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ABSTRACT

In the context of current smart city development, the efficiency of urban management has become
crucial. Target detection technology plays a vital role in addressing the complexity of urban
environments. The authors propose a new method called YOLOv8_k, employing transfer learning
as its foundation. This method leverages pre-trained model parameters from related tasks to
incorporate prior knowledge into the target detection model, adapting better to the complexity of
smart city management scenarios. Experimental results demonstrate the outstanding performance
of YOLOv8_k. In specific experimental results, YOLOvS_k shows significant improvements across
multiple evaluation metrics. The average precision in target detection tasks experiences a notable
increase. Furthermore, in large-scale urban datasets, compared to traditional methods, YOLOv8_k
exhibits higher responsiveness in handling large volumes of real-time data, further demonstrating its
superiority in practical applications.
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INTRODUCTION

In the current era of technological advancements, smart city management is swiftly emerging as
a pivotal domain for achieving efficient urban operations and sustainable development (Wang,
Chen, et al., 2023; Lou et al., 2023). Integrating advanced technology and data science into smart
city management unleashes unprecedented potential, creating new opportunities to elevate the
quality of public services and enhance the overall urban living experience. However, amid the rapid
developments in this field, we inevitably confront a series of pressing issues (Mehmet & Aydin, 2023).
Presently, smart urban management grapples with numerous challenges, including information silos,
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data fragmentation, and inadequate system integration, all of which are stark realities. The copious
amount of data generated in the city is dispersed across different departments and systems, resulting
in information isolation and a complex scenario for unified data management. This not only impedes
a comprehensive understanding of urban management but also constrains the scientific and timely
nature of decision-making. Effectively addressing these challenges requires the implementation of
efficient means to foster collaboration across various facets of city management, enabling seamless
data circulation (Al Mudawi et al., 2023; Saydirasulovich et al., 2023).

In the continuous evolution of smart city management, the use of object detection has become
a crucial initiative to enhance urban management efficiency (Bai et al., 2023). The application of
object detection technology enables city managers to identify and monitor various objects in the
urban environment with greater precision and speed, optimizing resource allocation and enhancing
the scientific and timely nature of decision-making (Terven & Cordova-Esparza, 2023). Through
object detection, city managers can monitor key indicators such as traffic flow, environmental
pollution, and the status of public facilities in real time, providing more accurate insight into various
aspects of urban operations. This aids in swift issue resolution, prediction of potential risks, and the
implementation of corresponding management measures. However, despite the significant potential
of object detection in improving urban management efficiency, there are still some shortcomings in
the current stage (Azizi et al., 2023). First, the accuracy of object detection systems in complex urban
environments remains a challenge. Factors such as diverse lighting conditions, traffic situations, and
crowd movement may lead to recognition errors in traditional object detection algorithms, impacting
the system’s accurate understanding of the urban landscape. Second, current technology often faces
computational and storage pressures when dealing with large-scale data. The vast size of cities
requires the processing of a substantial amount of real-time data, which may result in slower system
response times, limiting the effectiveness of object detection in real-time decision-making and issue
resolution (Aboah et al., 2023).

Based on this, we propose YOLOvVS8_k, an enhancement to YOLOVS. Initially, we focused on
optimizing the backbone network by introducing the BottleneckCSP module to replace the previous C2f
module. This module, composed of the Bottleneck and CSP structures, facilitates the learning of residual
features in the network and adjusts the depth and width of the feature maps. In comparison to the original
C2f module, the BottleneckCSP module reduces memory consumption and alleviates computational
bottlenecks. Additionally, the CBAM is incorporated to further enhance the model’s capability to capture
critical information during feature extraction. Through CBAM, the model dynamically focuses on
different channels and spatial positions of features, increasing sensitivity to target details and contextual
information. This contributes to optimizing the representation of crucial features in object detection.
In experimental evaluations, YOLOv8_k demonstrates superior performance and lower computational
burden following targeted optimizations. By substituting the original C2f module with the BottleneckCSP
module, we effectively reduce memory consumption and computational bottlenecks while maintaining
model accuracy. This adaptation makes the model more suitable for scenarios in urban management
where real-time responsiveness and efficiency are paramount.

