Global Geology, 21(2):134-142(2018)

doi: 10. 3969/]. issn. 1673-9736. 2018. 02. 07
Article ID: 1673-9736(2018)02-0134-09

Edge detection of potential field data based
on image processing methods

TAN Xiaodi, ZHANG Dailei and MA Guoqing

College of Geo-Exploration Science and Technology, Jilin University, Changchun 130026, China

Abstract; The conventional methods of edge detection can roughly delineate edge position of geological bodies,

but there are still some problems such as low detection accuracy and being susceptible to noise interference. In

this paper, three image processing methods, Canny, LoG and Sobel operators are briefly introduced, and ap-

plied to edge detection to determine the edge of geological bodies. Furthermore, model data is built to analyze

the edge detection ability of this image processing methods, and compare with conventional methods. Combined

with gravity anomaly of Sichuan basin and magnetic anomaly of Zhurihe area, the detection effect of image pro-

cessing methods is further verified in real data. The results show that image processing methods can be applied

to effectively identify the edge of geological bodies. Moreover, when both positive and negative anomalies exist

and noise is abundant, fake edge can be avoided and edge division is clearer, and satisfactory results of edge

detection are obtained.
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0 Introduction

Edge detection is very important for the process-
ing and interpreting of potential field data. The edge
of anomaly is determined by certain method based on
density difference and magnetic difference between ge-
ological bodies. In the recent years, plenty of meth-
ods have been studied to identify the edge of geolog-
ical bodies. Horizontal derivative and vertical deriva-
tive are widely used in edge enhancement. Nabighian
(1972) put forward the analytical signal amplitude
(ASM) method, in which maximum value reflects the
edge position of objects. Liu et al. (2013) used ana-
lytical signal and the horizontal derivative to process

magnetic data derived from Liangcheng iron ore in In-
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ner Mongolia, and delineated the edge position of ul-
tralow- grade magnetite accurately. Miller and Singh
(1994 ) proposed the tilt angle (Tilt) method, which
is the first equalization filter. It can balance anomalies
with different amplitude. Ma et al. (2012) presented
enhanced balancing filter, which can effectively im-
prove the accuracy of edge detection. Wijins et al.
(2005) put forward the theta map ( Theta) method,
which also uses maximum value to determine the edge
position. Yu et al. (2015) utilized normalized differ-
ential and theta map to ascertain the locations of the
Daxinganling fault zone and the Heihe-Qiqihar-
Baicheng fault, which verified the existence of the
Heihe-Qigihar-Baicheng fault. The conventional edge

detection methods can classify the edge of geological

Supported by projects of the National Key Research and Development Plan ( Nos. 2017YFC0602203, 2017YFC0601606 ), the National Science and
Technology Major Project Task ( No. 20167ZX05027 —002 —003 ) , the National Natural Science Foundation of China ( Nos. 41604089 ,41404089) ,
the State Key Program of National Natural Science of China ( No. 41430322).



Edge detection of potential field data based on image processing methods 135

bodies quickly and effectively, but they are still sus-
ceptible to noise interference. Furthermore, error in-
formation would be produced when positive and nega-
tive anomalies exist at the same time. With the con-
tinuous development of image processing technology,
image edge detection methods have been popularized
and applied into many fields. Zhao et al. (2008) ap-
plied Canny operator into geological mapping of re-
mote sensing. This method can effectively improve the
accuracy of edge extraction and divide the boundaries
among faults and strata in the study area. Optimized
Canny operator ( Yang, 2015) was used for the edge
detection of gravity and magnetic anomalies, by which
the edge points and the noise points were divided ef-
fectively, and that the results were ideal. Liu (2016)
applied differential operator, LoG operator and Canny
operator into the extraction of geological boundary and
made a comparison of these methods. The result
showed that the color image detection method based
on Canny operator can clearly identify the geological
boundary and achieve satisfactory effect.

In this paper, three image processing methods
are studied and applied to the edge detection of model
data and real data. At the same time, three conven-
tional edge detection methods are selected to make a
comparison and analysis on the detection effect with
image processing methods. These three operators
could effectively overcome the defects of conventional

methods and get better edge detection results.

