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Abstract

Purpose: Terahertz imaging has emerged as a promising technique for non-destructive evaluation and imaging
applications, offering unique advantages over traditional imaging modalities. This paper presents an overview of
the current state of Terahertz Computed Tomography and highlights the challenges faced in its implementation.

THz-CT utilizes electromagnetic waves in the terahertz frequency range to reconstruct three-dimensional images
of objects with high resolution and penetration capabilities. The ability to visualize internal structures without the
use of ionizing radiation has significant implications for various fields.

Materials and Methods: Despite its potential, it faces several challenges that need to be addressed for its
widespread adoption. Firstly, the limited availability and complexity of THz sources and detectors hinder the
practical implementation of THz-CT systems. Efforts are being made to develop compact, efficient, and cost-
effective THz sources and detectors to overcome these limitations.

Secondly, THz waves are highly susceptible to scattering and absorption by various materials. This poses
challenges in achieving accurate and artifact-free reconstructions, especially in applications involving biological
samples.

Results: Furthermore, the relatively long acquisition times required for THz-CT imaging limit its real-time
applications. Efforts are underway to develop faster acquisition methods to reduce acquisition times while
maintaining image quality.

Lastly, the lack of standardized protocols and benchmarks for THz-CT imaging hinders the comparison and
reproducibility of results across different systems and studies.

Also, in addition to its various applications, terahertz medical imaging and medical microbiological detection
play a significant role in the diagnosis of several types of cancers.

Conclusion: In conclusion, THz-CT holds great promise for various imaging applications, but several challenges
need to be overcome for its widespread adoption. Addressing the limitations associated with THz sources,
scattering and absorption effects, acquisition times, and standardization will pave the way for the realization of
the full potential of THz-CT in the future.
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Terahertz Computed Tomography

1. Introduction

Terahertz Computed Tomography (THz-CT) is an
emerging imaging technique that holds great promise
in various scientific and technological fields. It utilizes
terahertz radiation, which lies between the microwave
and infrared regions of the electromagnetic spectrum,
to generate detailed images of objects with high
resolution and non-destructive capabilities. This
technology has garnered significant attention due to its
potential applications in medical imaging, security
screening, material characterization, and many other
areas [1-3].

The unique properties of terahertz radiation make it
particularly suitable for imaging purposes. Unlike X-
rays and other ionizing radiation, terahertz waves are
non-ionizing and non-destructive, making them safe
for use in medical and biological applications.
Additionally, terahertz radiation can penetrate various
materials, such as clothing, plastics, ceramics, and
even biological tissues, enabling the visualization of
internal structures without the need for invasive
procedures [4].

However, despite its numerous advantages, THz-
CT still faces several challenges that need to be
addressed for its widespread adoption and further
development. One of the main challenges is the
limited availability of efficient terahertz sources and
detectors. Terahertz radiation is challenging to
generate and detect due to its relatively low energy and
the lack of suitable materials for efficient conversion.
Overcoming this limitation is crucial to enhancing the
imaging capabilities and overall performance of THz-
CT systems [5-8].

Another significant challenge lies in the
computational aspects of terahertz computed
tomography. The reconstruction of three-dimensional
images from terahertz projection data requires
advanced algorithms and computational power [9].
The complex nature of terahertz wave propagation and
scattering  necessitates the  development of
sophisticated image reconstruction techniques to
ensure accurate and reliable results. Furthermore, the
large amount of data generated during the imaging
process poses computational challenges that need to
be addressed for real-time imaging applications [10-
11].
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Moreover, terahertz radiation is highly sensitive to
environmental conditions, such as temperature and
humidity. These factors can affect the propagation and
absorption of terahertz waves, leading to distortions in
the acquired images. Therefore, robust calibration
methods and environmental control systems are
essential to mitigate these effects and ensure the
reliability and reproducibility of THz-CT imaging
results [12].

