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Abstract: This study paper examines the idea of Industry 5.0 and its potential to improve human life. Focusing on a 

comprehensive and human-centered approach to industrial development, the article examines the change from Industry 4.0 to 

Industry 5.0. Industry 5.0 recognizes the unique potential of people and aspires to build inclusive workplaces that support 

personal development. In order to enable a symbiotic interaction between humans and robots, the study paper emphasizes the 

integration of cutting-edge technologies, including collaborative robotics, augmented reality, and virtual reality. Productivity, 

efficiency, and job satisfaction all rise due to this collaboration. Industry 5.0 also focuses on environmental awareness and 

sustainability, connecting industrial advancement with international initiatives to combat climate change. The study discusses 

issues with Industry 5.0 regarding labour reskilling, data privacy, and ethical implications. It highlights the significance of 

coordinated efforts from industries, society, and governments to overcome these obstacles and fully enjoy the advantages of 

Industry 5.0.our study shows that the change known as Industry 5.0 has enormous potential to advance humankind, foster 

creativity, and build a more equitable and affluent society. By accepting this change, we can use technology to advance 

sustainable development and enhance human well-being. 
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1. Introduction 

 

The 5th Industrial Revolution is a rapid technological change that transformed our lives before directly jumping into Industry 

5.0; knowing about the other four industrial revolutions is important. Industry 1.0 mainly focuses on the mechanization of 

productivity with the help of steam power. This Industry 1.0 took place in the late 18th and early 19th century. Then during the 

late 19th century and early 20th century, Industry 2.0 started. Industry 2.0 mainly focuses on mass production and 

electrification. Electricity played a major role during the 2nd industrial revolution. The 3rd Industrial Revolution took place 

during the period of late 20th century. Industry 3.0 introduced computerization and automation.  

 
*Corresponding author.  
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Electronics and Information technology ruled the period of Industry 3.0. In the early 21st 4th industrial revolution started to 

take charge. Industry 4.0 included the fusion of physical and digital data. It has many interesting technologies where the data 

can be stored lively, and the users can even manipulate it, which was impossible in the 3rd industrial revolution. In Industry 

3.0, the websites were static; as a result, users could only see the pre-stored data. But industry 4.0 provided the privilege to the 

user where users can edit and manipulate information on the live site. The main technologies that ruled Industry 4.0 are Web 

development, the Internet of Things, Blockchain, and Cyber security. So, these are the previous industrial revolution that took 

place. The 5th industrial revolution is the current wave of technological advancement, including various technology like 

advanced data analytics, blockchain, and more technologies for the betterment of healthcare, education, and the economy.  

 

Industry 5.0 is an industrial revolution that mainly aims at human collaboration with efficient, intelligent, and accurate 

machines. Industry 4.0 mainly focuses on making the world smart using advanced technologies like Artificial Intelligence, 

Machine Learning, Blockchain, the Internet of Things, and many more [2]. The main difference compared to Industry 4.0 is, 

industry 5.0 is more of a human-centric strategy, and it gathers three main concepts of humans, environment, and resilience 

[1]. The 5th Industrial Revolution brought many benefits, like increased productivity, where the manufacturers used technology 

to make man's work accessible and increase the manufacturing rate. Also, the quality of the manufactured products quality is 

improved because the chances of a machine making a mistake are very less compared to a human, so human error can be 

avoided, and defective manufacturing can be stopped; it also makes the process more flexible, it helps the manufactures to meet 

the customer demands [11].  

 

The supply chain of Industry 4.0 is completely technology-centric, whereas the supply chain of Industry 5.0 is a perfect balance 

between technology and humans [3]. Industry 5.0 uses an advanced version of the technologies used by Industry 4.0 for better 

performance and optimized work [4]. Many industries were affected by the changes that took place during each industrial 

revolution; for example, in the manufacturing industry, during the first industrial revolution, they used stream power for 

operating the machines, and later 2nd industrial revolution started when electricity was the main focus, that made manufacturing 

process easier then industry 3.0 outsourcing and get clients were made accessible because of computers and internet, later 

during industry 4.0 begin with advance technology like artificial intelligence where the machine started to think like a human 

and started to do the work on their own, which bought in fear of job security among the people, but the main focus of industry 

5.0 is to bring a good collaboration among the machines and humans, and make the manufacturing more easy and effective 

[16]. 

 

The main goal of this paper is to bring awareness to the industrial change that we are undergoing and to know the problems 

with the previous industrial revolution, and the paper also focuses on explaining the need for the 5th Industrial Revolution and 

how it improves human life and society. 

 

2. What is wrong with Industry 4.0? 

 

In the introduction, we saw a brief small part of information about the 4th Industrial Revolution. Many useful things and 

applications we use today were built and improvised by using Industry 4.0 technology, then what is the need to shift from 

Industry 4.0 to Industry 5.0? The main motive of Industry 4.0 was to improve the machines and technology which can be used 

to increase the capital of a particular firm. So, gaining wealth and comfort was the ultimate aim of Industry 4.0, which has led 

to many problems, and even with these technologies, some problems are never addressed. Even though Industry 4.0 have 

brought many advantages, they have many problems serious problems. 

 

A high amount of money is needed to access these latest technologies. People who live luxurious lives have no difficulties 

accessing these technologies. But think about people below or near the poverty line who can't even try to access these 

technologies. So, this brings inequality among the people. Still, some people can't even access basic smartphones. Also, rapid 

advancement in artificial intelligence and automation threatens the job sector, leading to unemployment and underemployment 

for the industry workers that are being replaced by machines. This can greatly impact low-skilled workers and create an income 

gap between the technologically skilled and technologically challenged people. So, technology brings in social inequality.  

 

The technology used in the 4th Industrial Revolution was so advanced a normal person couldn’t use this technology to build 

his products; this caused the need for highly skilled labour who could access these technologies and build some products. The 

best example is that most of us know the benefits of using blockchain technology. But only a few can build products using this 

technology, so those who are technically challenged will have to face the struggle. 

 

Another common problem caused by Industry 4.0 is the improper usage of natural resources. The number of resources 

consumed daily is too high, and they are over-exploited [8]. Figure 1 shows how the resources are poorly maintained each year; 

as the year increases, the maintenance of resources is becoming poor.  
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Figure 1: Resource Maintenance 

 

The key to the 4th industrial revolution was data. The most talked about subject in Industry 4.0 is data. The companies were in 

a race to buy and collect data. The data can be of any type, like purchase receipts, feedback forms, images, videos, etc. The 

company that has huge data was valued more. Data is raw information; companies use it to bring out useful insights which can 

develop their business and increase the reach of the product. Data analytics and data science techniques are used to produce 

useful insights and predict the upcoming future trend. But the main problem that arises is data privacy. Individuals’ privacy  

must be respected. Some companies collect users’ data without users' concerns and use them. When users use mobile phones 

or smartwatches, companies collect and use a vast amount of personal information about them. This information can be used 

for various purposes, including targeted advertising, product development, and customer service. It sounds like benefiting users, 

but the company does this to increase its market and profit.  

