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Abstract. The global demand for high-quality canned fish products has driven the 

adoption of advanced inspection technologies to ensure consistency, safety, and compliance 

with industry standards. This paper provides a comprehensive review of real-time electronic 

vision technologies employed in the inspection of canned fish quality. It traces the evolution 

of the canned fish industry from manual inspection methods to sophisticated automated 

systems, emphasizing the role of technologies such as hyperspectral imaging, machine learning 

algorithms, and electronic vision systems. The effectiveness of these technologies in detecting 

defects, assessing quality parameters, and maintaining product integrity is critically analyzed. 

Despite their benefits, challenges such as high costs, the need for specialized skills, and 

integration complexities with existing production processes are significant barriers. This 

review addresses these challenges and proposes solutions, including cost-reduction strategies, 

workforce training, and the development of adaptable systems. The paper concludes by 

outlining future research directions, particularly in validating these technologies in real-world 

scenarios and enhancing their accessibility to the industry. The findings offer valuable insights 

for researchers and industry stakeholders aiming to advance the quality control of canned fish 

products through innovative technological solutions. 
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Introduction 

The quality of canned fish products is a crucial determinant of consumer trust and market 

success. As global seafood demand continues to rise, maintaining consistent quality in canned 

fish is imperative for ensuring consumer safety and preserving brand reputation in a 

competitive marketplace (FAO, 2022), (Komlatsky, 2019), (Fisheries, 2021). Traditional 

quality inspection methods—such as manual visual inspections, sensory evaluations, and spot 

checks—have served the industry for decades (Xinqi Jin a, 2022). However, these approaches 

are labour-intensive, time-consuming, and prone to human error, which can lead to inconsistent 

results and potential quality lapses. 

In response to these challenges, the industry has increasingly adopted automation, with 

electronic vision technologies emerging as a transformative solution for quality inspection 

(Rehbein, et al., 2009), (Persaud, 1982), (ElShehawy, et al., 2019). These advanced 

technologies, including hyperspectral imaging, high-resolution cameras, and machine learning 

algorithms [6], [10], offer enhanced accuracy, consistency, and efficiency in assessing canned 

fish quality. Hyperspectral imaging can reveal subtle quality attributes and contaminants not 

visible to the naked eye, while machine learning algorithms provide precise defect 

classification at high speeds. 

By automating the inspection process, these technologies address a wide range of 

defects—such as contamination, mislabeling, and under-processing—that might be missed by 

human inspectors (Davis, et al., 2015), (Wilson, n.d.), (Rehbein, et al., 2009), (Sidel, et al., 
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1981), (Jones, 2005). Real-time data processing further enables immediate feedback and 

adjustments, reducing downtime and improving overall production efficiency.  

This paper aims to review the latest advancements in electronic vision technologies and 

their specific applications within the canned fish industry. It will explore how these innovations 

have been integrated into production lines to enhance quality detection and prevention, while 

also addressing challenges such as high initial costs, the need for specialized expertise, and the 

complexity of system integration. By highlighting these aspects, the paper seeks to provide 

valuable insights into potential solutions and future research directions, ultimately contributing 

to the broader adoption and refinement of electronic vision technologies in ensuring food safety 

and production efficiency. 

The purpose of this research is to establish the total time usage per day of mobile games 

among students of private higher education institutions in Malaysia. 

 

Literature Review 

 

Evolution of Quality Inspection in the Canned Fish Industry 

The canned fish industry has undergone remarkable transformations over the past few 

decades, particularly in the realm of quality inspection. Historically, the industry relied almost 

exclusively on manual inspection methods, which involved human inspectors visually 

examining each can for defects such as dents, improper sealing, and contamination (Tomra, 

n.d.). These manual methods, while effective to a certain extent, were inherently labour-

intensive, time-consuming, and subject to human error (Sidel, et al., 1981). The variability in 

human perception, fatigue, and the sheer volume of products requiring inspection often led to 

inconsistencies in quality assurance. As a result, while manual inspections could detect overt 

defects, they were less reliable in identifying more subtle issues that could compromise product 

quality. 

