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Abstract—Terahertz spectroscopy has become a well-
established tool under laboratory conditions but terahertz stand-
off detection in the real world is hampered by a number of
influences related to the environment and the sample properties
such as air humidity, surface roughness and angle of detection. A
terahertz stand-off system must be calibrated in order to account
for these influences. We have performed experiments and
simulations in order to probe the limits of terahertz stand-off
detection under real-world conditions.

I. INTRODUCTION ANp BACKGROUND

ERAHERTZ (THz) spectroscopy is a promising technique

for the stand-off detection and characterization of hidden
objects. The THz band is particularly suitable firstly because
THz radiation penetrates many dielectrics such as plastics,
paper and clothes and secondly because many potentially
hazardous substances have characteristic signatures in the THz
spectrum.

Despite of the high selectivity of other techniques such as
laser-induced optical breakdown spectroscopy (LIBS),
molecularly imprinted polymers (MIPs) or neutron activation,
none of those have reached widespread market acceptance be-
cause the devices are insufficiently developed, too expensive,
dangerous to humans or simply not accepted by the public.

In order to develop the full potential of THz radiation for
detecting possible hazards and recognizing characteristic
signatures, disturbing influences must be accounted for. In
particular, real-world THz spectra show absorption from water
molecular rotation lines unless the THz path is purged with
dry air or nitrogen which is not always possible. Therefore
precise knowledge of the absorption accumulated in ambient
air is indispensable. Parameters such as humidity, temperature,
pressure and propagation length have to be taken into account.

Other substances in the THz beam path such as clothes may
also impair a THz spectrum. The surface properties of the
sample are important as well. A surface may be flat and reflect
like a mirror, or it may be rough and scatter the THz radiation
into a wide range of angles with the intensity depending on
frequency, thus affecting the measured THz spectrum.

II. RESULTS

Water vapor absorption affects the THz spectra. Its
absorption lines are very strong, however, since the properties
of the atmosphere are known to the operator of the THz setup,
these effects can be arithmetically removed unless the signal is
below the signal-to-noise ratio. Since the absorption lines are
strong and narrow, the calculation must be precise. We have
checked various models well-known in meteorology [3]
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covering the infrared and the microwave region of the
electromagnetic spectrum. By extending the models into the
THz region, an accurate description of the measured spectral
absorption is reached.
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Fig 1. Amplitude transmittance spectra simulated for a
humidity of 10 %, 30 % and 60 % at 1 m path length.
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Fig 2. Measured and simulated amplitude transmittance for a
humidity of 9.4 % at 1 m path length.

In Fig. 1 we show three transmission spectra simulated for a
THz beam path length of 1 m at 10 %, 30 % and 60 %
humidity. For increasing values of humidity, however, the
simulated spectrum shows stronger absorption lines, so that



there are less frequency bands where THz can be used for
stand-off detection.

Figure 2 shows a typical transmission spectrum simulated at
a humidity of 9.4 % for a THz beam path length of 1 m and
the corresponding measured spectrum. In the range between
1.0 and 2.5 THz, simulation and measurement show a good
agreement. A comparison and calibration for other values of
humidity, temperature and pressure were also performed.
Other path lengths have also been measured and simulated to
check the feasibility limits of stand-off detection under real-
world conditions

In THz reflection measurements, dielectrics such as clothes
as well as the surface properties of a sample typically show up
as broadband structures caused by absorption or interference.
In a known configuration these disturbing effects may be
calculated and removed in order to recover the spectral
signature of the sample under test. In a real-world stand-off
measurement, however, the type of dielectrics and the nature
of the surface are usually unknown. In order to recover the
characteristic signatures of potential hazards, we study the
nature of these effects and derive algorithms that help us to
distinguish between the signatures and the fakes.
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Fig 3. a) Photo of three samples with various grit sizes.
b) Reflected amplitude at normal incidence, grid designation
of P2000 (top), P1200 (middle) and P150 (bottom).

In our studies the transmission spectra for different
substances such as clothes were tested, also the influences of
varied surface properties. As a surface can be flat or rough and
scatter the THz radiation into a wide range of angles with the
intensity depending on frequency, these effects must be taken
into account for the measured THz spectrum. Sandpaper of
various grit sizes was glued on metal discs and coated with
copper to generate reflective surfaces to analyze the influences
of surface properties as presented in Fig. 3a). Figure 3b)
represents the reflected amplitude for three samples at normal
incidence with a grid designation of P150 (max. size of
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granules: 169 um), P1200 (max. size of granules: 21 um) and
P2000 (max. size of granules: 13 um). The rough surface
shows smaller values of amplitude than the finely granulated
one. The array with low values of amplitude at the edge of
each sample can be explained as boundary effects caused by
the sample preparation.
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Fig 4. Amplitude for different tilt angles between 0° and 25°.

We have also performed measurements for different grit
sizes and tilt angles to find out the influence of the surface
roughness. In Fig. 4 we show the maximum amplitude for
measurements under different tilt angles between 0° and 25°.
For increasing tilt angles, however, lower values for the
amplitude are reached.

III. ConcLrusion

We are currently creating a look-up table to show which
parts of the THz spectrum can be used for THz stand-off
detection at which combinations of values for the various
parameters such as humidity, pressure, temperature, THz
beam path length and surface roughness.
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