1 Methodology

1.1 Canny operator

In image processing, the edge is defined as the
position of obvious variations in the grayscale image,
and Canny operator is a multilevel edge detection al-
gorithm (Canny, 1986). As the image edge points to
different directions, four masks are used to detect im-
age edges in horizontal, vertical and diagonal direc-
tions. The same as image processing, Canny algo-
rithm includes four steps for edge detection of poten-
tial field data.

(1) Denoising

Noise in original data would seriously interfere
edge detection, therefore, the first step is to convolute
the original data with 2D Gaussian filter and get a
sliding average. Assuming the potential field function
is f(x,y) , the corresponding Gaussian filter function
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Where ¢ is the standard deviation of the Gaussian
filter, which controls the smoothness of the filter. The
convolution of Gaussian filter and f(x,y) is calculated

and the smooth filtering result is obtained

g(x,y) = G(x,y;0) *f(x,y)
x-1 y-1

= /;) lzag(k,l;(r)f(x -k,y=-10) (2)

The size of Gaussian filter kernel matrix is deter-
mined by the standard deviation ( Eshaghzadeh &
Salehyan, 2016).

size = 2 « ceil(20) +1 (3)

Where the ceil operator takes the smallest integer
greater than or equal to the constant in the parenthe-
sis. The size of Gaussian kernel matrix has an impor-
tant impact on the smoothness of the original data. As
it is far less than the size of the data, convolution is
carried out in the sliding window. Equation (3) cal-
culates the size of the sliding window. The noise inter-
ference is lower with a bigger window, but less details
are reflected. On the contrary, the data obtained from
the smaller window is susceptible to noise.

(2) Calculating the amplitude and direction of
the data gradient

First order finite difference is used to approxi-
mately calculate the partial derivatives of the smoothed
data in x and y directions. The gradient intensity and
direction angle in the data matrix can be obtained re-
spectively by the partial derivatives as
M(x.y) :J(agu,y))z + (2len)’

ox dy
dg(x,y) (4)
dy

ag(x,y)
0x

Where M reflects edge intensity of the data, 6 re-

0(x,y) = arctan




136 Tan X. D., Zhang D. L. and Ma G. Q.

flects the edge direction, and the @ that makes M the
local maximum is the edge direction.

(3) Non-maximum suppression

This step is to make the blurred edge of the first
step clear. The procedure includes: firstly, the gradi-
ent direction of a data point is approximated to one of
the angle (0, 45, 90, 135, 180, 225, 270, 315).
Then comparing gradient intensity of the point with
that of other points in the gradient direction, if the
gradient intensity is the maximum, it will be retained
otherwise it is set to zero. Fig. 1 shows a detailed de-
scription of the process.

The numbers represent gradient intensity of the
data points. The arrow points to the gradient direc-
tion. The gradient intensity of four points with gray
background in the second row and third row is larger
than that of the other points along the gradient direc-
tion. Therefore, these numbers will be retained, and

the other points will be set to zero.
st st| it o
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Fig.1 Explanation of non-maximum suppression

(4) Detection and connection of edge points with
dual threshold algorithm

There is still much noise in the data after the
non-maximum suppression, and the dual threshold
technique in Canny algorithm is used to suppress the
noise. After setting upper bound and lower bound of
threshold, the data point is regarded as the edge
(strong edge) if it is greater than the upper bound. If
the point is less than the lower bound, it is not the
edge, and it will be considered as an option ( weak
edge) between the two bounds and needs to be further
verified.

In image edge detection, two thresholds, thr_up-

per and thr_lower are used to process the non-maxi-

mum suppression image, and thr_upper =2.5 x thr_
lower. The gray value of the pixels with gradient less
than thr_lower pixel is set to zero, and the result is
map A. The gray value of the pixels with gradient less
than thr_upper is set to zero, and the result is map B.
The threshold of map B is higher, in which most of
the noise is suppressed and useful edge information
would also be lost. The threshold of map A is lower,
and more information is retained. Therefore, map A is
made as a supplement to connect the image edges
based on map B.