The following are the three contributions of this article:

e The introduction of the YOLOv8_k model profoundly amplifies the efficiency of smart city
management. Through the optimization of target detection technology, the model adeptly and
rapidly identifies diverse objects in the urban environment, facilitating real-time monitoring of
crucial indicators like traffic flow, environmental pollution, and the status of public facilities. This
streamlined target detection capability equips city managers with comprehensive data insights,
fostering more precise decision-making and an overarching enhancement in management efficiency.

e The YOLOv8_k model integrates the BottleneckCSP module, effectively diminishing the model’s
computational burden and memory consumption by optimizing the backbone network. This
reduction empowers the model to operate more efficiently when managing extensive, real-time
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data, meeting the imperative requirements for immediacy and efficiency in urban management.
This contribution offers technical support for the sustainable development of smart city
management systems, enhancing their ability to adapt to the ongoing surge in urban data streams.
e The incorporation of the CBAM attention mechanism in the YOLOv8_k model elevates the
intelligent capture of vital information during the feature extraction process. Through an adaptive
focus on diverse channels and spatial positions of features, the model heightens sensitivity to
target details and contextual information. This advancement not only refines the accuracy of target
detection but also amplifies the model’s perception of notable changes in the urban environment.
This innovative contribution critically reinforces the adaptability of city management systems to
intricate urban scenarios and fortifies their capabilities to respond to unforeseen events.

In the next section, we will provide a detailed overview of related work. The third section will delve
into the key details of our proposed model. The fourth section will focus extensively on our experimental
design and results. The final section will serve as the conclusion and discussion of this research.

RELEVANT WORK

Al-Based Smart City Management

In the current wave of technology, smart city management is experiencing a flourishing development,
and object detection algorithms have become a crucial technological tool in this field. Various object
detection algorithms have emerged, including Faster R-CNN, YOLOVS, RetinaNet, EfficientDet, and
YOLOV4 (Knura et al., 2021). Faster R-CNN introduces the region proposal network to achieve end-
to-end object detection, enhancing detection accuracy. However, due to its two-stage design, it tends
to have a relatively slow speed, which may not meet the real-time requirements of high-performance
smart city management. YOLOVS5, known for its lightweight design, achieves excellent detection
performance through anchor-free detection methods and innovative model structures. Yet, there is still
room for improvement in handling small targets and dense scenes. RetinaNet addresses class imbalance
issues with the introduction of Focal Loss, performing exceptionally well in small object detection but
at a relatively slower speed, potentially limiting its real-time performance. EfficientDet, based on the
EfficientNet backbone, strikes a balance between performance and computational efficiency but is
still constrained by network depth when dealing with complex scenes (Sukel et al., 2020). The recent
YOLOVS introduces the CSPDarknet53 backbone and SAM module, enhancing detection accuracy
and sensitivity to small targets. However, its relatively complex structure demands higher hardware
resources. These object detection models play a crucial role in smart city management, offering diverse
choices for practical applications. Considering the advantages and disadvantages of each model provides
valuable technical support for improving the efficiency and service levels of urban management (Song
et al., 2022). When selecting an appropriate model, careful consideration of specific scenarios and
requirements is necessary to ensure optimal performance in real-world applications.

Internet-Based Smart City Management

Smart city construction, as a current hotspot in urban planning and management, has attracted
widespread attention and investment. The widespread application of IoT technology is considered
a key means to drive urban intelligence by connecting sensors, devices, and systems to achieve
information sharing and collaboration across various city domains (Zhang et al., 2022). However, the
establishment and maintenance costs of IoT systems are relatively high, and concerns about privacy
and security require more rigorous supervision and protection mechanisms.

