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Numerous research of recent decades have beenerksul
designing a few devices of active (radar) [2—4] padsive
(radiometer) [5, 6] types. Comparison of these two
technologies has been discussed in [7, 8]. In stames these

Detection of concealed weapons and explosives ypelenle two technologies are combined to get better ref@ts0].
clothing is an actual task nowadays. Differentwectadar and ) ] ] o
passive radiometers systems that operate in mnsamdnm There is another opportunity to use active/passadeometer

(or THz) bands have been designed for screeninsepgers [11,. 12]. It.consists of passive device (radior_r)eanq actiye

in airports. Their effectiveness is rather low arveying device (noise generator). The generator emits rmgreal in
people in outer clothing. The effectiveness cowdrbproved the same frequency band in which radiometer operéités

by using dual passive-active radiometer. Such aesys yvorth noting that using of a noise generator haspltmmpal
consists from the passive radiometer and activesenofPortance because of monochromatic device leads to
generator that emits in the same frequency bandhas interference between direct signal to radiometeerama and
radiometer. The generator is working in stroboscopbde of 'eflected one from surveying scene. The experimexits
operation. This gives an opportunity to record timeges USing of monochromatic lighting had demonstrateat the
(passive and active) simultaneously. An algoriththat récorded images did not have any likeness to oesles
processes both images, has been proposed. It sffrd ]

reduce level of false alarms and to raise the eshtof 2 Theoretical background

detected objects.

Abstract

Radiometry is in many respects similar to radiotmra Just
as classic radiolocation, radiometry is intendedr fo
determination of coordinates of remote objects. Daaic
distinction between the methods lies in that ragas its own
radiation for illuminating the target. In opposéé detection
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1 Introduction

The recent advances in both radio frequency ardreleptic
components and hardware that could be applieddsigding
devices operated in millimeter (mm) wave and terahzand
give new opportunities in surveillance of personmeld
contraband detection in airports. There is als@®nirgieed to
survey people that are going to use ground pubdinsport
(metro, buses, trains, and others). This is expthlny the fact
that the task of air transport defending from teste' attacks
is mostly resolved. However, ground transport as Ib@en
shown by recent events all over the world is thénrgaal for

of objects by the radiometer, the natural radiatadnthe
objects themselves and the sky or artificial getoeras the
illumination source are used. In this respect nadiny is
similar to the passive infrared detectors but usadio
frequencies as the operating range.

It is widely known that the thermal radiation ofdes is
super broad band. At temperatures close to°KB0the
maximum of the radiation falls on the infrared paftthe
electromagnetic radiation spectrum. Thanks to timared
sensors are widely adopted for the detection oéaibjunder
the natural conditions in the night-time. But witie

terrorists. This task is more difficult to solveathin case of decreasing of ambient temperature the radiationimrmax

air transport because of the need of screeningl@eomuter
clothing that is harder to penetrate in microwaaad This is
explained by the fact that the attenuation in défe types of
clothing materials increases with frequency [1].

moves to long-wave part of the spectrum. Thus,
temperature of the cosmic microwave backgroundatmi
that equals 2,72K, the radiation maximum is found in the
millimeter range (frequency of 160.4 GH 1.9 mm) [13].



In quantum mechanics the dependence of the radiatio
density R, on its frequency and temperature is given by

Planck’s law:
27t 3h

where h=6.6210%[Js]
C = 310 [m/s]

s @)

is Planck constant,

is the speed of
electromagnetic waves in
vacuum;

k =1.3810% [JK™ is the Boltzmann constant;

T [°K] is the absolute temperature
of the radiating body;
f [Hz] is frequency;
R, is the spectral density of

radiation equal to power
radiated on frequendyin
the band of 1.0 Hz by 1.0
sq.m of the radiator.

The frequencyf,, on which the spectral density of radiation

has the maximum is determined by Wien's displac¢iagn

foy = 103004 . (2)

It follows from Equations (1) and (2) that the Spalcdensity
corresponding td'=300°K has the maximum in the infrare
band, and its value decreases in the range ofncetai and
millimeter waves by a factor of several thousandibe

attenuation of microwaves in the atmosphere is @aige
with that of infrared radiation [14]. Despite thedatively low

power of thermal radiation in the microwave rangee

sensitivity of up-to-date radiometers is such ttia given
radiation can be detected at great enough distdbtes

It is worth mentioning that Equation (1) presetts spectral

2

Z KT,

Ro = 4)

whereA is the wavelength of radiation.

