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INTRODUCTION 
he new wireless communication technology 5G is 

distinguished by new services and improvements that 

provide additional features to enable smart city 

development. As a result, the 5G mobile communications 

network appears to add new and unrivalled qualities above and 

beyond the capabilities of decades past (Salam Traboulsi 2022). 

The development of 1G in the 1980s led to the transformation 

of communication from wired to wireless, ushering in the dawn 

of mobile communication and allowing people from all over the 

world to connect. 2G appeared as the second era of mobile 

technology in the 1990s. 2G used digital communication, 

whereas 1G used analogue. The size of the device was also 

scaled back with 2G. It allowed for voice calls as well as short 

message service (SMS). Then, with the new millennium, came 

the 3G. People began to use email more frequently. It 

supported faster data rates, internet service, SMS, and video  
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ABSTRACT 
Object detection 

process in smart 

cities is a trending 

research domain 

especially using 5G 

mobile network. 

This paper analyzed 

objects in smart 

environment using 

efficient software 

and dataset. The 

objects investigated 

in such scenarios are 

cars, bikers, buses, 

vans, lorries and 

traffic lights. The 

concept of deep 

learning is used in 

the analysis. Objects 

are being trained 

before detection 

process using 

algorithm. 

Performance 

evaluation is also 

conducted for some 

selected parameters 
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chats. In 2010, the fourth generation 4G technology that relies on data-based networks 

was introduced. For the first time, voice-over IP was launched. The internet speed was 

faster than the previous generation (Ansari & Nyamasvisva 2022). LTE (Long Term 

Evolution) was a massive success. Our way of life had changed completely. Smartphones 

exploded markets, and businesses began online. Figure 1 depicts the evolution of 5th 

generation network technology (5G) in 2020 as an enabling technology. This technology 

is expected to allow faster internet speeds than previous generations. 5G could provide 

speeds of up to 10 GB with a delay of 5ms or less. The features listed below are expected 

to usher in the 5th Generation revolution: 

i. Enhanced mobile broadband (eMBB) 

ii. Massive machine-type communication (mMTC) 

iii. Ultra-reliable low-latency communication (URLLC) 

 

5G can sustain autonomous vehicles in conjunction with satellite communications used by 

industries in distant locations. The following are the primary core technologies of 5G 

networks (Salam Traboulsi 2022): 

i. millimeter-wave communication (mm Wave), promising technology for 

achieving high data rate and low latency communication in 5G 

ii. massive MIMO (Multiple Input Multiple Output), promising to supply each 

basic station (BS) with thousands of antennas, which can provide a large 

array. 

 

Smart Cities and Role of 5G 

Smart cities play a dynamic role in improving the living conditions of their citizens by 

offering services in the sectors of health, transportation, energy and power, education 

and learning, public safety, and protection. Networking, big data, IoT, cyber-security 

architecture, cloud computing, and SDN are among the technologies involved. Figure 1 

depicts scenarios for smart city applications. 

and metric to determine precise detection techniques. The software used is the YOLOv5 

and Mean Average Precision (mAP) is analysed to determine speed and accuracy of 

detection within the 5G network range. Performance results presents the precision of 

YOLOv5 during object detection. 
 
Keywords: Object, Detection, Smart Cities,5G, and Dataset 
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Figure 1. Smart City Application 

 

A communication infrastructure connects the data acquisition and storage Centre to 

various 5G applications. The figure's lower half depicts various pillars of a smart city 

(Ansari&Nyamasvisva2022). Figure 1 is divided into two parts. The upper section depicts 

various smart city scenarios. Data obtained in each scenario is transmitted to a data 

acquisition and storage centre for processing and evaluation. The big data gathered by 

the sensors is analyzed using Cloud computing's artificial intelligence services. The 

analysis aids in decision-making for the benefit of smart city residents. A smart city is built 

on the pillars illustrated in Figure 1 as a smart city's strength. These advantages are 

extremely beneficial in the development of smart cities. 

 

LITERATURE REVIEW 
5G radio organizations had been carried out universally by 2023, with standouts like mass 

affiliation, astounding steadfastness, and consistent low inertness indicated. 5G, on the 

other hand, will fall short of meeting all future needs after 2030. It focuses on 

demonstration and proficiency to enhance client experiences. 5G information transfer 

speed is roughly a couple of times faster than 4G, which is limited to 35.46 Gbps. MIMO 

and mm-Wave Communication are advancements that operate in the background.  

