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Abstract

Our Research “Feature Extraction of Indicator Card Data for Sucker-Rod Pump Working
Condition Diagnosis using Machine Learning” is a three feature extraction techniques for
sucker-rod pump indication card data based on Fourier Descriptors (FD), Geometric Moment
Vector (GMV), and Grey Level Matrix Statistics (GLMX) have been investigated, simulated,
and compared. The Geometric Moment Vector algorithm is more time-consuming and requires
more memory space, while the Grey Level Matrix Statistics algorithm provides low-dimension
feature vectors with more running time. Numerical experiments show that the Fourier
Descriptors algorithm requires less running time and less memory space with the possibility of
information loss due to non-optimal numbers of Fourier Descriptors. As well as extra memory.
Additionally, the Fourier Descriptors approach and the Geometric Moment Vector algorithm's
rotational invariance property may lead to incorrect pattern identification of indicator card data
when utilised for sucker-rod pump operating condition diagnostics.

Key: Feature, Extraction, Indicator, Card Data, Sucker-Rod, Pump, Working, Condition,
Diagnosis, Machine Learning.

Introduction

The most popular artificial lift method for onshore oil well production is the sucker-rod pump
system [1-3]. Sucker-rod pumps are used to produce oil in around 80% of wells worldwide and
90% of those in China [4, 5]. A sucker-rod pump system requires expensive and time-
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consuming maintenance and optimization. The relation curve between the load and the
displacement of a sucker-rod pump in an unbroken suck cycle is the indication card [6], where
the -axis denotes displacement and the -axis the load.
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Fig.1: Feature Extraction of Indicator Card Data for Sucker-Rod Pump Working Condition
Diagnosis using Machine Learning Flow.

The indication card is useful for analysing the sucker-rod pump wells' down-hole operating
conditions [7], as it can assess the well's operational state and offer trustworthy evidence of
high efficiency, acceptable exploitation for oil well output. The card can display a form that
may represent a regular functioning or a failure scenario when the system is in use. The pattern
identification and fault diagnostic techniques are used to recognise certain distinct curve forms,
pinpoint which sort of abnormal scenario is present, and explain why the problem arises [8]
based on various types of real-time indicator card data. Therefore, it is crucial to accurately and
quickly identify the sucker-rod pump indication card in order to diagnose any problems with
the down-hole operating condition.
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Fig.2: Feature Extraction of Indicator Card Data for Sucker-Rod Pump Working Condition
Diagnosis using Machine Learning Method.
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Sucker-rod pump operating state automated fault diagnosis is a visual interpretation procedure
[9]. The old interpretation techniques are no longer appropriate for automated fault
identification of down-hole situations. In order to increase the precision and effectiveness of
sucker-rod pump system defect detection, a number of signal processing techniques, including
artificial neural network (ANN) [10] and fuzzy support vector machine (FSVM) [11], have
been researched and used to pattern recognition of indicator cards.

Algorithm Based on Fourier Descriptors

A common technique for picture reconstruction and classification is the Fourier transformation.
The Fourier Descriptors (FD), which represent the form of the object in the frequency domain,
are generated as a full set of complex numbers [16].

The superfluous indication card points (data) are removed using the polygonal approximation
approach to lessen the computational complexity. The steps are listed below.

In order to choose the feature pixels (data) of the polygon that satisfy the requirement with the
highest curvature of a specified length curve, we first traverse all the digital pixels (data) of the
indicator card curve in accordance with a given value, which is called.
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Fig.3: Feature Extraction of Indicator Card Data for Sucker-Rod Pump Working Condition
Diagnosis using Machine Learning Process.

Secondly, we store those feature data to an array.

The given value () is assigned as 0.008 according to comparison of different computation
procedures. Take the pump-on-touch fault as an example; 34 feature pixels (data) are extracted
from the original 702 pixels. Figure 1 shows the reconstructed graphic curve of the pump-on-
touch fault compared with the original one.
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Algorithm Based on Geometric Moment Vector

In image processing field, Geometric Moment Vector (GMV) can be used as an important
feature to represent objects due to its translation invariance, rotation invariance, and scale
invariance.

Since the scanned image of indicator card is grayscale and the image outline is not smooth, it
is necessary to preprocess the image by using linearization and refinement technology.
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Fig.4: Feature Extraction of Indicator Card Data for Sucker-Rod Pump Working Condition
Diagnosis using Machine Learning.

Results

One of the classic techniques for extracting visual features is the grid approach. The grid
method's processing phases are listed below.

First, in the horizontal and vertical directions, respectively, we partition the picture of the
indication card into a number of little grids of the same size and form. The grids that the
indication card's curve travels through are then marked. Finally, we can get the indication card
image's feature parameters.

In this study, we employ the grid-based Grey Level Matrix Statistics (GLMS) feature extraction
approach.

The indication card curve should be transformed into a grayscale visual matrix prior to the
GLMS feature extraction. The GLMS feature extraction algorithm has the following phases.
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The mesh of grayscale matrix is initialized: if a grid is traversed by the indicator card curve,
then the gray value is assigned as “1”.

According to the gray contour principle, other grids are assigned as such gray value: if the grid

is located at the inside of the curve, then the gray value is equal to the initial value plus for
its grids distance away from the curve; if the grid is located at the outer region of the curve,
then the gray value is equal to the initial value minus for its grids distance away from the
curve.

Conclusion

Three alternative feature extraction techniques, each based on a different Fourier descriptor,
geometric moment vector, and grey level matrix statistic, have been examined and simulated
in this article. The GMYV algorithm is more time-consuming and memory-intensive due to
different numbers of FDs, whereas the GLMS algorithm produces low-dimension vectors with
good performance of speed and space. Numerical experiments demonstrate that the FD
algorithm is with high computing speed and more memory space but possible loss of
information.

When employed for sucker-rod pump operating condition diagnostics, the rotational invariance
property of the FD method and the GMV algorithm may result in inaccurate pattern
identification of indicator card data. For greater performance, more study on feature extraction
from indicator card data has to be done.
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