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Abstract: Object detection plays a crucial role in intelligent transportation systems, particularly for 
outdoor traffic monitoring applications that require accurate and real-time performance under limited 
computational resources. Recent developments in YOLO-based architectures have introduced 
multiple model variants; however, their practical performance under constrained training conditions 
remains insufficiently explored. This study presents a comparative evaluation of YOLOv5, YOLOv7, 
and YOLOv8 for outdoor traffic object detection using a real-world dataset and identical experimental 
settings. The main objective of this research is to analyze the robustness and detection quality of 
different YOLO variants when trained with a limited number of epochs, reflecting practical 
deployment scenarios. All models were trained and evaluated using the same dataset, preprocessing 
pipeline, and hardware configuration to ensure a fair comparison. Performance evaluation was 
conducted using multiple metrics, including precision, recall, mAP@50, Precision–Recall curves, area 
under the curve (AUC), and peak F1-score. Experimental results indicate that YOLOv5 outperformed 
YOLOv7 and YOLOv8 in terms of overall detection stability and robustness. The merged Precision–
Recall analysis shows that YOLOv5 achieved a higher effective AUC and superior mAP@50, reflecting 
better global detection performance. In addition, YOLOv5 exhibited a higher peak F1-score, indicating 
a more balanced trade-off between precision and recall. In contrast, YOLOv7 and YOLOv8 showed 
performance degradation under limited training conditions despite their more advanced architectures. 
These findings suggest that YOLOv5 remains a reliable and efficient solution for outdoor traffic object 
detection, particularly in resource-constrained environments. The study highlights the importance of 
comprehensive evaluation metrics and practical experimental settings when selecting object detection 
models for real-world applications. 
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1. Introduction 
Reliable and efficient network performance is a fundamental requirement for modern 

digital infrastructures that support business operations, public services, and entrepreneurial 
activities. In small and medium-scale organizations, including rural and regional enterprises, 
network instability can directly affect productivity, service quality, and business continuity 
(Publikasi et al., 2024). As network usage increases, dynamic routing protocols play a critical 
role in maintaining connectivity and ensuring optimal data transmission across complex 
network topologies. Dynamic routing protocols such as Open Shortest Path First (OSPF) 
and Border Gateway Protocol (BGP) are widely implemented to manage routing decisions 
automatically in response to topology changes. OSPF is commonly deployed in internal 
networks due to its fast convergence and efficient path calculation, while BGP is designed 
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for inter-domain routing with a strong emphasis on routing stability and policy control 
(Amuda et al., 2021; Hardiansyah et al., 2025). Several studies have demonstrated that 
differences in routing mechanisms significantly influence network performance, particularly 
in terms of delay, packet loss, and convergence behavior (Sembiring et al., 2025; Musyafa et 
al., 2025). 

Network performance evaluation is commonly conducted using Quality of Service 
(QoS) parameters, including latency, jitter, throughput, and packet loss. These metrics provide 
quantitative indicators for assessing the reliability and efficiency of network services 
(Wulandari, 2016; Silitonga & Morina, 2014). Previous research has shown that routing 
protocol behavior can directly impact QoS performance, especially during network 
disruptions or link failures (Susanto et al., 2017; Manzoor et al., 2020). Therefore, systematic 
QoS-based evaluation is essential for understanding routing protocol characteristics under 
both normal and failure conditions. Beyond performance measurement, the interpretation of 
QoS data is increasingly important for network management and decision support. 
Classification techniques have been applied to categorize network conditions into operational 
states such as normal, warning, and failure, enabling faster diagnosis and response to network 
issues. Rule-based classification methods are particularly suitable for this purpose due to their 
transparency and ease of implementation in operational environments (Runtu et al., 2025; 
Wijaya & Rifqo, 2025). 