Big data analytics, as a crucial support for smart city construction, provides powerful support for
decision-making by processing large amounts of urban data. Despite the advantages of deep insights
into urban operations, big data analytics faces challenges related to data privacy and security, as well
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as the demand for highly skilled data scientists and analysts, posing potential hurdles. The application
of intelligent transportation systems aims to improve urban traffic efficiency, but its construction
and maintenance require substantial financial investment. While significant achievements have been
made in mitigating traffic congestion and enhancing efficiency, the high costs of construction and
maintenance may burden city managers. Sustainable energy utilization is a key aspect of smart city
construction. However, adopting renewable energy faces technological and economic challenges.
Effective energy management systems require massive investments and overcoming technical obstacles
in energy conversion and storage. The drive for social participation and digital governance has positive
implications for enhancing transparency and efficiency in urban governance. However, it faces
challenges related to the digital divide, where some communities or residents may be marginalized,
reducing the comprehensiveness of social participation (Wang et al., 2022). The development of smart
city construction also involves the widespread application of artificial intelligence. While bringing
more convenience and intelligent services to urban life, it has raised concerns about privacy and
security. Balancing innovation and privacy protection is crucial in the construction of smart cities
(Ahmed et al., 2023).

Blockchain-Based Smart City Construction

In the current wave of technological advancements, blockchain technology is gradually becoming
a vital component of smart city construction, offering innovative solutions for urban planning
and management.

First, the decentralized nature of blockchain provides an effective means for data security and
privacy protection. Through the distributed ledger storage mechanism, the potential risks of data
tampering or attacks are reduced, especially crucial in smart city scenarios involving large amounts
of sensitive personal information. Second, the introduction of smart contracts makes urban business
rules more automated, transparent, and tamper-proof. This opens up new possibilities for the automated
management of city infrastructure, such as energy distribution and traffic flow control (Yuan et al.,
2022). Third, the transparency of blockchain contributes to increased governance transparency.
Through smart contracts and decentralized records, city administrators can trace decision-making
and execution processes, reducing corruption and opaque operations. Finally, blockchain technology
can be applied to smart energy grids, facilitating the trading and management of renewable energy to
drive sustainable urban development. On the other hand, blockchain shows promising applications
in urban supply chain management, land registration and planning, the sharing economy, and citizen
participation. However, the technology still faces challenges in terms of technical standardization,
scalability, and energy efficiency, requiring continuous refinement and optimization in practice to
better propel the process of smart city construction (Wang et al., 2022).

METHOD

In the continuous evolution of smart city management, to enhance urban management efficiency, we
initially employed the method of transfer learning. Transfer learning, leveraging knowledge learned
from a source domain, aids in improving learning tasks in the target domain. We utilized pre-trained
model parameters from relevant tasks and introduced prior knowledge into our object detection model
through transfer learning. This enables the model to better adapt to the complex scenarios in smart city
management, thereby enhancing the accuracy and efficiency of object detection. To further optimize
the object detection model, we introduced the BottleneckCSP module to replace the previously used
C2f module. The BottleneckCSP module, composed of Bottleneck and CSP structures, facilitates
the learning of residual features in the network and adjusts the depth and width of the feature maps.
Compared to the original C2f module, the BottleneckCSP module reduces memory consumption
and alleviates computational bottlenecks, thereby improving the model’s operational efficiency. This
optimization not only strengthens the performance of object detection but also provides a more effective
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tool for smart city management. To enhance the model’s ability to capture crucial information, we
introduced CBAM, a channel attention module and spatial attention module. The CBAM attention
mechanism dynamically focuses on different channels and spatial positions of features, increasing
the model’s sensitivity to target details and contextual information. This innovative contribution not
only further improves the accuracy of object detection but also enhances the model’s perception of
important changes in the urban environment. Figure 1 illustrates the overall architecture of our network.

BottleneckCSP Module

In the feature extraction phase of the network, we replaced the previous C2f module with the
BottleneckCSP module (Li et al., 2023). As illustrated in Figure 2, this module is presented in a
combined form of Bottleneck and CSP structures, aiming to learn residual features in the network and
adjust the depth and width of the feature maps. In comparison to the original C2f module in the network,
the BottleneckCSP module exhibits significant improvements in terms of memory consumption and
computational bottlenecks. The Bottleneck sub-module, which adjusts the number of data channels

Figure 1. YOLOv8_k overall network architecture diagram
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through convolutional calculations, follows a standard form involving 1x1 and 3x3 convolutions,
followed by a self-residual connection. This design effectively reduces the computational parameter
count during the main feature extraction phase, ensuring both inference speed and accuracy while
reducing the model’s size to reduce weight (Li et al., 2023).

