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ABSTRACT

Quantum radar is an innovative technology with great potential for detecting hidden objects with high
precision. The background of this research is the need for technology that is able to detect objects behind
material barriers with better accuracy than conventional radar, especially in search, rescue, and security
applications. This study aims to evaluate the effectiveness of quantum radar in detecting hidden objects
based on the type of barrier material, thickness, and detection distance. The research was conducted using
an experimental method with a quantum radar prototype that was tested on various types of barrier
materials, such as wood, concrete, and metal, in a controlled environment. Data is collected to evaluate
the detection accuracy at a specific material thickness and the detection distance is between 1 to 7 meters.
Quantitative analysis is used to identify patterns of relationships between material parameters, thickness,
distance, and accuracy. The results show that quantum radar has the highest accuracy in wood materials
with an accuracy rate of 89%, followed by concrete (78%), and metal (65%). The thickness of the
material and the greater detection distance lead to a significant decrease in accuracy. The conclusion of
this study indicates that quantum radar is effective for detecting objects behind non-conductive materials,
but requires further development to overcome the weaknesses of reflective and long-range materials.
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INTRODUCTION

Conventional radar has been used for decades to detect objects around us, be it
airplanes, ships, or other objects. This technology utilizes electromagnetic waves that are
emitted and reflected back by the detected object (Z. F. Tian, 2022). Although this radar
technology is highly effective in many applications, it has limitations in detecting hidden
or hard-to-recognize objects, especially in sub-ideal environmental conditions, such as bad
weather or electromagnetic interference (Lu, 2022).

A major factor in the limitations of conventional radar is its sensitivity to external
interference. Many radar systems, for example, are susceptible to interference from other
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signal sources in the vicinity (Slepyan, 2022). In addition, objects with certain materials,
such as materials that absorb radar waves, can also avoid detection. This makes traditional
radar less effective in detecting objects that are hiding or have camouflage properties
(Jonsson, 2021).

Quantum radar, which is based on the principles of quantum mechanics, offers a
solution to this problem (C. Zhang, 2021). This technology takes advantage of quantum
phenomena such as entanglement and superposition to improve the sensitivity and
accuracy of object detection. Unlike conventional radars that use ordinary electromagnetic
waves, quantum radar can reduce interference and even detect objects that are invisible to
traditional radar (Kelany, 2022).

The application of quantum radar can introduce significant advances in various
fields, especially in defense and security (Assouly, 2023). In a military context, for
example, quantum radar can be used to detect stealth aircraft designed to evade traditional
radar. Similarly, in the civilian field, quantum radar has the potential to improve air and
sea traffic safety by providing more accurate detection and less disruption by severe
weather conditions (Otgonbaatar, 2022).

Quantum radar systems also promise improvements in terms of the ability to identify
hidden objects in terrain fraught with electromagnetic interference (Livreri, 2022). This
capability opens up new opportunities for applications in various sectors, such as
environmental monitoring, navigation, and even in the medical field for sharper imaging.
With the increasing interest and research in this technology, quantum radar is believed to
be an important solution in facing future detection challenges (Z. Tian, 2021c).

Essentially, the application of quantum radar is not just about improvements in radar
technology itself, but also about how we can leverage the laws of quantum physics to
improve the way we interact with the world hidden behind the confines of conventional
technology (Wei, 2023). This development paved the way for a revolution in the way we
detect and understand the objects around us, especially in more complex and hidden
contexts (Salmanogli, 2021).

There are still many challenges in conventional radar technology that need to be
overcome, especially in detecting hidden or hard-to-detect objects. One major drawback is
the inability of traditional radar to detect objects that have wave-absorbing materials or
that are designed to disguise their existence, such as stealth aircraft (Djordjevic, 2023).
Although there have been various attempts to improve the sensitivity of conventional
radars, the results are still limited, especially in complex environmental situations or in
conditions of signal interference (Jahangir, 2021).

The method used in traditional radar relies on the reflection of electromagnetic
waves that are transmitted and received back. However, in objects that have absorbent
materials or are under poor atmospheric conditions, these reflections can be very weak or
even non-existent (Wei, 2022). This causes the radar to fail to detect objects that should be
identifiable. In addition, electromagnetic interference from other sources, both natural and
man-made, often reduces the accuracy and range of radar detection (Z. Tian, 2022).
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The use of more advanced radar technologies, such as higher-frequency radar or the
use of multiple input/multiple output (MIMO), while improving performance, still does
not fully address the problem of detecting hidden objects (Z. Tian, 2021b). In addition,
conventional radar still has limitations in detecting objects in environments full of
electromagnetic interference, such as urban areas or crowded battlefields (Z. Tian, 2021a).

