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ABSTRACT 

Quantum imaging is a quantum principle-based imaging technology that shows great potential in medical 

and industrial applications. This study was conducted to evaluate the advantages of quantum imaging 

compared to conventional technology in terms of energy efficiency, image resolution, and detection 

accuracy. The research design uses an experimental approach with testing on biological networks for 

medical applications and metal materials for industrial applications. The data was quantitatively analyzed 

to measure energy efficiency, resolution, and accuracy and compared with the results of conventional 

technologies. The results show that quantum imaging is able to improve energy efficiency by up to 35%, 

produce an image resolution of 200 nm, and achieve a detection accuracy of 95% in medical applications 

and 92% in industrial applications. In medical applications, this technology enables early diagnosis of 

diseases through the detection of molecular changes, while in industrial applications, it is capable of 

detecting microcracks that are difficult to see. This advantage shows that quantum imaging can be an 

innovative solution for modern imaging needs. The conclusion of this study is that quantum imaging has 

the potential to replace conventional imaging technology with advantages in efficiency, resolution, and 

accuracy. Further research is needed to overcome the limitations of large-scale implementation of this 

technology and develop more practical devices. 
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INTRODUCTION 

Quantum imaging is a cutting-edge technology that utilizes the principles of 

quantum mechanics, such as superposition and entanglement, to produce images with 

much higher resolution and sensitivity than conventional imaging techniques (Cao, 2022). 

The technology has attracted attention in various fields, mainly due to its ability to 

overcome physical limitations in traditional imaging. In medical applications, quantum 
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imaging offers a great opportunity to improve the quality of diagnosis through 

visualization of body tissues with a level of detail never before achieved (Kim, 2022). 

Advances in quantum imaging technology have made it possible to develop devices 

capable of working at the level of single photons, which significantly reduces the level of 

radiation required (X. Chen, 2021). This is especially important for medical applications, 

where patient safety is a top priority. In industry, quantum imaging is used to detect 

defects in materials and internal structures without damaging objects, providing a more 

efficient solution than traditional non-destructive methods (Xu, 2021b). 

Various studies have shown that quantum imaging can provide significant 

advantages in low-light conditions, such as in astronomy and biology (Reagen, 2021). The 

ability to capture images with extreme sensitivity makes this technology ideal for 

situations where conventional lighting is inadequate. Another advantage is the ability of 

quantum imaging to detect information that classical imaging systems cannot access, such 

as the distribution of molecules at the nanoscale (J. Chen, 2021). 

The application of quantum entanglement in quantum imaging has opened up new 

opportunities to improve accuracy and precision in a variety of applications. In the 

medical field, this technology allows for detailed observation of soft tissues, which was 

previously difficult to do with techniques such as MRI or CT scans (Khan, 2022). In 

industry, quantum imaging can be used for the inspection of material microstructures with 

a very high degree of precision, which is essential to ensure product quality (Kundu, 

2021). 

Quantum imaging also has the potential to reduce operational costs, especially in the 

manufacturing industry (Sanjayan, 2022). The ability to detect material defects early can 

reduce the risk of product failure, thereby speeding up the production process and 

increasing efficiency. In medical applications, early detection of diseases through this 

technology can reduce long-term treatment costs, which indirectly provides significant 

economic benefits (Yang, 2021). 

This technological advancement shows that quantum imaging has great potential to 

revolutionize various sectors (Madonini, 2021). However, the development of this 

technology is still in its infancy, and most of its practical applications are still in the 

process of research and development. A deeper understanding of the basic principles and 

their application is necessary to maximize the benefits that this technology can provide 

(Bai, 2021). 

The effectiveness of quantum imaging in a variety of conditions is not yet fully 

understood, especially in complex real-world environments (Ma, 2022). Most of the 

research is still being conducted in a controlled laboratory environment, so it is not yet 

clear how this technology will work in more dynamic scenarios. This limitation is the 

main obstacle in the application of quantum imaging on a wider scale, both in the medical 

and industrial fields (Huang, 2021). 

Technical limitations, such as the stability of quantum systems and complex data 

processing, are still a challenge in the development of this technology (Garg, 2022). 

Quantum imaging requires highly sensitive and expensive hardware, which makes it 
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difficult to apply widely. In medical applications, the success of this technology depends 

heavily on how the device can be integrated with existing imaging systems without 

disrupting clinical workflows (Shen, 2022). 

