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ABSTRACT

This paper provides a novel technique for processing 3D radargrams using mathematical morphological
operations. The purpose of processing 3D radargrams is to extract useful information about the presence of
subsurface elements and objects, be it oil, water, natural resources or man-made constructions. The term
‘Morphological Filter’ refers to once or repeated use of individual or combined operations of dilation and
erosion with a single structuring element. Alternatively, the term ‘Extended Morphological Filter’ refers to once
or repeated use of individual or combined operations of dilation and erosion with more than one structuring
element. The technique proposed in this paper limits to the use of the operation of erosion on a 3D radargram
for a finite number of times.
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l. INTRODUCTION

The aim of GPR based subsurface imaging is to obtain radargram images for subsurface truth
evaluation, that is, to obtain a visual knowledge representation of the scene below the ground surface.
Subsurface imaging deals with image data of very large size and thus a very large database has to be processed
within given amount of time. This calls for development of fast and robust imaging algorithms with a high
degree of reliability. Fig. 1 shows a 2D radargram of size 256x256 obtained using a GPR. This radargram is also
called Vertical Seismic Profile (VSP). Fig. 1 also demonstrates how a set of radargram image slices obtained by
B-scan, that is, moving a GPR antenna from a given position to another along a predetermined profile line.
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F|g 1: Radargram slice, a set of slices and its 3D model of the entire 3D radargram slices

It is important that a 3D radargram data is interpreted for the very purpose for which it is obtained. In
order to do this, a visual presentation of below the ground surface information is necessary. In other words, it is
required to process the noise like radargram for a meaningful visual interpretation.
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Real time 3D radargram slices obtained using a Ground Penetrating Radar (GPR)

Fig. 4 shows 81 slices named s1 to s81 obtained using a GPR in a site of specific defense interest in the
USA. Each slice is called a Vertical Seismic Profile (VSP). All these 81 slices were obtained by moving a GPR
in B-scan mode. Generally serpentine scanning is carried out to prospect a field of specific interest. Ground
Penetration Radar (GPR) is used for excitation. Excitation is applied at appropriate locations, preferably at the
centers of the sub divided regions. Fig. 2 shows excitation process as a serpentine scanning of a rectangular
subsampled hypothetical field model. Fig. 3 shows a set of 81 slices of low resolution, each slice of which is of
size 256x256 obtained after prospecting a real field of specific interest.

ig. 3: Radargram slices of size 256x256x81
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Ray casting technique — Basic principles

Volume ray casting is an image-ordering and volume rendering method. This computes a 2D image
from the given 3D image. A ray is cast for each voxel in a 3D image. The opacities observed in the path of a ray
are accumulated till the ray exits the volume. The accumulated color/gray value is displayed as the 2D image
pixel for every voxel in the 3D image.
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F|g 4: Volume rendered 3D i |mage and its intensity reduced version

Fig. 4 shows the volume rendered 3D radargram image and its intensity reduced version. Thus, given
an ordered set of radargram slices, one can build a 3D radargram image and visualize it on a 2D monitor using
ray casting method. The question that arises here is whether one would be able to process the 3D radargram
image for whatever purpose it was built from 2D image slices. Traditionally, people use 2D image processing
algorithms to process a 3D image, in which each slice is processed and the processed slices are integrated to
build a 3D processed image. This is called 2.5D processing of 3D images. Alternatively, one can apply 3D
image processing algorithms directly on the 3D radargram image, and this is called 3D processing of 3D images.
Spatial domain and spectral domain approach in the 3D processing of 3D images are the two basic techniques
practiced as on date. Three dimensional morphological operations play a significant role in spatial domain-based
3D processing. With the idea of evolving a practical method to extract morphological features of various
subsurface elements a novel morphological filtering method to process a given 3D radargram is proposed in this

paper.

1. MORPHOLOGICAL PROCESSING OF A 3D RADARGRAM
Let f(p,q,r) be a 3D gray scale image, where p is its height, g is its width and r is its depth. The domain
D of a 3-D digital image is a subset of the 3-D grid Z*: £(p,q,r) € D =z*. One has to process 3D digital image
morphologically with the help of a 3D structuring element. Fig. 5 shows various 3D neighborhood structures.

i o

7-neighborhood 19-neighborhood 27-neighborhood
Fig. 5: Various 3D neighborhood structures

Appropriate structuring element is placed on the first 3D grid of voxels of the given 3D image. The
output is set to the maximum/minimum value lying within the structuring element. The 3D structuring element
is then moved across the 3D grid in that particular depth, until the entire 3D image in that depth has been
processed. Then the structuring element is moved along the depth in the same way. The process is repeated until
all the depths in 3D image have been processed.
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3D Erosion of an input image f(p,q,r) by the 3D structuring element Z is defined as
Y= (fe2)(p.a.r) = T f((p.a.r) +2) = 25 6(p.q.1)