In this scientific paper, we aim to provide a
comprehensive overview of the current state-of-the-art
in terahertz computed tomography and discuss the
existing challenges that hinder its widespread
adoption. We will delve into the technical aspects of
terahertz radiation generation, detection, and imaging
systems, highlighting the limitations and potential
solutions. Additionally, we will explore the
computational challenges associated with terahertz
image reconstruction and discuss the advancements in
this field. Finally, we will address the environmental
factors that affect terahertz imaging and propose
strategies to overcome these challenges [13-14].

By understanding and addressing these challenges,
we can pave the
implementation and

way for the successful
advancement of terahertz
computed tomography, unlocking its full potential in
various scientific, medical, and industrial applications.

1.1. Current State-of-the-Art in Terahertz
Computed Tomography

THz-CT
in terahertz

The current  state-of-the-art in

encompasses several advancements
technology, image reconstruction algorithms, and
applications. These developments have significantly
improved the imaging capabilities and expanded the

potential applications of THz-CT [15-20].

In terms of terahertz sources, researchers have made
significant progress in developing efficient and
compact terahertz emitters. One notable advancement
is the development of terahertz quantum cascade
lasers (QCLs), which provide high-power terahertz
radiation in a compact and tunable form. QCLs have
enabled the generation of terahertz waves with a wide
range of frequencies, improving the flexibility and
versatility of THz-CT systems.
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Furthermore, advancements in terahertz detectors
have contributed to the improvement of THz-CT
imaging. The development of high-sensitivity and
high-speed terahertz detectors, such as bolometers,
pyroelectric detectors, and photoconductive antennas,
has enhanced the signal-to-noise ratio and enabled
faster data acquisition [21-22]. These detectors have
also facilitated the implementation of real-time THz-
CT imaging systems, allowing for dynamic imaging of
moving objects or biological processes [11, 23].

In terms of image reconstruction, researchers have
developed advanced algorithms to overcome the
challenges associated with terahertz wave propagation
and scattering. Iterative reconstruction algorithms,
such as filtered back projection and algebraic
reconstruction techniques, have been adapted and
optimized for terahertz enabling the
reconstruction of high-resolution three-dimensional
images from terahertz projection data. Additionally,

imaging,

machine learning techniques, such as deep learning
and neural networks, have been explored to improve
the speed and accuracy of image reconstruction in
THz-CT [9].

The applications of THz-CT have also expanded in
recent years. In the field of medical imaging, terahertz
technology has shown potential for non-invasive
imaging of biological tissues, including early
detection of skin cancer, imaging of dental structures,
and monitoring of wound healing processes [7, 24].
THz-CT has also found applications in material
characterization, such as the inspection of
pharmaceutical tablets, the detection of concealed
objects in security screening, and the analysis of
artworks and cultural heritage objects [25].

Despite these advancements, several challenges
remain in the field of terahertz computed tomography.
These include the need for further improvements in
terahertz sources and detectors, the development of
more efficient image reconstruction algorithms, and
the enhancement of environmental control systems to
mitigate the effects of temperature and humidity on
terahertz imaging [9]. Addressing these challenges
will contribute to the continued advancement and
adoption of THz-CT in various scientific, medical, and
industrial applications.
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1.2. Existing Challenges, Limitations, and
Potential Solutions

Existing challenges that hinder the widespread
adoption of THz-CT can be categorized into three
main areas: terahertz radiation generation, detection,
and imaging systems. Let's delve into each of these
areas, highlighting the limitations and potential
solutions.