Understanding of the potential side effects or long-term risks of using quantum 

imaging in medical applications is also limited (Magdy, 2023). Although this technology 

offers advantages in the form of radiation reduction, other impacts on the human body 

have not been fully explored. In the industry, there is no clear standard regarding the use 

of quantum imaging for material inspection, so its application still tends to be sporadic (T. 

Li, 2022). 

The lack of empirical data on the efficiency of quantum imaging in detecting 

specific objects is a significant knowledge gap (Cui, 2023). In medical applications, for 

example, there has not been enough research to compare the accuracy of this technology 

with conventional imaging methods in the diagnosis of certain diseases. In industry, the 

effectiveness of quantum imaging in detecting micro-defects in various types of materials 

requires further verification (Xu, 2021a). 

The development of effective data processing algorithms to support quantum 

imaging is also a major challenge. The data generated by quantum imaging systems is 

very complex, so a new approach is needed in data analysis and interpretation .  Without 

efficient algorithms, the full potential of these technologies cannot be fully utilized, which 

hinders adoption in the medical and industrial sectors (Ravaioli, 2024). 

Filling knowledge gaps in quantum imaging is critical to maximizing the potential of 

these technologies in medical and industrial applications. In the medical field, the ability 

to detect diseases early with a high degree of accuracy can save many lives and reduce the 

burden on the healthcare system. In industry, this technology can improve production 

efficiency and ensure better product quality, which ultimately has a positive economic 

impact (Almuqrin, 2022). 

Developing solutions to technical challenges, such as the stability of quantum 

systems and data processing algorithms, will pave the way for the widespread application 

of quantum imaging. Research focused on the integration of this technology with existing 

imaging systems will accelerate its adoption in various sectors. Further studies are also 

needed to evaluate the effectiveness of these technologies in various real-world 

environmental conditions (Tayaba, 2023). 

Understanding the risks and benefits of quantum imaging through comprehensive 

research will provide a solid basis for the development of standardization and regulation 

(Horie, 2022). This research is important to ensure that the technology can be used safely 

and efficiently in a variety of applications. By filling this knowledge gap, quantum 

imaging has the potential to become a revolutionary technology that has a major impact on 

human life and global industry (Prasad, 2023). 

 

RESEARCH METHODS 

This study uses an experimental research design that aims to explore the potential of 

quantum imaging in medical and industrial applications. The quantitative approach is used 
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to analyze the data measurably, while the qualitative approach is applied to assess the 

technical and applicative aspects of the technology. Experiments are conducted in 

laboratories with controlled settings to ensure the validity of the results (Z. Li, 2020). 

The research population involves medical devices and industries relevant to imaging 

technologies, such as X-ray-based medical imaging systems and non-destructive 

applications in the manufacturing industry. The research sample was selected purposively, 

including commonly used imaging devices as well as quantum imaging-based prototypes. 

Sampling is carried out by considering the availability of tools and the need for case 

studies on each application (Nauta, 2023). 

The main instruments in this study include quantum imaging devices, such as 

entangled photons, high-sensitivity photon detectors, and data analysis software. In 

addition, imaging efficiency and accuracy measuring tools are used to compare the 

performance of quantum imaging with conventional technology. The validity of the tool is 

measured through preliminary testing before being used in the main experiment (O’Brien, 

2020). 

The research procedure begins with the setting up of a quantum imaging system in 

the laboratory. The trial was carried out by applying imaging methods to medical objects 

such as biological tissues and industrial objects such as metal materials (Corami, 2020). 

The data obtained is analyzed using special software to measure resolution, energy 

efficiency, and imaging accuracy. The results of the experiment were compared with the 

results of conventional technology imaging to evaluate the advantages and limitations of 

quantum imaging (Campa, 2021). 

 

RESULTS AND DISCUSSION 

The data collected in this study involved measuring imaging efficiency, image 

resolution, and accuracy levels in medical and industrial applications. Based on the results 

of the experiment, quantum imaging shows an increase in efficiency of up to 35% 

compared to conventional technology in medical imaging systems. The image resolution 

produced by quantum imaging reaches an average of 200 nm, while conventional imaging 

only reaches 350 nm. In industrial applications, quantum imaging is able to detect material 

cracks with an accuracy of up to 92%, while conventional technology only achieves an 

accuracy of 78%. 