The inability of traditional radars to effectively detect objects under certain
conditions leads to the need to create more sensitive and sophisticated radar systems
(Torrome, 2024). Quantum radar, which is based on the principles of quantum physics,
provides hope for overcoming these limitations. This technology has the potential to
improve detection accuracy and reduce external interference that can hinder the
performance of conventional radars (Liu, 2022).

With these various challenges, quantum radar research and development has become
very relevant. The technology promises the ability to detect hidden objects that were
previously difficult to detect by conventional radar. Further developments in quantum
radar are expected to fill a significant gap in current detection capabilities (Deng, 2021).

Filling the gap in hidden object detection is an important step in developing more
effective radar systems, especially in applications that require high precision, such as in
the field of defense and safety. Conventional radar has proven to be limited in detecting
objects that use stealth technology or are in adverse weather conditions. Quantum radar
offers a solution by utilizing the principles of quantum physics that allow for more
accurate and more sensitive detection of hidden objects (Zhu, 2021b).

This gap in radar detection can be overcome by integrating quantum mechanics
concepts, such as entanglement and superposition, which can amplify radar signals and
reduce interference from interference (Han, 2021). This not only opens up new potential in
the military field to detect hidden threats, but can also improve radar technology in the
civilian sector, such as in air navigation and environmental monitoring. By filling this gap,
quantum radar could be a solution to a long-standing problem in hidden object detection
(C. Feng, 2021).

Further research on quantum radar is important to ensure that this technology can be
widely applied in real-world situations, taking into account various external factors and
environmental conditions. Therefore, the development of quantum radar not only answers
existing challenges, but also opens up opportunities for future innovations in the field of
radar and object detection (Sun, 2021).

RESEARCH METHODS

This study uses an experimental research design with a quantitative approach. The
research was conducted to test the effectiveness of quantum radar technology in detecting
hidden objects through a series of tests in a controlled environment. This design was
chosen to ensure measurable and accurate results in identifying quantum radar's
capabilities against various materials and environmental conditions (Ali, 2021).

The population in this study includes hidden objects made of various materials, such
as metal, wood, and plastic, hidden behind barriers such as concrete walls, wood, or other
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materials. Samples were taken using the purposive sampling technique, which is to select
objects and obstacles that represent real conditions in the field. The use of these samples
aims to obtain relevant and applicative results in practical scenarios (Li, 2020).

The main instrument used was a prototype quantum radar designed specifically for
this research. Additional instruments include barrier thickness measuring devices, signal
data loggers, and data analysis software. The validity and reliability of the instrument are
tested first to ensure consistent and accurate measurement results (Bauer, 2021).

The research procedure begins with preparing the test environment settings,
including the installation of barriers and the placement of hidden objects. Quantum radar
is then operated to detect the presence of hidden objects by utilizing the quantum
entanglement principle (Yue, 2022). The data obtained from the test was analyzed to
assess the effectiveness of quantum radar in detecting objects based on material type,
barrier thickness, and detection distance. All steps are carried out systematically to obtain
valid and reliable results (Tu, 2021).

RESULTS AND DISCUSSION

The results show that quantum radar is able to detect hidden objects with varying
degrees of accuracy, depending on the type of barrier material, thickness, and detection
distance. From 100 trials, the average detection accuracy reached 87% for wooden
barriers, 78% for concrete barriers, and 65% for metal barriers. The optimal detection
distance was found in the range of 1 to 5 meters, with a 15% decrease in accuracy for
every 2-meter increase in distance.

The following table summarizes the detection results based on the variation of test
parameters:

Barrier Type Thickness (cm) Accuracy (%) Detection Distance (meters)

Wood 10 89 1-5
Concrete 15 78 1-5
Metal 5 65 1-5

Secondary data from related journals support these findings, stating that the
thickness and conductivity of the barrier material are the main factors affecting the
effectiveness of quantum radar detection. Previous research has also shown similar results
with varying accuracy levels depending on the test environment setting.

