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Abstract- Present paper deals the fusion of image analysis and electromagnetic approach to predict the shape of 

the shallow buried metallic objects for satellite remote sensing at X-band (i.e., 10 GHz). The shape reconstruction is 

based on the mean of the image intensity with computed reflectivity at any depth and then deconvolution using image 

processing techniques. For this purpose, a monostatic scatterometer has been indigenously developed, which consists a 

transmitter and receiver mounted on the stand of the sand pit and when operated it moves over it. An algorithm has 

been proposed for shallow buried object detection system that is based on the image processing and electromagnetic 

theory. This algorithm is applied for square and rectangle shapes of the metallic objects and the obtained results are 

quite satisfactory. The shape of the buried utility is determined for any depth for which the returned echo is 

significant. This approach will be quite helpful to develop an automatic satellite data based information systems using 

image analysis and microwave remote sensing techniques to identify the shape of the various shallow buried objects. 
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1. INTRODUCTION 
 
In the world, detection and shape recognition of buried objects is a challenging task because it is 

difficult to discern the buried objects by simply looking the signatures in the scattered power. There are 

several factors that create illusion or there is a greater probability of false alarm due to complexity of the 

terrain. Currently, metal detectors are, by far, the predominant sensors in use for buried object detection. 

The most commonly used principle for the sensors is Ground penetrating radar (GPR). The GPR has a 

few advantages; first, it is sensitive to changes in all three electromagnetic characteristics of a medium, 

electric permittivity, electric conductivity, and magnetic permeability. Thus GPR is capable of detecting 

both metallic and non-metallic objects. Second, unlike sensors that can only survey an area directly 

beneath them, GPR can survey an area in front of it. Therefore, a GPR system can be used to detect 

dangerous objects before the system moves over and past them but these systems are currently of limited 

utility in this area because of the often low dielectric (i.e., complex permittivity) contrast between plastic 

mines and the surrounding soil. For example, the relative permittivity of most plastic materials has a 

very small imaginary part and a real part in the range of 2–4, while that of most dry soils is similar, 

making it difficult for a sensor, which relies on scattering from dielectric contrasts to distinguish these 

two materials. GPR has also the distance limitations. The other approach is the Radar remote sensing, 

which has been widely used as a non-destructive tool for the investigation of shallow subsurface, 

detection and mapping of subsurface utilities and solid objects. A fundamental problem in Radar remote 

sensing for detection of buried object detection resides in the conflict between the need for ground 

penetration and the desire for tolerable resolution. The lower frequencies penetrate more effectively with 

fewer scattering losses. At the same time better resolution is achieved at higher frequencies, since for 

any system the best achievable resolution is depends upon the bandwidth of the system. 
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Over the years, much of the work is done in the retrieval of the buried objects and landmines. One 

of such autonomous system [1] (Herman and Singh, 1994) is developed for detection of subsurface 

buried objects; this system automatically detects and also can remove the object. Other system include 

microwave imaging of multiple cylinders using local shape functions [2] (Cho Chew et al 1992) and 

time domain radar system [3] (Chew and Otto, 1994) which uses the time averaging and time gating 

techniques to suppress the noise level, while the time domain approach is also employed with the 

combination of the Finite Difference Time Domain (FDTD) and matched filter [4] (Dogaru, and Carin, 

1998) and other includes detection of buried objects equipped with neural network and Pattern 

recognition approach [5] (Al-Nuaimy et al 1999) ,some systems are also based on Fuzzy logic are 

developed for unexploded ordinances [6] (Collins et al 2001)and steepest descent fast multipole 

approach for electromagnetic scattering from penetrable/PEC objects under rough surface [7] (El-

Shenawee et al 2004) and some researchers use surface impedance concept for detection and 

determining the location of Buried Objects [8] (Hulay et al 2004) and Multi-Source strategy based on a 

learning-by-examples technique for Buried Object Detection The ground penetrating radars suffer from 

the limitation of 3D resolution and the ground clutter, so some of the approaches based on SAR are 

developed.  
 

II. METHODOLOGY 
 
A. System Overview 

A monostatic Radar (scatterometer, shown in fig. 1) has been assembled for the detection of buried 

object. In this we measure the backscattered intensity from the surface (i.e. the reflectivity pattern of the 

surface and the volume), since the scatterometer can be used for different incidence angles, frequencies, 

and polarization. In this paper we describe the plane polarized (HH polarization) at normal incidence 

and the frequency of 10 GHz. The objects of different sizes are buried at different depths and the 

scattered power is measured and using this scattered power we construct the raw image of that region. 
 