2. Terahertz Radiation Generation

Generating terahertz radiation is a challenging task
due to the relatively low energy of terahertz waves and
the lack of efficient terahertz sources. Terahertz
sources can be classified into electronic solid-state
sources, vacuum electronic sources, laser and
photonics sources, photoconductive antennas, optical
rectification, laser-plasma interaction, Wakefield
scheme, beating scheme, and laser-nanostructure
interaction [26-28]. The limitations in terahertz

radiation generation include:

a. Limited power output: Terahertz sources often
have low power outputs, which can result in low
signal-to-noise ratios and limited penetration depth.
Increasing the power output of terahertz sources is
crucial for improving the imaging capabilities of THz-
CT systems [29]. Potential solutions include the
development of more efficient terahertz emitters [30-
31], such as terahertz quantum cascade lasers (QCLs)
[32], which can provide higher power outputs in a
compact form.

b. Limited tunability: Many terahertz sources have
limited tunability, meaning they can only generate
terahertz waves at specific frequencies. This limits the
flexibility and versatility of THz-CT systems.
Solutions to this limitation include the development of
tunable terahertz sources, such as QCLs with wide
tunability ranges [9], or the use of frequency
conversion techniques to generate terahertz waves at
desired frequencies [33, 34].

In this regard, several methods have been
investigated for the generation of stable terahertz
radiation. Yuelin Li in [35] discusses the generation of
a train of pre-bunched electron beams to produce
coherently enhanced terahertz radiation. The proposed
scheme involves using picosecond laser pulses to
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drive a photoemission gun and generate a train of 50
keV electron pulses. They also discuss the coherence
factor, space charge effect, and the potential
applications of the proposed scheme in terahertz
radiation generation. Additionally, they explore the
use of an echelon lens to generate a pulse train from a
single laser pulse and the potential for generating non-
relativistic bunch trains with a bunch rate in the
terahertz regime [35].

Also, Qi Jin et al. [36] discusses the generation of
THz waves from liquid water using femtosecond laser
pulses. The study demonstrates the critical
dependence of the THz field on the relative position
between the water film and the laser beam's focal
point. It also compares the characteristics of THz
radiation from liquid water with those from air
plasmas, highlighting differences in pulse duration,
polarization, and excitation energy. The findings
suggest potential applications in the fields of THz and
infrared radiation, contributing to the exploration of
laser-liquid interactions and their future as THz
sources [36-37].

The source of THz radiation with long Josephson
junctions of the BSCCO type refers to a specific type
of superconductor material known as BiSrCaCuO
(BSCCO) being used to create Josephson junctions,
which are long in length. When a current is passed
through these long Josephson junctions, they can emit
terahertz (THz) radiation. This type of radiation is
useful for various applications such as medical
imaging, security screening, and communication
technology. The unique properties of BSCCO and the
design of long Josephson junctions make this source
of THz radiation particularly efficient and effective for
generating high-frequency electromagnetic waves
[38].

Among other methods of THz generation, utilizing
semiconductor technology, such as quantum cascade
lasers, uni-travelling carrier photodiodes, nonlinear
photonic waveguides, and photoconductors, would be
a suitable approach for THz generation. Additionally,
the use of CMOS-based and heterojunction bipolar
transistors for electronic terahertz sources represents
another viable option [37, 39-40].

FBT, Vol. 13, No. 1 (Winter 2026) 255-265

3. Terahertz Detection

The receivers or detectors are another important
component of these systems. There are some basic
models of receivers which can be divided into two
main categories: photonic THz receivers, such as
photoconductors [41], and electronic terahertz
receivers, such as Schottky barrier diode detectors
[42], heterodyne receivers [43], and field effect
transistors [44-45].

Additionally, there are other dispersed ideas for
THz receivers, such as Alvydas Lisauskas ef al., who
discuss the use of silicon MOSFETs as detectors of
terahertz (THz) radiation. They summarize three lines
of development and investigation, including efficient
detection at frequencies as high as 9 THz, imaging
with enhanced sensitivity in heterodyne mode, and an
all-electronic raster-scan imaging system for 220
GHz. They also explore the potential for real-time
imaging at 600 GHz with a 12x12 detector array and
the use of CMOS technology for THz photonics.
Additionally, they discuss the advantages of
heterodyne detection and the potential for an all-
CMOS imaging system. They highlight the potential
impact of silicon MOSFET technology on THz
imaging and photonics [46].