 
5G Network Architecture 

There are a few roadblocks in the way of 5G organizers. One of the most fundamental 

difficulties is the genuine scarcity of radio recurrence spectra owed for cell 

correspondences. Figure 1 depicts the basic architecture of enabling 5G networks in smart 

cities (Pradhan, Tun, & Dash 2022). 
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Figure 2. Basic Architecture of 5G Network (Pradhan, Tun, & Dash 2022) 

 

5G refers to a new communication framework that incorporates a general New Radio (5G 

NR) system and an entirely different centre organization that intends to even further 

establish remote associations all over the world. It also incorporates the concept of 

numerous network advancements, for example, satellites, fixed lines, Wi-Fi and cell 

phones (as normalized by 3GPP). With IoT-enabled devices, 5G connects more devices at 

higher rates, making things like slack almost nonexistent. As a result, regardless of the 

application, gadget, or administration, you contact, 5G provides an excellent client 

experience. IoT advancements are defined as low-cost, low-power utilization 

arrangements (Pradhan, Tun, & Dash 2022). 

 

5G and Smart city 

IoT can be used in regulator devices around here to seamlessly turn machines on and off, 

preventing setbacks and saving energy. Other clever home gadgets combine ice chests 

with LCD (Liquid Crystal Display) screens, allowing one to learn about what is available 

inside. This information can also be linked to a mobile application, allowing you to access 

it when you're not at home and then buy what you need. Furthermore, garment washers 

can be used to screen clothing in an effective manner. A couple of grills with self-cleaning 

components can also be easily checked. In the home, IoT can be used through ready 
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structures, and cameras can be used to recognize screens and differentiate window or 

doorway openings, thereby preventing intruders. (Pradhan, Tun, & Dash 2022). 

 
Figure 3 Smart City Wheel Conceptual Framework (Ogbodo, Abu-Mahfouz, and Kurien 

2022) 

 

There are three key features involved in 5G networks. These are: 

i. Enhanced Mobile Broadband 

ii. Ultra-reliable Low Latency Communication services and  

iii. Massive Machine-Type Communications. 

 

5G is a network technology that is primarily based on communication. Furthermore, 5G 

can be proactively programmed to make sure that the appropriate layer of control is 

utilized for a specific system. Many different corporations will be able to use 5G 

technology due to its high-speed data transfer. 

 

METHODOLOGY 

This paper conducts an analytical assessment of 5G technology for smart homes 

 

Creating a smart nation using 5G technology 

For an efficient tech-enabled solutions with information communication technologies, 

network, and big data, a smart living can be created using high speed 5G network. The 

Smart Nation generates greater productivity for country’s productivity. It creates new 

opportunities within both the digital economy and for collaboration with other countries 

and create an interface to work towards a global solution. By Considering the growing 

trends of global tech disruption, the stage involve in digital nation-building to an effective 
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smart nation is key to preserving countries’ significance. The technology sector of a 

country is required to prepare an optimum approach to support an entirely digitized 

economy. However, the 4G LTE network is insufficient enough based on its characteristics 

to support the transmission of crucial information from current sensors within market 

scope. Hence the 5G technology makes a vital contribution towards that purpose. When 

fully implemented in a digital economy, the 5G enables networks to support up to 

1000,000 devices per square kilometer, including embedded traffic sensors. In general, 

the potency of 5G facilitates more rapid speeds, greater bandwidth capacity, and reduced 

latency, which is essential for growing technologies such as artificial intelligence etc. 

 

Objects in Smart Cities 

Smart cities are the future vision of an improved quality of smart management, housing, 

mobility, lifestyle, and a smart economy. In terms of mobility, the evolution of 

autonomous driving promoting a safer, sustainable, and live urban feature. With the 

feature of object detection, it helps to realize the advancement of mobility in a smart city 

by assisting computer vision in understanding and analyzing the scenes. 

To detect objects for scene the object classes will be pre-defined prior to the training of 

the object detection model. Once the model is has learned from the classes, it will enable 

the machine to recognize objects by itself in the real world. Among the classes available 

in this model are:  

i. Cars 

ii. Motorcycles 

iii. Buses 

iv. Traffic lights 

In this paper, a free google research software Colab is used. The codes are written and 

executed using Python (as in Figure ) below. 