The observation are taken for different sizes of the aluminum sheet (30x30, 24x61, 37x61) and for 

the combination of the above for different depths (0.5, 1.0, 1.5 , 2.0,2.5cm) and the image is constructed 

from the raw data. 

B.  Electromagnetic modeling approach 
 
In this experiment we have used the sand pit that is finite in all the three dimensions but here we 

can reduce the effect of reflection from the corners of the sand pit by image processing and mask 

generation. In general the returned field can be considered as the combination of the following 
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Fig.1. Schematic diagram of monostatic Scatterometer 

 
a. The reflection from the surface of the sand 

b. The reflection from the buried object that is dependent on the reflection coefficient of the 

air-sand interface and its transmission coefficient.  
c. The reflection from the corners of the sand-pit that is absent in real time situation 
 
C. Shape Recognition Algorithm 
In the experiment, it is observed that the backscattered power depends on sensor parameters (such 

as antenna gain, beam-width and so on the physical dimension of the antenna and operating frequency 

and also on polarization) thus the illumination area of the antenna system is not limited to the pixel size 

of the image, so there is a significant contribution from the neighboring pixels, therefore in general, we 

cannot search for near field targets merely looking for bright spots in the raw image constructed from 

the returned echo from the surface.  

For this purpose, an approach based on Image processing with Electromagnetic (EM) adaptive 

thresholding has been proposed which is discussed in the following section. 

 

III. EXPERIMENTAL MEASURMENTS AND RECOGNITION OF SHAPE 
 
A.  Experimental Measurements 
 
To study the detection and identification of the buried objects, we took the object of aluminium 

sheet of size of 30x30, 24x61, 37x61, and 61x61 cm
2
 as target. Object was buried into sand pit at 

different depths (0.5, 1.0, 1.5, 2.0, 2.5, 5, 6cm). The microwave reflection/scattering phenomenon from 

buried objects basically depends upon its conductivity, dielectric constant, and the target characteristic 

(size, shape, thickness, depth as well as medium of the burying object). The objects/materials having 

high conductivity and large dielectric constant give higher reflection/scattering and those having low 

conductivity give lesser reflection/scattering while studying microwave signature.  
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Fig. 2. Flow chart of proposed algorithm to recognize the shape of shallow buried metallic objects.  

 
B. Recognition of Shape with Experimental data 
 
The proposed algorithm as shown in fig 2 has been applied for different combinations and depths. 

Some of them are discussed below 
 
(a)  For Aluminium sheet buried at the depth of 6cm: 
 
Raw image is generated from the scatterometer data and normalized as eq. 3 (max=9.7724, 

min=2.4547). After that statistics of image has been calculated (mean=0.2833, standard deviation 

=0.2181). Apply the convolution filtering into the normalized image. Again normalize and identify the 

suspected region then apply the threshold approach based on the statistics (mean = 0.0653, standard 

deviation = 0.1510) and Electromagnetic approach (i.e., reflectivity calculated by eq. 1). Find the 

bounding surface and the number of objects (one in this case). 

Fig. (3, 4, 5) shows the unprocessed and processed image. It is clearly seen that after applying the 

proposed algorithm target is reasonably detectable and shape can also be determined. 

 

 
Fig. 3. Raw 3D-graph of Al sheet at the depth of 6.0 cm 
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Fig. 4. Raw image of Al sheet at the depth of 6.0 cm 

 

 
Fig. 5. Image after applying the proposed algorithm 

 

(b) For two Al sheets buried at the depth of 0.5 cm: 

Similar procedure has been adopted for processing the image, which has two objects buried at the 

depth 0.5 cm. Raw image is shown in fig 6, while as processed image as proposed algorithm is shown in 

fig 7. In both figures the utility of proposed algorithm is clearly evident. 

 
Fig. 6. Raw image with two buried objects at 0.5 cm depth 
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Fig. 7. Image after application of algorithm 

IV. CONCLUSION 

An algorithm based on EM and image analysis approach has been proposed for detecting and 

identifying the shape of shallow buried objects. The algorithm was analyzed with experimental data and 

obtained results are quite encouraging. More work has to be done in near future for different shapes and 

terrain conditions. This type of work will be quite helpful in near future to develop information system 

for radar data to identify the shape of shallow buried objects, which can also be applied to satellite 

remote sensing. 
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