CBAM Attention Mechanism

In our study, we introduced the CBAM attention mechanism, specifically designed for convolutional
neural networks (CNNs). The design of CBAM aims to enhance the representational capacity of CNNs
by explicitly modeling attention in both channel and spatial dimensions (Su et al., 2022). The significant
roles of CBAM are manifested in two crucial aspects. First, the channel attention module captures
dependencies between different channels, directing the network’s focus towards informative channels,
thereby increasing sensitivity to crucial information. Second, the spatial attention module aims to capture
dependencies along the spatial dimensions, enabling the network to selectively attend to specific regions
in the feature maps, enhancing its perception of local structures. The introduction of the CBAM attention
mechanism not only provides CNNs with more powerful feature extraction capabilities but also holds
wide application potential in smart city management (Li et al., 2022). By optimizing the network to
better adapt to complex scenarios in urban environments, CBAM contributes to improving the model’s
accuracy and robustness, offering more efficient and intelligent solutions for smart city management
systems. The network structure diagram of the CBAM attention mechanism is illustrated in Figure 3.

By integrating CBAM as a part of our methodology, our goal is to drive performance
improvements of CNNSs in smart city management tasks, providing advanced technological support
for the development of smart cities.

Transfer Learning

The transfer learning introduced in our research is a widely utilized technique in the field of deep
learning, aiming to enhance performance on different but related tasks by leveraging knowledge
acquired from one task. Specifically, we employ transfer learning to optimize the application of
object detection in smart city management (Kim et al., 2022). In transfer learning, we utilize model
parameters trained on a previous task to transfer the acquired knowledge into our object detection
model. The core advantage of this strategy lies in the ability of our model to better adapt to the
complex scenarios in the target domain, particularly in smart city management, which involves
diverse environments and objects.

Transfer learning confers two key advantages to our model. First, it elevates the model’s
responsiveness to crucial information in smart city management by extracting generic features from the
knowledge gained in the source domain. Second, transfer learning mitigates the challenge of limited
data in the target domain. Through pre-training on the source domain, our model can more efficiently
harness the restricted data available in the target domain. The application of transfer learning equips
our object detection model to navigate the complexities of urban management tasks more effectively,
providing more accurate and efficient solutions for real-time decision-making and issue resolution.

Figure 3. The structure of CBAM Attention mechanism
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EXPERIMENTS

Datasets

In the experimental section of this study, we utilized two representative datasets in the field of urban
intelligence optimization: the CityPersons dataset and the KITTI dataset. The CityPersons dataset
focuses on pedestrian detection, aiming to evaluate the performance of pedestrian detection algorithms
in real urban environments (Guo et al., 2023). This dataset comprises a significant number of instances
of pedestrians in urban scenes, exhibiting diverse scales, occlusions, and complex scenarios. It provides
high-resolution images capturing various urban scenes, and the annotations for pedestrian instances
include crucial details such as location, scale, and occlusion, offering a comprehensive reference for
algorithm performance evaluation.

On the other hand, we chose the KITTI dataset, widely applied in autonomous driving and
urban intelligence scenarios (Vajgl et al., 2022). The KITTI dataset covers various object detection
tasks, including vehicle detection. It includes images, point clouds, and corresponding annotations
from urban traffic environments, applicable to multiple research areas in urban intelligence. Besides
vehicle detection, the KITTI dataset also provides annotations for pedestrians, cyclists, and other
objects, presenting real-world scenarios under different weather and lighting conditions, introducing
a challenging aspect to the dataset.

For the experiments, we selected representative image samples from these two datasets and
performed necessary preprocessing based on the task requirements. By leveraging these datasets,
our experimental design aimed to comprehensively assess the model’s performance in pedestrian
and vehicle detection tasks, providing a robust solution for urban intelligence management systems.

Experimental Environment

In our experiments, we utilized a personal computer (PC) as our computing platform. For hardware
specifications, our CPU is the Intel Core 19-9900k running at a clock speed of 3.60GHz. In terms
of GPU, we employed two NVIDIA RTX3090 graphics cards with a total of XXX CUDA cores.
The system is equipped with 32GB of RAM and 11GB GDDR6 video memory. In the software
environment, we operated on the Windows 10 operating system, used Python version 3.8, and relied
on libraries such as matplotlib 3.3.4 and opencv 4.5.5. The CUDA version employed was 10.0. This
comprehensive hardware and software setup ensured the stability and efficiency of our experiments.
The specific experimental environment is detailed in Table 1.

