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Abstract

The increasing rate of road accidents and transportation-related casualties in urban areas has created an utmost
need for innovative safety solutions, particularly in developing countries. Intelligent Transportation Systems
(ITS) present a transformative method to tackle these challenges by integrating advanced communication,
control, and data processing technologies to improve transportation safety and analyze crash risk. This study is a
comprehensive review with relevant case insights to examine the role of ITS in improving roadway safety and
reducing the number of crashes. This paper describes a methodology for conducting a systematic analysis of both
global and regional ITS implementations, supplemented by an evaluation of crash prediction models, real-time
traffic surveillance systems, and vehicle-to-infrastructure (V21) communication. There are several key barriers
identified in this research to implement ITS effectively including technological constraints, limited infrastructure,
diverse traffic conditions, and a lack of regulatory frameworks and public awareness. The findings show that
even basic ITS applications such as smart electronic tolling, traffic signals, and data-driven traffic monitoring
have resulted in sustainable reductions in crash rates, more efficient risk assessment models, and improved
emergency response times. Findings also indicate that through strategic adaptation, ITS can significantly
improve transportation safety in resource-limited areas. This research emphasizes the need for building capacity,
integrating policies as well as maintaining collaboration among stakeholders in the transportation systems of
developing countries which can help to achieve smarter along with safer mobility.

Keywords: Intelligent Transportation Systems (ITS); Transportation Safety; Crash Risk; Vehicle-to-
Infrastructure (V2I); Developing Countries.

1 Introduction

Road traffic injuries represent a persistent and growing public health problem in developing nations. While they
own only about 6-7% of the global vehicle fleet, these regions are responsible for more than 90% of the road
traffic deaths globally (Zhang, 2024). The reasons for this disproportionate burden include rapid unplanned
urbanization, poor infrastructure, weak implementation of traffic laws, and inadequate emergency services
(Kanthavel et al., 2021; Mengistu et al., 2025). Many other countries are motorizing swiftly, but existing road
networks and safety policies struggle to cope with increasing traffic volume and complexity.

The increasing risk of crashes has proven difficult to mitigate with traditional road safety interventions like speed
bumps, traffic signals and even basic enforcement. There is an urgency for scalable, technology-based solutions
to the problem. ITS has been reported in the literature to be a possible solution to enhance safety results both in
urban and interurban settings through real-time data, predictive analytics, and automated control mechanisms
(Guido et al., 2023). This includes adaptive traffic signals, vehicle-to-infrastructure (V21) communication,
automated enforcement and real-time crash detection systems (Roussou et al., 2024; Wang et al., 2025).

ITS has not yet been widely introduced in the developing world, mainly due to the lack of infrastructure,
technology transfer, and funds. Nevertheless, new case studies and pilot programs show that even basic ITS
applications can lead to significant benefits in transportation safety and crash risk management. This article
assesses the impact and the feasibility of implementing ITS in developing countries based on findings from 23
recent studies. This study presents their findings in the context of lifesaving and smart mobility potentials from
ITS, together with related themes of crash reduction, predictive modelling, behavior change, and emergency
response, with the aim to showcase how ITS applications can be tailored to resource-constrained settings.
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2 Potential Benefits of ITS for Crash Reduction and Safety Analysis

2.1 Real-Time Risk Detection and Prediction

One of the most transformative capabilities of ITS lies in its use of real-time data streams for risk detection and
crash prediction. In contrast to traditional reactive approaches, where interventions occur after crash data are
collected, ITS enables continuous surveillance and early warning mechanisms. For example, machine learning
models developed in Ghana and Ethiopia using telematics and connected vehicle data achieved crash severity
prediction accuracies above 80% (Mengistu et al., 2025; Mussah and Adu-Gyamfi, 2022). These models were
able to account for multiple contributing factors such as driver age, road surface, lighting, and weather
conditions.

In Bangladesh, gradient boosting models applied to highway and urban crash data identified road division type,
vehicle category, and crash location as primary indicators of injury severity (Sakib et al., 2025). This allows
safety authorities to prioritize high-risk zones for countermeasures such as median barriers or signal
optimization. Compared to statistical models, data-driven algorithms offered greater flexibility in capturing
complex interactions between variables and adapting to heterogeneous traffic patterns commonly found in
developing countries.

