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Abstract

Connected and Autonomous Vehicles (CAVSs) are rapidly becoming a key component of next-generation traffic
systems. They offer significant potential to improve traffic operation and control, particularly in the complex and
resource-limited environments of developing countries. This study is a comprehensive review with relevant case
insights regarding the impact and role of CAVs toward traffic efficiency, adaptive control mechanisms, and
network coordination in urban areas. This paper describes a methodology for conducting a systematic literature
review on vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V21) communication, autonomous navigation
systems, and real-time traffic optimization models to integrate CAVs in regions with mixed traffic and
infrastructural constraints. There are several challenges identified in this research including inadequate
connectivity infrastructure, policy gaps, cybersecurity risks, and insufficient public awareness and technical
readiness in developing economies. The findings show that even a partial integration of CAV technologies such
as lane-keeping systems, adaptive cruise control, and dynamic rerouting can significantly reduce delays at
intersections, improve traffic flow, and enable more responsive traffic signal control. Findings also indicate the
importance of phased deployment strategies, supportive regulatory frameworks as well as collaborative public-
private initiatives to promote CAV adoption in areas with limited infrastructure. This research emphasizes the
need for long-term investment in smart mobility solutions which can help to achieve safer, more efficient, along
with sustainable traffic operation and control systems in the urban environments of developing countries.

Keywords: Connected and Autonomous Vehicles (CAVs); Traffic Operation and Control; Vehicle-to-Vehicle
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1 Introduction

Traffic management in developing nations faces severe difficulties due to population growth, rising urbanization,
and a lack of scalable solutions. Traditional traffic control methods like pre-timed signals or isolated fixes are
proving insufficient against complex, mixed traffic environments. At the same time, connected and autonomous
vehicles have emerged around the world as a transformative solution to improve traffic operation and control
through advances in artificial intelligence, communication systems, and automation (Anwer and Yousuf, 2024;
Kurse et al., 2024). Automated vehicles offer a path to enhance traffic efficiency, safety, and environmental
performance by integrating real-time communication and programmed driving capabilities. However, their
implementation in developing countries is significantly limited by infrastructure deficits, policy gaps, security
risks in cyberspace, and restricted public awareness (Othman, 2022; Shahedi et al., 2023).

This paper combines the existing research on deploying and overseeing automated vehicles in developing
countries, focusing on traffic operation and direction. Drawing on recent study findings, simulation studies, and
case analyses from diverse countries such as Pakistan, Ghana, Indonesia, and Saudi Arabia, it outlines both the
opportunities and the multidimensional challenges connected with integrating automated vehicles in resource-
constrained settings. Ultimately, the paper proposes strategies and future guidelines to allow the protected,
equitable, and lasting adoption of self-driving vehicles.

This study contributes to the broader smart mobility debate by calling for context-based solutions, not one-size-
fits-all approaches, based on these findings. The specific context of developing countries, characterized by
heterogeneous traffic environments, non-regulated modes of transit, and fragmented governance systems, calls
for particular approaches to the issue of implementation of CAV (Ackaah et al., 2021; Sitinjak et al., 2023).
Focusing attention on these contextual factors helps to identify the role of CAVs not merely as a technology but
also as a component of a wider mobility transition that varies according to local circumstances.
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2 Potential Benefits of CAVs for Traffic Management

2.1 Improved Traffic Flow and Efficiency

CAVs has the potential to contribute to substantial traffic flow improvement by reducing stop-and-go driving,
mitigating shockwave propagation as well as using Cooperative Adaptive Cruise Control (CACC) to maintain
closer spacing. This capacity and reduction in fuel consumption can be beneficial (Chen et al., 2023; Peng et al.,
2025). Several studies have shown that even partial deployment of CAVs in mixed traffic conditions can yield
noticeable improvements in flow. In fact, (Papadoulis et al., 2019) observed a reduction of up to 47% in conflict
rates with only 25% CAV penetration on motorways, and approximately 50-80% reduction in conflicts when
penetration reached 50%. They also reduce the bottlenecks and improve the throughput through dynamic lane
changing and speed harmonization features.