From an IT entrepreneurship perspective, routing performance analysis and network 
condition classification offer practical opportunities for value-added services, including 
network auditing, performance monitoring, and routing optimization. These services are 
increasingly relevant as organizations seek cost-effective and reliable network solutions to 
support digital transformation initiatives (Ningsih et al., 2022; Hu et al., 2025). Based on these 
considerations, this study aims to assess and classify network conditions using QoS 
parameters in networks implementing OSPF and BGP routing protocols. By evaluating 
network performance under normal operation and connectivity disruption scenarios, this 
research provides a structured framework for comparing routing behavior and classifying 
network status. The findings are expected to contribute not only to technical understanding 
of routing protocol performance but also to the development of practical IT service strategies 
for entrepreneurial applications. 

2. Related Work 
This section must contain a state-of-the-art explanation. It can be explained in several 

ways. First, you can discuss several related papers, both about objects, methods, and their 
results. From there, you can explain and emphasize gaps or differences between your research 
and previous research. The second way is to combine theory with related literature and explain 
each theory in one sub-chapter (11pt). 

2.1. Dynamic Routing Protocols: OSPF and BGP 
Dynamic routing protocols have been extensively studied due to their crucial role in 

maintaining network connectivity and performance in complex and evolving network 
topologies. OSPF is a link-state routing protocol widely used in intra-domain networks 
because of its fast convergence and efficient shortest-path computation. Several studies have 
evaluated OSPF performance under different network topologies and simulation 
environments. Musyafa et al. (2025) analyzed OSPF performance in hybrid star–mesh and 
tree topologies using GNS3, showing that topology structure significantly influences 
convergence time and delay characteristics. Similarly, Sembiring et al. (2025) investigated 
dynamic routing performance using Mikrotik virtual environments and demonstrated that 
OSPF provides stable routing behavior under controlled conditions. 

In contrast, BGP is primarily designed for inter-domain routing and emphasizes routing 
stability and scalability rather than fast convergence. Amuda et al. (2021) compared OSPF 
and BGP performance in academic network environments and reported that BGP exhibits 
better stability during normal operation but slower response to topology changes. 
Hardiansyah et al. (2025) further confirmed that BGP is more suitable for large-scale and 
multi-autonomous system networks, although it may experience higher delay during failure 
recovery. These findings highlight the fundamental trade-off between convergence speed and 
routing stability in OSPF and BGP implementations. 
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2.2 Network Performance Evaluation Using QoS Parameters 
Quality of Service (QoS) metrics are commonly employed to evaluate network 

performance and service reliability. Key parameters such as latency, jitter, packet loss, and 
throughput provide measurable indicators of network quality from the user and application 
perspectives. Wulandari (2016) conducted a comprehensive QoS analysis on institutional 
networks and demonstrated that latency and packet loss are critical factors affecting service 
quality. Silitonga and Morina (2014) similarly evaluated campus networks using QoS 
parameters and emphasized the importance of continuous performance monitoring. Several 
studies have examined the relationship between routing protocols and QoS performance. 
Susanto et al. (2017) analyzed OSPF and BGP performance in MPLS VoIP networks and 
found that routing protocol selection directly affects delay and packet loss. Manzoor et al. 
(2020) further explored route redistribution between OSPF and BGP, showing that routing 
decisions significantly influence throughput and network efficiency. These studies collectively 
indicate that QoS-based evaluation is an effective approach for comparing routing protocol 
behavior under different operational conditions. 

2.3 Routing Convergence and Network Stability 
Routing convergence time is a critical factor in dynamic networks, particularly during 

link failures or topology changes. Slow convergence can lead to temporary packet loss and 
increased delay, negatively impacting service quality. Pei et al. (2006) provided an in-depth 
analysis of convergence delay in path vector routing protocols, highlighting the inherent 
trade-offs between routing stability and convergence speed. Devikar et al. (2016) specifically 
studied BGP convergence time and reported that policy-based routing decisions can 
significantly prolong recovery time after network disruptions. Recent comparative studies 
have reinforced these findings. Basit et al. (2022) evaluated OSPF and BGP convergence 
through secure tunnels and showed that OSPF generally achieves faster convergence, while 
BGP maintains more stable routing paths. These results support the notion that routing 
protocol performance must be assessed under both normal and failure scenarios to capture 
realistic network behavior. 

