Texnonozuueckue npoyeccost u mamepuaiiol

UDC 528.8.04
Siberian Journal of Science and Technology. 2017, Vol. 18, No. 2, P. 373-378
RESEARCH OF RADIATION AND RADAR CHARACTERISTICS OF A GROWING ICE COVER
A. A. Gurulev’, S. V. Tsyrenzhapov, Y. V. Kharin

Institute of Natural Resources, Ecology and Cryology SB RAS
16a, Nedorezova Str., Chita, 672014, Russian Federation
"E-mail: 1gc255@mail.ru

Remote methods of monitoring terrestrial and water objects in the microwave range, both active and passive, are
widely used at present. One of such objects is the ice cover, which is associated with the development of the Arctic and
the Subarctic, as well as in connection with the climate change on the planet. For this reason, knowledge of the radia-
tion and scattering characteristics of the ice cover in the microwave range is an urgent task. In this paper, we describe
a technique for the simultaneous measurement of the radiothermal radiation and the backscattering coefficient of the
growing ice cover. The technique is that measurements are made alternately of the power of the radiothermal radiation
and the power of backscattering from the medium under study, and the radiation is received on the same horn antenna.
Receiving of electromagnetic radiation was carried out using a microwave radiometer on two linear polarizations:
horizontal and vertical. The switching time between the active and passive measurements was 10 minutes. Measure-
ments of the radar and radiative characteristics of the growing fresh ice cover at a wavelength of 2.3 cm have been
performed. It is shown that the active and passive radiolocation of the investigated object carries a complementary
information. Radiometric measurements show interference, which is associated with a change in the thickness of the ice
cover. Active radar methods record inhomogeneities comparable to the wavelength, which was confirmed in this paper,
using the example of ice cover. This method of research (simultaneous measurements of the radiation and scattering
properties of the medium in the microwave range) can be used at various objects where quasistatic processes are
observed, for example, when measuring vegetation, drying, freezing or moistening of the soil cover, etc.
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Jlucmanyuonnvie Memoovt HabMOOEHUs 3a 3eMHLIMU U 800HLIMU 0Obekmamu 8 CBY-ouanaszone, kax axmuenbie,
MAaxK U Naccuguvle, WUPOKO UCNOAL3VIOMCs 8 Hacmosiwee epemsi. OOHUM U3 MAaKUx 0ObeKmog A6IsAemcst Ne0SHOU no-
Kpo8, umo ceszvieaemcs ¢ oceoenuem Apxkmuxu u Cyo6aprkmuxu, a maxice 8 C6s3u ¢ UsMeHeHUueM KIUMama Ha niameme.
Ilo smou npuyune 3nanue paouayUOHHbIX U PACCEUBAIOWUX XAPAKMEPUCUK TEOIHBIX NOKPOBO8 6 MUKPOBOTHOBOM
ouanasomne s18IAemcst AKmyanbHol 3adayeil. Onucvléaemcs MemoouKa no 00HOBPEMEHHOMY USMEPEHUIO COOCMBEHHO20
PAoUoOmenogozo uiyyenust u Kodg@uyuenma o6pamno2o paccesnus pacmyuje2o iedsHo20 nokpoea. Memoouka
3AKOYAEMCS 8 MOM, YO HONEPEMEHHO NPOU3BOOSIMCSL USMEPEHUST MOWHOCTIU PAOUOMENTIOB8020 U3LYHEeHUsL U MOWHOCIMU
00pammnozo paccesnus Om ucciedyemoll cpedbl, npudem npuem U3LyYeHus OCYIeCmsislemcs Ha 0OHY U my Jice pynop-
Hy1o anmenny. Tlpuem 91eKmpomacHumno20 usiyueHus ocyuecmsisiics ¢ nomoujpto CBY-paduomempa na 08yx auneti-
HbIX NOJAPUSAYUSX: 20PU30HMATILHOU U 8ePMUKATbHOU. Bpems nepexniouenus: medxcoy akmuHvlM U RACCUBHBIM PEXCU-
Mom uzmepenuil cocmaensiio 10 munym. Bolnoanenvl usmepenus usiyuamenbHblX U pa0apHblX XapaKmepucmux pac-
Mywe20 npecHo2o 1e0stH020 NOKpos8a Ha onutne gonnvl 2,3 cm. Ilokazano, ymo axmuenas u naccugHasi paouoioKayus
uccnedyemo2o 0ovekma necem 6 cebe 63aumMo0onoHsAwYI0 ungopmayuio. Ipu paduomempuieckux uzmepeHusix npo-
s6nsemcs unmepghepenyust, KOmopas CesA3bl8aAemcs ¢ UsMEHeHueM MOTWUHbL Te0IHO20 NOKPOsa. AKmusHbie Memoobl
PAoUoNoOKaAyuU GUKCUPYIOmM HEOOHOPOOHOCHIU, CPABHUMbLE C ONUHOU GOJIHbL, YMO ObLIO NOOMBEPHCOCHO 6 OAHHOU CMA-
moe Ha npumepe 1e0AH020 NOKPosd. [aHnyio MemoouKy ucciedo8anuti (00Ho8pemenHble usMepenus paouayuoHHbIX
U pacceusarowyux c8OUCME cpedvl 8 MUKPOBOIHOBOM OUANA30HE) MOJICHO UCNONb308AMb HA PA3IUYHBIX 00bEKMAxX, 20e
HAOMOOAIOMCsT KEAZUCMAMUYECKUE NPOYECccyl, HANpUMep, Npu UMePeHUsX PACMUMENbHO20 NOKPO6d, UCCYUIeHUs.,
NPOMEP3AHUSL UTU YELANCHEHUS NOYBEHHBIX NOKPOBOS U Op.