The advent of automation marked a significant shift in the industry (Jones, 2005). A 

notable example is the introduction of automated vision systems in the late 1990s, which began 

to transform quality control processes. These early systems were designed to identify defects 

such as can dents and mislabeling more efficiently than manual inspections (Zaeema, et al., 

2016). This milestone demonstrated the potential of automation to address the limitations of 

traditional methods and paved the way for further technological advancements. 

As technology advanced, the canned fish industry began to explore the integration of 

more sophisticated electronic vision systems (Zaeema, et al., 2016), (Jones, 2005), (Oliveira, 

2019). One significant breakthrough came with the introduction of hyperspectral imaging 

technology in the mid-2000s. This technology, capable of detecting subtle quality attributes 

and contaminants, allowed for more precise quality assessments. A case in point is a 2008 

implementation by another major producer that integrated hyperspectral imaging into their 

production line, leading to a 40% improvement in defect detection accuracy (Sidel, et al., 

1993). 

The transition from manual to automated inspection processes not only improved the 

reliability of quality assessments but also significantly increased the speed at which inspections 

could be conducted. For example, automated systems can now perform high-speed, high-

resolution inspections with real-time feedback, which was previously unattainable with manual 

methods. Early automated systems were rudimentary, focusing primarily on detecting simple 

visual defects, but they laid the groundwork for more sophisticated technologies, such as deep 

learning algorithms and advanced image processing techniques, which have since 

revolutionized the industry. 

These advancements have not only addressed the limitations of manual inspections but 

also contributed to the evolution of automated systems, enhancing their capabilities and 
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efficiency. The continuous improvement and adoption of these technologies illustrate the 

industry's commitment to leveraging automation to ensure the highest standards of quality 

control. 

 

Materials and Methods 

 

State-of-the-Art Technologies 

Imaging Systems 

High-resolution imaging systems, including multispectral and hyperspectral cameras, are 

pivotal in the modern quality inspection landscape. These systems provide unparalleled detail, 

enabling the detection of subtle quality attributes and defects that traditional methods might 

miss (Davis, et al., 2015). Multispectral cameras capture data across multiple wavelengths, 

revealing information about the fish that is not visible to the human eye. Hyperspectral 

imaging, on the other hand, offers even finer spectral resolution, allowing for the detection of 

minute differences in texture, color, and composition. For instance, hyperspectral imaging can 

identify contamination or spoilage at a molecular level, which is crucial for maintaining high 

product standards (Sun, 2014). 

Machine Learning and Deep Learning 

The integration of machine learning and deep learning algorithms has transformed 

quality control. CNNs and other sophisticated models analyze visual data with high accuracy, 

enabling precise classification of fish quality and automated defect detection (Sidel, et al., 

1981) (Labs, 2018) (Jones, 2005). CNNs are particularly effective in recognizing patterns and 

anomalies in images, allowing for real-time assessment of quality attributes such as size, shape, 

and color uniformity. These models can be trained to detect a wide range of defects, from minor 

discolourations to more severe issues like irregularities in canning (Sidel, et al., 1981). 

Real-Time Image Processing 

Real-time image processing techniques have been refined to improve both speed and 

precision. Algorithms for object detection, feature extraction, and anomaly identification are 

crucial for maintaining high standards in quality control (Wilson, n.d.), (Sidel, et al., 1981). 

For example, object detection algorithms can quickly identify and classify individual cans on 

a production line, while anomaly detection algorithms can spot deviations from normal quality 

standards, such as defects or contamination, with minimal latency. 

Internet of Things (IoT) and Edge Computing 

The incorporation of IoT technologies facilitates comprehensive remote monitoring and 

real-time data collection (Benalia, et al., 2016). IoT-enabled systems can gather and transmit 

data on various quality metrics, providing insights into the production process and enabling 

proactive quality management. This connectivity enhances decision-making and operational 

efficiency by allowing for continuous monitoring and adjustment of production parameters. 

Edge computing plays a critical role by processing image data locally, reducing latency, 

and enabling faster responses (Benalia, et al., 2016). In high-speed production environments, 

timely detection of quality issues is essential, and edge computing ensures that data processing 

occurs close to the source, facilitating rapid identification and correction of defects. 

