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Abstract. This research aims to analyze the effect of a difference method of extending edge based on 

the mean value theorem and the minimax principle and its applications. In this research, the 

theoretical model of the potential field was designed, and then the theoretical data was calculated. 

Besides, the data was processed by the difference method of extending edge and the ordinary Kriging 

method, and the differences were analyzed between the theoretical data and the results of extending 

edge. Moreover, the effect of this difference method of extending edge was discussed. Results show 

that the changes of the extending data by the difference method of extending edge is similar to that of 

the theoretical data, especially when the potential field value of the theoretical data block in the 

boundary is in a declining trend. The boundary effect is not obvious, indicating that the outward 

extending data based on the difference method of extending edge are quite reasonable, so that the 

extending data is suitable for the further processing and inversion. 

Introduction 

As is known to all, extending edge of potential field data can improve its conversion processing 

accuracy both in the spatial domain or frequency domain. For the interpolation of irregular data, 

especially the interpolation problem, the predecessors has done a lot of work [1, 2, 3, 4] and has made 

a better effect. For the extending edge problem of the potential field data, the predecessors has also 

studied, and has developed several methods of the extending edge. Duan and his collaborators [5] 

developed the extending edge method of regional field, and processed the theoretical data and the 

actual data by the extending edge method of regional field and the discount extending edge method 

and the extending edge method of cosine decay to zero, and then analyzed these results processed by 

these three methods. Aimed at the obvious boundary effect of the extending edge method of cosine 

decay to zero and the discount extending edge method, Ma and his collaborators [6] developed the 

three-direction extending edge method, and the boundary effect can be reduced to some extent. 

Although the predecessors has studied the extending edge method of potential field data, but the 

extending edge effects are poor, so it is necessary to develop a new extending edge method of 

potential field with more reasonable and practical.  

On the basis of detailed analysis of difference interpolation methods and extending edge methods 

and the mean value theorem and the maximum value and minimum value theorem, the authors 

develop a new extending edge method of potential field data, design theoretical model, calculate 

theoretical data, process the actual data by this extending edge method, analyze the results of 

extending edge, discuss the applied effects of difference extending edge method. 
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Method 

The potential field satisfies the conditions of the mean value theorem and the maximum value and 

minimum value theorem in the passive space, namely the analytic space. Based on these two theorems, 

the theory of mathematical physics equation gives finite difference solution solving a problem of 

boundary value problem of elliptic partial differential equation. On the basis of this difference method, 

the authors develop the difference extending edge method, and the concrete practices are as follows: 

Assumption that the potential field value of all boundary points of gridded data are zeros, or equal 

to the average value of potential field of original data block, while the potential field value of all grid 

mesh points of the original gridded data remain unchangeable. 

As an example to the extending edge of gravity anomaly value, the anomaly values of all the (i, j) 

points can be calculated by the following formula in outward extending area, 
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Where i is the number of columns of gridded data, and j is the line number of gridded data. 

All the outward extending points are calculated once, called once iteration, such in this way, with 

hundreds of iterations, until all calculated values, △g(i, j), are unchangeable. This iterative process is 

very quick, and certainly converges. 

Model Data Analysis 

In order to test the effect of the difference method of extending edge, the authors designed the 

theoretical model, two spheres with difference density, and then calculated the theoretical gravity 

anomaly values by the theoretical formula of gravity anomaly. The center coordinates of these two 

spheres are (-50m,-50m,-80m) and (50m,50m,-30m), and the semidiameters are 50 m and 20 m, and 

the residual densities of these two spheres are 0.8*10
3
g/cm

3
 and -0.8*10

3
g/cm

3
. According to the 

above parameters, the authors calculated the theoretical gravity anomaly values of the theoretical 

model, and the result was shown in Fig. 1. As can be seen from Fig. 1, the anomalies show the 

maximum value and minimum value above these two spheres, and the absolute values of the anomaly 

values display an outward reducing trend. 

 

 

Figure 1.  The theoretical gravity anomaly map. The square frame of dotted line is the extent 

extracting the calculated data, and the value unit is 10
-5

m/s
2
. 
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To test the effect of the difference method of extending edge, the authors extracted the data in the 

square frame of dotted line, and then extended the outward data by the difference method of extending 

edge (Fig. 2). As can be seen from Fig. 2, the contours are exactly the same between the Fig. 1 and the 

Fig. 2 in the square frame of dotted line, and the shapes are basically the same between these two 

figures outside the square frame of dotted line. Although the features of the two figures are similar, 

but obviously there are differences, and the main difference is the gradient. Obviously, the gradient of 

the extending data is greater in Fig. 2. 

 

 

Figure 2.  The calculated gravity anomaly map by the difference extending edge method. The 

square frame of dotted line is the extent extracting the calculated data, and the value unit is 10
-5

m/s
2
. 

As a best unbiased interpolation method with minimum estimate variance, the predecessors have 

done a lot of studies for the ordinary Kriging method [7, 8, 9, 10]. The authors also interpolated by the 

ordinary Kriging method for the area outside the square frame of dotted line (Fig. 3). As can be seen 

from Fig. 3, except for the contours being exactly the same between the Fig. 1 and the Fig. 3 in the 

square frame of dotted line, the shapes show a radiant shape in the Fig. 3 outside the square frame of 

dotted line, and the features of the extending data display a big difference between the two figures. 

The above analysis shows that the outward extending data based on the difference method of 

extending edge are quite reasonable, so that the extending data is suitable for the further processing 

and inversion. Meanwhile the boundary effect of the outward extending data based on the ordinary 

Kriging method is obvious, so that this extending data are not suitable for the further processing and 

inversion. 

Case Analysis 

There are satellite altimetry gravity anomaly data in the sea area of the southwestern Cambodia, but 

the land area is the blank area of gravity data surrounding the sea area, mainly including the A blank 

area, the B blank area, and the C blank area (Fig. 4). In order to get better processing results, it is 

necessary to fill these blank areas with reasonable gravity data by suitable extending edge method. In 

this paper, the authors filled these blank areas with the difference method of extending edge based on 

the mean value theorem and the minimax principle, and the result was shown in Fig. 5. 
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Figure 3.  The calculated gravity anomaly map by the ordinary Kriging method. The square frame 

of dotted line is the extent extracting the calculated data, and the value unit is 10
-5

m/s
2
. 

 

Figure 4.  The gravity anomaly map of southwestern Cambodia with blank areas. The value unit is 

10
-5

m/s
2
, and A, B, C are the blank areas of gravity data. 

As can be seen from Fig. 4, the A area and the B area are more smaller, and there are more satellite 

altimetry gravity data surrounding these two areas, meanwhile the C area is larger, and there is less 

satellite altimetry gravity data surrounding the area. The calculated results show that there are more 
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local gravity anomalies in the A area and the B area, and the features of the gravity anomaly display 

the macro changes in the C area. 

 

 

Figure 5.  The gravity anomaly map of southwestern Cambodia by the difference extending edge 

method. The value unit is 10-5m/s2, and there are the calculated data in A, B, C area. 

Conclusions 

The changes of the extending data by the difference method of extending edge is similar to that of the 

theoretical data, especially when the potential field value of the theoretical data block in the boundary 

is in a declining trend. 

The boundary effect is not obvious, indicating that the outward extending data based on the 

difference method of extending edge are quite reasonable, so that the extending data is suitable for the 

further processing and inversion. 
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