The following table presents statistical data obtained from test results in two 

different applications, namely medical and industrial: 

Parameter 

Quantum 

Imaging 

(Medis) 

Conventional 

(Medical) 

Quantum 

Imaging 

(Industri) 

Conventional 

(Industrial) 

Energy 

Efficiency (%) 
85 50 80 60 

Image 

Resolution 
200 350 200 400 
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Parameter 

Quantum 

Imaging 

(Medis) 

Conventional 

(Medical) 

Quantum 

Imaging 

(Industri) 

Conventional 

(Industrial) 

(nm) 

Detection 

Accuracy (%) 
95 75 92 78 

Secondary data supporting this study come from previous studies that show the 

potential of quantum imaging in high-resolution imaging. The study reports that this 

technology can be used to detect molecular changes in biological networks and micro-

damage to industrial materials. This data provides an initial justification for developing 

further experiments. 

The higher imaging efficiency of quantum imaging shows that this technology is 

able to make optimal use of energy. This is mainly due to the use of entangled photons 

which increases the sensitivity of the imaging system. In medical applications, high 

energy efficiency allows the detection of abnormal tissues with lower radiation doses, 

making it safer for patients. 

The image resolution produced by quantum imaging provides a significant 

advantage over conventional technology. Imaging with a resolution of 200 nm allows the 

detection of very small tissue structures, such as cancer cells in their early stages. In 

industrial applications, high resolution helps in detecting microcracks that were previously 

undetectable by conventional technology, thereby improving product safety and quality. 

The higher detection accuracy of quantum imaging shows that this technology is 

more reliable in generating imaging data. In medical applications, high accuracy allows 

for more precise diagnosis, while in industrial applications, this minimizes false material 

damage detection. This advantage makes quantum imaging a promising technology for 

various imaging needs. 

Testing in medical applications is carried out using biological tissues that have been 

specially colored to enhance the contrast of the image. Quantum imaging is able to detect 

changes in tissue structure with a very high level of clarity. The data shows that this 

technology can detect differences in network density down to the molecular level, which 

conventional technology cannot achieve. 

In industrial applications, testing is carried out using metal materials that have been 

subjected to pressure to produce micro-cracks. Quantum imaging shows an outstanding 

ability to detect small cracks with high accuracy. The data shows that cracks with a size of 

less than 1 micrometer can be clearly seen in the imaging results produced by this 

technology. 

Comparisons with conventional technologies show significant differences in terms 

of efficiency, resolution, and accuracy. Conventional technology often fails to detect small 

critical details, both in biological networks and industrial materials. This further 

strengthens the advantages of quantum imaging as a more advanced imaging method. 
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The use of quantum imaging in medical applications shows great potential in 

supporting early diagnosis of diseases. The ability to detect molecular changes allows for 

early identification of diseases such as cancer, which relies heavily on high-resolution 

imaging. This can increase the success rate of treatment because the disease is detected at 

an early stage. 

In industrial applications, quantum imaging capabilities in detecting microcracks 

provide great benefits in the manufacturing and engineering industries. This technology 

can be used to check the quality of materials before they are used in production, thereby 

increasing efficiency and reducing the risk of product failure. The high accuracy also helps 

in minimizing the costs associated with re-inspection or product failure. 

The advantages of energy efficiency in quantum imaging have a significant positive 

impact, especially in applications that require intensive imaging. In medical applications, 

this means a reduction in the radiation dose received by patients, while in industrial 

applications, energy efficiency means savings in operational costs and resources. 

The advantages of efficiency, resolution, and accuracy in quantum imaging are 

intertwined in providing superior imaging results. High energy efficiency allows for 

increased detection sensitivity, which in turn increases image resolution. Higher resolution 

then results in better detection accuracy, so that all parameters support each other to 

produce high-quality imaging. 

In medical applications, the relationship between efficiency, resolution, and 

accuracy has a positive impact on disease diagnosis. High energy efficiency allows for a 

reduced risk of radiation exposure, while higher resolution and accuracy increase the 

chances of early diagnosis. This combination makes quantum imaging an ideal technology 

for medical applications that require high-precision imaging. 

In industrial applications, the relationship between these three parameters helps in 

ensuring the quality and safety of materials. High energy efficiency allows for more 

frequent inspections without increasing operating costs, while higher resolution and 

accuracy ensure that all material defects are detected. This relationship provides 

significant added value in the manufacturing and engineering industries. 

Case studies on medical applications were conducted using breast cancer tissue 

taken from patient samples. Quantum imaging is able to detect microstructures in cancer 

tissue very clearly. The data shows that this technology can distinguish between healthy 

tissue and cancer with an accuracy rate of up to 98%, which is much higher than 

conventional methods. 

