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Abstract: Most of the well-logging parameter graphs were drawn on the paper before digital logging
instruments were widely used in oilfield. How to keep the parameter graphs permanently and use the data
implied in those curves efficiently are still open problems in the petroleum industry. In this paper, the
gridlines-elimination approach is proposed to digitize well logging curves according to the characteristics of
well-logging parameter graphs. Theory of morphological image processing and pixel statistics method are
employed to eliminate gridlines, which isolates the curves and the gridlines with incredible effect. The
remaining tiny grid lines and noise point are cleared according to the characteristics of the small size of their
connected components. The X-Y coordinates of curves are obtained according to the middle position of each
row of pixels in the pixel matrix of well-logging parameter graphs. Comparison with Neuralog demonstrates
that the approach based on gridlines-elimination is valid and superior to Neuralog.

Key words: Digitization, gridlines-elimination, morphological image processing, well-logging parameter
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1. Introduction

Well-logging [1] is the process of taking measurements of various rock properties along the length of the
well down into the ground by drilling tools. Log responses [2] are functions of lithology, porosity, fluid content,
and textural variation of formation. The well-logging parameter is being widely used in reservoir description,
such as the classification of well log data into different lithofacies groups, facies-by-facies description of rock
properties.

The current world oil and gas industry is facing the main challenges brought by low oil prices, and cost
control has become an considerable factor affecting the competitiveness of oil companies. In this era of
digitization and intelligence, the oil and gas industry expects to achieve cost reduction and efficiency through
digital and intelligent transformation to meet this challenge. For example, machine learning is used to analyze
and predict lithologic facies, which extremely reduces uncertainty and improves the accuracy of conventional
and unconventional reservoir description. But one impediment here is that before digital logging instruments
were widely used, well-logging data was drawn on the parameter graph in curve format. Well-logging
parameter graphs have many disadvantages: large size, large memory space, and interference information
such as gridlines. So it is necessary to convert well-logging parameter graphs into X-Y coordinates, where X
represents parameter values, and Y represents depth values.

To digitize the curves embedded in the binary image, several methods have been proposed and
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implemented. These methods are roughly divided into two categories: pixel-based and non-pixel-based.

Pixel-based methods include the thinning method and the Global Curve Vectorization (GCV) method [3].
The thinning method [4]-[7] is to reduce the width of a line to only one pixel, leaving only the skeleton that
can characterize its features. The main disadvantage of the thinning method is that it has high time complexity;,
loses line width information, and is prone to deformation and wrong branches in the intersection area. GCV
is an improvement of Sparse Pixel Tracking (SPV) method [8]. It traces the curve according to the local slope
of the curve, adjusts the direction step by step in the tracking process, and adopts the dynamic step size, so
that it not only can cross the intersection and adhesion parts of the line correctly, skip the gap of the curve,
but also be applicable to any curved curve. However, the cross-recovery ability of GCV is limited, and it can’t
solve all cross-over problems. GCV method is suitable for line processing, but poor for point line processing.

Non-pixel-based methods mainly fall into two categories: contour-based and adjacency graph- based. The
contour-based approach [9] is to extract the contour of the image first, and then find the matched contour
pairs. The skeleton of curves can be obtained from the midpoint of the corresponding contour pair. The
method based on adjacency graph firstly apply run-length encoding to graphs, then analyses the segments,
and generates various adjacency graph structures, such as line adjacency graph (LAG) and block adjacency
graph (BAG) [10]. Chunsheng Li et al. [11] proposed an SCTR (Scanning, Compressing, Tracing, and
Rectifying) approach by employing LAG data structure. Yang et al. improved the SCTR method and put
forward the PCTR (Preprocessing, Compressing, Tracing, and Rectifying) method [12]. Rao et al. proposed an
algorithm for erasing grid-lines and reconstructing strokes in Chinese handwriting based on BAG [13]. Such
methods are difficult to deal with the intricate situation in well-logging parameter graphs, especially the
analysis of nodes.

Now the most famous logging curve digitization software is Neuralog
(http://www.neuralog.com/pages/NeuraLog.html). Due to the interference of the background grid, this
software frequently pauses during curve tracking. Therefore, removing the background grid is very important
in the digitization process of the well-logging curve.

Given the shortcomings of the existing methods, this paper puts forward an approach to digitizing well-
logging parameter graphs with gridlines-elimination based.

2. Workflow

Fig. 1 illustrates a workflow of the system for digitizing well-logging parameter graphs. The system may
receive a well-logging parameter graph that has one or more measurements, and least one measurement has
a set of values in which those values wrap around the curve. Once the curve part is received, the method may
process the well-logging parameter graph. The processing may include eliminating gridlines, digitization,
curve rebuilding. Once gridlines are eliminated, the method automatically generates X-Y coordinates of curves.
Finally, the X-Y coordinate generates a new curve, which is compared with the original curve to evaluate the
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Fig. 1. Digitization workflow.

3. Preliminaries

In this section, we will introduce the notion of morphological image processing which will be used in the
following discussions. Dilation [14] is fundamental to morphological processing. There are some

Preliminaries about dilation. The reflection of aset 5, denoted 5, is defined as:
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B={w|w=-bbeB) (1)

The translation of aset 5 by point z = (Zl, ZZ), denoted (B)Z ,is defined as:

B), ={c|c=DbtzbeBl (2)
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Fig. 2. Set B and its reflection.