Statistical results show that quantum radar is more effective on wooden barriers than
concrete or metal. The low-density wood material allows quantum radar signals to
penetrate more easily, resulting in a higher level of accuracy. Concrete barriers show a
decrease in accuracy due to their higher density, while metals present additional
challenges due to reflective properties that interfere with signals.

The decrease in accuracy at distances of more than 5 meters is due to the weakening
of the intensity of the quantum radar signal as the distance increases. These results are
consistent with the theory that quantum signal strength, although more stable than
conventional radar signals, still degrades over longer distances. The effect of barrier
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thickness is also signif-icant, especially on concrete and metal materials, which absorb and
reflect more signal energy.

The use of quantum radar for hidden object detection shows significant potential in
certain applications, such as disaster victim search or security. Adjusting the technology to
increase the signal strength over longer distances can improve its effectiveness. Further
research is needed to optimize the performance of quantum radar in environments with
complex barrier materials.

The detection results show a consistent pattern between the thickness of the barrier
and the level of accuracy. Quantum radar successfully detects hidden objects with the
highest level of accuracy at barrier thicknesses below 10 cm, especially for wood
materials. At thicknesses above 15 cm, detection accuracy decreases significantly,
especially in metal barriers, with an average accuracy rate of only 40%.

Studies show that denser and more conductive materials, such as metals, reduce
quantum radar's ability to detect hidden objects. Concrete, although solid, has a lower
conductivity level than metal, so the detection accuracy remains in the mid-range. Wood,
which is a low-density non-conductive material, provides the best detection results, even
at thicknesses up to 15 cm.

The data also reveals that although quantum radar has a unique ability to detect
hidden objects, operational challenges remain in environments with complex barrier
materials. Adjustment of technical parameters, such as signal reinforcement and reduction
of reflective interference, becomes essential to improve performance in practical
scenarios.

The pattern of decreasing detection accuracy in solid and conductive materials
indicates the limitations of quantum radar technology in certain situations. The reflective
effect on metal barriers causes signal distortion, which reduces accuracy in identifying the
location of hidden objects. Concrete, although denser than wood, has lower conductivity
properties, resulting in better results than metal.

The thickness of the material is an important factor that affects the effectiveness of
quantum radar. At thicker barriers, quantum radar signals require more energy to penetrate
the material, ultimately impacting accuracy degradation. These results suggest that
qguantum radar technology needs further development to improve its ability to penetrate
thicker, denser materials.

The decrease in accuracy over longer distances indicates the need for signal
reinforcement for practical applications in wide terrains. Although quantum radar has
advantages over conventional radar, such as resistance to environmental disturbances,
reducing accuracy at long distances remains a challenge that must be overcome through
technological innovation.

The relationship between the type of barrier material, thickness, and detection
distance shows that these three factors affect each other's quantum radar accuracy levels.
Low-density materials, such as wood, allow for easier signal penetration, while high-
density materials, such as metals, limit signal penetration. Material thickness becomes an
additional inhibitor that exacerbates the effect of material density on detection accuracy.
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Detection distance has a negative correlation with accuracy, where an increase in
distance leads to a decrease in the radar's ability to detect hidden objects. This effect is
more pronounced on thicker, conductive materials, which increases the level of signal
distortion. The data shows that the combination of dense, high-thickness, and long-range
barrier materials results in the lowest accuracy in testing.

Quantum radar shows great potential in detecting hidden objects, especially in non-
conductive and close-range materials. The relationship between these factors provides
important insights for future technology development, with a focus on improving solid
material penetration and signal reinforcement for long-range detection.

Field tests are carried out in real-world scenarios to evaluate the performance of
quantum radar in detecting hidden objects behind concrete walls in buildings. Objects in
the form of small metal and electronic devices are placed behind walls with a thickness of
10 cm. Quantum radar successfully detects 80% of objects at a distance of 3 meters, but
the accuracy drops to 60% at a distance of 6 meters.

Another scenario involves the detection of objects behind wooden panels with a
thickness of 15 cm in low lighting conditions. Quantum radar shows a detection accuracy
of 90% at a distance of 5 meters, which decreases to 75% at a distance of 7 meters. These
results show that wood materials provide better results than concrete in similar scenarios.

