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Streszczenie

W celu uzyskania wiarygodnych informacji o strukturze i wifasciwosciach
podpowierzchniowej warstwy gruntu, niezwykle istotnej z punktu widzenia rolnictwa
precyzyjnego, wazne jest prawidtowe opracowania koncepcji przeprowadzanych
badan naukowych. Charakterystyka gleby koncentruje sie przede wszystkim na
okresleniu zmiennosci jej wtasciwosci wraz z gtebokoscia. Informacje tego typu sg
zwykle przedstawiane w raportach, ktére mogg obejmowac¢ mapy, dzienniki i inne
dane statystyczne. Wyniki wiekszosci tradycyjnych metod badawczych gleby sag
zwykle reprezentowane za pomocg dyskretnych (punktowych) danych
reprezentujacych skale laboratoryjng, a nastepnie interpolowanych na wiekszy
obszar. Istniejg ograniczenia zwigzane z konwencjonalnymi metodami, takie jak
czas, koszt i ograniczona doktadno$¢. W  niniejszej pracy podjeto prébe
zastosowania metod geofizycznych, ktéore w mniejszym stopniu obarczone sq

wadami metod konwencjonalnych.

Celem pracy jest ocena podstawowych witasciwosci fizycznych gleby na podstawie

danych geofizycznych.

W projekcie badan uwzgledniono integracje badan geofizycznych (metody
georadarowa oraz konduktometryczna) i metody teledetekcji (obrazowanie
hiperspektralne) w celu korelacji wynikédw. Do planu badan wigczono réwniez
badania na prébkach gleby, ktérych wyniki petnity funkcje repera podczas
interpretacji danych terenowych. Aby osiggnac¢ cel badan, zaprojektowano rdézne
mechanizmy obejmujace modelowanie warstwy przypowierzchniowej gleby oraz
symulacje propagacji fali elektomagnetycznej w zamodelowanych osrodkach.

Kolejnym krokiem byty pomiary terenowe na ustalonych profilach w poligonach



badawczych. Miejsca badan wybrano losowo na terenie potudniowej Polski, w
szczegollnosci na terenach rolniczych. Wykonano stato-offsetowe oraz zmienno-
offsetowe profilowania georadarowe, bedace gtéwna metoda badawcza, przy uzyciu
systemu georadarowego ProEX System wyprodukowanego przez szwedzka firme
Mala Geoscience. Przeprowadzono roéwniez pomiary terenowe innymi
zintegrowanymi metodami na wybranych profilach georadarowych oraz pobrano
probki gleby w strategicznie potozonych punktach profili. Uzyskane dane zostaty
przetworzone przy uzyciu szeregu metod, poczawszy od filtracji czestotliwosciowej,
poprzez zaawansowang analize sygnatu, analize statystyczng, inwersje oraz analize
przy uzyciu sieci neuronowych. Nastepnie dokonano interpretacji przetworzonych
danych i wyznaczono wielkosci fizyczne, ktéra postuzyty jako dane wejsciowe w
rownaniach empirycznych do oceny witasciwosci gleby. Korelacja wynikdéw réznych
metod zastosowanych w badaniach wskazuje na mozliwosci ilosciowej oceny
parametrow gleby, takich jak gestos¢, porowatosc i wilgotnosé objetosciowa. Wyniki
badania zageszczenia gruntu wskazuja, ze zageszczenie gruntu powoduje zmiany
wspodtczynnika odbicia sygnatu georadarowego, co jest odzwierciedlone w jego
zmianach amplitudy. Potencjat wodny gleby mozna réwniez zidentyfikowa¢ na
echogramach, na podstawie analizy sktadowych czestotliwosci, ktore odrdzniajg

strefy o niskim i wysokim potencjale.

Podsumowujac, analizy wynikdw badan wykazaty, ze georadar mozna wykorzystaé
iloSciowo do oszacowania porowatosci gleby, gestosci oraz zawartosci wody w
sposOb szybki, tani i nieniszczacy, czego nie mozna osiqggng¢ metodami

tradycyjnymi.
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ABSTRACT

Quest for reliable detail information of the subsurface layers for human sustenance
and advancement particularly with the emerging growth in population necessitated
the conception of this research study. Soil assessment primarily is centered on
confirmation of its depth and spatial attributes variability and prediction of such
characterization over a real extent that may inform its proper utilizations. Such
information are usually documented in reports that may include maps, logs and
other statistical representations. Most traditional soil investigations approaches are
commonly executed via discrete (point) source data representing laboratory scale
and then interpolated. There are other associated constraints to the conventional
methods such as time, cost, and concealing nature of the subsurface that introduce
shortcomings to the outcomes of that type of investigations. However, alternative
approach that can circumvent such shortcomings while integrity of results is not
compromised was attempted in this study using geophysical methods with
emphasis on ground penetrating radar (GPR). The goal of the study is the
evaluation of soil basic physical properties from geophysical data that may depict
field scale assessment which bypass interpolation that characterized points

methods.

To achieve the aim of the study, various mechanisms were design which include
modeling of the subsurface and simulation of the response of the selected principal
method of the soil evaluation (GPR). This was sequel to series and rigorous review
of previous records documented in literature on the topic with a view to have the
grasp of the underlying background of the subject. Integration of similar
geophysical survey method (electromagnetic conductivity) and remote sensing

method (hyperspectral imaging) for correlation of results was also included in the



field test design. And soil sample test was also incorporated in the research study
plan to serve as guide during interpretation of field data. After the modeling and
armed with detailed information on the direction of the study, field data
measurements were commenced on pre-established profiles at the test sites. Test
sites were selected at random within the southern province of Poland particularly on
farmlands with a view that in-situ nature of the soil horizons is still preserved.
Several profiles of GPR field measurements were made being the major test

method at both single-offset and multi-offset modes using

proEX GPR system equipment manufactured by Mala Inc. Sweden. Field
measurements using the other integrated methods were also carried out at some
selected profiles of the GPR readings and soil samples at strategically located points
within the profiles were also taken. Acquired data were processed using series of
methods spanning from simple filtering through advance signal complex analysis,
statistical analysis, inversion (EM conductivity) and neural network evaluation.
Subsequently, interpretation of the processed data were made and physical
quantity calculated which were used as input in empirical equations for the
evaluation of the soil physical properties. Correlation of the results of the different
approaches utilized in the study shows the possibilities of quantitative evaluation of
soil attributes such as bulk density, porosity and volumetric moisture content, from
geophysical data. Results of soil compaction test shows that soil densification
causes changes in the reflection coefficient of the GPR signal as depicted in its
amplitude variations which may serve as distinguishing feature on GPR section. Soil
matric potentials may also be identified on the GPR scans from the analysis of the

frequency components that may distinguish low from high matric potential zones.

Conclusively, results analyses from the study have shown that GPR can be used
quantitatively to estimate soil porosity, bulk density, water contents in a fast, less
expensive, and non-destructive manner such as may not be accomplished in the
traditional methods. The study had also depicted possibility of prevention of outliers
that characterized point-based soil assessment results via scanning of entire test

site by the GPR technique. The swiftness of its operation can be used to monitor



temporal changes to soil which is expensive and time consuming via the other

traditional soil assessment method.