2.2 Speed Management and Enforcement

Excessive speeding is a leading cause of road fatalities globally, and it is particularly problematic in low and
middle income countries where enforcement resources are limited. ITS applications such as fixed and mobile
speed cameras have proven effective in modifying driver behavior and reducing crash rates. In Qatar, speed
enforcement cameras led to reductions in vehicle speeds and contributed to a notable decrease in injury-related
crashes across key road segments (Shaaban and Alsoub, 2022).

Flashing beacons in rural school zones powered by solar energy led to a 50% reduction in nighttime pedestrian
crashes in India (Ajayi et al., 2021). For instance, automated red-light violation systems have been associated
with reductions in side-impact collisions at intersections, particularly in urban areas and in locations with high
pedestrian volumes (Shaaban et al., 2021). These enforcement systems minimize the presence of police, enabling
scalable and consistent surveillance. Importantly, their effect goes beyond enforcement; drivers in monitored
areas change their behavior and tend to drive more safely over time, reducing crash risks in spots without
cameras (Shaaban et al., 2023).

2.3 Adaptive Traffic Signal Control

Another innovative ITS intervention that holds promise for safety benefits is adaptive traffic signal control. This
consists of things such as intelligent traffic signal controllers, ramp metering systems, and dynamic lane
management. They can alleviate hazardous congestion by responding to real-time traffic conditions and
smoothing traffic flow in a manner that reduces collision risk. An induced green time from an adaptive signal
control system, avoiding queues that spill back upstream at intersections, is a known cause of rear-end and side-
swipe crashes. According to (Nantoi et al., 2024), studies on urban regions have revealed that, in addition to
reducing travel delay, such systems cause fewer crash-prone situations in which vehicles are subjected to stop-
and-go turbulence.

In Nairobi, Kenya, deployment of adaptive signals on major corridors led to an 8% reduction in intersection
crashes and improved vehicle throughput (Kouonchie et al., 2025). In Bangladesh, pedestrian conflict rates
decreased at signalized intersections where adaptive timings gave longer phases during peak pedestrian
movement periods. These systems are particularly effective in heterogeneous traffic environments where modal
conflicts (e.g., between motorbikes, rickshaws, and pedestrians) are frequent and unpredictable (Diderot et al.,
2023). Adaptive signals also contribute to emissions reduction and smoother flow, generating co-benefits for
sustainability and public health.

2.4 Emergency Response and Incident Management

ITS can significantly enhance post-crash response by integrating crash detection with emergency dispatch
systems. In Oman, real-time incident detection systems reduced emergency response times by more than 40%,
thereby improving outcomes for crash victims (Sahraei and Mamari, 2025). loT-based systems that detect sudden
deceleration or airbag deployment in vehicles automatically notify emergency services with precise geolocation,
allowing for faster deployment of ambulances and traffic police.

In many developing countries, delayed emergency response is a critical factor contributing to road traffic
fatalities. By enabling rapid detection and coordination, ITS can help save lives even after a crash has occurred.
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Pilot programs in urban areas of the Middle East and Southeast Asia have shown that when integrated with
centralized traffic management centers, these technologies not only reduce response times but also aid in
secondary crash prevention by facilitating faster scene clearance (Chamorro et al., 2022; Sahraei and Mamari,
2025).

Table 1. Study contribution regarding ITS in analyzing transportation safety and crash risk.

Study
(Author, Year)

Contribution

Ajayi et al., 2021

Arefin et al., 2025

Bhuiyan et al., 2022

Chamorro et al., 2022

Diderot et al., 2023

Guido et al., 2023

Kanthavel et al., 2021

Khandakar et al., 2025

Kim et al., 2024

Kouonchie et al., 2025
Mengistu et al., 2025
Mostafa et al., 2025

Mussah & Adu-Gyamfi,
2022

Nantoi et al., 2024
Nour et al., 2025
Roussou et al., 2024
Sahraei & Mamari, 2025
Sakib et al., 2025
Shaaban & Alsoub, 2022
Shaaban et al., 2023

Shaaban et al., 2021

Solar-powered flashing beacons for school zone safety, showing significant
nighttime crash reduction.