Evaluation Metrics

To assess the performance of the improved YOLOvVS algorithm, we utilized multiple performance
evaluation metrics, including precision, recall, F1 score, mean average precision (mAP), mAP at
different intersection-over-union (IoU) thresholds (mAP@[IoU]), and frame rate. These metrics are
widely used in the field of object detection to comprehensively evaluate the algorithm’s accuracy,

Table 1. Presentation of experimental environment

Computing Platform PC
CPU Intel Core 19-9900k CPU @ 3.60GHz
GPU NVIDIA RTX3090 Graphics Card *2 CUDA Cores
Memory 32GB
Video Memory 11GB GDDR6
Software Environment Y}’)i.r(;dows 10 Operating System, Python 3.8, matplotlib 3.3.4, opencv 4.5.5, CUDA
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recall, robustness, and real-time performance in various scenarios. The selection of these evaluation
metrics aims to provide a comprehensive and detailed performance assessment, offering scientific
insights into the feasibility and effectiveness of our improved algorithm, particularly in applications
such as smart city management. Throughout the experiments, we will focus on assessing the
algorithm’s performance in pedestrian and vehicle detection tasks, validating its suitability for smart
city environments.

In object detection, the performance of an algorithm is measured using the following metrics:

1. Recall, also known as sensitivity or true positive rate, represents the ratio of correctly detected
samples to the total number of samples in the test set using the following equation: Recall = TP
/(TP + FN).

2. Precision represents the ratio of correctly detected samples to the total number of samples detected
using the following equation: Precision = TP /(TP + FP).

3. Accuracy represents the percentage of correctly detected samples out of the total number of
samples using the following equation: Accuracy = (TP + TN) /(TP + TN + FP + FN).

Plotting recall on the x-axis and precision on the y-axis forms a curve known as the precision-
recall curve. The area under this curve, known as average precision (AP), is a metric used to evaluate
the model’s performance on the PASCAL VOC dataset. The mAP represents the average AP across
all classes in the entire dataset. Its calculation formula is shown in Equation 1:

1z
mAP = —\"AP 1
N; (D

Additionally, under different threshold conditions, mAP takes different forms, with mAP@0.5
and mAP@[.5:.95] being the most common metrics in object detection.

The AP across all classes in object detection when the IoU reaches 0.5 is mAP@0.5. In common
object detection evaluations, mAP@0.5 is often used to assess algorithm performance.

The AP across all classes in object detection when IoU varies from 0.5 to 0.95 is mAP@[.5:.95].
This metric considers a range of IoU thresholds and provides the algorithm’s average performance
across multiple IoU thresholds. In some more rigorous competitions, mAP@[.5:.95] is used to
evaluate algorithm performance.

Experimental Details
Step 1: Data Preprocessing

In the data preprocessing stage of this study, we meticulously processed two crucial datasets, namely
the CityPersons dataset and the KITTI dataset, to ensure the reliability of the experiments and the
effectiveness of the models.

For the CityPersons dataset, a total of 50,000 samples were selected. We divided the dataset
into training, validation, and testing sets in the ratio of 80%/10%/10%. Specifically, the training set
consists of 40,000 samples, the validation set consists of 5,000 samples and the testing set consists of
5,000 samples. This partitioning strategy aims to fully leverage the diversity of the dataset, ensuring
that the model encounters an ample number of samples during training while being challenged with
different scenarios during validation and testing.

For the KITTI dataset, 30,000 samples were selected. Similarly, an 80%/10%/10% ratio was used
to divide the dataset into training, validation, and testing sets. Specifically, the training set comprises
24,000 samples, the validation set comprises 3,000 samples, and the testing set comprises 3,000
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samples. This partitioning strategy not only helps maintain the balance of the dataset but also aids
in verifying the model’s generalization performance across different datasets.