Kntouesvle crosa: nedsanoti nokpos, MUKpOBOIHOGbIl OUANA30H, pAOUOMEmMPUsl, padaphvle Uccied08anus, hazosebvlii
nepexoo «1ed—600ax.
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Introduction. Current methods of remote monitoring
of the Earth from space require brand new knowledge
about radiation and scattering properties of the underlying
terrain in the microwave range. Using the systems with
the synthetic aperture in active radio-sounding methods
enables to identify properties of the natural objects spatial
resolution by an order of magnitude of two meters [1].
The resolution is thousands times worse by the passive
radiolocation [2]; yet, it is widely used for problem solv-
ing for a variety of reasons [3; 4]. It is related to the fact
that by simultaneous use of the active and passive radio-
location much more information about the targets can be
obtained. In the paper [5] it is shown by the example of
the ice cover of a fresh eutrophic lake that radar and ra-
diometric measurements enable to reveal different kinds
of inclusions such as gas bubbles, frosted higher aquatic
vegetation etc. Moreover, the investigation is carried out
with the use of the orbital satellite, aircraft and vehicular
equipment for closer spatial resolution and correct data
comparison. In the paper it is also shown [6] that by si-
multaneous active and passive methods of the sea ice in-
vestigation, high-level accuracy of the arctic ice cover
relative area can be reached. Knowledge of the radar and
radiative surface characteristics is an urgent task for more
effective interpretation of the data obtained by using re-
mote methods of investigation in the microwave range.
This can be achieved by the common application parame-
ters (antenna directivity diagram, angle of sounding dia-
gram, pattern parameters diagram). There are series of
objects whose parameters change over time. They include
the growing ice cover. The growth of ice cover is a qua-
sistatic process i. e. its characteristics change relat a 7
slowly over time [7]. Investigating the radar and radiauve
properties of a given object, measurements can be taken

1 a)

by alternating between the active and passive methods of
investigation.

For more informative value it makes sense to take
measurements alternatively on two linear polarizations:
horizontal and  vertical. However, geometrical
configuration of measuring system remains constant and it
enables to measure the radar and radiative characteristics
of the investigated object almost at the same time.

Thus, it will likely be possible that simultaneous
measurements of the radar and radiative characteristics of
different media in the microwave range whose parameters
change relatively slowly over time, for example, freezing
soil cover, growing ice or vegetation is an urgent task. In
this paper a method of simultaneous measurement of the
medium radar and radiative characteristics without
changing antenna parameters, geometrical configuration
of application and patterns through the example of the
growing ice cover is provided.