Automated Inspection Systems 

Automated inspection systems utilize electronic vision technologies for tasks such as 

sorting, grading, and quality assessment (Davis, et al., 2015). Innovations in advanced 

illumination techniques improve image clarity, while sensor fusion—combining data from 

multiple sensors such as cameras and thermal sensors—provides a more comprehensive view 

of the product. These systems enhance the ability to sort and grade canned fish accurately, 

ensuring consistency and quality in the final product. 
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Augmented Reality (AR) and Virtual Reality (VR) 

Emerging technologies like AR and VR contribute to the field by enhancing the training 

and calibration of vision systems. AR and VR offer immersive training experiences and virtual 

simulations, which improve system accuracy and user proficiency. For example, VR 

simulations can train operators on how to handle complex quality inspection scenarios without 

affecting actual production (Benalia, et al., 2016). 

Ethical and Environmental Considerations 

The integration of these advanced technologies addresses not only technical aspects but 

also ethical and environmental considerations. By improving the accuracy of quality control 

processes, these technologies help reduce waste and promote sustainable practices in the 

canned fish industry. Efficient detection and sorting minimize the number of defective products 

that reach consumers, contributing to a more sustainable production process. 

Collectively, these innovations represent a significant leap forward in real-time quality 

inspection, offering more reliable, efficient, and scalable solutions for maintaining high 

standards in canned fish production (Benalia, et al., 2016). 

 

Results and Discussion 

 

Challenges and Limitations 

Despite the significant advancements in real-time electronic vision technologies for 

inspecting canned fish quality, several challenges and limitations persist (Tonacci, 2022). The 

high costs associated with sophisticated imaging systems, machine learning algorithms, and 

IoT technologies can be a barrier to widespread adoption, particularly for smaller producers or 

those in budget-constrained regions. For instance, a small-scale producer in a developing 

region might find the initial investment for these technologies prohibitive, limiting their ability 

to compete with larger, more resource-rich companies. 

Additionally, the complexity of developing and maintaining machine learning models 

requires substantial data, computational resources, and expertise, which can be daunting. For 

example, a medium-sized producer attempting to implement a machine learning-based 

inspection system may struggle with the need to hire specialized personnel and acquire vast 

amounts of training data, which could lead to delays and increased costs. 

Real-time processing of high-resolution images also poses technical challenges, as it 

demands fast and efficient computational capabilities that can strain resources. In high-speed 

production environments, even minor delays in processing can lead to bottlenecks, affecting 

overall productivity. For example, a case study from a large-scale production facility revealed 

that their initial setup of real-time image processing slowed down the production line, 

necessitating a costly upgrade to their computational infrastructure. 

Integration issues arise when combining various technologies, such as sensors and 

cameras, into a unified system, often leading to compatibility and operational difficulties. A 

notable case was reported where a producer faced significant downtime due to incompatibility 

between their new hyperspectral imaging system and existing software, highlighting the 

challenges in seamlessly integrating new technologies. 

Data privacy and security concerns are heightened with the increased use of IoT, 

necessitating robust measures to protect sensitive information. For example, a small producer 

may lack the resources to implement advanced cybersecurity measures, making their system 

vulnerable to breaches. In contrast, larger producers might invest heavily in cybersecurity, 

creating a competitive advantage. 

Variability in product conditions, such as differences in packaging and lighting, can 

affect the performance of electronic vision systems, making consistent quality assessment 

challenging. For instance, a producer found that their automated inspection system struggled 
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to maintain accuracy when inspecting products with reflective packaging under varying 

lighting conditions, leading to inconsistent quality control. 

Moreover, extensive training and calibration requirements for these systems can be 

resource-intensive and require specialized knowledge (FAO, 2022). A large-scale producer 

might have the resources to provide ongoing training for their staff, whereas smaller producers 

may find this challenging, leading to suboptimal use of the technology. 

Environmental factors, including temperature and humidity, can impact sensor 

performance, and scalability issues may arise when adapting systems for large-scale production 

lines. A study in a coastal region revealed that high humidity levels adversely affected the 

performance of imaging sensors, necessitating additional investment in climate control 

measures. 

Lastly, ethical and environmental considerations related to the disposal of outdated 

equipment and the sustainability of technological solutions must be addressed (FAO, 2022). 