In industrial applications, case studies are conducted on aircraft engine components 

made of mixed metal materials. Quantum imaging is used to detect microcracks that are 

often the main cause of machine failure. The data shows that the technology is capable of 

detecting cracks less than 0.5 micrometers in size, which conventional methods do not 

detect. 

The results of the case study show that quantum imaging not only provides more 

accurate results, but is also more efficient in terms of time and resources. In medical 
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applications, diagnosis time can be shortened, while in industrial applications, inspection 

time can be reduced without sacrificing the quality of results. 

The ability of quantum imaging to detect microstructures in cancer tissue provides 

new hope in early diagnosis. Early detection allows for faster medical intervention, 

potentially saving more lives. The high level of accuracy also reduces the risk of 

misdiagnosis, which is often a problem with conventional methods. 

In industrial applications, the ability to detect microcracks has a significant impact 

in improving safety and efficiency. Inspection of aircraft engine components with 

quantum imaging ensures that all material defects are detected before use, thereby 

reducing the risk of accidents. Higher efficiency also means savings in operating costs, 

which is especially important in large-scale industries. 

The time efficiency advantages offered by quantum imaging provide a competitive 

advantage in a wide range of applications. In medical applications, time efficiency means 

patients can receive treatment faster, while in industrial applications, time efficiency 

means increased productivity. This makes quantum imaging a technology that has great 

potential to be widely adopted. 

The correlation between efficiency, resolution, and accuracy in quantum imaging 

provides a comprehensive solution to a wide range of imaging needs. Higher efficiency 

allows the use of this technology in applications that require intensive imaging, such as 

cancer diagnosis. Higher resolution supports the detection of small details, while higher 

accuracy ensures that imaging results are reliable. 

In medical case studies, the relationship between these three parameters has a direct 

impact on the success rate of diagnosis and treatment. High energy efficiency reduces the 

risk of radiation exposure, while higher resolution and accuracy ensure that the resulting 

diagnosis is more precise. This combination makes quantum imaging a very effective tool 

in supporting clinical diagnosis. 

In industrial case studies, the relationship between efficiency, resolution, and 

accuracy helps improve the quality of material inspection. Energy efficiency allows for 

more frequent inspections without increasing costs, while higher resolution and accuracy 

ensure that all material defects are detected. This relationship provides significant benefits 

in ensuring product safety and quality. 

This study shows that quantum imaging has significant advantages over 

conventional imaging technology in medical and industrial applications. Higher energy 

efficiency, sharper image resolution, and better detection accuracy are the main points that 

differentiate this technology. In medical applications, quantum imaging is able to detect 

changes in molecular and microstructure of tissues with an accuracy rate of up to 95%, 

while in industrial applications, this technology successfully detects microcracks with 

92% accuracy. 

Statistical data shows that quantum imaging provides more precise and efficient 

results. Image resolution reaches 200 nm in both applications, much higher than 

conventional technologies that range from 350–400 nm. Energy efficiency of up to 85% in 
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medical applications and 80% in industrial applications supports more energy-efficient 

operation while still producing high-quality imaging results. 

The results of this study not only confirm the potential of quantum imaging in 

improving imaging standards, but also show that this technology can be widely applied in 

various fields. Excellence in efficiency, resolution, and accuracy makes it a highly 

relevant solution in facing the challenges of modern imaging, both in healthcare and 

industry. 

The results of this study are in line with previous findings that state that quantum 

imaging provides a significant advantage in resolution and detection accuracy. Previous 

studies by Zhang et al. (2020) also reported the ability of quantum imaging to detect 

biological tissue structures at the nanometer scale. This research reinforces those claims 

by showing that this technology can be used not only in medical applications but also in 

industrial applications. 

Some differences with other studies appear in the aspect of energy efficiency. A 

study by Wang et al. (2021) found that quantum imaging tends to require greater energy in 

the early stages of its operation. However, the results of this study show that energy 

efficiency can be achieved through system configuration optimization, thus enabling more 

energy-efficient applications without compromising imaging quality. 

This research also expands the scope of quantum imaging applications that were 

previously more focused on the medical field. By demonstrating its excellence in detecting 

microcracks in industrial materials, this study adds a new perspective on the potential of 

quantum imaging in improving efficiency and safety in the manufacturing and engineering 

sectors. 

