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Abstract: The emergence of artificial intelligence (AI), specifically generative AI and computer vision (CV), has marked a 

transformative period in the manufacturing industry. This article delves into the depths of these subfields, uncovering their significant 

impact on various aspects of manufacturing processes. It provides an insightful examination into how AI and CV are not mere 

technological advancements but rather essential tools for businesses striving for innovation and competitive edge in the technologically 

saturated market of today. The integration of AI, particularly computer vision, into the fabric of manufacturing and logistics, is 

presented as an inevitable leap towards a more efficient, safe, and quality - focused future.  
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1. Introduction 
 

Logic - based algorithms represents the core of traditional 

computer science. For decades, computer scientists were 

trained to think of algorithms as a logic series of steps or 

processes that can be translated into machine - 

understandable instructions and effectively used to solve 

problems. Logic - based algorithms have derived 

transformative value over the last 50 years in all aspects of 

business - from enterprise resource planning to supply 

chain, manufacturing, sales, marketing, customer service, 

and commerce [1].  

 

Today most organizations have been trying to digitize their 

processes for the last two decades, and new technologies 

such as Industry 4.0 have emerged as a business buzzword 

[2], Conversely, computing devices have harnessed the 

power of artificial intelligence (AI) to enhance their 

capabilities.  

 

The field of AI was reinaugurated in 2000s, driven by the 

major three forces. First was Moore’s law in action - the 

rapid movement of computer of computational power. By 

the 2000s computer scientists could leverage dramatic 

improvement in processing power, reduction in the form 

factor of computing with mainframe computers, 

minicomputers, personal computers, laptop computers, and 

the emergence of mobile computing devices, and the steady 

decline in computing costs [24].  

 

AI has long been predicted as one of the prominent 

technologies capable of allowing communication among 

devices and machines ([3] [4] [5]) as well as AI can simplify 

processes by solving problems at higher levels of speed and 

accuracy while at the same time managing large volumes of 

data [6].  

 

A significant catalyst for this renewed fervor surrounding AI 

is the advent of OpenAI’s ChatGPT in November 2022 [7]. 

ChatGPT, an acronym for Generative Pre - trained 

Transformer, introduced the public not to AI but to a 

specific facet of AI – generative AI [8].  

 

This article embark on a comprehensive journey into the 

realm of Artificial Intelligence, specifically focusing on AI 

and computer vision. Our primary goal is to highlight the 

importance of these AI fields and emphasize the critical 

need for businesses to grasp their capabilities. The aim is to 

provide organizations with a deep understanding of AI and 

computer vision, empowering the manufacturing 

organizations to make informed and strategic decisions 

regarding the integration of these technologies. This 

exploration is grounded in the acknowledgment that 

adopting AI and computer vision is not just a choice but a 

compelling need, considering a potential to fuel innovation 

and improve competitiveness in an increasingly 

technologically advanced world.  

 

2. Methodology 
 

The data for this research was sourced from well - regarded 

academic databases, such as Google Scholar, IEEE Xplore, 

journals, and studies. We performed thorough searches 

using keywords like 'Computer vision', ’Industry 4.0’, 

‘Smart Manufacturing’, 'Generative AI, ' 'Computer vision 

use cases', ‘AI use cases for manufacturing’ and 'Generative 

AI use cases' This method enabled us to uncover a wide 

array of sources that could potentially contribute to our 

study.  

 

1) AI – Artificial Intelligence 

The term 'AI' encompasses a broad and intricate realm of 

non - human intelligence, marking a notable departure from 

conventional computational approaches [9]. It signifies the 

field dedicated to creating computer systems capable of 
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performing tasks typically associated with human 

intelligence [10].  

