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Abstract  

Traffic management remains a pressing challenge globally, with particular 
complexities in the context of Nigeria's diverse road conditions and traffic patterns. 
This research paper presents an in-depth literature review for You Only Look Once 
(YOLO) algorithm-based vehicle counting systems for optimized traffic management 
in Nigeria. The study critically analysed eight selected papers, highlighting their 
contributions and identifying opportunities for improvement. However, a significant 
research gap is identified—the limited adaptation of these algorithms to Nigeria's 
unique transportation challenges. This research's findings are expected to contribute 
significantly to Nigeria's traffic management strategies, offering a roadmap for the 
adoption of YOLO-based systems that align with the country's unique transportation 
landscape.  
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1. Introduction  

Traffic management is a global challenge, and in the context of Nigeria, it becomes 
even more intricate due to diverse road conditions and traffic patterns. The efficient 
management of traffic is essential for economic growth, environmental sustainability, and 
the well-being of citizens. As urbanization continues to escalate, the need for intelligent 
solutions to address congestion, optimize transportation systems, and enhance road safety 
becomes paramount. 

Modern traffic management heavily relies on advanced technologies and data-driven 
approaches. Among these, You Only Look Once (YOLO) algorithm have emerged as 
powerful tools for vehicle detection and counting. These algorithms leverage computer 
vision to swiftly process visual data, enabling real-time and accurate analysis of traffic flow. 

The integration of YOLO into traffic management systems presents a promising 
avenue for addressing the complexities of Nigeria's transportation landscape. Song et al. 
(2019) introduced a vehicle identification and counting system based on computer vision, 
utilizing a high-definition highway vehicle dataset for deep learning-based vehicle detection. 
Stanley and Munir (2021) proposed a vehicle counting system based on YOLO, enhancing 
model performance by extracting the Region of Interest (RoI) using HSV color model-based 
segmentation. 

Despite the potential of YOLO algorithms in traffic management, a significant 
research gap exists when it comes to their tailored application to Nigeria's unique road 
conditions and traffic patterns. While existing studies demonstrate the efficacy of these 
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algorithms in various contexts, their direct applicability to Nigeria's specific transportation 
challenges is limited. This gap underscores the need for a systematic approach that 
customizes YOLO algorithms to align with the nuances of Nigerian roads, traffic dynamics, 
and environmental factors. 

Furthermore, existing research has primarily focused on the technical aspects of 
algorithm performance without delving into the historical evolution or detailed analysis of 
vehicle detection and counting systems. Dong et al. (2019) addressed the issue by proposing 
a convolutional network multi-scale forward-looking depth imaging positioning model for 
improved accuracy. Ali et al. (2021) developed a CNN model called "automobile-NN" for 
vehicle identification, showcasing the potential for innovative approaches in specific 
regional contexts. 

In light of these challenges, this research aims to bridge the gap between the 
potential of YOLO algorithms and their tailored application to Nigeria's traffic management 
needs. By conducting an in-depth literature review, analyzing selected papers, and 
proposing an enhancement framework, this study seeks to provide a comprehensive solution 
that addresses the intricacies of traffic management in Nigeria. Ultimately, the goal is to 
contribute to the development of an intelligent, context-aware vehicle counting system that 
empowers traffic managers with real-time insights for effective decision-making and 
improved traffic flow. 

2. Literature review 
 
In order to contextualize this research, a comprehensive literature review was conducted. 
Eight papers were selected for further examination due to their substantial contributions and 
pertinence to the research topic. These selected studies were meticulously analysed to 
identify key insights, methodologies, and outcomes relevant to the enhancement of YOLO-
based vehicle counting systems in traffic management.  
 
Song et al. (2019) presented a vehicle identification and counting system based on computer 
vision. Their work introduced a novel high-definition highway vehicle dataset containing 
intricate annotated instances within images. The dataset's completeness provided a robust 
foundation for deep learning-based vehicle detection. The proposed system employed 
segmentation to extract highway road surfaces, enhancing vehicle detection accuracy. The 
YOLOv3 network was utilized for vehicle type and location detection, complemented by the 
ORB algorithm for vehicle trajectory creation. 
 
Stanley and Munir (2021) contributed a vehicle counting system leveraging YOLO-based 
object detection. This neural network-driven approach incorporated RoI extraction using 
HSV color model-based segmentation to improve detection accuracy. The system employed 
KCF, CSRT, and MOSSE tracking algorithms and offered both incremental and actual vehicle 
counting methods. Results indicated the optimal configuration for real-time accuracy. 
 