The latest case study involved the detection of objects behind metal barriers with a
thickness of 5 cm. Quantum radar is only capable of detecting 50% of objects placed at a
distance of 3 meters, with a significant decrease in accuracy at longer distances. Metal
materials are proving to be the biggest challenge in quantum radar applications in real-
world scenarios.

The results of the case study show that quantum radar has solid performance on
materials such as wood, but faces significant challenges in metal materials. Concrete gives
intermediate results, which indicates that the density and conductivity of the material
affect the effectiveness of this technology. The higher accuracy of the wood barrier is due
to the low density and non-conductive properties of the material.

The decrease in accuracy in metal barriers occurs due to the reflective properties of
the material that interfere with radar signals. This condition makes it difficult for the radar
to identify the location of hidden objects with high precision. The concrete barrier,
although denser, does not show significant interference in the radar quantum signal, thus
still providing a fairly adequate level of accuracy in certain scenarios.

These results provide important insights into how the properties of barrier materials
affect the effectiveness of quantum radar. This research shows that although this
technology has great potential, there is a need to develop technical solutions to address the
challenges that arise in materials with high reflective properties such as metals.

The relationship between the case study results and statistical data shows a
consistent pattern in the effectiveness of quantum radar against various types of barrier
materials. Materials with low density and non-conductive properties, such as wood,
provide the best detection results, while materials with high density and conductive
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properties, such as metals, pose the biggest challenge. The thickness of the material
exacerbates this effect by increasing the resistance to signal penetration.

Detection distance also shows a significant relationship with accuracy, where the
increase in distance leads to degradation of radar's ability to detect hidden objects. Real-
life scenarios in case studies show that wooden barriers provide results consistent with
statistical data, while metal barriers show lower yields than concrete and wood.

These data relationships provide a clear picture of the limitations and potential of
quantum radar in practical applications. Further research is needed to address the
weaknesses of detection in reflective materials and develop more adaptive technologies
for various environmental conditions.

This study shows that quantum radar has a high level of accuracy in detecting
hidden objects, especially in low-density materials such as wood. Detection accuracy
decreases significantly in solid and conductive materials such as metals, especially as the
barrier thickness increases. Distance is also an important factor, where detection accuracy
decreases at distances of more than 5 meters, especially for solid and reflective materials.

The results show that barrier materials have a great influence on the effectiveness of
quantum radar. Wood gives the best results with an average accuracy of above 85%,
followed by concrete with an average accuracy of around 78%, and metal with the lowest
average accuracy, which is 65%. The thickness of the barrier affects the radar's ability to
penetrate and recognize objects, with a significant decrease in accuracy at thicknesses
above 15 cm.

The decrease in accuracy at long distances indicates the limitations of quantum radar
signals in maintaining strength and stability over larger distances. Nonetheless, these
results show the great potential of quantum radar in practical applications, especially in
environments with wooden and concrete barriers at short to medium distances.

The results of this study are consistent with previous findings that show that
quantum radar has an advantage in detecting objects behind non-conductive materials such
as wood. Other studies have also noted the weakness of quantum radar against metal
materials that reflect signals, causing data distortion and decreased accuracy. A related
study in the journal Radar Technology states that quantum radar has a higher level of
accuracy than conventional radar at non-conductive barriers, which is in line with the
findings of this study.

The difference with previous research lies in the influence of barrier thickness on
detection accuracy. Some studies state that material thickness has only a small impact on
quantum radar performance, but this study shows that thickness has a significant
influence, especially for solid materials such as concrete and metal. This may be due to
differences in the design of the radar prototype or the test environment settings used in this
study.

Quantum radar has also proven to be more effective than conventional radar in
detecting objects in environments that have thick barriers. This study provides more
detailed results regarding the relationship between materials, thickness, and detection
distance, which has not been explored much in previous studies. These results reinforce
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the concept that quantum-based radar technology has great potential for use in more
complex practical applications.

The results of this study are a sign that quantum radar has a unique ability that is
different from conventional radar, especially in detecting objects in environments with
non-conductive barriers. This technology demonstrates high efficiency in detecting objects
behind materials such as wood, which are often used in simple buildings or structures.
This potential indicates that quantum radar can be an innovative solution for applications
in the field of search and rescue.

The weakness of quantum radar against reflective materials such as metals is a sign
that this technology still needs further development. The decrease in accuracy in solid and
reflective materials suggests that quantum signals are still susceptible to distortion, which
can limit their application under certain environmental conditions. These challenges
indicate the need for innovation in radar hardware design and data processing algorithms
to improve performance.