Detecting terahertz waves with high sensitivity and
speed is another challenge in THz-CT. The limitations
in terahertz detection include:

a. Limited sensitivity: Terahertz detectors often
have low sensitivity, resulting in weak signals and
reduced image quality. Enhancing the sensitivity of
terahertz detectors is crucial for improving the signal-
to-noise ratio and overall imaging performance.
Potential solutions include the development of high-
sensitivity  detectors, such as bolometers or
superconducting detectors, or the use of signal
amplification
detection [47].

techniques, such as heterodyne

b. Limited speed: Terahertz detectors typically have
slow response times, which can limit the acquisition
speed of THz-CT systems. Improving the speed of
terahertz detectors is important for real-time imaging
applications [11]. Potential solutions include the
development of high-speed detectors,
photoconductive antennas or field-effect transistors,

such as
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or the use of parallel detection schemes to increase the
data acquisition rate [48-52].

4. Terahertz Imaging Systems

Terahertz imaging systems are advanced
technologies that utilize terahertz waves to create
detailed images of objects and materials. This
capability allows terahertz imaging systems to provide
high-resolution images and even reveal the chemical
composition of objects. Furthermore, the progress in
terahertz imaging modalities, which encompasses
enhanced spatial resolution and spectroscopic
imaging, along with a focus on functional devices and
signal processing methods, has led to significant
improvements in terahertz imaging systems [53-55].

The technical aspects of terahertz imaging systems
also present challenges in THz-CT. These limitations
include:

a. Computational complexity: The reconstruction of
three-dimensional images from terahertz projection
data requires advanced algorithms and significant
computational power. The complex nature of terahertz
wave propagation and scattering adds to the
computational complexity. Potential solutions include
the development of optimized image reconstruction
algorithms, such as iterative reconstruction techniques
or machine learning-based approaches, and the
utilization of parallel computing architectures to
accelerate the reconstruction process [9].

b. Environmental effects: Terahertz radiation is
highly sensitive to environmental conditions, such as
temperature and humidity. These factors can affect the
propagation and absorption of terahertz waves,
leading to distortions in the acquired images. Robust
calibration methods and environmental control
systems are essential to mitigate these effects and
ensure the reliability and reproducibility of THz-CT

imaging results [56-57].

Addressing these challenges requires
interdisciplinary efforts from researchers in physics,
and computer science. Continued

technology,

engineering,

advancements in terahertz image
reconstruction algorithms, and environmental control
systems will contribute to overcoming these

limitations and promoting the widespread adoption of
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terahertz  computed various

applications [32].

tomography in

5. Biological Effects of Terahertz
Radiation

Terahertz (THz) radiation has been observed to
have a significant impact on biological organisms,
resulting in a wide range of effects such as changes in
protein activity and epigenetic modifications that can
lead to altered metabolism or reproduction. These
effects are categorized as thermal and non-thermal,
with the former attributed to THz's ability to induce
localized thermal changes, while the latter involves
more intricate interactions with the macromolecules of
cells, which are not yet fully understood. The capacity
of terahertz radiation to enhance actin polymerization
and modify gene expression suggests potential
applications in agriculture, where increased growth
rates have been observed in certain plant species post-
exposure, and in medicine, where it may potentially
slow down the rapid division of cancer cells [23, 58-
60].

5.1. Computational Challenges of Terahertz
Image Reconstruction

THz-CT involves the acquisition of multiple
projections of an object using terahertz radiation and
the reconstruction of a three-dimensional image from
these projections. The reconstruction process is
computationally intensive and involves solving a
system of linear equations to obtain the attenuation
coefficients of the object at each voxel. The
computational challenges associated with terahertz
image reconstruction can be categorized into two main
areas: the complexity of terahertz wave propagation
and scattering, and the large amount of data generated
during the acquisition process [61].

