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Figure 1.10 Pits and strange types of vegetation on the levee, noticed during filed 
trips. 

 

1.3 SAR technology to monitor levee condition  

This work explains an overview and presents results of the use of synthetic 

aperture radar (SAR) as an aid to the levee screening process. The NASA Jet Propulsion 

Laboratory’s (JPL’s) Uninhabited Aerial Vehicle SAR (UAVSAR) is a fully polarimetric 

L-band SAR which is designed to acquire airborne SAR data in fully quad-polarimetric 

manner. SAR technology, due to its high spatial resolution and soil penetration 

capability, is a good choice to identify problematic areas on earthen levees [4]. 

Polarimetric Synthetic Aperture Radar (PolSAR) data includes a variety of information 
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which relates to the physical properties of the target. In PolSAR, the transmitted signal is 

polarized and different polarizations of the backscatter signal are detected as: VV 

(vertical transmit and vertical receive), HV (horizontal transmit and vertical receive), and 

HH (horizontal transmit and horizontal receive). Hence, it provides much more 

information on the form of the scattering elements than a single channel SAR [5]. The L-

band SAR measurements can penetrate dry soil to as much as one meter depth. Thus they 

may be valuable in detecting changes in levees that will be key inputs to a levee 

vulnerability classification system [6].  

1.4 Motivation 

As shown recently with Hurricane Katrina and the floods like the ones that 

occurred in the Midwest and along the Mississippi River, the loss of life and property 

associated with the catastrophic failure of dams and levees can be extremely high. Over 

the entire United States, there are more than 150,000 kilometers of dam and levee 

structures of varying designs and conditions. In Mississippi alone, hundreds of dams and 

levees are not currently monitored, and there are no reasonable means to assess the 

potential risk for catastrophic failure. The dynamics of subsurface water events can cause 

damage on levee structures which could lead to slough slides, sand boils, or through 

seepage. Improved knowledge of the status of these levees would significantly improve 

the allocation of precious resources to inspect, test, and repair the ones in most need [4]. 

The objectives of this research are to support the development of state-of-the-art methods 

using remotely sensed data to support levee condition assessment, screening procedures, 

and to detect anomalies in an efficient and cost-effective manner based on the use of 

SAR. Because on-site inspection of levees is costly and time-consuming, monitoring the 
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physical condition of levees is vital in order to protect them from flooding and 

catastrophic failures. SAR technology, due to its high spatial resolution and soil 

penetration capability, is a good choice to identify such problem areas so that they can be 

treated to avoid possible catastrophic failure. Early detection of these events can assist 

levee mangers in prioritizing their inspection and repair efforts [4]. In this way, we can 

reduce the potential loss of property and lives.  

1.5 Contribution  

 Develop effective machine learning methods using remote sensing and 
SAR technologies to recognize levee that are susceptible to failure, for the 
Phase, Magnitude, and Complex SAR data. 

 Develop techniques to rapidly identify potential problem areas along 
levee. 

 Validate NASA JPL’s UAVSAR L-band aerial data with the ground truth 
data for levee condition assessment. 

 Implement majority filter to increase classification accuracy. 

 Develop object based classification methods with the help of the 
morphology filters. 
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CHAPTER II 

LITERATURE REVIEW  

2.1 Remotely sensed data 

2.1.1 Passive and active remote sensing systems 

Passive remote sensing systems record electromagnetic energy that was reflected 

(e.g., blue, green, red, and near-infrared light) or emitted (e.g., thermal infrared energy) 

from the surface of the Earth. There are also active remote sensing systems that are not 

dependent on the Sun’s electromagnetic energy or the thermal properties of the Earth. 

Active remote sensors create their own electromagnetic energy that: 1) is transmitted 

from the sensor toward the terrain, 2) interacts with the terrain producing a backscatter of 

energy, and 3) is recorded by the remote sensor’s receiver [7]. The active microwave 

(RADAR, Radio Detection and Ranging), which is based on the transmission of 

microwaves (3-25 cm wavelength) through the atmosphere and then recording the 

amount of energy back-scattered from the terrain [7-8]. The pulse of electromagnetic 

radiation sent out by the transmitter through the antenna is of a specific wavelength and 

duration. Active microwave (RADAR) commonly used frequencies are shown in Figure 

2.1. The RADAR wavelengths and frequencies used in active microwave remote sensing 

investigations are listed in Table 2.1. 
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Figure 2.1 Active microwave (RADAR) commonly used frequencies. 

 

Table 2.1 RADAR wavelengths and frequencies used in active microwave remote 
sensing investigations. 

 
 

2.1.2 Polarization 

The transmitted pulse of electromagnetic energy interacts with the terrain and 

some of it is back-scattered at the speed of light toward the aircraft or spacecraft where it 

once again must pass through a filter. If the antenna accepts the back-scattered energy, it 



 

12 

is recorded. Various types of back-scattered polarized energy may be recorded by the 

radar [7]. Polarimetric SAR data provides additional surface information for a levee 

monitoring [9-11]. In polarimetric Synthetic Aperture Radar (polSAR), the transmitted 

signal is polarized and different polarizations of the backscatter signal are detected. In 

extremely dry conditions, L-band Synthetic Aperture Radar (SAR) can penetrate meters 

in depth, but in most cases the radar penetration is typically only a few centimeters. The 

backscatter strength increases as the soil moisture increases. With different polarizations, 

VV (vertical transmit and vertical receive), HV (horizontal transmit and vertical receive), 

and HH (horizontal transmit and horizontal receive), SAR imagery can be used to 

separate different causes contributing to changes in the backscatter signal [4, 12-13]. HH 

and VV configurations produce like-polarized   radar imagery.  HV and VH 

configurations produce cross-polarized   imagery. The concept of polarization for 

transmitting and receiving signals is illustrated in the Figures 2.2-2.3.  
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Figure 2.2 Radar antenna polarization for transmitting and receiving signals. 