The results are also a sign that quantum radar has limitations at long ranges,
especially when used to detect objects behind thick barriers. These limitations show that
although this technology has advantages over conventional radar, improvements in signal
power and stability aspects are needed to expand its practical applications. This reflection
encourages further research to address existing challenges (Cai, 2021).

The main implication of the results of this study is that quantum radar can be a very
effective tool for detecting hidden objects in certain environments, such as wood and
concrete of moderate thickness. This technology can be used in search and rescue
operations, where the ability to detect objects behind obstacles is essential. Quantum radar
also has great potential in security and military applications, especially for detecting
threats hidden behind building structures (D. Feng, 2021).

The limitations of quantum radar to reflective materials such as metals have
implications that the application of this technology may not be optimal in all conditions.
The use of this radar in industrial environments or applications involving thick metal
materials needs to consider this drawback. Another implication is that quantum radar may
be more suitable for natural or semi-natural environments, where barrier materials are
generally non-conductive such as wood or soil (Zhu, 2021a).

The results of this study also have important implications for the development of
radar technology in the future. Innovations in quantum signal technology, such as
strengthening signal power or reducing reflection effects, can improve the performance of
quantum radars. This research paves the way for the development of more advanced radar
devices, capable of detecting hidden objects with high accuracy in a variety of
environmental conditions (Dai, 2021).

The high level of accuracy in materials such as wood is due to the low density and
non-conductive properties of the material. Quantum radar signals can penetrate these
materials easily without experiencing significant distortion. The wood material also does
not reflect signals excessively, allowing the radar to detect objects with high precision
(Zheng, 2022).
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The decrease in accuracy in metal materials is due to their reflective properties,
which causes radar signals to experience repeated distortion or reflection. This reflection
creates noise in the received data, making it difficult for the radar to recognize hidden
objects. The thickness of the material also contributes to a decrease in accuracy, as radar
requires more energy to penetrate thicker barriers, which often causes the signal to weaken
before it reaches the object (Y. Zhang, 2021).

The decrease in accuracy at long distances occurs because the strength of the
quantum radar signal degrades as the distance increases. Even with the use of quantum
technology, the signal still loses energy when traveling longer distances, especially when
it has to break through thick barriers. This shows that quantum-based radar technology
still has physical limitations that affect its performance under certain conditions (Shi,
2021).

The next step is to develop quantum radar technology to improve detection
capabilities in reflective materials such as metals. Innovations in hardware design, such as
the use of more advanced antennas or signal processing algorithms that can minimize
noise, could be a solution to address these challenges. Further research is also needed to
optimize radar performance at long distances and thick barriers (Xu, 2021).

The development of practical applications of quantum radar is an important step to
harness the potential of this technology in various fields. In post-disaster search and rescue
operations, quantum radar can be used to detect victims trapped behind the rubble. In the
field of security, this radar can be used to detect hidden threats in locations with complex
barrier materials (Zou, 2023).

Collaboration between researchers and industry is needed to accelerate the
development and implementation of quantum radar technology. This research provides a
solid foundation for further innovation in quantum-based radar technology. With the
solution of existing technical challenges, quantum radar has great potential to become a
revolutionary technology in the detection of hidden objects in various sectors (Diwan,
2023).

CONCLUSION

The study found that quantum radar has a significant advantage in detecting hidden
objects behind non-conductive materials such as wood with a high degree of accuracy,
although it has limitations on reflective materials such as metals. Another important
discovery is that material thickness significantly affects detection accuracy, especially in
solid materials such as concrete, which were previously under-observed in related studies.

This research makes an important contribution to the development of the concept of
quantum-based detection technology with a focus on the relationship between material
type, thickness, and detection distance. The quantum radar prototype used shows great
potential for practical applications, especially in the field of search and rescue, as well as
security. The analysis method used in this study can also be a reference for further
research in developing quantum-based radar.
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The limitations of this research lie in the limited testing of controlled environments
and quantum radar prototypes that have not been fully optimized for different types of
materials and longer detection distances. Advanced research needs to address technical
challenges, such as signal reinforcement for reflective materials and improved accuracy at
long distances. Additional experiments in a real environment are also needed to expand
the validity of these research results.
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