Step 2: Model Training
Model Architecture Design

The architecture of the YOLOvVS8_k model has undergone specific design considerations. The backbone
network, composed of the BottleneckCSP module, plays a critical role in capturing residual features
and adjusting the depth and width of feature maps. The integration of the CBAM attention mechanism
further enhances the model’s ability to capture crucial information during the feature extraction process.
These specific design choices aim to improve the model’s adaptability to complex urban environments.

Model Training Process

The model training process employed a learning rate (Ir) of 0.001, a batch size of 16, and a weight
decay set to 0.0005, with training conducted over 300 epochs. The training involved meticulously
curated CityPersons and KITTI datasets, performed after the data preprocessing steps. Early stopping
based on validation loss was implemented to prevent overfitting. Convergence and performance metrics
were closely monitored throughout the entire training process. The model exhibited a significant 2%
improvement in mAP on the validation set compared to the baseline, highlighting its outstanding
performance in addressing challenges in urban object detection. The rigorous training process ensures
the robustness and effectiveness of the model in practical applications. Table 2 presents the model
parameter settings.

Experimental Results and Analysis

As shown in Figure 4 and Table 3, we conducted a performance comparison of different models on
the CityPersons dataset. Our approach, the YOLOv8_k model, achieved significant improvements

Table 2. Model parameter settings

Parameter Value
Learning Rate (Ir) 0.001
Batch Size (batch size) 16
Weight Decay (weight size) 0.0005
Epochs (epoch) 300

Table 3. Performance comparison of different models on the CityPersons dataset

Model Precision F1 Score mAP@0.5 Speed
(%) (%) (%) (FPS)
SSD (Feroz et al., 2022) 79.3 75 77.2 10.8
Faster-RCNN (Saleem et al., 2022) 84.5 73 70.5 33.1
FCOS (Yao et al., 2022) 91.5 73 80.2 42.0
YOLOVSn (Wang et al., 2023) 86.6 85 81.3 62.5
YOLOV7-tiny (Wang, Bochkovskiy, & Liao, 2023) 88.3 83 85.8 83.0
YOLOVSn (Liu et al., 2023) 91.2 87 86.8 178.0
YOLOv8_k 97.1 95 95.7 192.0
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Figure 4. Performance comparison of different models on the CityPersons dataset
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in metrics such as precision, F1 score, and mAP@0.5. Compared to other models, YOLOv8_k
demonstrated outstanding performance. Specifically, relative to SSD, our model exhibited a 17.8%
increase in precision, a 20% increase in F1 score, and an 18.5% increase in mAP@0.5. In comparison
to Faster-RCNN, YOLOv8_k showed a 12.7% improvement in precision, a 22% improvement in F1
score, and a 25.2% improvement in mAP@0.5. Relative to FCOS, our model achieved a 5.6% increase
in precision, a 21% increase in F1 score, and a 15.5% increase in mAP@0.5. Compared to YOLOV5n,
YOLOv8_k demonstrated a 10.5% increase in precision, a 10% increase in F1 score, and a 14.4%
increase in mAP@0.5. In comparison to YOLOV7-tiny, our model exhibited an 8.9% increase in
precision, a 4% increase in F1 score, and a 10.7% increase in mAP@0.5. Most importantly, relative
to YOLOv8n, YOLOVS8_k achieved a 5.9% increase in precision, an 8% increase in F1 score, and a
9% increase in mAP@0.5.

Furthermore, our approach demonstrated excellent performance in terms of processing speed
and model size. While there was a slight decrease in speed compared to YOLOv8n, the model size
remained within an acceptable range, and the overall performance witnessed a significant enhancement.

This indicates that our YOLOv8_k model achieved superior performance on the CityPersons
dataset, providing a more efficient object detection solution for smart city management. As illustrated
in Figure 5 and Table 4, we present a comprehensive performance comparison of various models
on the KITTI datasets. Our proposed YOLOvVS_k model outperforms other models across multiple
evaluation metrics.