Example of 3D erosion is shown in the Fig. 6. Fig. 6 shows a bonsai 3D image and its eroded version.
The bonsai tree shown in Fig. 6 is an MRI scanned data of a real bonsai tree. The 3D morphological erosion was
applied on to this image and the eroded image is also shown in Fig. 6. One can clearly visualize the trunk and
leaves of the tree by eroding the 3D image just once. This erosion operation has caused removal of one voxel 3D
surface of every segmented component in the image. The 3D structuring element used for erosion is the 27-
neighborhood shown in Fig. 5.

Original bonsai 3D image Image eroded by one voxel
Fig. 6: Bonsai 3-D image and its eroded version.

Erosion removes the outer cover of a 3D image. So, it is mandatory to know how many covers have to
be removed to see the insides of a 3D image. This operation is similar to ‘onion peeling’ or 3D thinning. The
advantage of carrying out this operation using morphological erosion is that one can have a choice of the nature
of the outer cover that has to be removed and this is achieved using an appropriate structuring element.

Morphological erosion of 3D radargram

The 3D radargram image shown in Fig. 3 and Fig. 4 is morphologically eroded seven times
continuously using the 27-neighborhood structuring element. Fig. 7, Fig. 8 and Fig. 9 respectively show the
slices of 3D radargram eroded just once, twice and seven times. Fig. 10 shows the volume rendered 3D
radargram image and its eroded versions. From Fig. 10, one observes that the seven times eroded radragram
image shows some attributes related to some man-made structure. This was observed after eroding successively
and it was not known a priori how many times one has to erode in order to get an image from which one can
have a meaningful information.
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Fig.-é: Radargrdrh of size 256x256x81 eroded seven-iimes
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3D radargram image Image eroded once Image eroded twice Image eroded seven times
Fig. 10: Volume rendered 3D radargram image and its eroded versions

The question that arises here is that how one can see the insides of the seven times eroded 3D radargram image,
which shows the possibility of the presence of a man-made construction. A simple solution to this to detect the
3D edges of this image.

1. EDGE DETECTION OF MORPHOLOGICALLY FILTERED 3D RADARGRAM
3-D edge detection involves identification of edge voxels having maximum gradients. The given 3-D
digital image is segmented by a threshold-based quantization scheme and at that moment boundaries of the
quantized regions are extracted. The given 3-D digital image is plane-wise raster-scanned by the seven-
neighborhood window which is shown in Fig. 5.

Algorithm for 3D edge detection

On every move, the 3x3x3 sub image enclosed by the seven-neighborhood window is examined to see
whether the gray-distance D, which is the difference between the maximum and the minimum gray value
corresponding to that sub image, is less than or equal to user specified threshold value T. If D is less than or
equal to T, then the gray-value 0 is assigned to all the seven cells in the given image. For D greater than T, the
original values contained in these cells are left undisturbed. This procedure is repeated until the entire image is
scanned. The final result is that the edges of various 3D solid regions in the given image that appear to be
uniform are retained and their left-over interior parts are erased thus giving us the edge of the original image.
Fig. 11 shows a sample 3D image of a cell structure and its edge detected version.

Sample 3D image of a cell structure Edge detcted version of the 3D image
Fig. 11: Sample 3D image and its edge detected version
Fig. 12 shows 81 slices of 3D edge detected version of 7-times eroded 3D radargram of size 256x256x81.
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FFig. 12: SIiEes of 3D edée detected version of 7-times eroded 3D radargrém of size 256x256x81

Fig. 13 shows the original 3D radargram image and the front and rear views of the image obtained using
morphological filtering and edge detection.
——-———
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3D radargram |mage . Front View Rear View
Fig. 13: Front and rear views of the processed 3D radargram image
Fig. 14 shows different side views of the processed 3D radargram image.
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Observations

1. 3D edge detection yields an image that exposes the interiors of a solid model image.

2. With reference to Fig. 13 and Fig. 14, it is reasonable to conclude that the given 3D radargram was
obtained by moving a GPR in B-scan trace.

Left Anterior Oblique (LAO)
View View
Fig. 14: Different side views of the processed 3D radargram image

Right Anterior Oblique (RAO)

Left View Right View

IV.  CONCLUSIONS
Morphological erosion is carried out to extract hidden information from a 3D radargram. In addition,
3D edge detection is done on the eroded image to extract its inner details. The number of times the erosion
should be carried out is unknown a priori because that depends on the type of the site prospected by GPR.
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