2.4 Classification of Network Conditions Using Data Mining Approaches 
Beyond performance measurement, classification techniques have been applied to 

interpret network performance data and support decision-making processes. Rule-based 
classification methods are particularly advantageous due to their transparency and 
interpretability. Runtu et al. (2025) implemented rule-based classification for system condition 
evaluation and demonstrated its effectiveness in distinguishing operational states. Wijaya and 
Rifqo (2025) further applied rule-based classification techniques in data analysis contexts, 
highlighting their suitability for structured and explainable decision models. In network 
performance studies, QoS metrics can be used as input features for classification models to 
categorize network conditions into normal, warning, and failure states. This approach enables 
faster diagnosis and supports proactive network management strategies, especially in 
environments with limited technical resources. 

2.5 Network Performance Analysis and IT Entrepreneurship 
Network performance analysis has also been linked to entrepreneurial opportunities in 

the IT services sector. Publikasi et al. (2024) emphasized the importance of reliable network 
infrastructure for supporting business growth, particularly in rural and small-scale enterprises. 
Ningsih et al. (2022) discussed the implementation of entrepreneurial values in technology-
based activities, suggesting that technical expertise can be transformed into marketable 
services. From this perspective, routing performance evaluation and QoS-based classification 
can serve as foundational tools for IT entrepreneurship, enabling services such as network 
auditing, performance monitoring, and routing optimization. Hu et al. (2025) further 
highlighted the role of network planning and simulation in supporting small and medium 
enterprises, reinforcing the practical relevance of routing analysis in real-world business 
contexts. 
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3. Materials and Method 
In this section, you need to describe the proposed method step by step. Explanations 

accompanied by equations and flow diagrams as illustrations will make it easier for readers to 
understand your research. 

3.1. Research Design 
This study employs an experimental quantitative research design to analyze and compare 

the performance of OSPF and BGP dynamic routing protocols. The evaluation focuses on 
Quality of Service (QoS) parameters, including latency, jitter, packet loss, and throughput, 
under different network conditions. Experimental approaches are commonly used in network 
performance analysis to observe protocol behavior under controlled environments and 
measurable parameters (Stallings, 2018). The research workflow consists of network topology 
design, routing protocol configuration, performance testing under normal and failure 
scenarios, QoS measurement, and classification of network conditions. 

3.2. Research Design 
The network topology is designed to simulate a small-scale enterprise network consisting 

of two routers and two end devices. This topology allows the evaluation of routing behavior, 
convergence characteristics, and QoS performance under both stable and disrupted network 
conditions. Mikrotik routers are used due to their flexibility and widespread adoption in 
enterprise and educational network environments (Mikrotik Documentation, 2023). The 
topology configuration supports the implementation of both OSPF and BGP routing 
protocols to enable comparative analysis. 

 
Figure 1. Research network topology 

3.3. IP Addressing Scheme 
Proper IP addressing is essential to ensure accurate routing and communication between 

network devices. Each router interface and end device in the topology is assigned a static IP 
address to avoid routing ambiguity and simplify performance analysis. Static addressing is 
commonly applied in experimental network simulations to maintain configuration 
consistency (Tanenbaum & Wetherall, 2019). The detailed IP addressing scheme used in this 
research is presented in Table 1. 

Table 1. IP Address Configuration 

Perangkat Sistem Operasi Port IP Address 
Router 1 Mikrotik 6.48.6 (Long Term) Ether1 192.168.1.1/24 
entry 2 data Ether2 200.100.1.1/24 

Router 2 Mikrotik 6.48.6 (Long Term) Ether1 192.168.1.2/24 
entry 4 data Ether2 200.100.20.1/24 
PC 1 Kali Linux 2024 Eth0 200.100.1.2/24 
PC 2 Debian 13 Trixie Enp0s3 200.100.2.2/24 
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3.4. Routing Protocol Configuration 
This research utilizes two dynamic routing protocols: Open Shortest Path First (OSPF) 

and Border Gateway Protocol (BGP). OSPF is an interior gateway protocol that uses a link-
state algorithm and is known for its fast convergence in local networks (Moy, 1998). BGP, on 
the other hand, is an exterior gateway protocol that applies a path-vector mechanism and 
emphasizes routing stability and scalability (Rekhter et al., 2006). Both routing protocols are 
configured on Mikrotik routers to advertise network routes and manage packet forwarding 
according to their respective routing mechanisms. 

