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ABSTRACT 
This paper presents the active remote sensing technology, based on the use of electromagnetic waves from the microwave fre-

quency range. According to sensor distance from the surface soil layer, two existing radar technologies were analyzed: Synthetic Ap-
erture Radar (SAR) and Ground Penetrating Radar technology (GPR). Considering the fact that the SAR antenna is designed for sat-
ellite platforms, the application of this technology in agriculture includes the procedures of classification of arable land and crops, in 
unfavorable situations. From the point of the usage of GPR technology, where the antenna is close to, or in contact with the surface 
layer, the application is based on the analysis of both geometric and general characteristics of underground soil layers to a depth of 
10m. Using a comparative analysis of both technologies, a common area of application in the form of complex, composite technolo-
gies is defined.  
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REZIME 
U radu je prezentovana tehnologija daljinske detekcije aktivnim senzorima baziranim na primeni elektromagnetnih talasa iz mik-

rotalasnog frekventnog opsega. Na osnovu kriterijuma udaljenosti senzora od površinskog sloja zemljišta analizirane su dve posto-
jeće radarske tehnologije -  Syntetic Aperture Radar (SAR) i tehnologija skeniranja georadarom (Ground Penetrating Radar - GPR). 
S obzirom da je SAR antena namenjena za satelitske platforme, primena ove tehnologije u poljoprivredi obuhvata postupke klasifi-
kacije obradivog zemljišta i useva u nepovoljnim situacijama, određivanje vlažnosti površinskih i subpovršinskih slojeva zemljišta, 
detekciju podpovršinskih struktura u specifičnim medijumima, analizu distribucije zagađivača/agrohemikalija u zemljištu, disaster 
management, itd. Sa stanovišta primene GPR tehnologije, gde je antena na bliskom rastojanju ili u kontaktu sa površinskim slojem 
primena se bazira na analizu kako geometrijskih tako i opštih karakteristika podzemnih slojeva zemljišta do dubine 10m, definisanih 
kroz detekciju litoloških slojeva zemljišta, zapreminskog udela vlage u zemljištu, prostorne distribucije 
vode/zagađivača/agrohemikalija, analiza saliniteta zemljišta, debljine organskih slojeva, čvrste stene, nivoa podzemnih voda, analizu 
strukture odbrambenih nasipa, stanja korenovog sistema, nanosa mulja na rečnom/jezerskom dnu itd. Uporednom analizom obe 
tehnologije definisane su zajedničke oblasti primene u formi složene, kombinovane tehnologije. Sprovedene analize su upotrebljene 
pri definisanju smernica za proširivanje liste mogućnosti primene GPR i SAR tehnologije u poljoprivredi. 

Ključne reči: SAR tehnologija, GPR tehnologija, klasifikacija zemljišta, zapreminski udeo vlage. 
 

INTRODUCTION 
The term "radar" is shortened from "RAdio Detection And 

Ranging" and accepted in nowdays terminology. Radar belongs 
to the group of active sensors for remote sensing. Emitting part 
of radar antenna sends electromagnetic (EM) waves, which re-
flect from detected object to a receiving part of the antenna 
(Woodhouse, 2006). Radar works in microwave range of EM 
spectrum, mostly in frequency range of 0.05-40GHz. Various 
applications of radar technology are common nowadays, and 
have an expanding trend. Primary functions of radar are remote 
sensing and monitoring of the flying objects (Richards, 2005), 
followed by the appropriate visualization of the results. Monitor-
ing of the flying objects is a real time process. The central dis-
cussion of this paper is directed to objects detection and visuali-
zation, which involves acquisition and processing of the signals 
reflected from the detected object. 