 

The recorded data can be basic information like the last conversion through a phone call, heartbeat rate, calorie intake, places 

visited, food consumed, and the amount spent, so like this, every inch of information is recorded and used. Artificial intelligence 

and Machine learning are the main technology used for analyzing the quality, and the Internet of Things is also used to collect 

and connect the user's sensor information. Combining these technologies can produce magical values; the user's privacy is 

destroyed because every individual is tracked and analyzed every time [12]. In Industry 4.0, everything was web-hosted, so 

everyone was connected online through the internet. This made people’s life easier and more comfortable. But also caused 

some serious cyber problems. As all information about an individual is stored in the servers, skilled cyber criminals can hack 

and get into servers and take control of the entire data. After taking power, the criminals can manipulate sensitive data or even 

delete the entire database. So, the rate of cyber-crimes increased during Industry 4.0. Figure 2 shows various kinds of attacks 

that take place. The most common attack is phishing, where fake emails are sent to individuals, and the data of that particular 

individual is stolen. 

 

 
 

Figure 2:  Cyber Attacks [17] 
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The next challenge faced during the 4th Industrial Revolution was Integration challenges, where integrating various 

technologies was difficult. Integrating many technologies is possible, but the cost required to implement this would be very 

high, and the maintenance will also be difficult [18]. The most important and troublesome problems caused during Industry 4.0 

are improper use of resources, waste generation, and poor waste management methods. So, the environment is greatly disturbed.  

Industry 4.0 focuses only on company and capital development, not on human development or bringing value to society.  

 

3. Industry 5.0 and its Technology 

 

Industry 5.0 is more of a human-centric strategy, and it gathers three main concepts of human, environment, and resilience. 

And also, industry 5.0 focuses on improving the environment, resources, and society [19]. The 5th Industrial Revolution was 

the first industrial revolution led by humans, and one of the main aims of the 5th industrial revolution was to follow the 6Rs 

(Reduce, Reuse, Recycle, Recognize, Reconsider, Realize). It is a systematic waste prevention method where efficient 

production of customer-required products can be built without wasting resources or dumping waste produced during product 

manufacturing [10]. 

 

Many technologies contribute to this 5th industrial revolution. Technologies like Cobots, which generally means collaborative 

robots [20]. These are the robots that are specially made to work alongside humans safely. They are built with quality sensors 

that allow them to detect human presence, and they can automatically adjust their movements. So, this Cobots brings in the 

collaborative work between humans and machines. This can be generally used in the manufacturing industry for work like 

welding and assembling [21]. This increases productivity, where machines care for repetitive work, and humans can focus on 

creative work [22].  

 

These cobots are highly flexible, and the worker can reprogram them according to the task it has to handle [23]. They also 

increase safety as these machines can lift heavy weights and be placed in the required position without human effort. The next 

technology under Industry 5.0 is Augmented Reality (AR). Augmented reality is a technology where computer-generated 

images are superimposed on the user's view of the real world [24]. This is used to provide real-time information and instruction 

to the users, such as safety warnings and product specifications, so this can help improve productivity and safety. Augmented 

Reality can be used to create a training environment for the users, which can help improve skill and knowledge [25]. It is also 

easy to collaborate with humans. 

 

Data plays a crucial role in Industry 5.0, so the next technology is based on this, called big data analytics. Big data analytics is 

a complex process that involves uncovering hidden details like hidden patterns and market trends from huge sets of data. 

Industry 5.0 uses advanced analytics techniques with different datasets [26]. The data can be structured or semi-structured. It 

has a huge data set that has to be stored and processed [27]. It provides many advantages, like providing possible 

recommendations on predictive discovery. Most business firms use big data strategies. Businesses use various factors like 

location, population, and other features to retrieve required insights and do predictive analysis [28-32].  

 

The next interesting technology is Artificial Intelligence [33]. Artificial Intelligence is key for Industry 5.0, which enables next-

generation manufacturing through intelligent machines and systems [34]. AI has many valuable features, like personalized 

manufacture, where artificial intelligence is used to personalize the manufacturing process according to the individual 

customer’s requirement [35-38]. AI is also used for quality control; here, AI will check each product manufactured whether 

meet the standards or not and is also used to filter out defective products [39].  

 

AI can also predict when maintenance is needed. AI uses the data the sensors store to predict when proper care is needed for 

the system before the system fails to work [40]. AI also can be used to analyze historical data and identify patterns and can be 

used to optimize production. This increases efficiency and reduces waste production. Speaking about AI, next comes Cloud 

Computing. Cloud computing is a technology that provides elasticity, security, and scalability, which are needed for AI-enabled 

manufacturing applications [41]. Cloud act as a large repository where a large quantity of data and a variety of data can be 

stored. So, clouds provide various data that can be used for various purposes like training and improving AI algorithms. It also 

provides the scalability and elasticity needed to support fluctuating demand for AI-enabled applications. And most important, 

Cloud computing provides high security for the data stored in the cloud database [42-45].  

 

Blockchain technology is one of the most interesting technologies in Industry 5.0. Blockchain is decentralized and distributed 

technology that allows multiple parties to store transactions, record and verify data. As it is decentralized, the process will be 

held with complete transparency. As the name says, a blockchain is made of a chain of blocks where each block contains a list 

of data and transactions [9]. Cryptographic hashes are used to link those individual blocks together. Some of the important and 

useful features of blockchain are Decentralisation, where multiple participants, known as nodes, collectively maintain and 

validate the blockchain. It provides high security as it uses cryptographic algorithms for data transactions [46]. And another 
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important feature is its transparency, where anyone can see the transaction details; this helps in creating trust among each other 

[47]. 

