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ABSTRACT

Most image’s interpreters are concerned with recognizing linear features in images. For geological
purposes, faults, joints, features, dykes and geological contacts are the main linear features which must
be interpreted. The linear features are formed by edges, where some edges are marked by pronounced
differences in brightness and become ready recognized. This paper deals with satellite image edge
detection techniques. Edge detection is the name for a set of mathematical methods which aim at
identifying points in a satellite image at which the image brightness changes sharply or, more formally,
has discontinuities. These points are typically organized into a set of curved line segments termed edges.
Important features can be extracted from the edges of an image (e.g., corners, geological boundary, linesand
curves). In this paper, a novel edge detection technique which computes edges of satellite image using two
dimensional (2D) design digital filter is presented and applied on Gabal Gattar granitic batholith to enhance
boundaries between granite and surrounded rocks in one hand, and between the granitic phases on another
hand, as well as, enhance the shape of granitic masses, and faults, dykes, fractures cutting them. Here the
proposed methodology is compared with other edge detectors. Filters (Sobel, Roberts, Prewitt, Canny
and Log filters) as applied on G. Gattar granitic mass. This study reveals that the new proposed (Raafat
filter) porttery the contacts and linear features more obvious than the other operators.

INRTODUCTION brightness difference associated with some
features, but this procedure is not specific
for linear features because elements of the
scene are enhanced equally, not just the lin-
ear elements. Edge enhancement image at-
tempt to presence both local contrast and
low frequency brightness information. They

. . AR are produces by adding back all or a portion
recognized. Mainly the edges are indication of tEe gray lev}éls in tﬁe original imalg) o to a

of the discontinuities of image intensity func- high frequency component image of the same
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human image understanding. Edge detection points in a digital image where the luminous

haf. btecome lxllery serloushchalleln %e dt(; the scl- intensity changes very sharply. Due to sharp
enuist as Well as researchets refated to 1mage changes in image properties, it reflects the

processing. valuable events and changes in several prop-
Contrast enhancement many emphasize erties. For discontinuities, there could be a

Edge detection is a fundamental tool in
image processing, image analysis and im-
age pattern recognition, particularly in the
areas of feature detection and feature extrac-
tion. Generally, due to the variation of im-
age features such as brightness, edges can be
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number of reasons, such as lighting condi-
tions, type of material surface, texture, object
geometry etc., and their mutual interaction.
Edge detection methodology is a process of
detection of this type of discontinues in an
image. Generally, the implementation of de-
rivative operator on intensity image generates
another image, which is called as gradient im-
age due to its rate of intensity variation. The
major structural properties can be represented
in a transparent manner of an image due to
the edge detection mechanism. Many meth-
ods can be implemented for edge detection.
There are many traditional operators such as
Sobel operator, Prewitt operator, Laplacian
of Gaussian operator, Canny operator and
Robert operator which are used for edge de-
tection of images.

METHODOLGY

Edge enhancement is implemented, first-
ly, produced a high frequency component im-
age containing the edge information followed
by added back all or a fractures of gray level
in each pixel of the original scene to the high
frequency component image. The final im-
age containing local contrast enhancement of
high frequency features (Lillsand and Kiefer,
2000). Some linear features occurred as nar-
row linear against a background, while linear
contrast is located between adjacent areas of
different brightness in images. These linear
features are formed by edges. In images,
some edges are easily recognized due to their
pronounced differences in brightness, while
other which marked by subtle brightness
differences are difficult to recognize. Digi-
tal filters have been developed specifically
to enhance edges in image. These filters fall
into two categories, directional and non-di-
rectional filters (Sabin, 1996).

Directional filters aimed at emphasizing
edges in image data. It is procedure that sys-
tematically compare each pixel in an image
to one of its immediately adjacent neighbors
and displays the difference in terms of gray
levels of an output image. This process is

mathematically akin to determining the first
derivative of gray levels with respect to a
given direction (horizontal, vertical and diag-
onal) (Lillsand and Kiefer, 2000). In order to
design the 2D digital filter, we used a second
order polynomial as follows:

Second Order Polynomial

Suppose that, we have 5X5 data points
and wish to fit the observed data, in some
sense, by the following polynomial:

Ay +amx+amy+a”xy+amx2 "’aoz)"2 = F(X,y) (1

where %> Gor-G1:9y> and dy;, are the coefficients
to be determined. The computations for the above
procedure can be relatively easy, if the potential field data
function F(x,,y,) for each value of x and y where, the x’s
and y’s are equally spaced and arranged symmetrically
around the calculation point i.e. x|f-2, -1,0,1,2 and y=-
2,-1,0,1, 2 such that >'x=0 and > =0