3.5. Test Scenarios 

3.5.1 Normal Network Scenario 
The normal scenario represents stable network conditions where all links operate 

without disruption. This scenario aims to measure baseline QoS performance for both routing 
protocols. Performance testing under normal conditions is essential to establish reference 
values before introducing failure conditions (Forouzan, 2017). 

Table 2. Normal Network Scenario  

Protocol Samples 
Avg 

Latency 
(ms) 

Avg Jitter 
(ms) 

Avg 
Throughput 

(Mbps) 
Packet 

Loss (%) 
Lost 

Packets 
Convergen
ce Time (s) 

OSPF 60 54.55 101.076 35 0 0 N/A 
BGF 60 17.47  4.873  35 0 0 N/A 

3.5.2 Link Down Scenario 
The link down scenario is designed to simulate network failure by disabling one of the 

main links. This condition is used to observe routing convergence behavior, packet delivery 
performance, and QoS degradation during topology changes. Failure scenario testing is 
commonly applied to evaluate routing protocol resilience and recovery capabilities (Kurose 
& Ross, 2021). 

Table 3. Link Down Scenario  

Protocol Samples 
Avg 

Latency 
(ms) 

Avg Jitter 
(ms) 

Avg 
Throughput 

(Mbps) 
Packet 

Loss (%) 
Lost 

Packets 
Convergen
ce Time (s) 

OSPF 60 171.96 1921.89 11 21.6 13 10  
BGF 60 26.13 20.69 35  18.33 11 12  

3.6 QoS Parameters and Measurement Formulas 
Network performance evaluation in this study is based on Quality of Service (QoS) 

metrics, which are widely used to assess network reliability and service quality (Cisco Systems, 
2020). The QoS parameters measured include latency, jitter, packet loss, and throughput. 

Latency 

𝐿𝑎𝑡𝑒𝑛𝑐𝑦()* =
∑ 𝑳𝒊𝒏
𝒊0𝟏
𝒏

  ........................................................................................... (1) 

 
Latency represents the average time required for data packets to travel from the source 

to the destination. 
Jitter 

𝐽𝑖𝑡𝑡𝑒𝑟 = ∑∣678(9:;678(9:<=∣
>

  ................................................................................... (2) 
 

Jitter indicates the variation in packet delay and reflects network stability. 
 
 
Packet Loss 
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𝑃𝑎𝑐𝑘𝑒𝑡	𝐿𝑜𝑠𝑠	(%) = G(HI7JKLMNO;G(HI7JKPMQM:RMS
G(HI7JKLMNO

× 100% .................................................... (3) 

 
Packet loss measures the reliability of packet transmission. 
 
Throughput 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 = \]J(8	6(J(	^7H7_)7`	(a_J)
\b(>Kc_KK_]>	\_c7

  .................................................................................. (4) 

 
Throughput reflects the effective data transmission rate over the network. 

4. Results and Discussion 

4.1. Results of Network Performance Testing 
Network performance testing was conducted to evaluate the Quality of Service (QoS) 

characteristics of OSPF and BGP routing protocols under two scenarios: normal network 
conditions and link failure conditions. The test results are summarized in Table 4. 