 

Industry 5.0 uses an interesting technology called drones, also called Unmanned Aerial Vehicles (UAVs). It can be used for 

various purposes like delivery and logistics, enabling fast delivery and rescuing the cost of transportation. They can be used to 

transport small packages and medicines to a remote area, and this improves accessibility. Drones are also used for conducting 

industrial surveys and mapping large industrial sites such as oil fields, mines, and construction sites. They can capture a clear 

image, which is used for analyzing the progress and finding any mistakes [48-51]. Drones are equipped with RFID (Radio 

Frequency Identification), so they can autonomously navigate warehouses and storage facilities to perform inventory 

management tasks. Drones play an important role in safety and emergency, where they can be used to assess disaster-affected 

areas and conduct search and rescue operations. Many new technologies can also be introduced by combining these individual 

technologies [52]. 

 

4. How is Industry 5.0 different from Industry 4.0? 

 

The main aim of Industry 4.0 is technology and automation for manufacturing and production, whereas the main aims of 

Industry 5.0 are environmentally friendly manufacturing processes and the creation of sustainability. Industry 4.0 mainly uses 

data and uses them to analyze and optimize the process but Industry 5.0 gives importance to technological collaboration and 

human interactions. Industry 4.0 has small factories for self-optimization production processes, but on the other hand, industry 

5.0 has flexible production systems for better adaptation to customer requirements and market trends. 

 

Industry 5.0 plays a major role in emphasizing sustainability and social responsibility. Industry 5.0 focuses on reducing the 

environmental impact caused by the manufacturing process by implementing eco-friendly practices. These eco-friendly 

practices include energy-efficient technologies, waste reduction, and recycling.  

 

Industry 5.0 provides safe and ethical working conditions, improving people's well-being. Industry 5.0 provides decentralized 

production capabilities, which Industry 4.0 can’t provide. This decentralization introduces the concept of distributed 

manufacturing, where production facilities are located closer to the end users. Decentralization enables on-demand 

manufacturing, helps regional economic development, and reduces transportation costs. 

 

Industry 4.0 mainly focuses on technical skills and automation training, but Industry 5.0 focuses on human-machine 

collaboration. It plays a major role in emphasizing skill development and reskilling. Training programs and initiatives are 

designed to enhance problem-solving abilities, creativity, digital literacy, and adaptability to prepare the workforce for the 

changing industrial landscape. Industrial 5.0 emphasizes the ethical and responsible use of AI technologies. But industry focuses 

on limited ethical considerations. Ethical frameworks guide developing and deploying AI algorithms and systems to ensure 

that AI serves human interests and upholds social values. 

 

5. Impact of Industry 5.0 in Various Sectors 

 

5.1. Automotive Manufacturing 

 

Automotive manufacturing is one of the sectors that greatly benefited from implementing Industry 5.0. It combines advanced 

technologies with human skills. Industry 5.0 changes the way vehicles are designed, built, and customized. Industry 5.0 enables 

personalized customization of vehicles according to user preference. Cobots, also known as collaborative robots, work 

alongside humans to complete tasks that require precision and efficiency. These collaborative robots help in the areas like 

painting, assembling, quality control, and improving productivity. In some tasks, some tasks have to be done repeatedly, and 

cobots can be used for completing these repetitive tasks, while humans can work on some creative tasks rather than spending a 

lot of time on repeated tasks [5]. 

 

Industry 5.0 also provides advancements in digital technologies and simulation tools to the automotive manufacturing process. 

Augmented Reality (AR) and Virtual Reality (VR) are used for immersive designing, enabling engineers and designers to 

visualize and optimize vehicle components and assemblies. So each time, the entire product does not need to be dismantled for 

each trial of new designs. This allows rapid iterations and customization [6]. Industry 5.0 provides sustainability in automotive 

manufacturing. Waste reduction strategies, energy-efficient production processes, and recycling initiatives contribute to being 

more environmentally friendly. Integrating eco-friendly practices and sustainable materials helps reduce the carbon footprint 

of the automotive industry. 

 

 

 

47



Vol. 1, No.1, 2023 

5.2. Pharmaceutical Production 

 

Pharmaceutical production is the process of manufacturing medications or pharmaceutical products on a commercial scale. 

This process involves converting raw materials, such as excipients and active pharmaceutical ingredients, into finished dosage 

forms, including tablets, capsules, ointments, and creams. Industry 5.0 significantly helps in pharmaceutical production. 

Industry 5.0 has greatly changed how medicines are developed, manufactured, and personalized, combining human expertise 

with advanced technologies. 

 

In pharmaceutical production, collaboration between humans and machines allows efficient utilization of human skills in 

research, quality control, formulation, and regulatory compliance. Collaborative robots work alongside humans and perform 

tasks precisely and efficiently, improving productivity, enhancing safety, and reducing errors [15]. 

 

To optimize production, pharmaceutical production uses advanced technologies like artificial intelligence, machine learning, 

and data analysis. Different AI algorithms analyze vast amounts of data assisting in drug formulation, quality control, and 

dosage optimization. And ML algorithms are used to identify patterns and predict risks and ensure optimal utilization of 

resources, enhancing overall production efficiency by minimizing waste generation. Industry 5.0 also provides customization 

and personalization of pharmaceutical production. Using the technologies like 3D printing and precision manufacturing, 

medications can be made according to the individual patient's requirements, allowing personalized dosage forms, modified-

release formulations, or patient-specific treatment. Industry 5.0 ensures quality control measures and traceability throughout 

the pharmaceutical production process. IoT devices, advanced technologies, and real-time monitoring systems ensure 

continuous humidity, temperature, and pressure monitoring. So, this helps in the early detection of any potential risks. Industry 

5.0 helps in the quality production of pharmaceutical products. 

 

5.3. Healthcare and Medical Devices 

 

Industry 5.0 brings a significant change in the healthcare and medical device sector. It changes how healthcare is delivered and 

how medical devices are designed and manufactured. Industry 5.0 helps bring the collaboration between health experts and 

advanced technologies together. The collaboration helps efficiently utilize health experts in areas like diagnosis, patient care, 

and treatment planning. And advanced technologies such as Machine Learning (ML), Artificial Intelligence (AI), and Virtual 

Reality (VR) help in assisting healthcare experts by doing complex tasks such as analyzing medical imaging data. Using 

advanced technologies like computer-aided design (CAD) and 3D Printing, medical device manufacturing can be done with 

customization, improved precision, and functionality. 

