using tabu search
algorithms

Enhanced shortest path
algorithm for bus networks

Public  transit
network data

needs
Public Shortest path Decision support for Basic
transport algorithm, Maplinfo travelers prototype
network data functions
Public  transit Spatial analysis of Enhanced precision Not
network data topology and traffic of transfer computationall
and properties rules algorithms y validated
Transit Tabu search Outperformed No real-world
demand, route heuristics genetic  algorithm validation
data method
Bus transport Topology matching, Improved Specific to
network data database storage computational public bus
efficiency networks

Round-based
routing algorithm

Faster
without

processing

Limited testing

preprocessing

Delling et al
(2015)

Ming-qu
(2007)

Shao-pei &

Jian-jun
(2010)

Fan &

Machemehl
(2008)

Su et al

(2005)

Table A2. Review of research literature on public transportation route optimization.

Research Aim Input Data Methods Results Limitations Reference
Enhance route alignment Environmental, GIS, spatial multi-criteria Identification of optimal Limited to Singh et al.
planning through multi-criteria social, economic, analysis, fuzzy AHP, route alignment from case study (2019)
decision analysis technical spatial least-cost path method alternatives area
data
Develop evaluation model for Bus smart card, Indicator system, AHP Quantitative  grading Requires Shi et al.
bus route optimization using location, attribute method for bus extensive (2021)
multi-source data data optimization  scheme data
evaluation collection
User-system optimal route Highway network AHP, Dijkstra algorithm Feasible testing system Limited Xiang et al.
searching incorporating multi- GIS data identifying optimal factors (2007)
goals route considered
Integrate GIS and AHP for Sustainability GIS spatial analysis, AHP Framework for Specific to Oswald
transportation project metrics for projects decision-makers to rail/bus Beiler &
prioritization holistically prioritize networks Treat
projects (2015)
Multi-objective optimization of Transport cost, AHP, ZOGP Model generating Focused on Kaewfak et
freight route choices time and risk data optimal routes coal al. (2021)
considering multiple manufactur
factors ing
Develop efficient multimodal Transport network Fuzzy AHP, simulated Efficient model Limited Ghaderi &
route planning model connectivity, annealing providing optimal transport Pahlavani
criteria data routes modes (2015)
Allocate potential bus stop Criteria data AHP, GIS geoprocessing Identification of Specific to Rahman et
locations using AHP (location, safety preferred criteria and case study al. (2022)
etc.) locations area
GIS and AHP based railway Economic, GIS network analysis, Optimal route with Focused on Yildirim &
route determination environmental, AHP reduced cost and one route Bediroglu
social criteria data environmental impact segment (2019)
Enhance route planning Road network, AHP-based impedance Alignment of planned Limited Sadeghi-
through realistic impedance weather, modeling routes with real-world testing over Niaraki et
modeling sightseeing data paths time al. (2011)
Personalized multimodal route Criteria  weights, Fuzzy AHP, Q-OWA 85% user acceptance of Limited Pahlevani
planning integrating fuzzy AHP, transport operators, TOPSIS proposed optimal transport et al.
Q-OWA, and TOPSIS connectivity routes modes (2019)
considered
Examine parameters Accident data, GIS, AHP, survey analysis Identification of crucial Focused Saplioglu &
influencing  cycling  route survey data safety/suitability only on Aydin
integration with public factors for integration cycling (2018)
transport routes
Develop signal priority model Traffic flow data, AHP, traffic simulation Delay reduction for Limited to Da-Ming et
to reduce bus delay GIS data priority vehicles and simulation al. (2011)
overall traffic testing
Risk-based  hazmat route Shipping data, risk AHP route prioritization Shortest risk-based Focused Sattayapra
optimization criteria data route  network for solely on sert et al.
hazmat logistics gasoline (2008)
shipping
Metro route selection using Population, land GIS, remote sensing, AHP Optimal metro routes Limited to Elangovan
GIS and AHP use, transport data weighted overlay and stations case study (2021)
analysis area
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