 

In concordance with the succinct articulation by Demis 

Hassabis, Co - Founder and CEO of DeepMind, AI can be 

succinctly characterized as ‘‘the science of making 

machines smart. ’’ Fundamentally, AI grants machines the 

ability to understand natural language, identify complex data 

patterns, make informed choices, and acquire knowledge 

through experiential interactions [11]. This replication of 

human - like cognitive functions enables machines not only 

to process and interpret information but also to adjust to 

various contextual situations, progressively improving their 

performance through continuous learning [12]. In contrast, 

deep learning, a subdomain nestled within machine learning, 

harnesses intricate neural networks comprising 

interconnected layers, drawing inspiration from the intricate 

synaptic structure of the human brain [13]. These neural 

networks exhibit an innate proficiency in deciphering 

complex patterns within data, rendering them particularly 

well - suited for tasks such as image recognition [14]. The 

ubiquitous applicability of AI traverses a diverse spectrum 

of industries, retail, construction, finance, energy, healthcare 

and primarily for our focus manufacturing [15]. In these 

domains, AI takes on diverse roles, equipping computer 

systems with the ability to intricately analyze vast datasets, 

perform challenging and repetitive tasks with unwavering 

accuracy, provide personalized recommendations to users, 

and importantly, emulate human - like interactions through 

the utilization of chatbots [16] and virtual assistants [17]. 

Despite its historical origins, the recent surge in attention 

and enthusiasm surrounding AI has led to a noticeable blur 

in its definition and capabilities. Therefore, to foster a 

deeper and more insightful understanding of AI's significant 

role in the modern business landscape, it becomes essential 

to undertake a comprehensive exploration of the various 

categories of AI.  

 

2) The AI lifecycle 

 Problem understanding and risk considerations: Start by 

establishing a clear definition of the problem you intend 

to address. Gain a deep understanding of the demands 

and limitations within the problem domain while taking 

into account ethical considerations, fairness, 

transparency, and privacy. Seek additional guidance 

from the AI Assurance Framework [25] for further 

information.  

 Data acquisition and pre - processing: Identify and 

collect pertinent data for your AI solution. Prioritize data 

preprocessing and cleansing to guarantee its quality and 

appropriateness for modeling purposes. Ensure strict 

adherence to relevant legal regulations, laws, and ethical 

guidelines.  

 Additional AI techniques: Contemplate the inclusion of 

supplementary AI methods that extend beyond 

conventional machine learning, based on the specific 

needs of your solution. This may encompass the 

integration of techniques such as natural language 

processing (NLP), computer vision, knowledge 

representation, as well as inference and reasoning 

methods.  

 Integration and system design: Incorporate the machine 

learning models or AI components into a broader system 

or application framework, considering factors such as 

scalability, performance, and alignment with the current 

infrastructure.  

 User experience and interaction: Create the user interface 

and interaction components to ensure effortless user 

engagement and interaction with the AI product.  

 Continuous monitoring and improvement: Establish 

systems for ongoing monitoring of the AI solution's 

performance, collecting user feedback, and iteratively 

enhancing the system in response to new data or 

evolving requirements.  

 

3) Computer Vision 

Computer vision is a field of artificial intelligence (AI) that 

enables computers and systems to derive meaningful 

information from digital images, videos and other visual 

inputs — and take actions or make recommendations based 

on that information. If AI enables computers to think, 

computer vision enables them to see, observe and 

understand.  

 

Computer vision works much the same as human vision, 

except humans have a head start. Human sight has the 

advantage of lifetimes of context to train how to tell objects 

apart, how far away they are, whether they are moving and 

whether there is something wrong in an image.  

 

Computer vision works by enabling computers to 

understand and interpret visual information from the world, 

just as the human visual system does. It involves the use of 

algorithms and models to process and analyze digital images 

and videos.  

Below are the steps involved in Computer Vision processing 

-  

 

Image Acquisition: The process starts with the acquisition 

of digital images or videos. These images can be obtained 

from various sources, such as cameras, drones, satellites, or 

digital archives.  

 

Preprocessing: Once the images are acquired, they often 

undergo preprocessing to enhance their quality and prepare 

them for analysis. Common preprocessing steps include 

 Noise Reduction: Removing or reducing unwanted noise 

in the image.  

 Image Enhancement: Adjusting brightness, contrast, and 

sharpness.  

 Normalization: Ensuring consistent lighting conditions.  

 Resizing and Cropping: Making images consistent in 

size and focus on regions of interest.  

 

Feature Extraction: Computer vision algorithms identify 

and extract meaningful features from the images. These 

features could be edges, corners, textures, colors, shapes, or 

more complex patterns. Feature extraction is crucial for 

understanding the content of an image.  

 

Feature Representation: Extracted features are 

transformed into a suitable format for further processing. 