  

Industry 5.0 provides personalized healthcare and precision medicine using the technologies like data analytics. By analyzing 

the patient's data, including all their medical history and lifestyle factors, healthcare experts can provide personalized 

medications. This method can improve treatment efficiency and reduce adverse effects. Industry 5.0 also provides a Remote 

patient monitoring system with the help of the latest technologies like IoT devices, wearable sensors, and telecommunication 

technology. This also supports many facilities like remote consultations, follow-up care, and diagnosis, reducing healthcare 

costs. Technologies like big data analysis, AI algorithms, and Machine learning techniques allow health experts can perform 

data-driven decision-making and healthcare analysis. These technologies also improve disease management and early detection 

of potential health risks, with the help of the latest technologies like AI-powered chatbots, patient portals, and mobile 

applications used to improve patients' self-care. Industry 5.0 enables the integration of electronic health records and healthcare 

systems, streamlining care coordination, reducing medical errors, and improving patient safety. 

 

5.4. Construction and Architecture 

 

Industry 5.0 has greatly impacted the construction and architecture sector, transforming how buildings are designed and 

constructed. The technologies like Computer Ided Design (CAD), Building Information Coding (BID), and Virtual Reality 

(VR) allows architect and designers for more accurate and detailed representation. Using these technologies, architects and 

designers can visualize and iterate more designs leading to improved decision-making, reduced errors in the design phase, and 

enhanced collaboration with stakeholders. Industry 5.0 also provides modular construction techniques and off-site 

prefabrication. Technologies like robotics, 3D Printing, and automated assembly help fabricate building components of the 

construction [13]. It also helps in faster construction timelines, enhances quality control, increases precision, and reduces 

material waste [14]. Introducing the Internet of Things (IoT) devices and sensors into this sector, smart buildings can be made. 

IoT provides the facilities to collect and analyze real-time data on energy consumption, occupancy patterns, and environmental 

conditions. This helps optimize building or construction operations, predictive maintenance, and improved occupant comfort 

and safety. Industry 5.0 also promotes sustainable construction practices. It uses advanced materials like eco-friendly and 

recycled materials.  
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These materials are utilized to reduce the impact of environmental damage. Renewable energy systems and energy-efficient 

technologies help to conserve energy and reduce carbon emissions in buildings. Robotics and automation play a vital role in 

construction and architecture. Robots and autonomous machines can perform various tasks like concrete pouring and 

bricklaying, increasing productivity, improving safety, and reducing labour-intensive work. Industry 5.0 enhances collaboration 

and communication among project stakeholders. Real-time collaboration tools and Augmented reality (AR) applications 

facilitate seamless information sharing and coordination among clients, contractors, engineers, and architects. This provides 

more efficient project delivery, reduced delays, and improved project outcomes. 

 

5.5. Fashion and Apparel Industry 

 

Industry 5.0 brings in great impact on the fashion and apparel industry too. Industry 5.0 greatly supports fashion designers with 

advanced design tools and software. Digital sketching can be done using Computer-Aided Design (CAD), virtual prototyping, 

and 3D Modeling, streamlining the design process and facilitating creativity. With the help of these facilities, designers can 

experiment various designs, styles, and patterns digitally. This helps in reducing material waste and accelerating the product 

development timeline. Industry 5.0 supports customization and personalized fashion experiences. The help of technologies like 

virtual fitting rooms and 3D body scanning facilitate customers to try on garments virtually and obtain personalized sizing 

recommendations. It provides customization support like fabric choices, colour variations, and personalized symbols or logos 

to enhance customer satisfaction and engagement. Industry 5.0 collaborates smart textiles and wearables technologies with 

fashion and apparel. Sensors are attached to the fabric that can sense heart rate and temperature enabling clothing to adapt 

wearer’s needs. Wearable devices like smartwatches and fitness trackers are seamlessly integrated into the garments to enhance 

functionality and connectivity. Industry 5.0 provides automation and digital manufacturing in the fashion industry.  

 

By using robotic sewing systems and Computer Numerical Counter (CNC) machines to automate the manufacturing process, 

production efficiency can be increased, and intensive labour work can be reduced. And also, technology like digital printing 

technology allows on-demand production, and it also reduces the waste generated during production and enables faster 

turnaround times. Industry 5.0 collaborates AR and VR technologies to enhance the retail experience. With the help of these 

technologies virtual showroom can be set up this provides an immersive shopping experience that bridges the gap between the 

physical and digital retail environments. Industry 5.0 promotes ethical and sustainable practices in the fashion and apparel 

industry [4]. Using advanced materials such as eco-friendly and recycled fibres reduce the environmental impact of cloth 

production. Blockchain technologies enable traceability and transparency in the supply chain, allowing customers to verify 

their garments' origins and ethical practices. 

 

5.6. Food and Beverage 

 

The food and beverage industry will grow with the advent of Industry 5.0. Industry 5.0 focuses on food safety and quality 

control measures. Food safety and quality are ensured by using advanced technologies like IoT devices and real-time monitoring 

systems. The temperature, storage conditions, and humidity of the food products are continuously monitored using the 

technologies. This ensures compliance with regulatory standards and early detection of potential risks. Precision agriculture 

techniques are integrated with Industry 5.0, which enhances farming practices. IoT devices, satellite imagery, and Remote 

sensing enable real-time monitoring of soil moisture levels, crop conditions, and pest infestations. This enables farmers to 

optimize resource utilization, reduce water and pesticide usage and improve crop yield. Automation and robots are also used 

in the food and beverage industry. Robots and machines handle tasks like packaging, quality control, and sorting. This helps in 

increasing production, improving efficiency, and reducing labour-intensive work. The existing food delivery services will be 

improved using big data analysis technologies and advanced machine learning algorithms. Using these technologies, 

personalized service can be provided. Industry 5.0 promotes alternative food production methods and sustainability. 

Technologies like hydroponics, cellular agriculture, and vertical farming provide efficient and eco-friendly alternatives to 

traditional farming methods. This can minimize land and water use, reduce the greenhouse effect and provide a sustainable 

solution to meet required global demand. 

 

5.7. Education 

 

Education is an essential pillar of society, and Industry 5.0 brings important changes to this field. Industry 5.0 provides a 

personalized learning experience tailored to individual students. This adaptive learning platform is established by Artificial 

intelligence, which analyzes every student according to the data it obtained, and according to the result of the analysis, it 

provides customized content. This approach promotes student engagement with the course and self-paced learning and allows 

students to learn concepts according to speed and style. AI plays a vital role in the education sector. AI systems analyze and 

adapt to student strengths and weaknesses and provide targeted feedback and recommendation [7]. Technologies AR/VR helps 

to create an immersive learning experience. 3D models and virtual simulations enable students to explore and understand 

complex concepts, perform experiments, and engage in realistic scenarios. Industry 5.0 integrates IoT devices with learning 
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devices into the educational ecosystem. Smart classrooms established with the help of IoT sensors enable real-time data 

collection on student activities, student environment, and resource management. These connected devices provided 

collaborative learning and access to online resources, expanding learning opportunities beyond the physical classroom. Industry 

5.0 uses big data analysis and learning algorithms to gain insights into student performance, engagement, and learning patterns. 