The measurement technique. We used a setup to
measure characteristics of the growing ice cover
alternately. Its schematic is on the fig. 1. A radiometer 2
and a Gunn diode oscillator 3 were set on the flat surface.
The microwave radiometer enabled to take radiometric
measurements on four linear polarizations at an angle of
45° relative to one another. To minimize the influence of
the generator on the radiometer because of lower beams
of the sending and receiving antennas a screen 5 was put
between the devices. The experiments proved that the
operating generator does not influence the receiving
microwave module in active measurement mode. A photo
of the experimental unit is presented in fig. 2. The
measuring instruments were set at an observation angle
() to the test medium. The devices operated at a
frequency of 13 GHz in the experiment.

Fig. 1. Schematic of the experimental setup:
a — top view: I — control unit; 2 — microwave radiometer; 3 — microwave
generator; 4 — electronic attenuator; 5 — the screen; b — side view: 6 — con-
tainer with water; 7 — growing ice cover; 8 — sensors for ice thickness and
temperature

Puc. 1. Cxema 5KCHIepIMEHTAIbHON YCTAHOBKH:
a — Bup cBepxy: I — Onok ympasienus; 2 — CBY-paguomerp; 3 — CBU-
TeHEPaTop; 4 — ANIEKTPOHHBIA aTTEHIOATOp; 5 — JKpaH; O — BHI COOKY: 6 —
pe3epByap ¢ BOAOH; 7 — pacTyIIMi JeNTHON MOKPOB; 8 — DaTYUKU TOJIIWHBI
IbJIa U TeMIIepaTyphl
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The measurement technique can be described in the
following way. As the process of ice cover growth takes
much time, the active and passive radar measurements of
the growing ice cover can be taken alternately at 10 min
intervals. During the experiment the generator was
switched on and off every 10 min. When it was switched
on, an attenuator was triggered in the ingress path of the
radiometer with attenuation 25 dB and it made the signal
recording impossible . By switching off the generator and
the attenuator the radiometric measurement mode was on.
The radiation was realized on the vertical polarization and
the reception was carried on the four linear polarizations:
horizontal, vertical and at angles of 45° relative to the
vertical plane at one minute intervals. The output signal
recording was performed by the Agilent information
gathering system. At the same time the generator and the
growing ice thermodynamic temperature radiating power
were recorded.

The radiometer was calibrated against the intrinsic
thermal radiation of the cold sky reflected from the metal
sheet and the ideal radiator with the known
thermodynamic temperature [8]. Both the metal sheet and
the ideal radiator had the same geometric dimensions.
Water was poured into the wooden case with the foam
thermal insulation covering the inside surface to ensure
the even ice cover. Measurements were taken in winter
so that cooling action was naturally caused by sub-zero

Microwave
receiver

air temperature. Taking into account that the Transbaikal
air is quite frozen out and cloudless, its impact
on the brightness temperature is deemed negligible.
Measurements were taken by cloudless days.

By using the measurement technique as described
above, we took measurements of radiation and scattering
characteristics of the growing fresh ice cover.

The water with the initial mineralization 250 mg/l was
poured into the basin 60x60x30 cm®. The maximal ice
thickness reached the level 10 cm per day at an ambient
temperature of ~ —30 °C. However, the average minerali-
zation of ice measured by the conductometric method
using the HANNA conductometer was around 10 mg/kg.
But at the initial time faster growth of ice was noticed and
it absorbed more salt. That is why the mineralization in
the upper layers of ice is 3 or 4 times more than the one in
the layers which form much slower. In the paper [9] it is
shown that an integral coefficient of salt absorption by
fresh ice cover in the natural bodies of water depends on
different factors and, as a rule, is no more than 10 %.

Obtained results of measurements and analysis. As
a result of measurements at a frequency of 13 GHz the
relationship between brightness temperature and ice cover
thickness on the horizontal and vertical polarization and
backscattering power on the horizontal and vertical po-
larization by radiation on the vertical polarization over
time was obtained.