Historical development of the georadar scanning technology 
(Daniels, 2004), has its beginnings in the demonstration of re-
flection of electromagnetic waves, that was held by Hertz in 
1886. In 1900, Tesla explained concepts of EM detection and 
speed measuring, in detail. In 1926, Hülsenback defined first us-
age of impulse radar technique for detection of underground ob-
jects. In period from 1930 to 1970, impulse radar techniques 

were used to analyze geologically specific areas, such as ice de-
posits, rivers, saline dry deposits, desert formations, collieries 
etc. During past thirty years, new ways of georadar applications 
were developing evenly, but the most important - fundamental 
event was emerging of non-military applications (last years of 
previous century) and development of new, special georadar 
types adapted for long distance scanning of the underground lay-
ers. Thereafter, the development of georadar was performed in 
two directions: 
• The first one (Reigber, 2001), which includes simultaneous 
scanning of large areas, embracing a dozens of square kilome-
ters, with radar antennas placed on a long distance from surface 
area (SAR). Widely used spatial resolutions are in between 0.5-
10m. The research was commenced in late 1970s, and was inten-
sified in 1996, after first successful mission to the Mars. In pe-
riod from 1996 to 2010, development and usage of SAR were 
expanding, with better results becoming available every day 
(Richards, 2005). 
• The second one (Allred et al., 2008), which includes scan-
ning of relatively small areas (up to 1 km2) and detection of 
long, liny objects (several dozens of km), with radar antennas 
placed close to or in touch with ground surface (GPR). Widely 
used spatial resolutions are in between 1-10cm. It is important to 
mention that there have been a certain number of applications in 



Ristić et al./ Radar Remote Sensing Technologies – The Usage in Agriculture 

Journal on Processing and Energy in Agriculture 14 (2010) 2 77 

millimeter precision ((Ristić et al., 2009a), (Ristić, 2009)). The 
depth is defined according to type of application and desired 
resolution: 
• millimeter precision – the propagation depth in range of  0.1-

1 m  
• centimeter precision – the propagation depth in range of  1-

10 m 
• decimeter precision – the propagation depth in range of  10-

200 m 
In the beginning of 21st century georadar was gradually in-

troduced as standard measuring equipment for geophysics, geod-
esy, civil engineering, hydrology, agriculture and other engineer-
ing disciplines (Daniels, 2004), (Ristić and Petrovački, 2005), 
(Petrovački and Ristić, 2007), (Govedarica et al., 2008), (Ristić 
et al., 2009a), (Ristić, 2009), (Ristić et al., 2009b), (Ristić et al., 
2009c)). 

MATERIAL AND METHOD 
For remote sensing requirements, with antenna on long dis-

tance from ground surface, SAR radar is used as a part of 
equipment on a plane or a satellite. Although the results are simi-
lar, structure and basic principle of SAR radar is very different 
from georadar (Richards, 2005). Basic quantitative parameters 
of SAR imagery are: slant-range and azimuth resolution. Air-
borne SAR systems provide resolutions up to 10-30cm; satellite 
SAR systems provide resolutions in the range of  80-200cm 
(Daniels, 2004). The use of airborne SAR systems in our region 
is limited, due to a lack of equipment. Review of active, com-
mercially available satellite SAR imagery, is given in Table 1 
(Ristić, 2009). Satellites equipped with radar sensor, which oper-
ates in L band (2-1 GHz, resolution 15-30cm), provide the 
maximum propagation depth, while precise detail surface detec-
tion (Spot Light technique) is possible using radar sensors oper-
ating in C (8-4GHz, resolution 3.8-4.5cm) and X(12.5-8GHz, 
resolution 2.4-3.8cm) band, with resolutions up to 0.8m (Ristić, 
2009). Japanese ALOS (Advanced Land Observing Satellite) is 
the only satellite operating in L band (wavelength 24cm, maxi-
mal resolution 7m), with PALSAR (Phased Array L-band Syn-
thetic Aperture Radar) radar. ALOS was launched in January, 
2006. Available documentation provides different values for 
possible range of penetration depth: from 8 to 24cm, but all 
sources confirm that the technology is usable for volumetric 
moisture content in the surface layer of the soil analyses (Ristić, 
2009). C and X range SAR imagery are commercially available 
from a number of active satellites.  