Data analysis algorithms analyze huge amounts of student data and try to identify trends and predict student outcomes. Table 

1 and Table 2 will summarize how different advanced technologies integrate and contribute to different sectors. 

 

Table 1: Technologies and different sectors 

 

Table 2: Technologies and different sectors 

Technology Construction and 

Architecture 

Fashion and Apparel Food and Beverage Education  

Artificial Intelligence 

(AI) 

Building design 

optimization, predictive 

maintenance 

Personalized fashion 

recommendations, 

inventory management 

Precision agriculture, 

personalized nutrition 

Adaptive learning, 

intelligent tutoring 

systems 

Internet of Things (IoT) 
Smart buildings, energy 

management systems 

Smart textiles, wearable 

technology 

Smart packaging, 

supply chain 

optimization 

Smart classrooms, 

connected learning 

devices 

Robotics 

Robotic construction, 

automated building 

systems 

Robotic garment 

production, quality 

control 

Automated food 

processing, packaging 

Robotic assistance, 

laboratory automation 

3D Printing 
Rapid prototyping, 

modular construction 

Customized fashion 

accessories, rapid 

prototyping 

Customized food 

products, personalized 

packaging 

3D Printing of 

educational models, 

prototypes 

Augmented Reality 

(AR) and Virtual 

Reality (VR) 

Virtual building tours, 

design visualization 

Virtual fitting rooms, 

digital fashion shows 

Virtual menu browsing, 

interactive dining 

experiences 

Virtual labs, virtual field 

trips 

Blockchain 

Transparent contracts, 

supply chain 

transparency 

Authenticity 

verification, supply 

chain transparency 

Supply chain 

transparency, 

traceability 

Credentials verification, 

secure records 

Technology Automotive Manufacturing 
Pharmaceutical 

Production 

Healthcare and Medical 

Devices 

Artificial Intelligence (AI) 
Autonomous vehicles, 

predictive maintenance 

Supply chain transparency, 

traceability 

Medical imaging, patient data 

analysis 

Internet of Things (IoT) 
Connected vehicles, predictive 

maintenance 

Smart packaging, supply 

chain optimization 

Remote patient monitoring, 

telehealth solutions 

Robotics 
Automated assembly lines, 

manufacturing automation 

Automated packaging, 

quality control 
Robotic surgery, prosthetics 

3D Printing 
Prototyping, customized 

components 

Personalized medication 

dosage, drug delivery 

systems 

Medical device prototyping, 

customized implants 

Augmented Reality (AR)  

and Virtual Reality (VR) 

Virtual showrooms, immersive 

experiences 
Virtual training, simulations 

Surgical planning, 

rehabilitation 

Blockchain 
Supply chain transparency, 

traceability 

Drug traceability, clinical 

trial data management 

Secure medical records, patient 

consent management 
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6. Challenges in implementing Industry 5.0 

 

The complexity of Technology: Industry 5.0 calls for integrating several cutting-edge technologies, including AI, IoT, robotics, 

and big data analytics. Implementing and administering these complex technologies might present difficulties in terms of 

infrastructure needs, technical expertise, and system compatibility. 

 

Organizations must address data security and privacy concerns in light of Industry 5.0's enhanced connectivity and data sharing. 

It can be difficult to safeguard sensitive data from online attacks, ensure data integrity, and adhere to applicable standards. 

 

Industry 5.0 technologies require a large investment in hardware, software, infrastructure, and training. Organizations must 

carefully plan and distribute resources to guarantee a successful implementation without jeopardizing their financial stability. 

 

A highly skilled workforce that can use and manage cutting-edge technologies is required for Industry 5.0. A skills gap, 

however, can exist, necessitating organizations to spend money on training programs to upskill current personnel or find new 

talent with the necessary experience. 

 

It can be difficult to integrate the new Industry 5.0 technologies with the systems and processes that many organizations already 

have in place. There may be integration issues and potential operational disruptions due to incompatible legacy systems or 

requiring significant modifications. 

 

New legal and regulatory challenges are brought about by Industry 5.0, particularly in fields like healthcare and data privacy. 

Compliance and careful attention are necessary to follow legal complexities, adhere to regulatory requirements, and ensure the 

ethical use of technologies. 

 

Significant adjustments to organizational culture, job roles, and workflow are frequently required to implement Industry 5.0. 

Implementing new ideas successfully can be hampered by resistance to change and the need to promote an innovative and 

collaborative culture. 

 

Pilot projects or modest-scale initiatives are frequently the first steps in Industry 5.0 implementations. It can be difficult to scale 

up and ensure interoperability across various systems, divisions, or organizations; this calls for careful planning and 

coordination. 

 

Industry 5.0 raises ethical and social issues like job displacement, algorithmic bias, and the effect on workforce diversity. 

Proactive actions and ongoing evaluation are needed to address these issues and guarantee an inclusive and responsible 

implementation. 

 

Collaboration between numerous stakeholders, suppliers, customers, regulators, and technology companies is a key component 

of Industry 5.0. It can be difficult for them to align their interests, form alliances, and keep in touch effectively as the 

implementation progresses. 

 

For Industry 5.0 to be implemented, a strong and dependable infrastructure is needed to support cutting-edge technologies. 

High-speed, secure networks, adequate computing power, data storage capacity, and connectivity between various systems and 

devices are all part of this. It can be extremely difficult to upgrade or create the necessary infrastructure, especially for 

businesses operating in remote or underdeveloped regions. 

 

7. Discussion 

  

The most recent advancement in industrial growth, known as Industry 5.0, marks a change towards a more human-centered 

strategy that seeks to improve different facets of human life. The promise of Industry 5.0 to improve human existence is 

highlighted as this conversation looks into its ramifications, prospects, and obstacles. Integration of cutting-edge technologies 

with human capabilities is one of the key effects of Industry 5.0.  

 

Industry 5.0, in contrast to other industrial revolutions, which were more concerned with automation and efficiency, values 

human characteristics like critical thinking, creativity, flexibility, and emotional intelligence. Industry 5.0 allows a more 

comprehensive and effective approach to industrial development by leveraging these human capabilities combined with cutting-

edge technologies like collaborative robotics, artificial intelligence (AI), and virtual reality (VR). Numerous chances to enhance 

human life across numerous disciplines are made possible by Industry 5.0. Increasing productivity and efficiency at work is a 

huge potential. Workers can concentrate on higher-value jobs that require human ingenuity, problem-solving, and complicated 
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decision-making by automating repetitive and boring operations. This leads to a more rewarding work experience and boosts 

job satisfaction, skill development, and personal growth. 