Under the real conditions, the radiation fIR¥ received by
the sensor from the examined object will includee th
component related to the reflection of the outeliation in
addition to its own radiation. At open air, the shyth
brightness temperature, that is much lower than the
temperature of the ground cover and depends tadernable
degree on the state of cloud coverage, can sertleaource

of outer radiation [14]. Besides, the illuminatiaan be
implemented with the aid of a man-made source. As w
mentioned above, a noise signal generator emittinghe
operation band of radiometer can be such a soGiwen that
external sources of illumination are included in
consideration, the spectral density of own andeotéd
radiation can be presented in the form of

to

2
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where g, is object reflectivity of the sky radiation;
Ts is sky brightness (or radiometric) temperature;
a is object reflectivity of the illumination
radiation (noise generator);
T; is brightness temperature of the illuminating

radiation.

Sky brightness temperature especially in cloudiesather at

dfrequency ranges of 40 or 100 GHz is low enough f&ahe

outdoor environment the recorded images at thesgem
would be influenced by sky brightness temperatietal
objects are good reflectors. This gives opportuoitynetal
objects’ filtration because of their radiometrienigerature is
lower in comparison with temperature of the undedy
surface. However, in bad weather condition (clouds or
fog) the sky temperature at 250 GHz is significartigher
due to increased atmospheric absorption. In woase cof
high humidity, the sky illumination can be remov&dm

density of radiatiorR, for the black-body that is the perfectonsideration entirely [5].

radiator. For real bodies it will be necessary taken a
correction for the emissivityr that is lesser than 1. In th
given case

R=alR, , 3)

where R is the spectral density of radiation of the realthe radiometer antenna. The noise generator and

body.

It should be also noted that, for the range of lEsrambient
temperatures, the sufficiently complex Planck rtdlmlaw
(1) could be simplified for computations in the moiwave
and terahertz bands. Taking into account that fiverg
temperatures and frequencie8kT<<1, and the exponential
member could be expanded into a series, Equatipnis(1
transformed into the form of

e

A diagram of receiving of the radiometric signafsvarious
origins that radiated and reflected by the objegtresented in
Fig. 1. This figure also demonstrates the principal
arrangement of the devices on a land carrier theludes
radiometer and noise illumination generator. Thénrt@be of
the generator's antenna pattern has to be wider tihat of
the
radiometer are uniaxially anchored on the scandigce to
ensure the survey of a terrain sector in front oizement of
the land carrier along an azimuth. A line-by-lir@sning is
provided thanks to movement of the carrier. Susklaction

of the parameters and positioning of the devicasiras the
condition of uniform illumination by the noise geator of a
section of the ground surface observed by the raglier
antenna.
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Figure 1. Principal arrangement of passive/actacéameter

1 — equipment carrier;

2 — radiometer antenna;

3 — antenna of noise generator (illuminator);

4 — scanning device;

5 — object on ground surface;

6 — observing sector of main lobe of radiometdeana on ground surface;
7 — sector of ground surface radiated by antefimaise generator;

8 — sky radiation.

In the general case the reflectivitf sky radiationgs and By doing so, the possibility of survey in a terraictor from
illumination radiation g differs from each other. This isa fixed carrier was ensured. The main lobe of #tkometer
related to the form of the reflecting body. Sint¢e tsky antenna was 1.0 deg and of the noise generatonrante-
radiation is scattered and illuminates an objemfthe upper about 10.0 deg. The relative positions of the geteerand
hemisphere more or less uniformly, the radiatidtected by radiometer antennas were selected in such a waythiea
the object will be omnidirectional. The illuminatizadiation minimum level of the direct signal from the noisengrator

is directed away from the noise generator, andotiject of to the radiometer antenna was achieved. The TV @me
the flat form may reflect it away from the receiyin allowed an operator to compare images obtainedhe t
radiometer antenna. In this cagevould be equal to zero. microwave and visual ranges.

3 Experimental installation

An experimental radiometric complex of the 8-mm wav A
range was developed to check the possibility oéctain of X
metal objects on the underlying surface. Genema\bf the
passive/active radiometer is shown in Fig. 2. Agcts for
detection, TM-62M land antitank mines with metakiog
were selected.

The selection of the wave range was related tdfadbethat
high contrast of anti-tank mines installed on th®ugd
surface can be provided in this range with an detde
aperture of a radiometer antenna. The employment of
passive-active mm wave radiometer was proposeauoove
the detection parameters. The complex included -amB
wave range radiometer, a noise generator of thes sange Figure 2. General view of experimental installation
and a TV camera. All these devices were coaxiabuesed at ) ] )

a mechanical appliance, which provides scanning in two As was previously noted the usage of the noisergésrewith
planes: according to the elevation angle and ta#muth. the spectrum filling the entire operation band dfe t




radiometer in the capacity of a terrain illuminatigource is a of the minefield, and the metal roof of a buildiagd the
must. Otherwise the image recorded by radiometeridom outline of a tower are clearly visible in the baakend. The
in character and cannot be identified with the ole#® produced image shows that the contrast of mineas ilai
objects if a monochromatic generator is used. Ehizecause parallel to the ground surface is sufficient foeithdetection
of coherent summation of the signals reflected frime at a distance up to 15.0 m only for the specifiachmeters of
observation object and the direct transmissionhef gsignal the radiometric sensor in the passive mode. At tgrea
from the noise generator to the radiometer's rengiv distances their contrast lies at the level of thetural
antenna. The result of this summation depends @seplof variations of brightness temperature of the undieglgurface.
reflected signal that is unpredictable in his natur

The operation of the equipment provides for simnétzus
generation of two images: one in the passive moldenwhe
noise generator was switched off and the other ionthe
active mode when the illuminator was switched on.