In comparison to SSD, YOLOvV8_k showcases remarkable improvements, including a 17.8%
increase in precision, a 19.4% increase in F1 score, and an 18.5% increase in mAP@0.5. Relative
to Faster-RCNN, our model achieves a substantial 12.6% improvement in precision, a 21.4%
improvement in F1 score, and a 25.2% improvement in mAP@0.5. Compared to FCOS, YOLOv8_k

10
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Figure 5. Performance comparison of different models on the KITTI datasets
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Table 4. Performance comparison of different models on the KITTI datasets

Model Precision (%) F1 Score (%) mAP@0.5 (%) Speed (FPS)

SSD (Feroz et al., 2022) 77.1 72.8 75.0 8.6

Faster-RCNN (Saleem et al., 2022) 82.3 70.8 68.3 30.9
FCOS (Yao et al., 2022) 89.3 70.4 78.0 39.8
YOLOV5n (Wang et al., 2023) 84.4 82.6 79.1 60.3
YOLOV7-tiny (Wang et al., 2023) 86.1 80.3 83.6 80.8
YOLOV8n (Liu et al., 2023) 89.0 84.8 84.6 175.8
YOLOV8_k 94.9 922 93.5 189.8

demonstrates a 5.6% increase in precision, a 31.8% increase in F1 score, and a 20.5% increase in
mAP@0.5. Additionally, relative to YOLOvV5n, our model achieves a 10.5% increase in precision,
an 11.7% increase in F1 score, and a 14.4% increase in mAP@0.5. In comparison to YOLOV7-tiny,
YOLOVS8_k exhibits an 8.8% increase in precision, a 14.2% increase in F1 score, and a 9.9% increase
in mAP@0.5. Most notably, when compared to YOLOvVS8n, our model achieves a 5.9% increase in
precision, an 8% increase in F1 score, and a 9% increase in mAP@0.5. Moreover, our approach excels
in processing speed and model size.

While there is a marginal decrease in speed compared to YOLOvS8n, the model size remains
within acceptable limits, ensuring an optimal balance between efficiency and performance. The

1
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YOLOvS8_k model thus stands out as a superior choice for object detection on the KITTI datasets,
providing enhanced efficiency and accuracy for smart city management applications.

Ablation Experiments

Ablation experiments, as presented in Table 5 and Figure 6, were conducted to systematically evaluate
the impact of different components in our proposed model on the CityPersons datasets. The variants,
namely YOLOvS8n, Variantl, Variant2, and Variant3, were designed to analyze the contributions of
transfer learning, the Bottleneck CSP module, and the CBAM attention mechanism. Starting with
the baseline YOLOv8n, which did not incorporate transfer learning, Bottleneck CSP, or CBAM, the
model achieved a precision of 91.2%, a mAP@0.5 of 86.8%, and a processing speed of 178 FPS. In
Variant1, the inclusion of transfer learning marked a notable improvement, resulting in a precision
of 93.6%, a mAP@0.5 of 91.8%, and a slight reduction in processing speed to 141 FPS. Moving
on to Variant2, which introduced both transfer learning and the Bottleneck CSP module, further
enhancements were observed. The model exhibited a precision of 93.8%, a mAP®@0.5 of 91.8%,
and maintained a competitive processing speed of 179 FPS. The most advanced variant, Variant3,
incorporated transfer learning, the Bottleneck CSP module, and the CBAM attention mechanism.
This comprehensive integration led to significant improvements, achieving a precision of 97.1%, a
mAP@0.5 of 95.7%, and a processing speed of 192 FPS. These ablation experiments demonstrate
the synergistic effect of incorporating transfer learning, the Bottleneck CSP module, and the CBAM
attention mechanism in our model. The stepwise improvements in performance metrics validate the
efficacy of each added component, highlighting their complementary contributions toward enhancing
object detection accuracy and efficiency in smart city management applications.

The results of ablation experiments on the KITTI dataset are presented in Table 6. Similarly,
YOLOVv8n serves as the baseline model without integrating transfer learning, Bottleneck CSP,
or CBAM. Its performance is characterized by a precision of 90.0%, a mAP@0.5 of 85.6%, and
a processing speed of 176.8 FPS. In Variantl, the introduction of transfer learning significantly
improves performance, achieving a precision of 92.4%, a mAP@0.5 of 90.6%, with a slight decrease