 

Industry 5.0 also focuses on developing inclusive workplaces accommodating workers with various physical abilities and skill 

levels. Collaborative robotics and AI systems can supplement human abilities, facilitating efficient cooperation and 

collaboration between humans and machines. This fosters a more inclusive and fair society by promoting diversity and equal 

employment opportunities. The potential of Industry 5.0 to address major societal issues, particularly those related to 

sustainability, is another noteworthy prospect. Industry 5.0 may increase resource efficiency, waste reduction, and the use of 

renewable energy sources by fusing cutting-edge technology with environmental awareness. These steps help reduce the 

negative effects of industrial processes on the environment, supporting international efforts to fight climate change and build a 

better future for all. 

 

The implementation of Industry 5.0 is not without its difficulties, though. The requirement for worker reskilling and upskilling 

is a substantial problem. Workers must learn new skills and adjust to the shifting needs of the industrial landscape as 

technologies evolve quickly. In order to ensure that people can fully participate in and thrive in the industry 5.0 age, this 

necessitates investment in educational programs, vocational training, and lifelong learning initiatives. Cooperation between 

educational institutions, businesses, and governments is essential to ensure a smooth transition and reduce skills gaps.  

 

In the age of Industry 5.0, data security and privacy present yet another difficulty. There is rising concern regarding protecting 

sensitive and personal data due to greater connectivity and the spread of Internet of Things (IoT) devices. To protect people's 

privacy and avoid potential data misuse, developing strong cybersecurity safeguards, ethical standards, and regulations is 

crucial. Data collection, storage, and usage must be transparent and accountable to build trust and reduce privacy threats. 

Additionally, ethical issues related to automation and AI need to be considered. Ethical frameworks are required to direct the 

creation and application of AI systems as they become more complex and autonomous. These frameworks should address 

concerns like algorithmic bias, the preservation of human agency, and the openness of decision-making procedures. Ethical 

standards and laws should govern the employment of AI and robotics in Industry 5.0 to ensure that technology is used for the 

benefit of people. 

 

8. Conclusion 

  

Industry 5.0 signals a significant shift towards a more comprehensive and human-centered industrial development strategy. The 

concept of Industry 5.0 and its potential to enhance human life has been examined in this research paper. Industry 5.0 promises 

to boost productivity, efficiency, and well-being by fusing cutting-edge technology with human ingenuity and creativity. 

Industry 4.0 to Industry 5.0 represents a change from wholly automated processes to a more peaceful coexistence between 

people and machines. This paradigm shift acknowledges the special human traits necessary for problem-solving and innovation, 

such as critical thinking, flexibility, and emotional intelligence. Industry 5.0 strongly emphasizes human abilities and 

empowerment to foster inclusive workplaces where people can flourish. Technology such as collaborative robotics, augmented 

reality, and virtual reality allows workers to perform difficult tasks while utilizing their cognitive abilities. This interaction 

between people and machines improves job satisfaction, skill growth, and work-life balance. Furthermore, by focusing on 

resource efficiency, waste reduction, and renewable energy integration, Industry 5.0 promotes sustainability and environmental 

awareness. This environmentally friendly strategy ties industrial development to international efforts to combat climate change 

and build a greener future. Industry 5.0 has a lot of potential, but it also has issues with workforce reskilling, data privacy, and 

ethical issues. It will take coordinated action from decision-makers, businesses, and society to address these issues. In 

conclusion, Industry 5.0 represents a paradigm shift that may present fresh chances for advancing humankind, stimulating the 

economy, and preserving the environment. By accepting this evolution, we can build a future where technology acts as a catalyst 

for enhancing human life, encouraging innovation, and advancing a more inclusive and prosperous society.  

 

8.1. Future Scope 

 

The breadth of Industry 5.0 is promising in the long run. Industry 5.0 will be able to do more because of ongoing technological 

developments like the Internet of Things (IoT), blockchain, and edge computing. These developments will boost connectivity, 

enable real-time data processing, and enhance decision-making, resulting in greater productivity and efficiency improvements. 

Interdisciplinary cooperation is a possibility in the industry 5.0 future. Innovative discoveries and fresh applications in industrial 

processes may result from the interdisciplinary interaction of domains like artificial intelligence, biotechnology, and 

nanotechnology. Through Industry 5.0, this interdisciplinary collaboration can develop synergies and open up new 

opportunities to improve human lives. Industry 5.0 also can transform entire sectors and generate new employment possibilities. 

New positions and skill sets will arise as technology develops, necessitating constant learning and adaptability. To facilitate 

this transformation and ensure that a workforce is ready for the opportunities and challenges of Industry 5.0, governments, 
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educational institutions, and businesses must collaborate to provide the appropriate infrastructure, training programs, and 

legislation. 

 

 

Acknowledgment: We wish to acknowledge the individuals and resources that made this research paper achievable. We thank 

our advisors and mentors for their valuable guidance and constructive feedback. Lastly, we thank our friends and family for 

their unwavering support throughout this research endeavor. 

 

Data Availability Statement: All information is openly available 

 

Funding Statement: No funding has been obtained to assist in preparing this manuscript and research paper. 

 

Conflicts of Interest Statement: The authors declare no conflicts of interest regarding the publication of this research paper. 

We have no financial, personal, or professional relationships that could influence the objectivity or integrity of this work. This 

paper represents an unbiased and honest account of our research findings and conclusions. 

 

Ethics and Consent Statement:  This research paper adheres to ethical principles and guidelines in conducting the study. The 

authors affirm their commitment to upholding ethical practices in research and publication. 

References 

1. A. Adel, “Future of industry 5.0 in society: human-centric solutions, challenges and prospective research areas,” J. 

Cloud Comput. Adv. Syst. Appl., vol. 11, no. 1, 2022. 

2. A. Akundi, D. Euresti, S. Luna, W. Ankobiah, A. Lopes, and I. Edinbarough, “State of industry 5.0 analysis and 

identification of current research trends,” Appl. Syst. Innov., vol. 5, no. 1, p. 27, 2022. 

3. F. Aslam, W. Aimin, M. Li, and K. Ur Rehman, “Innovation in the era of IoT and industry 5.0: Absolute Innovation 

Management (AIM) framework,” Information (Basel), vol. 11, no. 2, p. 124, 2020. 