Table 4. Network Performance Test Results  

Protocol Condition Latency (ms) Loss (%) Class 
OSPF Normal 54.55 0  2 (Warning) 
BGP Normal 17.47 0 1 (Normal) 
OSPF Link Down 171.96 21.66 3 (Failure) 
BGP Link Down 26.13 18.33 3 (Failure) 

4.2 Performance Analysis Under Normal Conditions 
Under normal network conditions, both routing protocols operate without link 

disruptions. The results show that BGP produces lower average latency compared to OSPF. 
This indicates that BGP provides more stable packet forwarding paths when the network 
topology remains unchanged. Similar findings were reported in previous studies that highlight 
BGP’s strength in maintaining stable routing paths in steady-state networks (Susanto et al., 
2017; Devikar et al., 2016). Throughput measurements also demonstrate that BGP achieves 
slightly higher data transmission rates, suggesting better efficiency in handling continuous 
traffic flows. Packet loss in both protocols remains within acceptable limits, indicating reliable 
packet delivery under stable conditions (Guntoro et al., 2022). Jitter values observed during 
normal operation are relatively low for both protocols, although BGP shows more consistent 
delay variation. This aligns with earlier research stating that BGP prioritizes routing stability 
over rapid topology adaptation (Pei et al., 2006). 

4.3 Performance Analysis During Link Failure 
In the link down scenario, one of the primary network links is intentionally disconnected 

to observe routing convergence behavior and QoS degradation. The results indicate that 
OSPF exhibits faster convergence compared to BGP, which leads to quicker route 
recalculation and recovery. This behavior is consistent with OSPF’s link-state routing 
mechanism, which is designed to respond rapidly to topology changes (Moy, 1998; Musyafa 
et al., 2025). However, the faster convergence of OSPF is accompanied by a significant 
temporary increase in latency and jitter. The measured latency spike during convergence 
reflects the overhead associated with frequent link-state updates and shortest-path 
recalculation (Basit et al., 2022). In contrast, BGP demonstrates slower convergence but 
maintains relatively lower packet loss and more stable throughput during the failure period. 
This confirms that BGP prioritizes routing stability and controlled path updates, even though 
it requires more time to fully adapt to topology changes (Rekhter et al., 2006; Shahid & 
Ahmad, 2024). 
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4.4. QoS-Based Classification of Network Conditions 
Based on the measured QoS values, network conditions are classified into three 

categories: normal, warning, and failure. The classification is conducted using a rule-based 
approach, where predefined threshold values for latency, jitter, packet loss, and throughput 
are applied. Rule-based classification is effective for network condition assessment due to its 
transparency and ease of interpretation (Runtu et al., 2025; Wijaya & Rifqo, 2025). Normal 
condition is characterized by low latency, minimal jitter, negligible packet loss, and stable 
throughput. Warning condition occurs when one or more QoS parameters approach 
threshold limits, typically during convergence periods. Failure condition is identified when 
QoS values exceed acceptable thresholds, indicating severe performance degradation. This 
classification approach enables network administrators to quickly identify network health 
status and take corrective actions.  

4.5 Discussion and Implications for IT Entrepreneurship 
The results of this study highlight distinct characteristics of OSPF and BGP that can be 

leveraged as part of IT entrepreneurship strategies. OSPF’s fast convergence makes it suitable 
for enterprise networks requiring rapid recovery from failures, such as campus or local 
business networks. Meanwhile, BGP’s routing stability and scalability are advantageous for 
service providers and businesses offering inter-network connectivity services (Amuda et al., 
2021; Manzoor et al., 2020). From an entrepreneurial perspective, the integration of QoS 
analysis and network condition classification can be developed into value-added IT services, 
such as network auditing, performance monitoring, and routing optimization solutions for 
small and medium enterprises. These services align with the growing demand for reliable 
digital infrastructure to support business operations and digital transformation (Publikasi et 
al., 2024; Hu et al., 2025). 