According to (Jiang et al., 2023), varying CAV platoon sizes were modeled and a significant increase in lane
capacity was found with increases in platoon size. We found that the benefits continued to scale even when
human-driven vehicles were also taking part in the simulation, demonstrating strong potential for near-term
deployment in mixed traffic environments. Also, less traffic congestion equals less emission. In (Peng et al.,
2021), they reported that deep reinforcement learning-based traffic optimization is implemented in unsignalized
intersection, and the results achieved significant improvement in the vehicle through flow and a reduction of
waiting time and idle time at different locations, and measurable benefits to the environment.

2.2 Adaptive Traffic Control and VV2I Systems

Vehicle-to-infrastructure (V2I) systems specifically allow for CAV communication with traffic control devices
for such things as adaptive signal control, real-time rerouting, and intersection management. By employing
partial connected vehicle data, (Islam et al., 2020) proposed a network-level traffic signal control methodology,
leading to promising reductions in average delay and queue length. The advanced traffic signal optimization with
V21 is able to issue the Green Light Optimal Speed Advisory (GLOSA) to CAVs so that they can regulate their
speed to avoid unnecessary stops (Qiao et al., 2023). Such an interaction minimizes travel time but provides
more consistency in driver behavior, allowing human drivers to have less difficulty on the road.

Adaptive signal systems also prove their worth in pilot deployments in simulated environments. (Bichiou and
Rakha, 2019) demonstrated that up to 80% average delay reduction, particularly during peak hour, can be
achieved if V21 functionality is incorporated within an intersection control system. Such refined control also
lowered fuel consumption and emissions by almost 40%, which showed savings on two levels of efficiency. This
is extremely important for developing countries, as traditional signalized intersections are among the greatest
vulnerabilities owing to inefficient manual or fixed-time signal control.

2.3 Network Coordination and Dynamic Routing

The most promising aspect of CAV technology is its potential to coordinate the movements of vehicles over an
entire road corridor. By communicating with each other in real-time and using route optimization algorithms,
CAVs can choose less congested roads to avoid bottlenecks and redistribute the traffic load (Peng et al., 2025).
Vehicular platooning involves several vehicles closely travelling to each other, being controlled by coordinated
acceleration and deceleration. In (Jin et al., 2020), vehicle platooning operations in mixed-traffic highways were
investigated, showing considerable throughput gains particularly when CAVs aggregated in the rightmost lane.

Further, CAVs are adaptive to changing road conditions due to road incidents, congestion, etc. which leads to
changing routing strategies. Few studies such as (Hou, 2023) proved that CAVs kept maintaining some level of
safety and operational efficiency during adverse weather conditions, which could be a common problem across
several developing countries, particularly during monsoon seasons. Dynamic route adaptations do not only
support operational efficiency but also reduce secondary accidents due to severe lane shifting and merging
behavior in congested conditions.
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Table 1. Study contribution regarding CAVSs in managing traffic operation and control.
Study I
(Author, Year) Contribution
Ackaah et al., 2021 Public perception of CAVs in Ghana, highlighting safety concerns and the
demand for manual override systems.
Anwer & Yousuf, CAV user awareness in Pakistan, revealing low knowledge levels and strong
2024 safety and infrastructure concerns.
Azam et al., 2022 CAV readiness assessment in Pakistan, stressing infrastructural, legal, and
economic limitations.
Bichiou & Rakha, An optimal intersection control system for CAV; delay reduction and improved
2019 intersection using CAV coordination.
Chen et al., 2023 CAV-HDV interactions in diverging areas; flow efficiency and stability gains
from CAVs.
Durlik et al., 2024 Cybersecurity vulnerabilities in CAVSs, calling for robust threat detection and
encryption.
Hou, 2023 Mixed traffic performance of CAVs under adverse weather, proving safety
benefits in low-visibility conditions.
Islam et al., 2020 Real-time traffic signal control using partial CAV data, improving delay and
queue lengths in networks.
Jiang et al., 2023 Platoon size effects on mixed traffic flow, showing performance improvement
with larger CAV groups.
Jinetal., 2020 CAV platooning models for highways with mixed traffic, highlighting gains in
traffic stability.
Kolekar et al., 2022 Explainable Al for scene understanding in India’s unstructured traffic using
Inception U-Net and Grad-CAM.
Kurse et al., 2024 CAV implementation prospects in developing countries, stressing phased

deployment and infrastructure upgrades.