 

 

Figure 2.3 RADAR Polarization 

(a) An air borne radar operating in the HH polarization mode, (b) HV polarization mode. 
(Source: ccrs.nrcan.gc.ca) 
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2.1.3 Synthetic Aperture Radar  

Synthetic Aperture Radar (SAR) is a technique which uses signal processing to 

improve the resolution beyond the limitation of physical antenna aperture [14-15]. In 

SAR, forward motion of an actual antenna is used to synthesize a very long antenna. SAR 

allows the possibility of using longer wavelengths and still achieving good resolution 

with antenna structures of reasonable size [16]. The imaging radar geometry is shown in 

Figure 2.4. The use of SAR for remote sensing is particularly suited for tropical 

countries. By proper selection of operating frequency, the microwave signal can penetrate 

clouds, haze, rain and fog and precipitation with very little attenuation, thus allowing 

operation in unfavorable weather conditions that preclude the use of visible/infrared 

system [17-19]. Since SAR is an active sensor, which provides its own source of 

illumination, it can therefore operate day or night, able to illuminate with variable look 

angle and can select wide area coverage.  SAR has been shown to be very useful over a 

wide range of applications, including sea and ice monitoring [20], mining [21], oil 

pollution monitoring [22], oceanography [23], snow monitoring [24], classification of 

earth terrain [25], etc. The potential of SAR in a diverse range of application led to the 

development of a number of airborne and space borne SAR systems. A polarimetric 

airborne SAR system was developed by NASA Jet Propulsion Laboratory (JPL) and 

loaded on CV-990 aircraft system [26].  
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Figure 2.4 Imaging radar geometry. 

 

A major advance in radar remote sensing has been the improvement in azimuth 

resolution through the development of SAR systems. The synthetic aperture radar 

concept is shown in Figure 2.5. In a real aperture radar system, the size of the antenna (L) 

is inversely proportional to the size of the angular beam width. Great improvement in 

azimuth resolution could be realized if a longer antenna were used [7]. With SAR 

Doppler principles are used to monitor the returns from overlapping microwave pulses to 

synthesize the azimuth resolution of one very narrow beam.  

The effects of terrain on the radar signal that are characterized by the amount of 

radar cross-section, 𝜎, reflected back to the receiver, per unit area a on the ground. This is 

called the radar backscatter coefficient (𝜎0) and is computed as: 

 𝜎0 = 𝜎 /a (2.1) 
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The radar backscatter coefficient determines the percentage of electro-magnetic 

energy reflected back to the radar from within a resolution cell. The actual 𝜎0 for a 

surface depends on a number of terrain parameters like geometry, surface roughness, 

moisture content, and the radar system parameters (wavelength, depression angle, 

polarization, etc.) [7]. 

 

Figure 2.5 Synthetic Aperture Radar. 

 

2.1.4 Surface roughness 

Surface roughness is the terrain property that most strongly influences the 

strength of the radar backscatter. Aerial photo interprets often use the terminology rough 

(coarse), intermediate, or smooth (fine) to describe the surface texture characteristics [7]. 

It is possible to extend this analogy to the interpretation of radar imagery. Examples of 
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backscatter from different degrees of surface roughness is illustrated in Figure 2.6. Figure 

2.7 illustrates the phenomenon of volume scattering within larger target elements such as 

trees. Radar signals can be generated at several different wavelengths, which is useful 

because the energy has an ability to travel through vegetation or soil to different amounts 

that are controlled by the dielectric constant of the material. As Figure 2.8 shows, short 

wavelength radar (2 cm) will be reflected from the tops of trees. Long wavelength radar 

(24 cm) data will normally go right down to the ground and be reflected off of the 

surface. Intermediate wavelength radars (say, 6 cm) will sometimes experience multiple 

scattering events within the canopy. 

 

Figure 2.6 Surface roughness in Radar imagery. 
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Figure 2.7 Types of active microwave surface and volume scattering that take place 
in a hypothetical pine forest stand. 

 

 

Figure 2.8 Response of a pine forest stand to X-, C- and L-band microwave energy. 
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The five important scattering mechanisms in radar remote sensing are shown in 

Figure 2.9, and they are [27] backscattering from a rough surface (I), low-order multiple 

scattering, as occurs from dihedral effects in forest and urban areas (II), random volume 

backscatter from a non-penetrable layer of discrete scatterers (III), surface scattering after 

propagation through a random medium, as occurs in the use of low frequency P- or L-

band radar for penetration of vegetation cover (IV), and single scattering from anisotropic 

structures such as tree trunks, where the backscatter can be modeled as that from a rough 

dielectric cylinder or other canonical object with polarization anisotropy due to shape and 

dielectric material structure (V). 

 

Figure 2.9 Five important scattering mechanisms in radar remote sensing. 

 

2.2 Features 

A feature is an observable measured quantity such as image intensity or radar 

backscatter coefficient or some mathematical transformation or derived value calculated 