4. C. Giri, S. Jain, X. Zeng, and P. Bruniaux, “A detailed review of artificial intelligence applied in the fashion and 

apparel industry,” IEEE Access, vol. 7, pp. 95376–95396, 2019. 

5. K. A. Demir, G. Döven, and B. Sezen, “Industry 5.0 and human-robot co-working,” Procedia Comput. Sci., vol. 158, 

pp. 688–695, 2019. 

6. L. Gomathi, A. K. Mishra, and A. K. Tyagi, “Industry 5.0 for healthcare 5.0: Opportunities, challenges and future 

research possibilities,” in 2023 7th International Conference on Trends in Electronics and Informatics (ICOEI), 2023. 

7. J. Rosak-Szyrocka, J. Zywiolek, A. Zaborski, S. Chowdhury, and Y.-C. Hu, “Digitalization of higher education around 

the globe during covid-19,” IEEE Access, vol. 10, pp. 59782–59791, 2022. 

8. M. Khan, A. Haleem, and M. Javaid, “Changes and improvements in Industry 5.0: A strategic approach to overcome 

the challenges of Industry 4.0,” Green Technologies and Sustainability, vol. 1, no. 2, p. 100020, 2023. 

9. J. Leng et al., “Secure blockchain middleware for decentralized IIoT towards Industry 5.0: A review of architecture, 

enablers, challenges, and directions,” Machines, vol. 10, no. 10, p. 858, 2022. 

10. J. Leng et al., “Industry 5.0: Prospect and retrospect,” J. Manuf. Syst., vol. 65, pp. 279–295, 2022. 

11. P. K. R. Maddikunta et al., “Industry 5.0: A survey on enabling technologies and potential applications,” J. Ind. Inf. 

Integr., vol. 26, no. 100257, p. 100257, 2022. 

12. N. Kumar Singh, S. Kr Pandey, M. Nagalakshmi, A. Arun Kumar, M. Tiwari, and S. Kumar, “Artificial Intelligence-

based cloud computing for Industry 5.0,” in 2022 2nd International Conference on Innovative Sustainable 

Computational Technologies (CISCT), 2022. 

13. P. Fraga-Lamas, J. Varela-Barbeito, and T. M. Fernandez-Carames, “Next generation auto-identification and 

traceability technologies for industry 5.0: A methodology and practical use case for the shipbuilding industry,” IEEE 

Access, vol. 9, pp. 140700–140730, 2021. 

14. P. Radanliev et al., “Cyber risk at the edge: current and future trends on cyber risk analytics and artificial intelligence 

in the industrial internet of things and industry 4.0 supply chains,” Cybersecurity, vol. 3, no. 1, 2020. 

15. M. Sharma, R. Sehrawat, S. Luthra, T. Daim, and D. Bakry, “Moving towards industry 5.0 in the pharmaceutical 

manufacturing sector: Challenges and solutions for Germany,” IEEE Trans. Eng. Manage., pp. 1–18, 2022. 

16. D. Slavic, “The main concepts of Industry 5.0: A Bibliometric Analysis Approach,” in 2023 22nd International 

Symposium INFOTEH-JAHORINA (INFOTEH), 2023. 

17. F. Richter, “The most common types of cybercrime,” Statista, 08-Apr-2021. [Online]. Available: 

https://www.statista.com/chart/24593/most-common-types-of-cyber-crime>. [Accessed: 27-Jul-2022]. 

18. A. A. Alarood, E. Alsolami, M. A. Al-Khasawneh, N. Ababneh, and W. Elmedany, “IES: Hyper-chaotic plain image 

encryption scheme using improved shuffled confusion-diffusion,” Ain Shams Eng. J., vol. 13, no. 3, p. 101583, 2022. 

53



Vol. 1, No.1, 2023  

19. A. Kakti, S. Kumar, N. K. John, V. Ratna, S. Afzal, and A. Gupta, “Impact of Patients Approach towards Healthcare 

Costs on their perception towards Health: An Empirical Study,” Tobacco Regulatory Science, vol. 7, no. 6–1, pp. 

7380–7390, 2021. 

20. A. R. Yeruva, C. S. L Vijaya Durga, Gokulavasan, K. Pant, P. Chaturvedi, and A. P. Srivastava, “A smart healthcare 

monitoring system based on fog computing architecture,” in 2022 2nd International Conference on Technological 

Advancements in Computational Sciences (ICTACS), 2022. 

21. A. R. Yeruva, P. Choudhari, A. Shrivastava, D. Verma, S. Shaw, and A. Rana, “Covid-19 disease detection using 

chest X-ray images by means of CNN,” in 2022 2nd International Conference on Technological Advancements in 

Computational Sciences (ICTACS), 2022. 

22. A. Rana, A. Reddy, A. Shrivastava, D. Verma, M. S. Ansari, and D. Singh, “Secure and smart healthcare system using 

IoT and deep learning models,” in 2022 2nd International Conference on Technological Advancements in 

Computational Sciences (ICTACS), 2022. 

23. C. H. Patel, D. Undaviya, H. Dave, S. Degadwala, and D. Vyas, “EfficientNetB0 for brain stroke classification on 

computed tomography scan,” in 2023 2nd International Conference on Applied Artificial Intelligence and Computing 

(ICAAIC), 2023. 

24. D. K. Sharma, B. Singh, M. Raja, R. Regin, and S. S. Rajest, “An Efficient Python Approach for Simulation of Poisson 

Distribution,” in 2021 7th International Conference on Advanced Computing and Communication Systems (ICACCS), 

2021. 

25. D. K. Sharma, B. Singh, R. Regin, R. Steffi, and M. K. Chakravarthi, “Efficient Classification for Neural Machines 

Interpretations based on Mathematical models,” in 2021 7th International Conference on Advanced Computing and 

Communication Systems (ICACCS), 2021. 

26. D. K. Sharma, N. A. Jalil, R. Regin, S. S. Rajest, R. K. Tummala, and Thangadurai, “Predicting network congestion 

with machine learning,” in 2021 2nd International Conference on Smart Electronics and Communication (ICOSEC), 

2021. 

27. D. Rathod, K. Patel, A. J. Goswami, S. Degadwala, and D. Vyas, “Exploring drug sentiment analysis with machine 

learning techniques,” in 2023 International Conference on Inventive Computation Technologies (ICICT), 2023. 

28. F. Ahamad, D. K. Lobiyal, S. Degadwala, and D. Vyas, “Inspecting and finding faults in railway tracks using wireless 

sensor networks,” in 2023 International Conference on Inventive Computation Technologies (ICICT), 2023. 