5.1.1.Complexity of Terahertz Wave

Propagation and Scattering

Terahertz waves are highly sensitive to the
geometry and composition of the object being imaged,
as well as the surrounding environment [62]. The
complex nature of terahertz wave propagation and
scattering presents computational challenges in image
reconstruction, including:
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a. Non-linear and non-local effects: Terahertz
waves exhibit non-linear and non-local effects, such as
dispersion, absorption, and scattering, which can lead
to distortions in the acquired projections. These effects
need to be accurately modeled and accounted for in the
reconstruction process, which can be computationally
demanding [63-65].

b. Limited data availability: Terahertz radiation has
limited penetration depth and can be strongly absorbed
by certain materials, resulting in incomplete projection
data. This can lead to artifacts and errors in the
reconstructed image, which need to be minimized
through advanced image reconstruction algorithms
[66].

5.1.2.Large Amount of Data

THz-CT generates a large amount of data, which
requires efficient storage and processing. The
limitations in data processing include:

a. Memory and processing power: The large amount
of data generated during the acquisition process
requires significant memory and processing power for
image reconstruction. This can be a challenge for
systems with limited computational resources [67-68].

b. Data transfer and storage: THz-CT systems
generate large amounts of data, which need to be
transferred and stored efficiently. This requires
advanced data compression and transfer protocols to
minimize data loss and ensure data integrity [69-70].

Recent advancements in terahertz image
reconstruction have focused on addressing these
computational challenges. These advancements

include:
1. Advanced Image Reconstruction Algorithms

Several advanced image reconstruction algorithms
have been developed to overcome the limitations of
traditional reconstruction methods, such as filtered
back projection. These algorithms include iterative
reconstruction techniques, such as Algebraic
Reconstruction Techniques (ART) and Simultaneous
Algebraic Reconstruction Techniques (SART), which
can improve the accuracy and robustness of image
reconstruction [71-72].

2. Machine Learning-Based Approaches
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Machine learning-based approaches have shown
promise in terahertz image reconstruction, particularly
in addressing the limited data availability and non-
linear effects of terahertz waves. These approaches
include deep learning-based algorithms, such as
convolutional neural networks (CNNs) and
Generative Adversarial Networks (GANs), which can
learn complex features and patterns from limited data
and improve the accuracy and speed of image
reconstruction [73-74].

3. Parallel Computing Architectures

Parallel computing architectures, such as graphics
processing units (GPUs) and field-programmable gate
arrays (FPGAs), have been utilized to accelerate the
image reconstruction process [75-76]. These
architectures can handle large amounts of data and
perform complex computations in parallel, leading to
significant improvements in reconstruction speed and
efficiency.

In conclusion, terahertz image reconstruction
presents several computational challenges, including
the complexity of terahertz wave propagation and
scattering, and the large amount of data generated
during the acquisition process. Recent advancements
in image reconstruction algorithms, machine learning-
based
architectures have shown promise in addressing these
challenges and improving the accuracy, speed, and

approaches, and parallel computing

efficiency of terahertz image reconstruction.

6. Environmental Factors and Propose
Strategies

Environmental factors can significantly impact the
performance and reliability of terahertz imaging
systems. Some of the key environmental challenges in
terahertz imaging include temperature variations,
humidity, and atmospheric absorption. Here are
strategies to overcome these challenges:

6.1. Temperature Variations

Terahertz radiation is sensitive to temperature
variations, which can affect the propagation and
absorption of terahertz waves [77-78]. To overcome
this challenge:
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- Environmental  Control: Implementing
temperature control systems, such as temperature
stabilization chambers or enclosures, can help
maintain a stable and controlled environment for
terahertz imaging. This ensures consistent and
reproducible results.