Large producers often can invest in sustainable practices, such as recycling old equipment, 

whereas smaller producers may struggle with the costs associated with such initiatives. 

Recognizing these challenges is crucial for guiding future developments and 

improvements in real-time quality inspection technologies. Addressing these issues will be key 

to ensuring that these technologies can be adopted more broadly across the industry, benefiting 

both large and small producers alike. 

 

Potential Solutions 

To address the challenges and limitations associated with real-time electronic vision 

technologies for inspecting canned fish quality, several strategies can be pursued. Developing 

more affordable imaging and processing technologies is crucial, as advances and wider 

adoption could lead to reduced prices through economies of scale. This is particularly impactful 

as it ensures broader adoption across the industry, benefiting smaller producers who may 

otherwise be excluded. For example, the agricultural sector has seen similar cost reductions 

with the adoption of drone technology for crop monitoring. Investing in modular and scalable 

systems allows producers to start with basic features and expand capabilities over time. 

Additionally, creating comprehensive training programs for operators and maintenance 

personnel is essential to meet the demand for specialized skills. Partnerships between 

technology providers and industry stakeholders can facilitate effective training, where 

collaboration with local universities leads to a well-trained workforce capable of optimizing 

new technologies. 

Enhancing the integration of electronic vision systems with existing production processes 

can be achieved through standardized interfaces and modular designs, allowing for easy 

upgrades and reducing operational disruptions. This approach has proven effective in the food 

and beverage industry, where beverage companies have successfully integrated IoT and AI 

systems, improving efficiency. Addressing data privacy and security concerns involves 

implementing robust encryption techniques and secure communication protocols, a necessity 

highlighted by practices in the financial sector, which sets a benchmark for IoT and AI 

integration.  

Improving the environmental adaptability of electronic vision systems is also important 

to ensure consistent performance across varying conditions. For instance, environmental 

monitoring systems in the pharmaceutical industry have been adapted to function in extreme 

conditions, ensuring accurate data collection.  

Ethical and environmental considerations should be addressed by implementing 

recycling programs for outdated equipment and focusing on sustainable practices, a strategy 

already adopted by the electronics industry to reduce e-waste.  
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Finally, validating these technologies in real-world scenarios through collaboration 

between academia, industry, and technology developers is crucial for refining these systems. 

This mirrors the healthcare industry's use of clinical trials to ensure new technologies meet 

safety and efficacy standards before full-scale implementation. By prioritizing these solutions 

based on feasibility and impact, and drawing on successful implementations across various 

industries, the path forward becomes clearer for improving real-time quality inspection 

technologies in canned fish production. 

 

Conclusion 

The adoption of real-time electronic vision technologies in the canned fish industry 

represents a significant leap forward in quality control, offering superior accuracy, efficiency, 

and consistency compared to traditional manual inspection methods. These technologies 

effectively minimize human error, delivering precise and reliable inspections to ensure that 

consumers receive safe, high-quality canned fish products. Nevertheless, challenges such as 

high costs, integration complexities, and the need for specialized expertise hinder widespread 

adoption across the industry.  

This review highlights the critical need for continued research and development in 

electronic vision technologies, emphasizing the importance of creating cost-effective solutions, 

robust training programs, and streamlined integration practices. Addressing these challenges is 

crucial for advancing quality control measures and achieving broader industry adoption. To 

drive progress, collaboration among academia, industry stakeholders, and technology 

developers is essential.  

Future research should focus on several key areas: affordability and scalability by 

developing cost-effective imaging technologies and modular systems adaptable to various 

production scales; interdisciplinary collaboration by integrating expertise from robotics, AI, 

and food science to create more adaptable inspection systems; exploring emerging technologies 

such as advanced AI models, novel imaging techniques, and IoT integration; ensuring data 

security and privacy with robust measures as systems become more interconnected; and 

enhancing environmental adaptability by designing systems that perform consistently across 

different production conditions.  

By targeting these areas, the canned fish industry can overcome current challenges and 

advance toward more efficient, reliable, and sustainable quality inspection processes. This 

paper provides valuable insights for guiding future advancements, driving innovation, and 

ensuring long-term improvements in food safety and quality control. 
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