Ngossaha et al., 2024 Mobile RSU deployment strategy for smart transportation systems in resource-

limited cities.
Othman et al., 2022 Comprehensive review of CAV challenges in the developing world including
road quality, legal gaps, and user behavior.
Papadoulis et al., Safety impact of CAVs on motorways through simulation; low penetration rates
2019 reduced traffic conflicts and improved safety.
Peng et al., 2021 Deep reinforcement learning to improve traffic efficiency at unsignalized

intersections with CAVS.

Peng et al., 2025 Lane management and platoon control schemes for enhanced traffic operations
with mixed vehicles.

Qiao et al., 2023 V21 communication to optimize isolated traffic signal control, improving
throughput and reducing delay.

Shafique etal., 2021  CAV perception in Pakistan, revealing distrust, lack of awareness, and moderate
openness to shared CAVSs.
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Shahedi et al., 2023 Infrastructure, public trust, and regulatory gaps as key barriers to CAV
deployment in developing regions.

Shatnawi et al., 2025 Readiness assessment framework for CAV deployment in Saudi Arabia, based on
expert input.

Sitinjak et al., 2023 Public acceptance of CAVs in Indonesia, emphasizing safety assurance and
affordability.

Wang et al., 2021 Shared CAV preferences between China and Pakistan, showing cultural and
economic impacts on acceptance.

Zali et al., 2022 Futurist forecasting to explore CAV adoption strategies in developing contexts;
stressed inclusivity and safety.
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Figure 1. Number of research publications used in this review paper from different years.

3 Challenges for CAV Implementation in Developing Countries

3.1 Infrastructure and Connectivity Limitations

The infrastructural challenges for CAV deployment are substantial in developing nations. Most roads do not
provide basic components such as lane markings, signage or pedestrian crossings which are vital for machine
vision and sensor-based navigation (Kolekar et al, 2022; Kurse et al., 2024). In addition, traffic lights can be
uncoordinated or not working at all, and roads are often surprisingly bad even within a city. Another significant
concern is digital infrastructure. V2X communication requires a stable 4G or 5G network, high-precision GPS
and real-time data processing capabilities. However, several areas are found with low network penetration along
with irregular internet service and frequent power outages (Ngossaha et al., 2024). This absence of dependable
digital infrastructure prevents the installation of connected systems vital for safe CAV deployment. Some
researchers suggest modular and mobile infrastructure solutions to bypass these restrictions like mobile Roadside
Units (RSUs) to facilitate communication in dynamic and underserved areas (Ngossaha et al., 2024).

3.2 Policy and Regulatory Gaps

Many developing nations do not have any comprehensive policies or legal frameworks on CAV Penal
provisions. There also are crucial unsolved problems like insurance, crash responsibility, data control, security
prerequisites that remain (Othman, 2022; Shahedi et. al., 2023). There is a regulatory vacuum, which acts as a
disincentive for both local and international technology providers to invest or experiment. The importance of
patronage for the national readiness frameworks to include legal, institutional and technology was also stressed
in (Shatnawi et al., 2025). Judging Saudi Arabia on its readiness, they found a nation for whom technological
interest was intense while institutional capacity and inter-agency coordination were absent. It may also lead to
inconsistent or contradictory policies across jurisdictions and increase ambiguity. For instance, a city might
support pilot projects while the national highway code continues to bar human driverless vehicles that prevent
widespread deployment (Azam et al. 2022).

3.3 Cybersecurity and Data Privacy Risks

CAVs are naturally data centric as they are reliant on the interaction between vehicles and infrastructure. The
dependence on such technology leads to several cybersecurity threats including signal jamming or spoofing, data
breaching and unauthorized manipulation (Durlik et al., 2024). These types of threats can have an even more
serious impact in developing countries, where cybersecurity capabilities are still maturing. (Durlik et al., 2024)
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pointed out the deficiencies of current CAV architectures and lack or obsolescence of data encryption,
authentication mechanisms. Because many countries lack strong legislation on cyberattacks and data abuse, there
are few places for victims of this crime to turn. Therefore, CAV planning will have to include effective
cybersecurity frameworks. This may involve even the embedding of secure communication protocols, appreciate
more stringent authentication checks or keep a constant vigil with real-time threat analysis. Highlighting this
critical security challenge, (Zali et al., 2022) advocate for a security-by-design paradigm incorporating risk
assessments throughout the design cycles of systems.