The variables of equation (1) are the
coefficients s G5 Aoy Ay s Aoy and %02 of the
plane. To find a minimum, we naturally dif-
ferentiate with respect to oG4y, and
dpnthen set the resulting expressions equal to
zero. This process (normalization) gives the
following equations:

Gty Lxtay Yy +a Loy L5 +au Yyt = L F 2
G LTt L ¥ 0,00, LYy 0y L +ao 0 = ) P 3)
wEra Ly ey In o <Ih  (4)
W LF L3 0 Lyt v L e Yyt = DY Q)
wEma Tera ot IO I T (6)
Y 4 0 0 Yy ey Yy ray Yy Yy = R 7
In our case of study n=25 then,
=0y Yy=0,Y 1" =50,) y' =50, Y xy=0,
Yry=0, Yx'=0, Yui=0, Yxiy=0, Yy'=0, Yx'y=0, Yx'=10,

Ley=10, 30 =0, 3y =10. Substituting in the above
set of simultaneous equation, we get:

(25)ay +(0)a,, + (0)ay, +(0)a,, +(50)a,, +(50)ay, = Z F (8)
)y +(50)a,, +(0)ay, +(0)ay, +(0)ay +(0)a, =Y Fx (9)

(Mag, +(0)ay, +(50)ay, +(0)a, +(0)ay +(0)ay, =Y. Fy (10)
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(50)ay, +(0)ayy + (0)ay, +(0)a,, +(170)ay +(100)a, =Y Fa*  (11)

)y +(0)ay, +(0)ay, +(100)a, +(O)ay +O)ay, = Y Fry (12)

(50)ay, +(0)ay, +(0)ay, +(0)a,, +(100)ay +(170)ay, =Y Fy*  (13)
From equations (8)-(13), we get that the

values of the coefficients ay.ay.ay.4,.a,. and
ay  of the plane are:

ag = (X F = (50)ay, - (50)ay, )/25 »

0y =Y Fx 500, = Y Fy /50,40, = Y Fy [100,a, = (¥ ' - )Y F)f10 and
ap =X Fy? - F)/n0.

So, finally we find that the digital filter
takes the following form:

-0.074 0011 004 0011 —-0.074
0.011  0.097 0.126 0.097 0011

ap=| 0.04 0126 0.154 0.126 004 |F, (14)
0.011 0097 0.126 0.097 0011
-0.074 0011 004 0011 —-0.074

[-0.04 -0.04 -004 -0.04 -0.04
-002 -002 -0.02 -0.02 -0.02

a,=| 0 0 0 0 0 |F; (15)
002 002 002 002 002
| 004 004 004 004 0.04
[-0.04 -0.02 0 0.02 0.04]
-0.04 -0.02 0 0.02 0.04

ay =|-004 -0.02 0 002 0.04|F, (10)
-0.04 -0.02 0 0.02 0.04
[-0.04 -0.02 0 0.02 0.04]
004 002 0 -0.02 -0.04]
0.02 001 0 -0.01 -0.02

a,=| 0 0 0 0 o |F, 7
-0.02 -0.01 0 0.01 0.02
-004 -002 0 002 004 |

0029 0029 0029 0029 0029
-0.014 -0014 -0.014 -0014 0014
ay=-0029 -0029 -0029 -0029 -0029 F, (18)
-0.014 -0014 -0.014 -0014 0014
0029 0029 0029 0029 0029

0.029 -0.014 -0.029 -0.014 0.029
0.029 -0.014 -0.029 -0.014 0.029
a, ={0.029 -0.014 -0.029 -0014 0029\ F;, (19)
0.029 -0.014 -0.029 -0.014 0.029
0.029 -0.014 -0.029 -0.014 0.029

If we fit this data by a plane surface
polynomial in least-squares sense (equation.
(1)), then the first derivative in X direction can
be represented by the following equation:

F=ay+a,y+2a,x (20)
where @, is the gradient in X direction. By the
same manner the firstderivative in Y direction could be

computed as:
Fy =dg tayx+2ay 21
where @y, is the gradient in Y direction.The

gradient magnitude is given by:
!
G = |aﬂz_0 + 331 (22)
Formula (22), represents the 2D design

digital filter used to obtain image edges, we
named this digital filter ‘Raafat filter’.

