
Abstract—Frequency modulated terahertz 
have shown a great potential for volume in
industrial process and quality control. Howev
concepts lack the capability to encompass a l
with fast data acquisition speed, while providing
information. Based on our recently outlined s
terahertz imaging solution for the industrial p
report on the realization of a stepped-freq
sparse array with 12 emitters and 12 hete
operating in the frequency range from 75 GHz
system is ready to perform imaging tasks and
step combined with a band-conveyor for fast
acquisition.      

I. INTRODUCTION  
ERAHERTZ imaging systems have pr

desirable for non-destructive testing t
frequency modulated continuous-wave im
operating in the sub-terahertz regime have
potential for volume inspections in industrial
Nevertheless, the usage of this technology 
production environment places high dem
acquisition speed, scalability, cost-effectiven
sensitivity. In the last years several interestin
terahertz imaging systems with real-time c
introduced [2]. In most cases these concep
either full sensor arrays or fast scanning opti
systems suffer from limited lateral resolut
focal distances, while most system conc
populated sensor arrays demand a trade-off 
view and image resolution because of the li
The usage of sparse arrays in combination
focusing algorithms is an efficient solution
afore mentioned limitations at the c
computational loads.  

In this contribution we report on our 
terahertz continuous-wave multistatic sp
application in the industrial process contro
earlier outlined terahertz system design [3]. T
in a frequency range between 75 GHz -
represents a multistatic synthetic aperture ra
consists of 12 transmitters (Tx) and 12 hete
(Rx), which are used to spatially sample the
combination with a band-conveyor allows th
synthetic aperture. A stepped-frequency 
signal modulation of 35 GHz bandwidth p
depth resolution.  In order to reduce system
costs while preserving decent image qua
distribution of the transmitters and receivers
the so called effective aperture approach.  
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II. SYSTEM S
The realized sparse transceiver array
12 transmitters are placed in a 
equidistant element spacing of 6 
placed in the array center and divide
elements each. 

 

 
The elements of a sub-array have an
switching matrix is used to sequen
for each frequency point, while the
record the received signal from
Reconstruction algorithms base on t
are implemented on a graphics proce

III. IMAGING USING A SPARSE 

The usage of matched filtering a
constraints on the spacing between
upper bound of elements spacing
wavelength. The arising system
dramatically decreased if the array
fashion based on the so called effec
This implies that the convolution o
distribution with the receiver’s spati
effective monostatic spatial distribut
one of a full transceiver array. This
be populated in a sparse fashion o
while the receiver array can be used
versa. Assuming a Tx array with ܰ
with ோܰ elements, the resulting effe்ܰ ൈ ோܰ Transceivers. Due to the p
transmitters and receivers, the mini
spacing is 2 cm. Thus the spatial d
of the Tx array and the Rx array has
array compensates for artifacts f
considering the point spread functio
minima of an array’s PSF have to 
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lobes of the other array’s PSF and vice vers
PSFs of the Tx array, the Rx array and the
both are depicted in Fig. 2. Simulation data h
while assuming a point reflector located in f
center at a distance of 73 cm.  

 

 On one hand the Tx PSF yields a sharp pea
origin, yet surrounded with grating lobes th
On the other hand the Rx PSF yields a bro
with minima that coincide with the Tx PSF l
the PSF of the combined array yields a sharp
with the one of the Tx PSF, while its grati
below -40 dB within a section of ca. 40 cm
beyond this section will be suppressed in a
adaptive signal processing methods as propos

IV. MEASUREMENT OF THE ARRAY’S

The array has to be calibrated bef
measurements. The aim of the calibration 
suppress system and background noise as w
array phase center displacements. A match m
an offset-short measurement, using a 100 
cylinder with 6 cm radius are used as calib
cylinder is placed in front of the array center
75 cm, while having its axis orthogonal to th
curvature of the cylinder is involved in
procedure using a numerically determined 
Accordingly the corrected measurement ܯ
combination raw measurement ܯ௥௔௪ is given 
௖௢௥ܯ  ൌ ௥௔௪ܯ  െ ௦௛௢௥௧ܯ௠௔௧௖௛ܯ െ ௠௔௧௖௛ܯ ൈ ௦ܥ
 
In order to compare with previous PSF 
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illuminated by a linear sweep of 100 freque
from 75 GHz to 110 GHz. Each measureme
times to increase signal-to-noise ratio, res
acquisition time of ca. 90 ms. Even th
acquisition time per Tx and frequency point
10 µs, the frequency switching time of ca. 3
main limitation of the data acquisition speed
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