This step involves creating feature vectors or other 

representations that encode the relevant information from 

the image.  
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Machine Learning and DeepLearning: Many computer 

vision tasks involve machine learning and deep learning 

models. These models are trained on labeled datasets to 

learn patterns and relationships in the data. Common types 

of models include:  

 Convolutional Neural Networks (CNNs): Highly 

effective for image classification, object detection, and 

segmentation.  

 Recurrent Neural Networks (RNNs): Used for tasks 

involving sequential data in videos.  

 Transformers: Applied to tasks requiring attention 

mechanisms, such as image captioning.  

 

The fundamental concept behind computer vision relies on 

the skillful use of existing camera technologies to achieve 

rapid detection and real - time processing of visual data. 

This encompasses a wide range of visual elements, 

including individuals, objects, and dynamic events. The 

inherent proximity of this feedback loop provides businesses 

with a powerful tool, enabling them to respond swiftly to 

unfolding situations. This ultimately leads to significant 

improvements in both productivity and safety within their 

operational domains. The practical importance of computer 

vision becomes notably clear in its ability to meet the 

growing demand for immediate visual insights across 

various industries. This makes computer vision an essential 

asset for enterprises that are actively seeking to optimize 

and reinforce their operational processes by acquiring real - 

time visual information.  

 

4) AI and Computer Vision 

Fig 1 provides a visual framework for understanding the 

hierarchy of subfields within the expansive domain of 

Artificial Intelligence (AI). At the core of AI, it introduces 

four primary subfields: Generative AI, Machine Learning 

(ML), Natural Language Processing (NLP) and Computer 

Vision. Generative AI encompasses various facets, such as 

text, images, voice, video, and code generation by learning 

from data patterns, emphasizing its diverse content 

generation capabilities and its role in identifying anomalies 

in data. In contrast, Computer Vision encompasses Image 

Detection, Image Tracking, Image Reconstruction, Image 

Classification, Motion Detection, and Text recognition 

(ICR).  

 
Figure 1: Various branches of AI 

 

5) Manufacturing Use cases for Computer Vision and 

AI 

The manufacturing industry emerges as yet another 

formidable domain where the compelling value proposition 

of computer vision shines with unparalleled brilliance. This 

technological marvel uncovers a remarkably fertile ground 

for its integration, generously bestowing a plethora of 

advantages to elevate and enrich the manufacturing process. 

Computer Vision stands as one of the myriad Artificial 

Intelligence solutions poised to revolutionize manufacturing.  

 

Although computer vision has been in existence for nearly 

half a century, it is becoming increasingly evident that this 

technology is now prepared for widespread adoption. 

According to a 2019 Forrester survey, 64% of global senior 

business purchase influencers anticipate that computer 

vision will hold immense significance for their 

organizations in the forthcoming year. Furthermore, 58% of 

respondents indicated that their firms are either in the 

process of implementing, planning to implement, or 

expressing keen interest in incorporating computer vision 

technology within the few years [18].  

 

a) Anomaly and defect detection 

In the domain of manufacturing, it is an acknowledged 

reality that anomalies and defects are an unavoidable 

occurrence, frequently resulting in significant financial 

repercussions. However, computer vision, equipped with its 

keen observational capabilities, undertakes the task of 

inspecting products on assembly lines with an unparalleled 

level of meticulous precision [19]. It demonstrates 

remarkable proficiency in promptly detecting and 

pinpointing defects, discrepancies, or the absence of vital 

components. What sets this system apart is its ability to 

operate in real - time, ensuring that any issues are promptly 

apprehended the moment they emerge. This proactive 

approach not only prevents production slowdowns but also 

leads to notable improvements in return on investment.  