Canny algorithm contains many adjustable param-
eters, which will affect the computing time and the
effect of the algorithm.

The size of the Gaussian filter: in the first step),
the smooth filter can directly affect the results of Can-
ny algorithm. Smaller filters could produce less blur
effect, which can detect smaller and more distinct ed-
ges. Larger filters could produce more blur effect,
which can detect larger and smooth edges.

Selection of dual threshold: using two thresholds
is more flexible than only one, but details would be
lost if the threshold is too large, and noise would sur-
pass information of details when the threshold is too
small.

Eshaghzadeh and Salehyan (2016) obtained the
empirical formula of optimal upper bound threshold af-

ter many experiments.

(5)

Where S,,, A, and Max,, represent the standard
deviation, average and maximum of the data gradient
intensity, respectively. In Canny algorithm, the ratio
of the upper bound threshold over the lower bound is
generally within [2, 3] (Xiao et al., 2011).

1.2 Laplacian-of-Gaussian operator

Laplacian-of-Gaussian ( LoG) operator is an ef-
fective edge detection algorithm. First of all, the im-
age is denoised with Gaussian filter and the second
derivative is calculated, the edge position of the image
is then obtained by detecting zero crossing points of

the calculated results ( Marr & Hildreth, 1980).
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In image edge detection with LoG operator, the
Gaussian filter is the same as that of Canny operator.
When calculating the partial derivative of the filtered

data, the following relationship exists
d d
g Ol #f() ] = f(1) = 6(t;0) (6)

Wheret = (x,y) . Therefore, the partial deriva-
tive of the Gaussian function can be calculated first,
and then the convolution would be carried out. Ac-
cording to equation (1), the Gaussian kernel function
in convolution can be obtained by simple derivation as
e 2

(25 + 25)6(y30)

LoG 5
ox ady

2 2 —Ca24y2>
Lz(ﬁ%x _ 2)6—2(,2 (7)
g

The 2D LoG operator can be approximated by the

following 5 x 5 convolution kernel

0 0 1 0 0
0 1 2 1 0
1 2 -16 2 1
0 1 2 1 0
0 0 1 0 0

It is noteworthy that the sum of all elements of
the square convolution kernel should be set to zero to
ensure that the convolution of the arbitrary homogene-
ous region is always zero. In the application of edge
detection in potential field data, the main steps of the
algorithm include

(1) Implementing LoG convolution with the orig-
inal data.

(2) Identification of zero crossing points (i. e.
transition points from negative to positive or reverse ) .

(3) Zero crossing points thresholding to suppress
weak zero crossing points that may be caused by
noise.

1.3 Sobel operator

In the edge detection of image, Sobel operator is
also a common method. Sobel operator has two detec-
tion directions, one detects the edge of the horizontal
direction, and the other detects the edge of the verti-
cal direction. When processing images, Sobel opera-

tor weighs the position effect of the pixel points,

which can effectively reduce the edge blur to get bet-
ter effect.

In edge detection of the potential field data, the
influence of points in the neighborhood of each data
point has different weights. The further the distance
is, the smaller the influence is. The weighted sum
can be represented by weight function in x and y di-
rections as shown in Fig. 2 ( Sobel & Feldman,
1968).

Where the x direction matrix is used as a hori-
zontal operator and signed as W_. The vertical opera-
tor in the y direction is signed as W, . By convoluting
the two operators with the original data respectively,
the intensity difference approximation in horizontal
and vertical directions can be obtained. Assuming that
the original data is D, the data obtained by convolu-
tion in horizontal and vertical directions is

S, =W, *D
{S W, %D

y
The transverse and longitudinal gradient approximation

(8)

and gradient direction of each data point are respec-

tively

M(x,y) =./S + Sf

x

S

%

(9)

0(x,y) = arctan

The advantage of Sobel operator is the simple and
fast calculation. However, the edge detection effect is
not working well for data with complex edge details as
only templates along horizontal and vertical directions
are used.

1.4 Numerical calculation methods of edge de-
tection

In order to compare the result of edge detection
in the potential field data with the three image pro-
cessing methods mentioned above, three conventional
methods of edge detection are introduced, ASM, Tilt
and Theta.