 
Table 1. Available (and commercially available) SAR sys-

tems 
State SAR system Launched Resolution [m] Band

Italy [116] Cosmo-Skymed1 08.06.2007. 1-3-15 X 
Italy [116] Cosmo-Skymed2 09.12.2007. 1-3-15 X 
Italy [116] Cosmo-Skymed3 06.03.2009. 1-3-15 X 

Germany [114] TerraSAR X 15.06.2007. 1.5-30 X 
Canada [115] RadarSat2 14.12.2007. 3-28-100 C 
Canada [115] RadarSat1 04.11.1995. 8.5-100 C 
India [117] RISAT March 2009. 10-50 C 
Japan [118] ALOS 24.01.2006. 10-20-100 L 
ESA [119] ERS2 21.04.1995. 25 C 
ESA [119] ENVISAT 01.03.2002. 30 C 

 
Remote sensing with the usage of antenna close to or/and 

coupled to the soil surface (GPR tehnology) can be divided in 

two groups: shallow surface surveying and deep borehole 
surveying ((Daniels, 2004), (Petrovački and Ristić, 2005)). The 
research presented in this paper analyzes the procedure for data 
interpretation, where the data were collected from radargram 
which is formed using shallow surface surveying technique. 
Data interpretation, where the data were collected using GPR 
scanning, refers to the soil type's characterization. Georadar con-
sists of: emitting/receiving antenna, control unit (with appropri-
ate operating system), battery and survey cart. The vehicle is 
equipped with rotating incremental encoder, which provides pre-
cise positioning of the antenna center above the detected struc-
tural change (Govedarica et al., 2008). There is also a marker 
embraced in hardware, which is used for marking the position of 
interest in radargram during the data acquisition. Additional part 
of equipment is Global Positioning System (GPS) rover, which 
is used for georeferencing of collected data. Processes of scan-
ning and measuring of the data can be held synchronized or 
separated from each other. First step in separated acquisition 
processes is to define spatial location of change in soil structure, 
using georadar. Maximal precision of positioning antenna above 
reflection is 0.65cm (1/4"), defined for all work circumstances. 
Final step, in acquisition process, is measuring of the antenna 
center coordinates, with GPS rover. During the synchronized 
acquisition, points on georadar antenna's trajectory are recorded 
either continually, or just start and end point of trajectory are re-
corded. Synchronized process includes direct communication of 
georadar and GPS rover (Govedarica et al., 2008).  Functional 
parts of the equipment (Fig. 1b) and its connections (Fig 1a) are 
shown in Figure 1. Georadar is suitable for analyses in different 
depths, in range of 0-10m. There is shielded antenna with fre-
quency in range of 100-1600MHz, defined for each range of 
scanning depths and resolutions. In extreme cases, unshielded 
antenna (with frequency from 16-80MHz for depths from 0-
50m) and (horn antennas with frequency 2.2GHz for depths up 
0.75m) are used. All the other components of the system are mu-
tual. As a result of geospatial data acquisition with GPR scan-
ning, there is two-dimensional view of subsurface layer, called 
radargram. The radargram abscissa (x-coordinate) represents the 
antenna's trajectory during scanning, with defined scanning reso-
lution (the number of emitted impulses per length unit, that is the 
number of emitted signal reflections recorded-"scans"). The ra-
dargram ordinate represents the depth of wave propagation, 
which is limited by acquisition demands and terms that are lim-
ited by the medium ((RADAN, 2006), (Ristić, 2009)). 

 

 
Fig. 1. One implementation of GPR technology  

DISCUSSION 
The use of SAR technology in agriculture comprises proc-

esses of arable land and crop classification, in case of limited 
visibility of surface soil layer; determination of moisture content 
in surface and subsurface soil layers; detection of subsurface 
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structures in specific materials; distribution of agrochemicals, 
disaster management elements etc. 