- Calibration: Regular calibration of the terahertz
imaging system is crucial to account for temperature
variations. Calibration can be done using temperature-
sensitive reference materials or by incorporating
temperature sensors within the system [79-80].

6.2. Humidity

Humidity can also impact terahertz imaging as
water vapor in the atmosphere strongly absorbs
terahertz waves [81-82]. To mitigate this challenge:

- Environmental Control: Similar to temperature
control, humidity control systems can be employed to
maintain a stable humidity level during terahertz
imaging. This helps minimize the effects of water
vapor absorption on the acquired images.

Advanced
algorithms can be developed to compensate for the

- Atmospheric ~ Compensation:
effects of atmospheric absorption and scattering.
These algorithms can be based on physical models or
machine learning approaches to estimate and correct
for the distortions caused by humidity.

6.3. Atmospheric Absorption

Terahertz waves are subject to absorption by
atmospheric gases, such as water vapor and oxygen.
This absorption can limit the penetration depth of
terahertz radiation [83-85]. Strategies to overcome this
challenge include:

- Frequency Selection: Choosing frequencies with
lower absorption by atmospheric gases can help
improve the penetration depth and image quality. This
requires careful consideration of the target application
and the specific absorption characteristics of the gases
present in the environment.

- Gas Compensation: Similar to atmospheric

compensation for humidity, algorithms can be
the effects of

algorithms can

developed to compensate for
atmospheric absorption. These
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estimate and correct for the distortions caused by the
absorption of terahertz waves by atmospheric gases.

- Gas Sensing: Incorporating gas sensing
capabilities within the terahertz imaging system can
provide real-time information about the composition
and concentration of atmospheric gases. This
information can be used to adjust the imaging
parameters or apply appropriate correction algorithms

to account for the absorption effects [86].

Overall, strategies to overcome environmental
challenges in terahertz imaging involve environmental
control, calibration, advanced algorithms for
compensation, and real-time monitoring of
environmental parameters. These approaches can help
ensure the reliability, reproducibility, and accuracy of
terahertz imaging in various applications [87].

7. Conclusion

Terahertz computed tomography has emerged as a
promising imaging technique with unique capabilities
for non-destructive

and non-invasive imaging.

However, the computational challenges and
environmental factors discussed in this paper highlight
the need for further research and development to fully

harness the potential of THz-CT.

Advanced
machine learning-based approaches, and parallel
computing architectures have shown great promise in

image reconstruction algorithms,

overcoming the computational challenges associated
with THz-CT. These advancements have the potential
to improve the accuracy, speed, and efficiency of
image reconstruction [88], enabling real-time imaging
and analysis of terahertz data.

Additionally, strategies to address environmental
factors, such as temperature variations, humidity, and
atmospheric absorption, are crucial for ensuring
accurate  terahertz

control

reliable and
Environmental

imaging.
systems,  calibration
techniques, and compensation algorithms can help
mitigate the effects of these factors,

consistent and reproducible results.

enabling

By overcoming these challenges, THz-CT can find
widespread applications in fields such as materials
science, biomedical imaging [89], security screening,
and industrial quality control [55]. The ability to
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visualize and characterize materials and structures at
terahertz frequencies can provide valuable insights
and enable advancements in diverse areas, including
pharmaceutical research, cancer detection, and non-
destructive testing [29, 32, 90-91].

In conclusion, terahertz computed tomography
holds immense potential for revolutionizing imaging
technologies. However, to fully realize this potential,
it is crucial to address the computational challenges
and environmental factors that impact THz-CT. The
advancements in image reconstruction algorithms,
machine learning-based approaches, and parallel
computing architectures, along with strategies to
mitigate environmental factors, will play a pivotal role
in unlocking the full capabilities of THz-CT in
scientific, medical, and industrial applications.
Continued research and development in these areas
will pave the way for the widespread adoption and
advancement of THz-CT, leading to discoveries,
improved diagnostics, and enhanced quality control in
various fields [55].
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