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ABSTRACT

The imaging properties of planar, spherical, and circular interferometric imaging arrays are examined in the near-field
region limit. In this region, spherical and circular array architectures can compensate for near-field distortions and
increase the field of view and depth of focus. The application of near-field interferometric imaging to the Terahertz
frequency range for detection of concealed objects is emphasized.
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1. INTRODUCTION

Sensor array interferometric/ synthetic aperture imaging can be applied in many diverse fields of science and
engineering, particularly in astronomy, medical diagnosis, radar, communication, nonrestrictive testing, seismology, and
seismic exploration. Many practical sensor array systems can be studied in terms of the planar arrays and spherical
arrays.1 For applications to the Terahertz (THz) range, the basic technique of radio interferometry3 is employed for
which signals at two or more points in space (the aperture plane at which the detectors of the array are located) are
brought together with the proper delay and correlated both in phase and in quadrature to produce cosine and sine
components of the brightness distribution. From the phase delay in wavefront arrival at the sensor points the direction
and location of the source can be determined.2 The instantaneous response of an interferometer to point sources can be
analyzed by knowing the signal paths.3 This technique thus measures both amplitude and phase of the incoming signals.
If measured from a sufficient number of points in the aperture plane, the original brightness distribution can be
synthesized (imaged) through standard Fourier inversion. The far-field raw images after inversion can be improved
through standard image reconstruction techniques (e.g. CLEAN or MEM) to reduce ambiguities (called side lobes) in
the images.

For astronomical applications, the imaging array is typically operated in the far field. In this limit, the curvature of the
incoming wave fronts is neglected. There has been recent interest in applying the interferometric imaging technique in
the THz and Gigahertz (GHz) frequency ranges for imaging of concealed weapons and explosives. Previous designs of
THz Interferometric Imaging Arrays (TIIA) for remote-sensing applications generally also have assumed that the object
to be imaged is far enough away from the imaging array that the incoming THz wave fronts are planar.4 For those
applications, typical distances from target to imaging array may be in the 3-50m range. In this distance range, the
curvature of the wave front can not be neglected. The purpose of this paper is to develop techniques for THz
inteferometric imaging in the near field.

The imaging interferometer consists of an array of individual detectors or sensors. Each detector measures the amplitude
and phase of incoming THz radiation. As a wave front of THz radiation encounters the array, each pair of detectors
measures one spatial Fourier component of the incoming THz radiation as determined by the separation of the detector
pair, otherwise known as a baseline. Each spatial Fourier component is represented as a point in the Fourier transform
plane (also known as the u-v plane). In order to image the source, additional measurements from other baselines must be
carried out. For a given number of detectors N, there are N(N-1)/2 possible baseline combinations. An image is
generated from the spatial Fourier components of all the different pair combinations. The quality of an image depends
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