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Abstract of Thesis

In practical applications, the demand for high-resolution imaging has grown considerably, particularly in
millimeter-wave (MMW) and terahertz (THz) research. MMW and THz imaging technologies, with their unique
advantages in non-destructive testing, materials analysis, biomedical imaging, and security screening, have
garnered widespread attention. MMW imaging, capable of penetrating non-metallic materials, is well-suited for
industrial inspection and body scanning. In contrast, the THz spectrum offers high-resolution imaging and
material spectral analysis, demonstrating significant potential in biomedical and materials sciences. Despite
the FMCW MMW radar's strong performance in range measurement and object recognition, it still faces
challenges in resolution, scanning speed, and noise control. Likewise, THz continuous wave (CW) systems face
limitations in imaging speed and depth of focus, making them insufficient for high-speed industrial inspection,
while THz time-domain spectroscopy (TDS) systems remain largely confined to biological sample analysis and
cannot yet resolve individual cells. To address these technological constraints, this research proposes innovative
imaging techniques utilizing MMW FMCW radar and THz-CW and TDS systems, emphasizing improvements
in imaging resolution. These advancements are anticipated to drive the application of MMW and THz
technologies across industrial and biomedical fields, meeting the growing demand for high -performance imaging
systems.

This dissertation is composed of seven chapters:

Chapter 1 provides an overview of MMW and THz imaging fundamentals, highlighting the research
objective: developing higher-resolution and more efficient MMW and THz imaging systems to overcome current
technological limitations.

Chapter 2 reviews FMCW MMW radar and THz-CW and TDS systems, analyzes challenges related to
resolution, speed, and application scope, and introduces innovative solutions designed to advance these systems.

Chapter 3 details the development of a high-resolution 3D point cloud imaging algorithm based on MMW
FMCW data, presenting the principles of FMCW radar and elaborating on 2D and 3D point cloud reconstruction
methods. Multi-angle scans and data reconstruction achieve a resolution below 1 mm, with clear imaging results
for human and concealed objects.

Chapter 4 explains the process of classifying 3D reconstructed objects using the PointNet++ deep learning
model. By optimizing training datasets and sampling points, the model achieved high accuracies of 0.998 on the
training set and 0.996 on the test set, successfully classifying objects within a box containing concealed objects.

Chapter 5 showcases the development of a high-speed 600 GHz THz imaging system with enhanced focal
depth. Using a polygon mirror to accelerate data acquisition and an integrated off-axis parabolic mirror to
replace the traditional f-theta lens, the system achieves a 170 mm focal depth and a resolution of 2 mm and
successfully detects metallic objects in high-speed motion.

Chapter 6 focuses on high-resolution single-cell imaging with the THz-TDS system. This chapter introduces
the system and cell samples used, presenting imaging results of four different cell types, each approximately 10
pm in size. Furthermore, the non-local means denoising algorithm was introduced, effectively removing noise
while preserving cellular features, thereby enhancing the imaging quality.

Chapter 7 presents the conclusions and prospects for future research.
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