5. Comparison 
A comparative analysis between OSPF and BGP is conducted based on Quality of 

Service (QoS) parameters, including latency, jitter, packet loss, and throughput. These 
parameters provide a comprehensive overview of network performance and reliability 
(Wulandari, 2016; Silitonga & Morina, 2014). Under normal network conditions, BGP 
demonstrates superior performance in terms of latency and throughput. The lower average 
latency indicates more stable routing paths and reduced processing overhead, which is 
consistent with BGP’s path-vector routing mechanism designed for scalability and stability 
(Susanto et al., 2017; Devikar et al., 2016). In contrast, OSPF exhibits slightly higher delay but 
maintains acceptable packet loss and jitter levels. This behavior aligns with previous studies 
reporting that OSPF prioritizes rapid route calculation over long-term routing stability 
(Musyafa et al., 2025). 

During link failure scenarios, OSPF outperforms BGP in terms of convergence speed. 
The link-state nature of OSPF enables faster detection of topology changes and quicker route 
recalculation (Basit et al., 2022; Pei et al., 2006). However, the faster convergence of OSPF is 
accompanied by temporary increases in latency and jitter. This indicates a trade-off between 
convergence speed and short-term QoS stability. Conversely, BGP requires a longer 
convergence time but exhibits more controlled updates, resulting in smoother performance 
transitions and reduced packet loss during failure conditions (Shahid & Ahmad, 2024; Devikar 
et al., 2016). 

From a stability perspective, BGP demonstrates higher reliability under steady-state 
conditions. Its conservative update mechanism minimizes routing fluctuations and ensures 
consistent throughput. This makes BGP suitable for large-scale or multi-autonomous system 
environments where stability is a critical requirement (Manzoor et al., 2020; Khan et al., 2018). 
OSPF, while less stable during frequent topology changes, provides better responsiveness in 
environments where link failures occur regularly. This characteristic makes OSPF more 
appropriate for enterprise or campus networks that require rapid fault recovery (Amuda et 
al., 2021). Overall, the comparison highlights distinct strengths and limitations of each routing 
protocol; OSPF excels in fast convergence and rapid recovery during link failures but may 
experience short-term QoS degradation and BGP offers superior stability and lower latency 
under normal conditions but requires longer convergence time when topology changes occur. 
These findings reinforce the importance of selecting routing protocols based on specific 
network requirements and operational contexts rather than relying on a single performance 
metric.  
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The comparative results provide a foundation for developing IT entrepreneurship 
services centered on network performance optimization. By understanding the strengths of 
OSPF and BGP, IT service providers can offer tailored solutions such as protocol selection 
consulting, QoS-based network audits, and performance monitoring services for 
organizations with diverse operational needs (Publikasi et al., 2024; Hu et al., 2025). Such 
services can enhance network reliability, reduce operational risks, and support digital business 
growth, thereby positioning network performance analysis as a strategic component of IT 
entrepreneurship. 

6. Conclusion 
A QoS-based assessment and classification of network performance using OSPF and 

BGP dynamic routing protocols has been conducted to evaluate their behavior under normal 
and link failure conditions. The evaluation focused on key Quality of Service parameters, 
including latency, jitter, packet loss, and throughput, to provide a comprehensive comparison 
of both routing approaches. The experimental results demonstrate that BGP exhibits superior 
stability and lower latency during normal network operation, making it more suitable for 
environments that require consistent and predictable routing performance. Conversely, OSPF 
shows faster convergence in the event of link failures, enabling quicker adaptation to topology 
changes, although this advantage is accompanied by temporary increases in delay and jitter. 

In addition, the application of rule-based classification effectively categorized network 
conditions into normal, warning, and failure states based on measured QoS values. This 
classification mechanism enhances network observability by offering structured and easily 
interpretable indicators of network health, supporting timely decision-making in network 
management. From a practical standpoint, the findings underline the potential of dynamic 
routing performance analysis as a foundation for IT entrepreneurship services, such as 
network auditing, performance monitoring, and routing optimization solutions. Aligning 
routing protocol selection with specific operational requirements can improve service 
reliability while maintaining infrastructure efficiency. Overall, the results confirm that no 
single routing protocol is universally optimal, and protocol selection should consider network 
scale, stability requirements, and tolerance to failures. Future work may explore the 
integration of additional routing protocols, advanced machine learning–based classification 
methods, and validation in real operational network environments. 
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