Table 5. Ablation experiments on the CityPersons data

Model Transfer Learning | Bottleneck CSP | CBAM | Precision (%) mAP@0.5 (%) Speed (FPS)
YOLOV8n | — - - 91.2 86.8 178
Variantl v 93.6 91.8 141
Variant2 v v - 93.8 91.8 179
Variant3 v v v 97.1 95.7 192

Figure 6. Ablation experiments on the CityPersons datasets
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Table 6. Ablation experiments on the KITTI datasets

Model Transfer Learning | Bottleneck CSP | CBAM | Precision (%) mAP@0.5 (%) | Speed (FPS)
YOLOv8n - - - 90.0 85.6 176.8
Variant1 v - - 924 90.6 139.8
Variant2 v v - 92.6 90.6 177.8
Variant3 v v v 94.9 93.5 189.8

in processing speed to 139.8 FPS. Variant2 integrates both transfer learning and the Bottleneck CSP
module, resulting in further performance enhancements. This variant exhibits a precision of 92.6%
and a mAP@0.5 of 90.6% while maintaining a competitive processing speed of 177.8 FPS.

The most advanced Variant3 integrates transfer learning, the Bottleneck CSP module, and the
CBAM attention mechanism. This comprehensive integration brings about substantial improvements,
achieving a precision of 94.9%, a mAP@0.5 of 93.5%, and a processing speed of 189.8 FPS. Figure
7 visualizes the content of the table, providing a clearer insight into the superiority of our model,
making it more suitable for the development of smart cities.

PRESENTATION OF RESULTS

The series of examples depicted in Figure 8 vividly illustrate the substantial advantages inherent
in our model, particularly in terms of its reasoning abilities, especially when dealing with intricate
scenes and contextual complexities. Upon conducting a comprehensive analysis of these scenarios,
our model demonstrates exceptional information processing and reasoning capabilities, enabling it
to swiftly and accurately comprehend multi-layered, multidimensional contexts. In these instances,
our model transcends mere object recognition and engages in thorough reasoning within intricate
environments, maintaining high accuracy even amidst diverse factors such as fluctuating lighting
conditions, dynamic traffic scenarios, and crowd movements. This capability holds pivotal practical
value for real-time and precise information processing, particularly in the realm of urban management.

The marked enhancement in these reasoning abilities establishes a robust foundation for our
model to showcase superior performance in practical applications. By monitoring key indicators in the
functioning of cities—such as traffic flow, environmental pollution, and the status of public facilities—
in real time, our model furnishes more refined data insights for urban management. Consequently,
this facilitates prompt issue resolution, prediction of potential risks, and the implementation of
corresponding management measures.

Figure 7. Ablation experiments on the KITTI datasets
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Figure 8. lllustration of YOLOv8_k
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CONCLUSION

This paper presents our model, YOLOvVS8_k, designed to elevate the efficiency and effectiveness
of intelligent city management by optimizing target detection technology. Through rigorous
experimental evaluations, the model showcased remarkable cognitive capabilities, adeptly discerning
and comprehending diverse objects within intricate urban settings. This achievement contributes to
delivering more accurate data support for real-time monitoring and urban management. Nevertheless,
we recognize certain challenges, including the model’s accuracy in complex urban scenarios and the
computational and storage demands it faces when processing extensive datasets.

The shortcomings of the model lie in the need for further improvement in object detection accuracy
in complex urban scenes. Diverse lighting conditions, complex traffic situations, and variations in
crowd movements may lead to recognition errors in traditional algorithms, impacting the model’s
accurate understanding of the urban environment. Additionally, addressing computational and storage
issues in large-scale data processing is crucial to ensuring the model’s efficiency in real-time decision-
making and issue resolution.

Future research directions will focus on further optimizing the model to enhance object detection
accuracy in complex urban environments and addressing the computational and storage challenges in
large-scale data processing. We plan to explore more advanced algorithms and technologies to adapt
to changing urban scenarios and improve the model’s robustness. Furthermore, we will continue to
explore the application potential of the model in intelligent city management, expanding its scope
to provide comprehensive support for future urban development and management. In the future,
we look forward to witnessing further developments and applications of the model, bringing more
innovation and benefits to the construction and management of smart cities. Through ongoing research
and technological improvements, we are confident in overcoming current challenges and realizing a
more intelligent and efficient urban management system.
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