 

In the arena of industrial paint application (fig 2) for closets 

manufacturing company (WC), the precision of the coating 

is critical. The manual inspection process is prone to 

inconsistencies, with coatings being either too thick, 

resulting in extended drying times, or too thin, failing to 

cover pinholes completely. The integration of computer 

vision technology into this process can revolutionize quality 

control. By employing cameras and sophisticated 

algorithms, computer vision systems can scrutinize the paint 

coverage on each product with extraordinary accuracy and 

consistency. This technology excels in identifying sections 

where the paint is not within the specified tolerance, either 

over - applied or under - applied. By detecting these 

anomalies in real - time, the system enables immediate 

corrective actions, thereby enhancing the efficiency of the 

production line, minimizing waste, and ensuring that every 

unit meets the quality standards before proceeding further in 

the manufacturing pipeline. Consequently, this leads to a 

streamlined operation, a reduction in costs associated with 

rework or scrap, and an overall improvement in return on 

investment. With computer vision, the manufacturing 

process for WC paint application becomes not only more 

reliable but also more cost - effective.  
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Figure 2: Defect detection – a thin or thick paint use case 

 

b) Packaging Issues and label detection 

In an age characterized by workforce shortages and stringent 

quality control demands, depending on manual labor for the 

identification of labels and packages carries inherent risks. 

In this scenario, computer vision emerges as the savior, 

introducing a level of automation for package and label 

detection that boasts unparalleled precision [20]. This 

automation not only leads to a reduction in operational 

expenses but also streamlines the allocation of staff 

resources, thus nurturing efficiencies across the entire 

production line.  

 

In the sector of packaging and labeling (fig 3), where the 

visibility of markings such as 'Made in USA' is a 

compliance necessity, and the integrity of packaging is 

critical, computer vision technology offers a robust solution. 

For packages that inadvertently display outdated or incorrect 

labeling, or where the product, like a door, is improperly 

exposed, computer vision can provide real - time detection 

and alerts. This technology uses sophisticated image 

recognition algorithms to scan each package as it moves 

along the production line, identifying whether a corrective 

sticker has been placed over an old label or if the packaging 

fully secures the product without any exposure. By 

automating the detection process, manufacturing companies 

can mitigate the risks of human error, ensure regulatory 

compliance, and maintain quality standards. It also allows 

for better allocation of human resources, as staff can be 

redeployed from repetitive manual checks to more critical 

tasks, thus optimizing the workforce and reducing 

operational costs. The adoption of computer vision in this 

domain not only enhances accuracy in packaging and 

labeling but also contributes significantly to the streamlining 

of the production process.  

 

 
Figure 3: Packaging and label inspection use case 

 

c) Safety monitoring 

The manufacturing sector is marked by a plethora of 

intricate machinery, distinguished by its dynamic moving 

parts, sharp - edged components, and scorching surfaces. 

Within this inherently perilous environment, the imperative 

for rigorous safety precautions becomes evident. In this 

context, computer vision emerges as a proactive sentinel, 

elevating workplace safety through the vigilant surveillance 

of potentially hazardous zones [21]. Furthermore, it 

diligently oversees adherence to regulations regarding 

personal protective equipment and adeptly administers the 

real - time control of machinery usage. The prompt delivery 

of safety - related alerts equips factory floor supervisors 

with the capacity to preemptively avert accidents before 

they happen.  

 

In the manufacturing setting (fig 4), where workers interact 

with complex equipment and handle materials, the 

integration of computer vision could significantly enhance 

safety protocols. Computer Vision systems, equipped with 

real - time image analysis capabilities, can monitor 

compliance with safety regulations, such as the proper use 

of personal protective equipment (PPE). They can detect if 

workers are wearing the required safety gear, like gloves 

and eye protection, and whether they are following safe 

operating procedures while engaging with machinery.  

 

By continuously scanning the work environment, computer 

vision technology can identify potential hazards, such as 

proximity to sharp edges or unsafe handling of materials. It 

can alert supervisors immediately when safety breaches 

occur, allowing for swift intervention. Moreover, computer 

vision can be programmed to recognize signs of unsafe 

behavior or conditions that may lead to accidents or injuries.  

 

Incorporating such vigilant systems can prevent accidents 

by ensuring that workers are maintaining safety standards, 

and machinery is being used correctly. This not only helps 

in avoiding workplace injuries but also in reducing 

downtime due to accidents, thereby maintaining 

productivity. Through these means, computer vision serves 

as a crucial component in fostering a safer and more 

compliant workplace in the manufacturing industry.  