Urban ITS deployments for mixed traffic management in South Asian cities.

Road safety data systems and the role of digital crash databases in
policymaking.

Integrated traffic management centers for improved coordination during
incidents.

Data-driven approaches to ITS deployment for regional safety optimization.

Global ITS best practices with an emphasis on capacity building in
developing countries.

Automated signal systems in small and medium-sized cities for safety
improvement.

Smartphone-based road condition monitoring for low-cost ITS applications.

Integrated crowdsourced data and official crash records for hazard
identification.

Simulated adaptive signal control in congested African city corridors.
Machine learning to predict injury severity in Ethiopian crash datasets.
Cost-benefit analysis of ITS investments in urban centers.

Connected vehicle data for real-time crash risk prediction in Ghana.

Adaptive signals and their impact on congestion and safety in Eastern Europe.
Smart work zone safety using V2I-based early warning systems.
ITS-supported enforcement strategies for improving compliance.

loT-based crash detection and integrated emergency response systems.
Crash severity classification models using gradient boosting and random
forests.
Impact of speed cameras on crash frequency and severity.

Behavioral impacts of ITS enforcement on driver compliance.

Institutional barriers to ITS adoption and policy integration.
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Wang et al., 2025 Al-based optimization for traffic flow in developing country networks.
Zhang, 2024 Global comparative statistics on road traffic fatalities and ITS readiness.
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Figure 1. Number of research publications used in this review paper from different years.

3 Barriers to ITS Deployment in Developing Countries

3.1 Infrastructure and Technological Limitations

Many ITS solutions depend on reliable power supply, strong communication networks, and sensor-equipped road
infrastructure. However, such foundational elements are often lacking or inconsistently maintained in developing
countries (Kouonchie et al., 2025). Power outages, intermittent internet coverage, and absence of fiber-optic
backbones limit the functionality of adaptive traffic control systems, real-time surveillance, and V2I
communication. For instance, simulation studies in Kenya and Ethiopia revealed that poor wireless connectivity
degraded the performance of connected vehicle systems, increasing latency in data transfer and diminishing the
reliability of crash warnings (Mengistu et al., 2025; Nour et al., 2025). This underscores the need for robust
digital infrastructure as a prerequisite for advanced ITS deployments. Moreover, many ITS tools designed in
high-income countries are not ruggedized for the dust, heat, and congestion prevalent in developing
environments, leading to higher failure rates and costly maintenance.

3.2 Data Gaps and System Fragmentation

High-quality, timely data is essential for effective ITS operations and policy decisions. Yet, many developing
nations suffer from incomplete, outdated, or non-digitized traffic and crash data (Bhuiyan et al., 2022). In
Bangladesh, police-reported crash databases underreport incidents, particularly those involving non-motorized
users or minor injuries (Sakib et al., 2025). Without reliable data ITS models, especially those relying on
machine learning cannot be properly trained or validated. In addition, traffic management systems are often
fragmented across agencies with poor interoperability. For example, enforcement data collected by police may
not be shared with municipal traffic engineers or urban planning departments. This lack of integration prevents
the creation of comprehensive safety dashboards and hinders the implementation of coordinated interventions
(Shaaban et al., 2021).

3.3 Financial Constraints

Budgetary limitations are a persistent barrier to ITS investment. While the benefits of ITS such as reduced crash
costs and improved mobility are well-documented, the initial capital required for procurement, installation, and
training remains a challenge (Mostafa et al., 2025). In regions with competing demands for basic road
maintenance and public transport expansion, ITS is often deprioritized. Furthermore, many ITS implementations
rely on donor support or short-term grants. Without provisions for long-term maintenance, calibration, and
software updates, systems quickly degrade and lose effectiveness. Public agencies often lack dedicated ITS
funding streams, making it difficult to sustain or scale successful pilot projects (Shaaban et al., 2021).