Microwave
-—
generator

- Measured
object

Fig. 2. Photo of an installation for measuring

the radiative and scattering properties of a

growing ice cover at a frequency of 13 GHz,
using a single antenna

Puc. 2. ®oTorpadust yCTaHOBKH ISt U3MEPEHHS

M3JIydaTeNIbHBIX M PAacCEeUBAIOLIMX CBOWCTB

pacTyuiero JeAsSHOTO IIOKpOBa Ha YacToTe
13 I'T'11 ¢ UCITOJIB30BaHUEM OJTHOM aHTEHHBI
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The relationship of brightness temperature on the
horizontal and vertical polarization is shown on fig. 3.
It is obvious that there were brightness temperature varia-
tions by ice growing. It should be noted that there
are some errors in the fringe pattern because of ice inho-
mogeneity. One of the reasons of its appearance is inter-
nal mechanical stresses during the crystal growth under
conditions of limited space [10]. It can lead to ice amor-
phization [11; 12] or crack initiation and water penetrat-
ing these cracks. Such types of crystal habit disturbance
would be hard to differentiate by one type of measure-

ment. However, the differentiation is possible by scatter-
ing radiation measurements of an external source. For
example, cracks of ice are visible on the radar image [13].

Power change of the backscattering radiation from the
growing ice cover on the horizontal polarization is shown
in fig. 4. As is seen from this diagram there are certain
variations of radiation power, which do not depend on the
thickness of ice cover but they are linked with inhomoge-
neity within the ice cover which is commensurable with
the wavelength and the reflecting increase of the ice cover
thickness.
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Fig. 3. Change in the radiobrightness temperature of the growing ice cover at a frequency
of 13 GHz. The viewing angle is 45°. The band of received frequencies is ~ 1 GHz. The vertical
line marks the beginning of the formation of an ice crust

Puc. 3. Mi3mMeHeHre panoSpKOCTHOM TEMIIEPATYPhI PacTYIIETro JICASHOTO MOKPOBA HA YaCcTOTE
13 I'Tu. Yron nabmronenus 45°. Ilomoca nmpuruMaeMbix yactor ~ 1 I'Tu. BeprukambHoit
JIUHHAEH OTMEYEHO Havyaso 00pa30BaHusI JCITHON KOPKU
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Fig. 4. The power of the scattered signal (P) in relative units from the growing ice cover
at a frequency of 13 GHz. Horizontal polarization. The dashed line is the envelope of the
interference backscatter maxima

Puc. 4. Momuocts paccesHHoro curfana (P) B OTHOCHTENBHBIX €IUHMIAX OT PACTYILEro
nensHoro nokposa Ha yactote 13 I'Tu. ['opusonransHas nonspuzanus. L tpuxoBas muHus —
orubaromas HHTepepeHIHOHHBIX MAKCUMYMOB 00PaTHOTO PACCESTHUS
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Active and passive radar measurements in other cases
with different water-soluble additions showed similar
proceeding of brightness temperature and backscattering
power with the growth of the ice cover.

The supplied results of measurements of the growing
ice cover show a substantial difference between the radar
and radiometric data. In the paper [5] the reason of some
possible variances is nuanced.

Radiometric measurements show interference which is
associated with a change in the thickness of the ice cover.
This effect is widely known in radiometry for the ice
cover at its initial forming stage [14; 15]. By the further
growth of the interference event they decrease because
of the influence of the frequency range intercepted by
a radiometer. Interference variances of backscattering
radiation are also determined for radar measurements.
Such an effect can be linked with the scattering radiation
and its interference from the internal inhomogeneity and
roughened surface. As is seen from Fig. 4 this process
increased during the growth of ice cover and
inhomogeneity production. The envelope of the scattered
signal amplitude shows diurnal variations of the
backscattering coefficient which can be explained by the
difference between air temperature and ice growth rate.

Conclusion. Thus, an alternative technique of virtually
simultaneous radar and radiometric measurements of the
object parameters with slowly varying characteristics
is suggested. The same receiving antenna with fixed
geometry is used to obtain data for more meaningful
comparison of radiation and scattering surface
characteristics. This technique is tried out through the
example of the growing ice cover by microwave
measurements. Based on the measurement findings,
the different features of behaviour of the brightness
temperature and the backscattering power for ice are
shown and it outlines features of the changing medium
structure and its dependence on external conditions.
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