ASM calculates the total derivative modulus of
the potential field data along three directions ( Nabig-
hian, 1972), which is the combination of horizontal

and vertical derivatives. Assuming that the data is V
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and the expression is

ASM #(g_z)z +(g_;)2 +(g_f)2 (10)

The maximum of ASM delineates the edge posi-

tion of the source, and its main advantage is that the
second order derivative of the anomaly is calculated
with relatively low noise interference. In addition, the
magnetization direction has a low influence on the
method for magnetic data. But its shortcoming is also
obvious, i.e. the resolution is insufficient.

Tilt is the normalization result of horizontal deriv-
ative over vertical derivative ( Miller & Singh,
1994) , and its expression is

av
0= 11
ey
ox aJy

This method can effectively overcome the problem that

Tilt = arctan

the detection effect decreases with the increasing of
depth of source. Tilt is usually positive above the
source, zero on the edge and negative outside the
source, so the edge position can be identified.

Theta ( Wijins et al., 2005) obtains the angular
cosine between the analytic signal vector and the hori-

zontal plane, and the formula is
(5) + (5]
ox Jy

JOE () 2y

The range of cosine value is between [0, 17,

cos(9) = (12)

and its maximum value corresponds to the source
edge. This method can enhance weak anomalies and
play a role on balancing anomalies.

The three commonly used edge detection methods
have achieved good results in practical applications,
but there are still some problems. Therefore, they can
be combined with other methods, such as total hori-
zontal derivatives, to achieve better effect. Imaging
processing methods are compared with conventional
edge detection methods in this paper to verify their

effect.

2 Model test

A gravity forward model is built. It contains five
prisms with uniform residual density, and there is no
overlap among the prisms. The starting coordinates,
dimensions and residual density parameters are shown
in Table 1, where the unit of length is km, and the
unit of density is kg/m’. Fig. 3 shows the spatial dis-
tribution of the prisms. Gravity anomaly of the model
is calculated and random noise with power equal to
5% of the peak-to-peak vaule is added. Then the
model gravity anomaly is calculated again. The model
gravity anomaly and the anomaly with random noise

are shown in Fig. 4.

-1 0 1 1 2 1
-2 0 2 0 0 0
=1 0 1 -1 -2 | -1

(a) «x direction; (b) y direction

Fig.2 Matrix operators in different directions

z/km

Fig.3 Spatial distribution of the prisms

The forward model includes positive and negative
anomalies, which conforms to the real geological con-
ditions, and the contact area among the prism edges
increases the difficulty of edge detection. In addition,
adding random noise can reasonably verify the ability
of each method on suppressing noise interference. The
image processing methods and the numerical edge de-

tection methods are applied to the noisy data, and the
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(a) Gravity anomaly without random noise; (b) gravity anomaly contaminated with random noise. The white rectangles denote

the horizontal projection position of prisms on the survey plane.

Fig.4 Gravity anomaly of the model

results are shown in Fig. 5. It can be seen that the
three operators can effectively detect the edge of the
prisms.

Among them, LoG operator is better in identif-
ying relatively isolated prisms edges, such as the
prism 1, 2 and 3. But for the prisms with close con-
tact, fake edge information is introduced. As shown
in Fig. 5b, the contact area between prism 4 and 5
has divergent fake edge points, which correspond to
the edges of positive and negative anomalies. In addi-
tion, there are obvious fake edges at the positive and
negative edges of the prisms 2, 4 and 3, 5. It shows
that LoG operator is not very effective in identifying
the edges between positive and negative anomalies
with close distance. However, the overall effect is sat-
isfactory and it is not sensitive to noise. In Fig. Sc,
although there is no fake edge in the result of Sobel
operator, the edge points of prism 2 and 3 are not fo-
cused and it is susceptible to noise. As a more com-
plex algorithm, Canny operators edge detection results
are evaluated to be better. As shown in Fig. 5a, Can-
ny operator dose not introduce fake edges and is less
affected by noise, compared with LoG operator and
Sobel operator.