The results of this research are a sign that quantum imaging has the potential to 

become a revolutionary technology in the field of imaging. The advantages in efficiency, 

resolution, and accuracy show that this technology can overcome the limitations that have 

been faced by conventional technology. In a medical context, these results signify that 

early diagnosis of various diseases, including cancer, can be carried out with greater 

precision and lower risk. 

In industrial applications, the results of this research are a sign that material 

inspection can be carried out more effectively and efficiently. The ability to detect 

previously invisible microcracks shows that quantum imaging can play an important role 

in improving product quality and safety. This is an important signal for the manufacturing 

industry to start switching to more advanced technology. 

This research is also a sign that the development of quantum-based imaging 

technology has reached a stage mature enough to be applied practically. With consistent 

and significant results, quantum imaging shows the potential for wider adoption in various 

sectors, both for healthcare purposes and industrial purposes. 

The implications of the results of this study are very wide, especially in improving 

the quality of imaging in the medical and industrial fields. In the medical field, quantum 

imaging can provide more precise diagnoses, which can ultimately improve the success 
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rate of treatment. Higher energy efficiency also means lower radiation exposure for 

patients, thus providing additional benefits in terms of safety and comfort (Zhang, 2022). 

In the industrial field, the main implications are increased efficiency of the 

inspection process and reduced risk of product failure. The ability to detect microcracks 

allows for the identification of material defects at an early stage, which can save repair 

costs and improve operational safety. This is especially important in safety-first industries, 

such as aircraft and automotive manufacturing (W. Chen, 2021). 

Quantum imaging also has implications in terms of technological sustainability. 

Higher energy efficiency means more efficient use of resources, which is in line with 

global efforts to reduce carbon footprints. These implications make quantum imaging not 

only technically relevant but also in accordance with the demands of environmental 

sustainability (Mortazavi, 2024). 

The results of this study can be explained by the basic principles of quantum 

imaging which uses entangled photons to improve sensitivity and resolution. This 

technology allows imaging at a very small scale with a high degree of accuracy. The use 

of entangled photons also explains why energy efficiency can be improved, as this 

technology takes advantage of the quantum properties of photons to produce images with 

less energy (Shastri, 2023). 

The excellence in medical applications is due to the ability of quantum imaging to 

detect molecular changes in biological tissues. The technology is able to capture very 

small density differences, which are difficult for conventional technology to detect. This 

allows for earlier and more precise diagnosis, especially for diseases that require 

microstructure detection (James, 2024). 

In industrial applications, this result can be explained by the technology's ability to 

detect microcracks in materials. High-resolution imaging allows for the identification of 

previously undetected material defects. Higher energy efficiency also supports more cost-

effective operation, which is particularly relevant in large-scale inspection processes 

(Kumar, 2024). 

The next step is to integrate quantum imaging into existing imaging systems to 

maximize its benefits. In the medical field, the development of portable and affordable 

quantum-based imaging devices should be a priority. This will allow this technology to be 

accessed by more healthcare facilities, including in remote areas. Training of medical 

personnel also needs to be carried out to ensure that this technology can be used optimally 

(Al-Abyad, 2022). 

In the industrial field, the development of quantum imaging applications must be 

focused on sectors with high inspection needs. The integration of this technology into the 

production line can improve the efficiency and quality of the product. Additional research 

is also needed to optimize the use of quantum imaging in different types of materials and 

operational conditions (Kumar, 2022) 

Future research should be directed towards further exploration of the limitations and 

potential of quantum imaging. The development of more sophisticated data analysis 

algorithms is also needed to process imaging results faster and more accurately. With 
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these steps, quantum imaging can become a key technology in supporting advancements 

in various sectors, both medical and industrial (Esmail, 2024). 

 

CONCLUSION 

The most important findings of this study are quantum imaging capabilities in 

producing high energy efficiency, sharp image resolution up to 200 nm, and detection 

accuracy of up to 95% in medical applications and 92% in industrial applications. This 

technology has proven superior to conventional methods, especially in the detection of 

molecular changes in biological networks and microcracks in industrial materials. 

The more valuable value of this research lies in its contribution to the development 

of quantum-based imaging methods that can be widely applied. This research not only 

provides empirical evidence of the advantages of quantum imaging but also expands the 

scope of its application from previously limited to the medical field to being relevant in 

the manufacturing industry. 

The limitation of this study is that testing is still carried out on a laboratory scale 

with controlled conditions, so the implementation of this technology on a large scale has 

not been tested. Further research needs to be focused on the development of more portable 

quantum imaging devices and faster data processing to support their integration into 

practical applications in various fields. 
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