The examples of SAR technology usage in  
agriculture 
From the point of SAR technology's application in agricul-

ture, particularly interesting parts are analysis of the possible 
depth propagation of SAR radar. It is especially interesting for 
the case of middle humidity agricultural land. A nonlinear re-
sponse of the EM wave’s propagation depth for L, C and X band 
SAR radar is shown in Figure 2a. The curves shown in Figure 
2a, without the T index, indicate the capabilities of EM wave’s 
propagation through a uniform soil layer, where the weakening 
of the signal is only influential effect. The curves with the T in-
dex indicate the capability of EM wave’s propagation through 
layer structure soil, where besides the signal weaken, there are 
losses due to transmission of signals between the layers. The de-
pendence of the propagation depth and wave frequency is also 
defined in Figure 2a. For middle humidity agricultural land, us-
ing just L band, the depth of propagation exceeds 10cm, and can 
go up to 60-80cm, depending on volumetric moisture content in 
the soil. Figure 2b shows the signal propagation capabilities in 
L, and X band, through a uniform loam layer ((McCloy, 2006), 
(Ristic et al., 2009b)). The research has shown that the propaga-
tion depth depends mostly on the moisture content in the layers 
nearest to the surface. As direct consequence, it is concluded that 
the propagation depth is drastically reduced if just a small 
amount of rain had fallen shortly before scanning.    

For measuring of the moisture content in the surface soil 
layer purposes, interferential effects are used. The same area is 
scanned in short time intervals, and the degree of reflection and 
refraction of EM signals are compared. It should be noted that 
the term depth propagation often involves the possibility of sig-
nal propagation through the vegetation to the soil surface. When 
using the X band signals over the forest areas, the propagation 
depth through the vegetation is limited by the treetops, which is 
usually the case with C band signals (Woodhouse, 2006). 

 
Fig. 2. Propagation depth of EM waves in function of volumetric 

moisture content in the soil, for active SAR radar bands  
 

Polarization effects and other influences in 
generating SAR images 
As known, the electric and magnetic field components of the 

EM wave are mutually orthogonal, and to the direction of EM 
waves propagation as well. Polarization of the EM wave defined 
in this way is determined by the direction of the electric field 
components in function of time. SAR radars can be polarized so 
that the broadcast signal is oriented around the horizontal (H) or 
vertical axis (V). The amplitude of reflected signal is measured 
in both directions, so the possible combinations are: HH and 
VV, which represent the case of same polarization, or the HV 

and VH, which represent the case of cross polarization (Figure 
3). 

 
Fig. 3. H and V polarization of the EM waves 

 

Mechanisms and the intensity of the signal reflection, in 
other words the depth of signal propagation, depend on several 
effects related to characteristics of the SAR radar and observed 
soil: frequency/wavelength and SAR radar polarization, the an-
gle of acquisition/signal reflection, conductivity/dielectric soil 
properties, terrain characteristics, soil composition (density, lay-
ers...) and so on. Figure 4 shows an overview of the most impor-
tant influences of the observed soil to the mechanisms and inten-
sity of the signal reflection ((McCloy, 2006) (Woodhouse, 
2006)). 

 
Fig. 4. The influence of  land characteristics on the formation of 

SAR images 
 

Application of GPR technology in agriculture involves the 
analysis of both geometric and general characteristics of under-
ground soil layers to a depth of 10m, defined by detection 
lithological soil layers, volumetric moisture content in the soil, 
the spatial distribution of water/contaminants/agrochemicals, 
analysis of soil salinity, organic layers thickness, bedrocks, 
groundwater levels, analysis of the structure of the embankment, 
state of the root system, sediment mud in the river /lake bottom, 
etc. (Ristic, 2009). 