The edge detection results of ASM, Tilt and The-

ta are shown in Fig. 5d-f. Tt can be seen that all of the
methods have basically detected the true edge of the
prisms, but they are affected by noise and thus the
Especially for ASM, the

effect is not ideal in the edge detection of the small

resolution is insufficient.

prism 4 and 5. Through comparison, it shows that the
three operators in this paper achieve better results
than conventional methods. Especially for Canny op-
erator, it does not introduce error edge information

and is less affected by noise.

Table 1 Position, size and residual density of the prisms

Prism Starting coordinates ~ Dimensions ~ Residual density
1 (50,50,1) (20,50,2) -200
2 (60,160,2) (100,20,2) -200
3 (150,20,3) (30,60,2) 200
4 (110,70,1) (10,80,2) 200
5 (80,60,1) (60,10,2) -200

3 Application of real data

In order to verify the edge detection effect of im-
age processing methods in real data application, gravi-
ty anomaly data in Sichuan basin and magnetic data in

Zhurihe region are used.
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First of all, the above methods are used to
process gravity data in Sichuan Basin and the results
are shown in Fig. 6. Fig. 6a is the Bouguer anomaly,
in which the horizontal positions of known faults are

2012).
the edge points identified by LoG operator and

marked with white curve (Ma et al., In Fig.
6c¢-d,
Sobel operator are more dispersive and do not form
continuous edge, which does not match well with
known faults. And the results of LoG operator are

more scattered in the edge position, which may result

in fake edge information due to the noise interference.
In Fig. 6b, Canny operator has achieved better re-
The detected edge points are continuous and

The trend of

faults and more small faults can be identified clearly,

sults.

correspond well with the known faults.

and more details are obtained. In Fig. 6e-g, edge de-
tection methods do not get clear edge information. Es-
pecially for Tilt and Theta, the resolution is insuffi-
cient, and the results are not well matched with

known faults.

500 mGal 516 mGal 566 mGal
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(a) Result of Canny; (b)result of LoG; (c¢) result of Sobel; (d) result of ASM; (e) result of Tilt; (f) result of Theta. The

white rectangles denote the horizontal projection position of prisms on the survey plane, and the black scatters denote edge posi-

tion detected by the three operators.

Fig.5 Edge detection results of the model

Magnetic data in Zhurihe region need to be re-
duced to pole firstly and then the proposed method is
used to process the data. As shown in Fig.7. Fig.7a
is a magnetic anomaly map after being reduced to
pole, and it can be seen that the range of the metallo-
genic belt is clear. According to the application effect
of the methods, the resolution of ASM in Fig. 7e is in-
sufficient, which cannot determine accurate edge posi-

tions of metallogenic belt. In Fig. 7g, Theta magnifies

In
but

there are also fake edge points at the upper left cor-

the noise and introduces fake edge information.

Fig. 7f, Tilt gets better edge detection results,

ner. From Fig.7c-d, LoG operator and Sobel operator
get better edge position. However, fake information is
also introduced and some edge points are scattered.
As shown in Fig. 7b, Canny operator clearly deline-
ates the edge of metallogenic belt and corresponds to

the known information well.
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The white lines denote known faults in the field, and black scatters denote edge position detected by the three operators.

Fig.6 Edge detection results of gravity anomaly of Sichuan Basin
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The white lines denote known faults in the field, and black scatters denote edge position detected by the three operators.

Fig.7 Edge detection results of magnetic anomaly of Zhurihe region

4 Conclusions

(1) The resolution of conventional edge detec-
tion methods is usually insufficient. When derivative
is further calculated, noise would be magnified,
which results in blurry edge position and introduces
fake edge information.

(2) The image processing methods discussed in
this paper detect edges through calculating horizontal
gradient intensity and direction angle of image and de-
termining the extreme points or zero points with
threshold. Therefore, the edge detection effect for po-
tential field anomalies with horizontal distribution is
better.

(3) Canny operator and LoG operator convolute

the original data with 2D Gaussian filter before calcu-

lating gradient intensity, which reduces the influence
of noise effectively. Sobel operator weighs the position
effect of the data points, which can get clearer edge

detection results.
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