3.4 Public Awareness and Acceptance

Public perception regarding CAVs plays pivotal role for their successful implementation. In many developing
countries, skepticism about autonomous technologies remains high. Although awareness of CAVs exists among
young people in Pakistan, many did not wish to use CAVSs, particularly in public transport or heavy vehicle
contexts (Shafique et al., 2021). This can be attributed to factors such as the cultural perspective on technology,
the distrust towards automated systems, and the fear of job displacement (Ackaah et al., 2021; Anwer and
Yousuf, 2024). As an example, in Ghana, more than 75% of survey respondents were in favor of connected and
autonomous vehicles having manual override functions (Ackaah et al., 2021). Findings from (Sitinjak et al.,
2023) also indicated that most Indonesians would only favour CAVs at lower costs and greater safety than
existing alternatives. The key lies in well-designed public engagement efforts, integration via pilot programs
across technological districts, and transparent safety protocol communication to continue fostering public trust
and levels of acceptance across all communities.

3.5 Technical and Economic Constraints

Technical expertise and financial constraints serve as major hurdles for deploying CAV in the developing world.
Many local labor markets lack at least one skilled job in designing, testing, or maintaining a CAV system (Azam
et al., 2022; Shahedi et al., 2023). The shift to autonomy may be too new for universities and technical institutes
to have developed tailored curriculum themselves. The reality is that the LiDAR sensors, Al processors, and
communication hardware used by CAVs are prohibitively expensive for your average consumer. Therefore,
Shared Autonomous Vehicles (SAVs) and public transport applications may be more viable than private
ownership models (Sitinjak et al., 2023; Wang et al., 2021). (Zali et al., 2022) recommend inclusive innovation
practices using public grants, international funding, and greater sector support in both the private and public
sectors with subsidies targeting affordability gaps to help kickstart the market.

4 Conclusions and Recommendations

Urban mobility challenges of developing countries can be addressed with connected and autonomous vehicles
(CAVs). They can strengthen the movement of pedestrians and vehicles, minimize traffic jams, make travel
safer, and advance transport systems. But to materialize this, there is a need to address host ecosystem issues
such as infrastructural gaps, regulatory uncertainty, cybersecurity threats, and the public’s inability to accept new
technology. Consequently, a variety of strategies should be pursued by developing nations to capture CAV
benefits and deal with their deployment challenges: (i) Phased Implementation: start with small-scale pilot
projects in controlled environments (universities, special economic zones, BRT corridors); gradually scaling up
based on performance data and public feedback (Shafique et al., 2021; Sitinjak et al., 2023). (ii) Infrastructure
Upgrades: human-centric infrastructure upgrades, i.e., maintaining good lane markings and signals, or Roadside
Units (RSUs), via digital infrastructure such as edge computing and low-latency communication networks (Islam
et al., 2020; Qiao et al., 2023). (iii) Policy Development: establishing legal frameworks that address liability,
insurance, safety standards, and data legislation; engaging multi-disciplinary stakeholders for standardization and
enforceability (Shatnawi et al., 2025). (iv) Cybersecurity Readiness: mandating secure software protocols, data
encryption, and real-time threat response capabilities in all CAV systems (Durlik et al., 2024; Zali et al., 2022).
(v) Public Engagement and Capacity Building: educational campaigns, workshops, and training programs; CAV
integrated courses in engineering or urban planning curriculum (Kurse et al., 2024; Shahedi et al., 2023). (vi)
Localized Innovation: develop perception algorithms, hardware retrofitting kits, and simulation tools for local
traffic conditions and cultural behaviors (Kolekar et al., 2022). (vii) Equity and Affordability: encourage using
SAV models, cooperative ownership or public CAV fleets to not exclude low-income groups from benefits
(Ackaah et al., 2021; Wang et al., 2021). Although CAV technologies are still in their developmental phase, this
paper demonstrated that even with only partial deployment, significant benefits can be realized in less resource-
rich areas if public sector organizations, industry and civil society work together. This requires a phased,
inclusive and context-sensitive approach. Recognizing the promise of CAVs, developing countries can turn to
new approaches to create a future for safer, more efficient and more equitable transport systems using a
combination of policy innovation, infrastructure investment and community engagement.
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