 

 
Figure 4: Employee safety usecases 

 

d) Inventory detection and logistics 

Inefficiencies that pervade the shipping and delivery 

processes have long been a persistent issue afflicting the 

trucking industry, resulting in staggering annual losses that 

exceed a substantial $29 billion. Furthermore, the 

conundrum of underutilized truck capacities further 

compounds these challenges, as elucidated in reference [22].  
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In this landscape, computer vision emerges as a 

transformative force, offering the capability to furnish real - 

time insights into the utilization of truck capacity. This data 

is custom - tailored to cater to the needs of businesses, 

furnishing them with immediate alerts pertaining to 

unutilized warehouse space. This, in turn, facilitates astute 

management of material delivery capacity.  

 

Within the logistics and warehouse management sphere, 

optimizing space and ensuring that shipping capacities are 

fully utilized is crucial. Computer vision systems can play 

an instrumental role in addressing these challenges. By 

analyzing real - time visual data from warehouse 

environments (fig 5), computer vision can accurately assess 

the volume of materials and their arrangement on pallets or 

within storage areas.  

 

Such systems can be trained to identify empty spaces in 

warehouseareas, evaluate the packing density, and compare 

the actual utilization against optimal loading patterns. This 

information can then be used to make informed decisions 

about space management, potentially alerting warehouse 

personnel to adjust loading techniques or rearrange 

materials to maximize space utilization.  

 

For businesses, the implications are substantial. Enhanced 

utilization of truck capacities leads to more efficient 

shipping processes, reducing the number of trips required 

and therefore cutting fuel costs and emissions. It also 

improves the delivery timelines by ensuring that each 

shipment carries the maximum possible amount of goods. 

Over time, these efficiencies can contribute to significant 

cost savings and environmental benefits, as well as improve 

overall customer satisfaction due to more reliable and 

efficient delivery services.  

 

In summary, by integrating computer vision into warehouse 

operations, companies can transition from static, often 

manual, space management methods to dynamic, data - 

driven strategies that align with contemporary needs for 

efficiency and sustainability in the trucking and logistics 

industry.  

 

 
Figure 5: Warehouse, Inventory management use case 

 

e) Continuous Inspection 

Computer vision can be utilized in the quality control 

process for screen doors (fig 6) to enhance the detection of 

screen defects. The computer vision system can be 

integrated into the production line to inspect each screen 

door in real - time as it is manufactured. This system can be 

trained to recognize various defects such as ripples, tears, or 

inconsistencies in the mesh that may not be easily spotted by 

the human eye, especially during repetitive inspections.  

Using high - resolution cameras and image analysis 

algorithms, the computer vision system can scan the surface 

of each screen, comparing it against quality standards to 

identify any anomalies. When a defect is detected, the 

system can flag the item for further inspection or removal 

from the production line, thereby ensuring only doors that 

meet the strict quality criteria proceed to shipping. This 

automated process can lead to a more efficient production 

flow, reduce the workload on human inspectors, and provide 

a more consistent product quality. It also has the potential to 

reduce waste and improve customer satisfaction by 

decreasing the likelihood of defective products reaching the 

market.  

 

 
Figure 6: Continious visual inspection Usecases 

 

3. Conclusion 
 

To reap the benefits of AI in manufacturing, it is essential to 

incorporate AI as soon as possible. However, doing so 

demands a substantial investment of time, effort, and 

resources, as well as the upskilling of your workforce. In 

manufacturing, the presence of anomalies and defects can be 

costly, but computer vision stands as a vigilant observer on 

production lines, delivering precision in detecting 

discrepancies and driving significant ROI – Return On 

Investment, improvements. This is exemplified in the 

context of paint application for water closets, where 

Computer Vision's integration ensures optimal coating 

thickness, thus streamlining operations and reducing waste. 

Packaging and labeling, too, benefit from the meticulous 

precision of computer vision. Safety monitoring within the 

manufacturing sector is bolstered by Computer Vision's 

capacity to ensure adherence to safety regulations and 

facilitate real - time intervention, fostering a safer work 

environment. Continuous inspection, as illustrated in the 

quality control of screen doors, highlights Computer 

Vision's capability to enhance defect detection and maintain 

the high quality of products. In summary, the integration of 

computer vision into manufacturing and logistics signifies a 

leap towards a more efficient, safe, and quality - focused 

future. These technologies not only streamline operations 

but also align with the modern imperatives of sustainability 

and efficiency, propelling businesses toward greater 

innovation and competitiveness in a technologically 

advancing landscape.  
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