3.4 Limited Technical Capacity

Deploying and operating ITS technologies require specialized skills in traffic engineering, data science, systems
integration, and network management. But developing countries have few professionals with this kind of
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expertise (Guido et al., 2023). Many projects implemented by foreign specialists fail to transfer knowledge to
local counterparts, leaving systems underutilized or mismanaged after handover. Additionally, there are limited
training opportunities for ITS. Unfortunately, ITS concepts are not yet fully integrated in engineering curriculum
in many countries, resulting in a long-term skills gap. This not only impacts system maintenance, but also
customization in terms of how solutions are tailored to local needs, which is necessary to ensure context-
sensitive design and operation.

3.5 Socio-Political and Cultural Resistance

Public perception regarding ITS technologies, particularly if it involves surveillance or automated enforcement,
can be negative. Though speed cameras contribute to safety, the accountability of such cameras has led to their
vandalism or disregard in some cities (Shaaban et al., 2023). Similarly, (Khandakar et al. 2025) have highlighted
the flow of resistance to telematics-based driver monitoring programs, with transport unions concerned about
punitive oversight. Long-term ITS initiatives are often at risk due to institutional inertia and changes in political
leadership. One government starts a project with great enthusiasm only for the next government to abandon or
not fund it fully. Moreover, regulatory gaps either in terms of e-ticketing legal frameworks or data privacy, create
operational uncertainties undermining investment and public trust.

4 Conclusions and Recommendations

This study has opened many doors for the implementation of intelligent transportation systems (ITS) to improve
the safety of transportation and reduce road crashes in developing countries. Based on recently emerging findings
from 23 research studies, it appears that ITS applications from real-time crash prediction and adaptive signal
control to automated enforcement and emergency response have the potential to be lifesaving and operationally
productive, even in low-resource environments. Risk modeling based on machine learning has equipped agencies
with the ability to more accurately estimate crash severity and rank crashes for effective interventions (Mussah
and Adu-Gyamfi, 2022; Sakib et al., 2025). The implementation of speed enforcement cameras, red-light
detection systems as well as adaptive signals have helped decrease the frequency of crashes in city places such as
Doha, Dhaka, and Nairobi (Kouonchie et al., 2025; Shaaban et al., 2023). Moreover, ITS-based alert systems
have reduced the time to detect incidents along with dispatch agents who can provide medical services directly
affecting the post-crash results (Sahraei and Mamari, 2025).

Even with these successes there are still significant obstacles in developing regions. Infrastructure deficits,
inadequate power, unreliable data networks, fragmented governance, limited technical capacity, and lack of
financial resources together form both a bottleneck and an impediment, to the large-scale, sustainable
implementation of ITS projects. In addition, public skepticism and political volatility can jeopardize continuity
and efficacy. In response to these hurdles, the research urges a strategic approach to appropriate technology
adaptation, strong data ecosystems, institutional collaboration, human capital enhancement and an inclusive
public engagement to guide efforts towards the implementation of a sustainable population development
framework. Mobile-based monitoring and open-source adaptive signal controllers, examples of context-sensitive
ITS solutions, provide scalable pathways to enhance road safety. Integration and regulatory clarity are impossible
without cross-agency collaboration and beneficial policy environments. But it incentivizes local operation and
maintenance of ITS systems, plus investments in education and training for local operators. Finally, involving
the community builds interpersonal trust and can ensure that ITS design is better informed and more aligned with
the experience of those who use the road.

ITS integration is not only a technical advancement within such developing countries through the vehicle-driven
approach but also a paradigm shifts towards data-based, proactive and equitable management of the transport
system as well as a solution to meet the targets of global road safety under Sustainable Development Goals
(SDGs). ITS is not just a futuristic concept for affluent nations, other developing nations now urgently find
themselves in need of the road safety crises. ITS, with the right kind of planning, inclusive, deep-rooted
implementation and a focus on capacity building is incredibly powerful and can be the trigger that leads us to
embark smarter and safer mobility systems that save lives and ensure that cities across the Global South can
thrive sustainably.
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