 
Figure 1 Web based python simulation 
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The software enables library pre-installation of PyTorch. This library tool assist import and 

export of designed algorithms. The software enables cloud storage for ease of access 

provided there is good internet connectivity. 

 

Training Process for Object Detection using Yolov5  

This paper conduct training assessment of objects in the environment for detection 

using YOLOv5 software. During the training phase, input video from an open-source 

dataset, Udacity Self Driving Dataset was converted into frames. The pre-processing of 

the dataset was proceeded with the annotation process of the images. Once the dataset 

has been annotated, the training continues with the feature extraction. The training 

process used in this paper is presented (as in figure ) below. 

 
Figure Training Phase 

 

For the dataset, an accessible free dataset is can be downloaded on the internet to 

generate the Roboflow site. The original dataset released from Udacity missing labels 

for thousands of pedestrians, bikers, cars, and traffic lights which affect the 

performance of the model. However, the Roboflow version that is being used had been 

upgraded and improved to convert into a better dataset. A dataset for Udacity Self 

Driving Car is presented using Roboflow (as in Figure ) below. 

  
Figure Udacity Self Driving Car Dataset  



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
NOV., 2022 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

 TIJSRAT 

SCIENCE RESEARCH AND TECHNOLOGY VOL. 11 

186 ISSN: 2623-7861 

RESULTS 

This section presents the result of performance evaluation for some selected 

parameters and metrics. 

 

Performance Evaluation Metrics 

An approach of classification and localization is necessary for object detection. 

Classification involves ensuring that an object is present in the image and its class. 

Whereas localization involves predicting coordinates of bounding box near an object in 

the image. For performance evaluation, the selected parameter to compute involves the 

Precision and Recall computation using True-Positive (TP), False-Positive (FP) and False-

Negative (FN). Precision (Pr) identifies only the objects. It calculates percentage of 

correct positive predictions. Recall (Rc) identifies all relevant cases. This paper computes 

the Precision and Recall values using equation as follows.   

Precision = ______ True Positive ______ 

Time Positive + False Positive 

 

Recall =  ____ True Positive_ ________ 

Time Positive + False Positive 

 

Model Training  

For training, the use of YOLOv5 is used for environmental object detection using 5G 

network. Some objects in the environment are movable and the best network to use is 5G 

especially for cars and motorcycles. Therefore, Udacity Self Driving Dataset is fully 

exploited and hence modified by Roboflow. The process of simulation is run for each 

epoch with a total value of 200 epochs.  

  
Figure 4.1 simulation of epochs time 
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In simulation, Epochs indicate number of passes for the overall dataset training at a time 

interval. For the initial simulation, 20 epochs were set to run. The simulation gradually 

increased over 200 epochs to ensure precision. 

Model Evaluation 

In this paper, the metric to evaluate is Mean Average Precision (mAP). This involves graph 

presentation to determine the precision of our simulation. The computation for average 

precision value ranges between a value over 0 to 1. This is presented (as in figure ) below. 

  
Figure 4.4: mAP for IoU of 0.5 for 20 epochs  

Based on the graph for 20epochs, Intersection over Union (IoU) threshold of 0.5 

deriven from the simulation starts at 25.08%. therefore, mAP valued at 60.36% 

presents efficient network for the smart devices running on 5G mobile network 

 

  
Figure 4.5: mAP for IoU of 0.5 for 200 epochs  
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Based on the graph for 20epochs, Intersection over Union (IoU) threshold of 0.5 to 0.98 

deriven from the simulation starts at 12.5%. Therefore, mAP valued at 35.70% presents 

efficient network for the smart devices running on 5G mobile network 

 

CONCLUSION  

This paper simulates a smart city using 5G mobile network. The simulation processes use 

YOLO version 5 software. An assessment of dataset is conducted using Udacity free 

google research software. Based on our results, the YOLO simulator achieves better 

precision for the transmitted frames for a specified period of time. During object 

detection, training of objects in the smart environment is conducted. For future research, 

some limitations can be addressed based on the epoch time set and dataset simulation 

using efficient algorithm for enhanced precision. 
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