The picture of a proving ground is seen in Fig.Ndne
metallic anti-tank mines of TM-62M type were laid three
staggered rows on the ground surface in the fotegtoThe
distances from the nearest and most distant mioethe
radiometric complex were 10.0 and 22.0 m, respelstivi he
mines in the right row were installed on supportd aclined
towards the radiometric installation to enhancetrest.
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Figure 4. Passive radiometric image
of the ground test-bed

When the noise generator is switched on, the inthgages
qualitatively. The contrast of metal objects widspect to the
background depends not only on the type of theaserbut
also on the shape of objects observed. Thus, figgcts,

which reflect the radiation of the noise generatith a high

brightness temperature like a mirror, can be viewedhe

image as objects having low brightness temperatuoan be
explained by the fact that the sky radiation aleneesflected
in the direction of the radiometer antenna. Theammetof of

the building and the metal plates used as a referarark are
such objects in the image.

z gy i
Figure 3. General view of the ground test-bed withes = tH i3
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The row of metallic plates can be seen in the befttom = i:::1H [ it
corner of the picture. At the background of theypie a metal = H iilk:; £3:24 £
tower (in the center) and a corrugated metal rootHe left = Ssszmacs
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4 Experimental results
Figure 5. Active radiometric image
of the ground test-bed with noise generator
being switched on

The results of survey of the terrain in the passicgle and in
the mode with illumination are illustrated in Figs.and 5,
respectively. Gradations of brightness in thesairég are
chosen so that darker sections of image correspoobjects
with lower radiometric temperature. Since metalect§ have

The metal objects of complex shapes, being setsright
points, reflect the illuminator radiation in theetition of the

reflectivity about 1 in the microwave range, thepk darker
on the radiometric image. This is because metafaser
reflects the sky radiation which brightness tempeea is
lower than the temperature of the ground cover.

Fig. 4 clearly demonstrates the left mine nearestthe
radiometer and the mines of the right row the @msitrof
which is higher. The row of metallic plates is se¢erthe left

radiometer antenna as well. Such objects changeadheast
relative to the background when the noise gener&or
switched on. The active radiometric image of thmeacene
is presented in Fig. 5. The mines and tower chahgé
contrast but the row of plates and the corrugated keep
contrast in this picture. Various reflections frémcal objects
on the ground can also be seen.



Analysis of the passive and active radiometric iesagives
possibility to make some conclusions. Contrast aftah
objects on passive radiometric image is not endogltheir
reliable detection at long distance. Oppositely, axtive
image the mine contrast is high enough but levefaide
alarms is high also.

For the selection of complex-shaped objects likee®ian
algorithm was proposed which operates in accordaviitea
scheme of coincidences and separates only thosetehj

[2] D.M. Sheen, D.L. McMakin, W.M. Lechelt,
J.W. Giriffin. “Circularly polarized millimeter-wavémaging
for personnel screeningRassive Millimeter-Wave Imaging
Technology VIII, Proceedings of SPRIEVol. 5789,
pp. 117-126, 2005.

[3] D.L. McMakin, P.E. Keller, D.M. Sheen, T.E. Hal
“Dual surface dielectric depth detector for holquria
millimeter-wave security scannerg?assive Millimeter-Wave
Imaging Technology XIlI, Proceedings of SPNgl. 7309,

the images that change their contrast relative he PP 73090G 1-10, 2009.

background when the illuminator is switched on..F&
demonstrates effectiveness of the proposed algorith
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Figure 6. Results of co-processing images in Higmd 5

In this picture, only six mines and the tower argble. All

the other objects have disappeared from the imagés

algorithm is more effective for metal object deitmetand
differs from one proposed in [11] where had beeppsed to
subtract the passive and active images to enhamteast.

Conclusion

It is necessary to note that the proposed methatketefction
of objects that have complex form can also be tisedther
tasks, for example it could be used to detect wesmnd
explosives under people clothing. For this purpiteenoise
generator should operate as a stroboscope. Thu wie
noise generator is switched off and the radiomatéennas
are in fixed positions, an element of the passadiametric
image will be registered, but when the mentioneakegator is
switched on, an element of the active radiometriade will
be recorded. With proper selection of the switcHneguency
of the noise generator, a complete matching of lw#ges
can be obtained in the course of their subsequerepsing.
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