29. F. Arslan, B. Singh, D. K. Sharma, R. Regin, R. Steffi, and S. Suman Rajest, “Optimization technique approach to 

resolve food sustainability problems,” in 2021 International Conference on Computational Intelligence and 

Knowledge Economy (ICCIKE), 2021. 

30. G. A. Ogunmola, B. Singh, D. K. Sharma, R. Regin, S. S. Rajest, and N. Singh, “Involvement of distance measure in 

assessing and resolving efficiency environmental obstacles,” in 2021 International Conference on Computational 

Intelligence and Knowledge Economy (ICCIKE), 2021. 

31. G. Tutberidze, T. Khoshtaria, and A. Matin, “The impact of social media engagement on consumers’ trust and purchase 

intention,” Int. J. Technol. Mark., vol. 14, no. 3, p. 1, 2020. 

32. H. Lakhani, D. Undaviya, H. Dave, S. Degadwala, and D. Vyas, “PET-MRI sequence fusion using convolution neural 

network,” in 2023 International Conference on Inventive Computation Technologies (ICICT), 2023. 

33. K. Sharma, B. Singh, E. Herman, R. Regine, S. S. Rajest, and V. P. Mishra, “Maximum information measure policies 

in reinforcement learning with deep energy-based model,” in 2021 International Conference on Computational 

Intelligence and Knowledge Economy (ICCIKE), 2021. 

34. K. Sridhar, A. Reddy Yeruva, P. N. Renjith, A. Dixit, A. Jamshed, and R. Rastogi, “Enhanced Machine learning 

algorithms Lightweight Ensemble Classification of Normal versus Leukemic Cel”,” Journal of Pharmaceutical 

Negative Results, vol. 13, no. SI-9, pp. 496–505, 2022. 

35. K. Venkitaraman and V. S. R. Kosuru, “Hybrid Deep Learning Mechanism for Charging Control and Management of 

Electric Vehicles”, EJECE, vol. 7, no. 1, pp. 38–46, Jan. 2023. 

36. M. A. Saleh, S. Hajar Othman, A. Al-Dhaqm, and M. A. Al-Khasawneh, “Common investigation process model for 

internet of things forensics,” in 2021 2nd International Conference on Smart Computing and Electronic Enterprise 

(ICSCEE), 2021. 

37. M. Almahirah, M. Jahan, S. Sharma, and S. Kumar, “Role of Market Microstructure in Maintaining Economic 

Development,” Empirical Economics Letters, vol. 20, no. 2. 

38. M. I. Uddin, S. A. Ali Shah, M. A. Al-Khasawneh, A. A. Alarood, and E. Alsolami, “Optimal policy learning for 

COVID-19 prevention using reinforcement learning,” J. Inf. Sci., vol. 48, no. 3, pp. 336–348, 2022. 

39. N. Mast et al., “Channel Contention-Based Routing protocol for wireless ad hoc networks,” Complexity, vol. 2021, 

pp. 1–10, 2021. 

40. N. R. Nayak, S. Kumar, D. Gupta, A. Suri, M. Naved, and M. Soni, “Network mining techniques to analyze the risk 

of the occupational accident via bayesian network,” Int. J. Syst. Assur. Eng. Manag., vol. 13, no. S1, pp. 633–641, 

2022. 

54



 

Vol. 1, No.1, 2023  

41. N. S. Sanjay, M. Patil, C. M. Raut, P. Pande, A. R. Yeruva, and H. Morwani, “An Efficient Approach for Object 

Detection using Deep Learning”,” Journal of Pharmaceutical Negative Results, vol. 13, no. SI-9, pp. 563–572, 2022. 

42. P. Sehgal, B. Kumar, M. Sharma, A. Salameh, S. Kumar, and P. Asha, “Role of IoT In Transformation Of Marketing: 

A Quantitative Study Of Opportunities and Challenges,” Webology, vol. 18, no. 3, pp. 1–11, 2022. 

43. P. William, M. Shamim, A. R. Yeruva, D. Gangodkar, S. Vashisht, and A. Choudhury, “Deep Learning based 

Drowsiness Detection and Monitoring using Behavioural Approach,” in 2022 2nd International Conference on 

Technological Advancements in Computational Sciences (ICTACS), 2022. 

44. S. Gupta, S. Kumar, S. L. Bangare, S. Nuhmani, A. C. Alguno, and I. A. Samori, “Homogeneous decision community 

extraction based on end-user mental behavior on social media,” Comput. Intell. Neurosci., vol. 2022, pp. 1–9, 2022. 

45. S. Kumar and P. Baag, “Impact of ESG Integration on Equity Performance between Developed and Developing 

Economy: Evidence from S and P 500 and NIFTY 50. ”,” Empirical Economics Letters, vol. 20, no. 4. 

46. S. Kumar, “Relevance of Buddhist Philosophy in Modern Management Theory,” Psychology and Education, vol. 58, 

no. 3, pp. 2104–2111, 2021. 

47. T. Khoshtaria and A. Matin, “Qualitative investigation into consumer motivations and attitudes towards research 

shopping in the Georgian market”,” Administration and Management, vol. 48, pp. 41–52, 2019. 

48. T. Matin, “The Impact of Social Media Influencers on Brand Awareness, Image and Trust in their Sponsored Content: 

An Empirical Study from Georgian Social Media Users,” International Journal of Marketing, Communication and 

New Media, vol. 10, no. 18, 2022. 

49. T. Vinoth Kumar, A. R. Yeruva, S. Kumar, D. Gangodkar, A. L N Rao, and P. Chaturvedi, “A new vehicle tracking 

system with R-CNN and random forest classifier for disaster management platform to improve performance,” in 2022 

2nd International Conference on Technological Advancements in Computational Sciences (ICTACS), 2022. 

50. V. Desai, S. Degadwala, and D. Vyas, “Multi-categories vehicle detection for urban traffic management,” in 2023 

Second International Conference on Electronics and Renewable Systems (ICEARS), 2023. 

51. V. S. R. Kosuru and A. K. Venkitaraman, “Developing a Deep Q-Learning and Neural Network Framework for 

Trajectory Planning”, EJENG, vol. 7, no. 6, pp. 148–157, Dec. 2022. 

52. Z. Ullah et al., “Certificateless proxy reencryption scheme (CPRES) based on hyperelliptic curve for access control in 

content-centric network (CCN),” Mobile Information Systems, vol. 2020, pp. 1–13, 2020. 

 

 

55