Examples of GPR technology applications in 
agriculture 
One of the most interesting aspects of the application of GPR 

technology in agriculture is the estimation of lithological soil 
layers ((Freeland et al., 1998) (Allred et al., 2008), (Ristic et al., 
2009)). Layers can be defined with centimetre accuracy, which 
provides significant automation of both processes: analysis of 
soil structure and procedures for land consolidation. The result 
of acquisition using GPR technology is radargram, presented in 
Figure 5, where all the results of the estimation of lythologic soil 
layers are marked. Classification process of lithological layers 
was performed using classical procedures of soil analysis in the 
control points. 



Ristić et al./ Radar Remote Sensing Technologies – The Usage in Agriculture 

Journal on Processing and Energy in Agriculture 14 (2010) 2 79 

 

 
Fig. 5. GPR radargram with soil classification overlay 

 

The results can be used for GPR device calibration and for 
the usage of GPR technology in the process of land consolida-
tion, where the application of GPR technology significantly re-
duces the need for the pedology profile preparation. Figure 6 
shows the comparative analysis of the results obtained from pe-
dology profile and radargram of the same location, in the area of 
the village Selenca, Serbia ((Ristic et al., 2007), (Ristic et al., 
2008)). 

 
 

Fig. 6. GPR technology use for land consolidation 
 

Since the value of the volumetric moisture content in the soil 
is directly related to the speed of EM waves ((Huisman et al., 
2003), (Ristic et al., 2009)), it is possible to perform radargram 
analysis and estimation of volume content of moisture in the 
soil, and also to perform monitoring of the spatial distribution of 
water/pollutants/agrochemicals, in other words perform the 
analysis of soil salinity ((Yoder et al., 2001) (Doolittle et al., 
2006)). Figure 7 represents the appearance of new layers in ra-
dargram, which are a consequence of agrochemicals movements. 
Radargram results, shown in Figure 7, are given in the form of 
comparative analysis before (Figure 7a) and after (Figure 7b) 
treatment of soil with agrochemicals. Radargrams are formed on 
the soil thickness from 1m to 3m, below which there are under-
lying paleosol forms. 

 
Fig. 7. GPR technology use for agrochemicals movement detec-

tion  
 

GPR technology can provide rapid, quantitative-qualitative 
and non-destructive monitoring of changes in the development 
of root biomass of woody plants under the influence of irrigation 
((Butnor et al., 2003), (Serbin and Or, 2005), (Ristic, 2009)). 
Monitoring is defined as the analysis of changes in the volume 
of the root biomass and lateral root biomass distribution, in case 

of systems with and without irrigation. Comparative radargrams 
of root biomass of loblolly pine (Pinus taeada L.) in loamy, kao-
linitic soil, without (Figure 8a) and with (Figure 8b) the presence 
of irrigation systems are shown in Figure 8. Radargrams were 
processed using Hilbert's transformation of the signal. Correla-
tion between the root coring procedure and the results obtained 
by GPR exceeds 85%. Using GPR radargram analysis, it is pos-
sible to define the impact of changes of the fertilizer types and 
amounts, and other silvicultural treatments. This approach to the 
case of compatible land can significantly reduce the number of 
required soil cores samples in analysis. 

 
Fig. 8. GPR technology use for detection of agrochemicals 

movement 

CONCLUSION 
This paper showed the possibilities of applying modern tech-

nology of remote detection of active sensors in terms of applica-
tion of radar technology. The basic principles of technology and 
the possibilities of application in agriculture are briefly ex-
plained, both SAR and GPR technology. The main advantage of 
SAR and GPR technology reflects in multiple time savings dur-
ing the implementation of standard research in the domain of 
agriculture, both from the point of the acquisition process and 
from the point of results processing. For each of these technolo-
gies, several typical examples of application in agriculture have 
been chosen and analyzed. It should be noted that the list of pos-
sible applications of these technologies in agriculture is signifi-
cantly higher, and is not final due to the possibility to expand 
through new projects and experiments. 
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