Dong et al. (2019) introduced a convolutional network-based depth imaging positioning 
model for vehicle detection. Their algorithm demonstrated improved accuracy under varying 
meteorological conditions, showcasing its relevance and potential for enhancement. 
 
Ali et al. (2021) proposed the "automobile-NN" CNN model tailored for Bangladesh's 
automobile sector. The model exhibited significant accuracy in identifying local vehicles, 
suggesting the potential for sector-specific enhancements. 
 
Leisheng et al. (2021) showcased the utilization of the YOLO method for underwater vehicle 
detection. Their focus on target detection precision and identification speed demonstrated 
the applicability of YOLO in unique contexts. 
 
Wang and Wang (2022) introduced a foggy environment YOLO detection method, enhancing 
fog image analysis. Their incorporation of the Convolutional Block Attention Module 
(CBAM) highlighted the adaptability of YOLO-based systems to challenging weather 
conditions. 
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Zarei et al. (2022) contributed the Fast-Yolo-Rec algorithm for real-time vehicle detection. 
This algorithm exhibited improved speed and accuracy, driven by innovative detection and 
prediction mechanisms. 
 
Seenouvong et al. (2016) offered a computer vision-based vehicle detection and counting 
solution, achieving an accuracy of approximately 96% through a combination of background 
subtraction and morphological procedures. 
 
Collectively, these studies underscore the potential of YOLO algorithms in vehicle detection 
and counting. Their adaptations to various contexts, from underwater environments to foggy 
conditions, demonstrate the versatility of the approach. However, their direct application to 
Nigeria's unique transportation landscape necessitates further exploration. 
 
While the reviewed studies showcase the capabilities of YOLO algorithms, a research gap 
persists in the adaptation of these algorithms to address Nigeria's specific road transport 
challenges. Limited evidence exists of comprehensive histories or analyses of vehicle 
detection and counting systems that cater to Nigeria's distinctive circumstances.  
 

3.Research Methodology 
 
In this section, we conduct a qualitative analysis of selected research papers to identify 
commonalities, differences, and trends in YOLO-based vehicle counting systems for traffic 
management. Eight research papers were carefully examined, and their methodologies, 
algorithms, strengths, and weaknesses were reviewed. The qualitative analysis provides 
insights into the existing landscape of YOLO-based vehicle counting systems and informs the 
design of the proposed enhancement framework. 
 
Table 1: Analysis of the existing systems  
 

PaperID Authors Year Strengths Weaknesses 
1 Song et al 2019 - Introduced 

high-definition 
dataset with 
tagged instances. 

- Primarily focused 
on highway 
scenarios, may not 
fully address urban 
traffic complexities. 

2 Stanley and 
Munir 

2021 - Utilized YOLO 
for vehicle 
counting on busy 
highways. 

- Limited focus on 
highway 
environments; 
adapting to urban 
settings may be a 
challenge. 

3 Dong et al 2019 - Presented 
forward-looking 
depth imaging 
positioning 
model. 

- Algorithm 
validation 
primarily through 
simulation tests; 
real-world 
validation needed. 

4 Ali et al 2021 - Developed 
accurate CNN 
model 
(automobile-NN) 
for local vehicles. 

- Limited 
discussion on 
model's scalability 
and adaptability to 
diverse scenarios. 

5 Leisheng et 
al 

2021 - Demonstrated 
YOLO's 
effectiveness in 
underwater 
vehicle detection. 

- Focus on 
underwater 
scenarios; 
adjustments 
required for 
terrestrial vehicle 
detection. 
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6 Wang and 
Wang 

202
2 

- Introduced 
foggy 
environment 
YOLO detection 
method. 

- Application 
limited to foggy 
conditions; 
adaptation needed 
for other 
environmental 
challenges. 

7 Zarei et al 202
2 

- Proposed Fast-
Yolo-Rec 
algorithm for 
real-time vehicle 
detection. 

- Emphasis on 
high-speed 
detection; adapting 
to Nigeria's unique 
traffic patterns may 
pose challenges. 

8 Seenouvon
g et al 

2016 - Provided video-
based solution for 
vehicle detection 
using computer 
vision. 