REVIEW OF EDGE DETECTOR
OPERATORS

Sobel Operator

The Sobel operator is based on convolv-
ing the image with a small, separable and
integer valuated filter in the horizontal and
vertical directions, and therefore is relatively
inexpensive in terms of computations. On the
other hand, the gradient approximation that it
produces is relatively crude, in particular for
high frequency variations in the image. A 2D
spatial gradient measurement can be imple-
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mented by using Sobel operator on an image
(Sobel, 1990). The approximate absolute gra-
dient magnitude at each point (pixel) can be
computed using this edge detector. The 3x3
Sobel operator which is widely used for edge
detection of different images is given as:

~10 +1 o2 o
G,=—-2 0 +2 GS"= 0 0 0
-1 0 +1 1 -2 1

where G, and G are the gradient in the X
direction and Y direction respectively. The gradient

magnitude is given by:

|
- z 2z
G_NIGX-’_GV

Roberts Operator

Roberts operator is to approximate
the gradient of an image through discrete
differentiation which is achieved by comput-
ing the sum of the square of the differences
between diagonally adjacent pixels. The re-
sult will highlight changes in intensity in di-
agonal direction. The Roberts Cross operator
performs a simple, 2D spatial gradient mea-
surement on an image (Roberts, 1965). Pixel
values at each point in the output represent
the estimated absolute magnitude of the spa-
tial gradient of the input image at that point.
The Roberts operator consists of a pair of 2x2
convolution kernels given as:

1 0 0 1
&=y 4 %=1 0
where G« and Gy are the gradient in the X

direction and Y direction respectively. This is very
similar to thesobel operator. The gradient magnitude is
given by:

R
G =N,‘G,2‘ +6G2

Prewitt Operator

Prewitt operator is based on convolving
the image with a small, separable and integer
valuated filter in the horizontal and vertical
directions. The gradient approximation with
it produces in relatively crude. Prewitt op-

erator is similar to the Sobel operator and is
used for detecting vertical and horizontal edg-
es in image (Prewitt, 1970). The 3x3 Prewitt
operator is given as:

-1 0 +1 +1 +1 +1
G,=-1 0 +1 G=0 0 0
-1 0 +1 -1 -1 -1

where G, and G, are the gradient in the X

¥
direction and Y direction respectively. The gradient
magnitude is given by:
—_—
G= \" G} +6;

Canny Operator

Canny operator not give a good approxi-
mation of rotational symmetry and therefore
gives bias towards horizontal and vertical
edges. This operator is based on three crite-
ria. The basic idea uses a Gaussian function
to smooth image firstly (Canny, 1986).The
maximum value of first derivative also cor-
responds to the minimum of the first deriva-
tive. In other words, both points with dra-
matic change of grayscale (strong edge) and
points with slight change of grayscale (weak
edges) correspond to the second derivative
zero-crossing point. Thus these two thresh-
olds are used to detect strong edges and weak
edges. The fact that Canny algorithm is not
susceptible to noise interference enables its
ability to detect true weak edges. Canny de-
fined optimal edge finding as a set of crite-
ria that maximize the probability of detecting
true edges while minimizing the probability
of false edges. To smooth the image, the can-
ny edge detector uses Gaussian convolution,
is the spread of the Gaussian and controls the
degree of smoothing.The 3x3 Canny operator
is given as:

-1 0 +1 +1 42 41
G,=-2 0 +2 G,=0 0 0
-1 0 +1 -1 -2 -1

where G, and Gy are the gradient in the X
direction and Y direction respectively. The gradient
magnitude is given by:

gz 3
G=1JG,‘+Gy
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Laplacian of Gaussian (LOG) Operator

The Laplacian is a 2D isotropic measure
of the spatial derivative of an image (Saket,
2012). The Laplacian of an image highlights
regions of rapid intensity change and is there-
fore often used for edge detection. The La-
placian is often applied to an image that has
first been smoothed with something approxi-
mating a Gaussian smoothing filter in order
to reduce its sensitivity to noise. The opera-
tor normally takes a single gray level image
as input and produces another gray level im-
age as output. The 3x3 Laplacian operator is
given as:

+1 0 +1 -1 +2 -1
G, =+1 —8 +2 G,= 2 -4 2
+1 0 +1 -1 +2 -1

where G, and G, are the gradient in the X
direction and Y direction respectively. The gradient
magnitude is given by:

G= |GZ+G2

Laplacian, this filter is mainly used for
corner detection and object recognition.

APPLICATION OF EDGE
ENHANCEMENT FILTERS

Gabal Gattar batholith located at the
northern Eastern Desert of Egypt has been
chosen as a pilot area for application of edge
enhancement process on its digital image.
The filters used for edge enhancement are So-
bel, Roberts, Prewitt, Canny, Laplacian and
the Raafat calculated filter. The results were
used to compare between filters.

