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Three-dimensional imaging techniques have been developed for a wide area of applications,
including the applications in near field such as ground penetrating radar imaging, hidden object
imaging and security control. Different types of active radar systems have been by many research
institutions, developing new technologies of imaging every day. This work is motivated by
investigation of 3D imaging with two types of continuous wave radars and its specificities, mainly
focused on optimization technic of the antenna arrays and tracking of the radar.

In order to get information about objects inner structure, to detect and recognize shapes of the
objects a high resolution radar imaging have been used. However, the technology, based on
ultra-wideband (UWB), is limited by microwave propagation effects, wave scattering, and power
loss. Operating of the radar in the near-field could overpass the problem of the received signals been
weak and noisy. Such UWB imaging systems are used for various applications such as imaging
through obstacles, security and medical area. Active radar systems have been used for it, covering a

large area of operating frequency ranges, from less than 100 MHz up to the 350 GHz, with the




frequency range customized for each application.

In these systems, down-range and cross-range resolutions are determined by the frequency
bandwidth and size of the antenna arrays. In the classical two-dimensional designs, element spacing
is chosen as at most half of the center wavelength to eliminate undesired grating lobes. As a result, in
applications demanding high-resolution, classical (non-sparse) planar arrays require high hardware
complexity and cost. To reduce this complexity, a sparse array systems have been used due to it.

Depending on the field of application, the spatial sampling can be realized with mechanical
scanning techniques or electronic sampling by switching between spatially distributed transmit and
receive antennas. Using a synthetic aperture radar (SAR) processing or migration is an essential
basis in the near range radar imaging, which can be used in ground penetrating radar (GPR) and
ground-based synthetic aperture radar (GB-SAR). In my study | came across several problems on the
way to get the high resolution image with Continues Wave (CW) radar. Results of the solving of
these problems are introduced in the dissertation.

This research work aims to develop technologies for the near field 3D imaging in different
applications. Two types of monitoring systems are discussed. One system is the Step Frequency
Continuous Wave Radar (SFCW Radar) with a 2D sparse array antenna used in inspection of the
inner wall structure. And second one is the FMCW radar used as a position tracker on the moving
objects.

Chapter 2 is dedicated to the problem of optimization of the antenna array. Starting from the
benefits of using a sparse array over the dense array, it describes the way of antenna array
optimization. In order to improve an imaging performance of a sparse array radar system, an
optimization method to find a new antenna array layout was proposed. The method searches the
minimum of a cost function based on a 3D point spread function of the array. A few different

relations of the L-norm of the reconstructed image were compared. A L0.5-norm maximization for



the targets and a L2-norm minimization for the artifacts showed better results compare to others.
Relation of these two norms is one of the key features of the method. Another feature is related to
making the optimized solution warranted for the different positions of the targets. It is using a
random target distribution for an each iteration of the optimization algorithm. Also the accumulating
of the cost function, using several combination of the targets at each step of the optimization, was
used. It making the optimization process keep away from been stuck in local minimum pushing it to
further minimization of the cost function.

The two-dimensional sparse array system has been used for a 3D imaging of the inner structure of
building walls, and in order to find the antenna array layout with higher focusing of the targets, the
optimization algorithm was applied to this system. The antenna array consists of 32 identical
antennas: 16 transmitters and 16 receivers are able to acquire in total 256 channels signal at once.
The frequency range of the system is 270MHz to 8GHz. Such wide band allows us to reach a high
range resolution. We use spiral patch antennas with circular polarization in order to make the image
recognition independent from the target attitude — right-hand circular polarization for transmitting
and left-hand for receiving. The antenna consists of two-arm archimedean spirals and a balancing
unit to feed them. It has the central frequency around 5 GHz and wide beamlobe with 11, 3 dBi gain.
We found a solution for the simulated problem in a form of new layout with sparser middle-point
distribution comparing with initial one. The new antenna array was tested at object recognition in
laboratory conditions.

In chapter 3 investigate principles of the 3D imaging by mm wave radar. A second system studied
in this work is the millimeter wave radar that have been used in 3D imaging due to its specificity of
multichannel signal receiving. Different types of migration with this frequency modulated signal
radar provide a high resolution imaging of a target, and linear and rotating scanning have been used

to achieve it.



3D back projection algorithm was applied to reconstruct an image of a target and succeed in

getting a precise position of it. Taking into account that the very high azimuth resolution could be

achieved by synthetic aperture radar, the vertical resolution is still could be a problem. 3-channels

system however performed quite good results in obtaining the high of the target position, allowed us

to propose a way of tracking the radar system using rotating table. The experiment with tracking of

the radar was done outside in two dimensions and in three dimensions in laboratory conditions.

Mechanical movement strongly limits this system and keep it away from more advanced

applications. Ideally, the millimeter wave radar should be mounted on a free-rotating platform with

high movement ability, like a human body. Then a free movement of the system could be used for

continues data acquisition, obtaining a high resolution in desirable direction. The problem of such

using is the position tracking, requiring for the processing. Indoor tracking system could be using as

for beginning.

Chapter 4 united ideas of previous chapters and present a simulations for the antenna arrays for

the mm wave radar. The optimization algorithm was applied to the problem of antenna positioning

for the MMW radar. The simulation with LO.5L2-norm cost function and random target distribution

for 5 and 10 elements linear antenna arrays was done.

The last chapter 5 describing my final thoughts about the work that have been done. Each chapter

represent the some ideas that could be developed in the future
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