Fig. 2 shows a simple set 5 and its reflection: B and (B),,With 4 and 5 assetsin 7%, the dilation
of Aby B ,denoted A @ 75, is defined as:

A®B ={z|®B) nA = 3)

This equation is based on reflecting 5 about its origin, and shifting this reflection by z. The dilation of

A by B then is the set of all displacements, z, such that B and 4 overlap by at least one element.
Based on this interpretation, Eq. (3) can be written equivalently as

A®B ={z|[B), nAl c 4 4

Here B isastructuring element,and A is the set (image objects) to be dilated. Fig.3 shows the process

of dilation. 5 in Fig. 3 is a structuring element (in this case B = B because the SE is symmetric about its
origin). The five-point star is the central element of the structural element. The dashed line in Fig.3 shows
the original set for reference, and the solid line shows the limit beyond which any further displacements of

the five-point star by z would cause the intersection of B and 4 tobe empty. Therefore, all points on and
inside this boundary constitute the dilation of 4 by 75 .It's worth noting that dilation is the expansion of
the highlight area of the image.

=

Fig. 3. The principle of dilation.
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To define the connected component, the connectivity needs to be defined first [15]. It is sufficient to say
that a pixel, A, with image pixel coordinates (r, ¢) is adjacent to four pixels, those with image pixel coordinates
(r-=1,c),(r+1,c),(r,c+1),and (r, c - 1). In other words, each image pixel A (except those at the edges of the
image) has four neighbors: the pixel directly above, directly below, directly to the right and directly to the left
of pixel A. This relationship is referred to as 4-connectivity, and the two pixels are 4-connected if they are
adjacent by this definition. If the definition of adjacency is expanded to include those pixels that are diagonally
adjacent (i.e., the pixels with coordinates (r-1,c-1),(r-1,c+1),(r+1,c-1),and (r + 1, c + 1)), then the
adjacent pixels are 8-connected. A connected component is a collection of pixels, S, such that for any two
pixels,say P and P7’,in S, there is a 4-connected path or an 8-connected path between them, and this path
is contained in S [16].

4. Gridlines Elimination and Digitization

It is observed that many uneven grids are mixed with curves in well-logging parameter graphs. Fig. 4(a)
shows an extract of well-Logging parameter graph. In this section, three steps will be used to remove gridlines
in well-logging parameter graphs.

Step 1: Vertical gridlines are removed by dilation. The result is shown in Fig. 4 (c). In the experiments,
optimal result is achieved when the structuring element is (b) in Fig. 4.

Step 2: Pixel statistics method is employed to remove horizontal gridlines. As can be seen from the Fig. 4
(c), in the horizontal direction, the number of pixels in the gridlines is larger than the curve. Pixel statistics
method was designed according to this feature. First of all, we count the number of black pixels per line of
the well-Logging graphs, denoted counter. If the counter is less than the threshold, it is a well-log curve.
Otherwise it is a horizontal gridline, and the horizontal gridline will be removed. The result after step2 is
shown in Fig. 4(d), which has almost removed all the horizontal grid lines.

Step3: the method based on the size of the connected component is used to clean tiny grid lines, and noise
point left over from step 1 and step 2. First of all, we reverse the color of the graph after roughly removing
the gridlines and calculate the size of each connected component in the image, denoted sizer. If the size is less
than the threshold, the connected component will be removed. Finally, step 1 is repeated. The result after
step3 is shown in Fig. 4(e), which has removed all tiny grid lines and noise point.
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Fig. 4. (a) Extract of well-Logging parameter graph; (b) Adopted structuring; (c) The graph after step 1;
(d) The 135 graph after step 2; (e) The graph after step 3.

Since pixel-width of the curve in well-logging parameter graphs is greater than one, the X-Y coordinate of
the middle axis of the curve is used to represent well-logging data. Assume that the top and bottom depths of

the curve are d, and d,(d, > d)), and the left and right parameter ranges are s, and s, (s, > S,).

The horizontal and vertical position of the middle axis of the curveis / and v in well-logging parameter
graphs. The X-Y coordinates of the curve:

X = SZ - (((Sz_ Sl> x (1_ lmin) / (1max_ 1min) + sl> - Sl> (5)
y=0l,-d)xVv-v.)/(_ —v.)+d (6)
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5. Comparison and Verification

In this section, the proposed method and Neuralog are compared from the result of the curve extraction.
One well-Logging parameter graph embedded in the cross line was used as a test-case for comparison. Fig.5
(a) shows extract of the test-case. In Fig.5 (c), the yellow and blue lines are the result of extraction, and the
red and cyan are the background gridlines that are manually labeled. Obviously, the blue curve has deviated
from the target curve, and the dotted line is not automatically extracted at all, and can only be extracted
manually by point. The result after the proposed method is shown in Fig. 5(d-e) , which has accurately
extracted two curves. The result of the curve extraction in Fig.5 (b-e) shows that Neuralog has low automation
and low precision, and the quality of curve extraction by the proposed method is better than that of Neuralog.

= B @ L
@ (b) © (@) (e)

Fig. 5 (a). Extract of well-Logging parameter graph embedded in cross line; (b) The result of the curve
extraction by Nerualog; (c) Partial enlargement of (b); (d) (e) The result of the curve extraction by the
proposed method.

6. Conclusion

The gridlines-elimination based approach in this paper have been applied to precisely and automatically
digitize well-logging parameter graphs. The proposed method and Neuralog are compared in this paper, and
the experiments show that the method can successfully remove the gridlines in well-logging graphs, which
makes it easy to automatically trace curves and greatly improves the working efficiency of digitization. In the
future, more algorithms will be used to improve the automation and speed of digitization of well-logging
curves.
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