Geology of Gabal Gattar

Gabal Gattar area is located to the west
of Hurghada town, at a distance of about 35
km between lat. 26° 52’ N and 27° 08’ N, and
Long. 33° 13’ E and 33° 26" E (Fig. 1). Gabal
Gattar batholith has an oval shape of nearly
N-S trend. It shows geological curved and
linear contacts with its surrounding rocks.
These rocks from older are metasidements,

diorrite, older granite, hammamat sediments,
younger granites and wadi deposits (Fig. 2).
The exposed rocks are mainly of felsic and
mafic rocks which greatly different in their
mineralogical composition accordingly show
variety of gray levels. Figure (2) shows that
the exposed rocks in the study area show vari-
ous degrees of gray tones scale ranging from
nearly white for wadi deposits to dark gray
level for hammamat sediments, because they
have different mineralogical composition.
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{7 Study area (G. Gattar)

Fig. 1: Location map of study area (Gabal
Gattar)
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‘Gattar younger grant phases: G1,G2, G3
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[D] Diorite

Fig. 2: Landsat Image of Gabal Gattar
area, shows the granitic phases of Gattar
batholith and its the surrounded rocks
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Rakaiby and Shalaby (1992) classified the
Gattar granite into three granitic phases slight-
ly different in their mineralogical composi-
tion, they are from younger G1, G2 and G3.
They also different in their surface textures,
relief, trends and density of faults, fractures
and dykes. There are contacts between the
three phases of granite of the batholiths. Field
work and satellite image (Fig. 2) observations
indicate that, the area has been subjected to
multiphase deformation, due to a complex
sequence of successive tectonic events. These
phases are reflected on the G. Gattar batholith
through a high density of faults and joints in
different trends, depending on the causative
stress tensors and the strength properties of
granite material.

Lineaments analysis is carried out on 502
fracture lineaments interpreted from the land-
sat image (Fig. 2). The analysis of the lin-
eaments numbers is summarized in Table (1)
and represented on the rose diagram (Table 1)
Geom. distr. The lineaments can be arranged
according to their numbers in decreasing
order as follows, Haridy, M. M. (2002):

NE-SW, ENE-WSW, N-S, NNW-SSE,
NW-SE, NNE-SSW, E-W and WNW-ESE.

Results After Applying Edge Operators
On The Satellite Image Of G. GATTAR

Figure (3) shows the gray scale image of
the study area, where the Raafat filter and the

Table 1 : Analysis of photo-lineaments trends
in Gabal Gattar batholith

Order Trends Number Number%§

N

1 NESW 214 426

2 ENE-WSW 113 nsi i
3 N-S 52 103 |

4 NNW-SSE 3 68

5 NW-SE » 64| :

6 NNE-SSW 2 58 Geometrical distribution
q W 19 38 of lineaments

8  WNW-ESE 9 18]

Total 502 100%

RAAFAT M. MOHAMED and AHMED 1. KAMEL

Gray Scale Of Satellite Image of G. Gattar area

Fig. 3 : Gray Scale of Satellite 1
Gabal Gattar area

mage of

other filters were applied, while Figure (4),
represents the results of applying the differ-
ent edge operators on the landsat image of G.
Gattar pluton batholith.

Comparing between the resulted images
shows that, the edges enhancement using
Raafat filter on the satellite image of G. Gat-
tar is more evident and clearly obvious than
the enhancement of the other filters. Raafat
edge detector defined well the rock edges
and boundaries between different rock types
and become the efficient one among all other
detectors used in comparison.

CONCLUSIONS

Figure (4) shows the results of applica-
tion of edge enhancement techniques of the
landsat image of G. Gattar, using Sobel, Rob-
erts, Prewitt, Canny, Laplacian (Log) filters,
as well as the Raafat filter, the following are
the major characteristics of the enhanced im-
ages:

1-Sobel, Prewitt and Canny operators
enhanced the vertical and horizontal linea-
ments.

2-Roberts operator enhanced the diagonal
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Edge Detection Using T!

Results after applying the Raafat filter

Results after applying the Sobel filter

Edge Detection Using Roberts Filter

Results after applying the Roberts filter

Edge Detection Using Prewitt Filter

Results after applying the Prewitt filter

Edge Detection Using Canny Filter

Results after applying the Canny filter

Edge Detection Using Lo

Results after applying the Log filter

Fig. 4 : Edge Enhancement Images of Gabal Gattar
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lineaments, while Log operator enhanced the
corner between lineaments.

3-The Raafat operator enhanced the
curved lineaments accordingly pottery the
Gattar batholith very well than the other fil-
ters.

4-The edge enhanced features are dis-
sected and very curded in images of Canny
and Log filters, according become difficult to
interpret lineaments of different directions.

5-The edge enhanced features in So-
bel and Prewitt, shows the ENE trend more
obvious than other trends.

6-The edge enhanced features in Roberts
are poorly identified.

7-The Raafat filter used 5 x 5 window,
while the other filters used 3 x 3 window
except Roberts filter used 2 x 2 window.

8-Geological contact between Gattar
granite phases (G1 and G2) is easy to identi-
fied in the Raafat operator, while this contact
is unclear in images of the other filters.

9-The enhanced lineaments in image of
the Raafat filter are very clear, continuous,
and sharply clear than these features enhanced
by other filters.
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