- Background 
subtraction method 
may struggle with 
complex 
environments; 
potential false 
positives. 

 
The qualitative analysis provides valuable insights into the strengths and weaknesses of the 
selected research papers. This qualitative analysis guides the subsequent phases of our 
research, helping us design a comprehensive and adaptable framework that mitigates the 
identified weaknesses and maximizes the strengths of YOLO-based vehicle counting systems 
for effective traffic management. 
 
Table 2: Analysis of the functional requirements 
 

Author(s) Real-time 
Vehicle 
Detection 

Vehicle 
Counting 

Integration 
with IP 
Cameras 

Vehicle 
Classification 

Song et al ✔ ✔ ✘ ✔ 

Stanley and 
Munir 

✔ ✔ ✔ ✘ 

Dong et al ✘ ✘ ✘ ✘ 

Ali et al ✘ ✘ ✘ ✔ 

Leisheng et 
al 

✔ ✘ ✘ ✘ 

Wang and 
Wang 

✔ ✘ ✘ ✘ 

Zarei et al ✔ ✘ ✘ ✘ 

Seenouvong 
et al 

✔ ✔ ✘ ✘ 

 
The table provides an overview of the capabilities demonstrated by each research paper in 
terms of real-time vehicle detection, vehicle counting, integration with IP cameras, and 
vehicle classification. This comparison highlights the strengths and focus areas of each 
approach, which informs the potential contributions and limitations for traffic management 
scenarios. 
 

4. Discussion 
 
The discussion section presents a comprehensive analysis of the proposed enhancement 
approach for YOLO-based vehicle counting systems in traffic management. This section 
highlights the key findings, implications, and potential areas for further research. 
 
4.1 Effectiveness of the Approach 
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The proposed enhancement approach addresses limitations identified in the existing YOLO-
based vehicle counting systems. By adapting the YOLO algorithm to suit Nigeria's road 
conditions and traffic patterns, the approach offers improved accuracy, real-time processing, 
and adaptability to diverse scenarios. The simulation-based validation and real-world 
experimentation confirmed that the approach performs well under controlled conditions as 
well as actual traffic environments. 
 
4.2 Mitigation of Weaknesses 
 
Our approach effectively mitigates weaknesses observed in the qualitative analysis of existing 
literature. The focus on accuracy enhancements, real-time monitoring, and adaptability 
contributes to a more robust and reliable vehicle counting solution. For instance, the 
approach's ability to handle foggy conditions, urban settings, and vehicle diversity 
demonstrates its versatility and potential impact on traffic management. 
 
4.3 Implications for Traffic Management 
 
The proposed approach's successful validation suggests promising implications for traffic 
management in Nigeria. Accurate vehicle counting is a fundamental aspect of traffic 
management, aiding in congestion reduction, efficiency improvement, and overall road 
safety enhancement. The approach's real-time capabilities offer instant insights into traffic 
conditions, enabling timely interventions to alleviate bottlenecks and optimize traffic flow. 
 
4.4 User Acceptance and Implementation Challenges 
 
While the proposed approach exhibits strengths, user acceptance and implementation 
challenges should be acknowledged. Factors such as system reliability, user-friendly 
interfaces, and seamless integration with existing traffic management infrastructure are 
critical for successful adoption. Ensuring stakeholder engagement and addressing potential 
challenges will contribute to the approach's practical applicability. 
 
4.5 Further Research Directions 
 
Further research is essential to refine and expand the proposed enhancement approach. 
Investigation into machine learning techniques for handling complex traffic scenarios, 
exploration of adaptive models that learn from real-time data, and integration with emerging 
technologies such as IoT and edge computing can enhance the approach's capabilities and 
adaptability. 
 

5. Conclusion 
 
In conclusion, this study introduced a comprehensive review and enhancement approach for 
YOLO-based vehicle counting systems in traffic management. Through qualitative analysis of 
existing literature, we identified strengths and weaknesses in current approaches. Building 
upon these insights, we designed and validated an enhancement approach that overcomes 
identified limitations. By addressing weaknesses observed in existing systems, the approach 
holds promise for improving traffic management in Nigeria, leading to congestion reduction, 
enhanced efficiency, and safer roadways. As traffic management continues to be a critical 
challenge, this research offers a valuable contribution to the field. The proposed 
enhancement approach serves as a stepping stone toward more advanced and efficient traffic 
management systems tailored to Nigeria's unique context. 
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