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Abstract: Analysis methods for plateau surfaces have been described in the ISO standards, JIS, and
previous studies. The authors of a previous study proposed a method based on the concept of random
sample consensus (RANSAC). This method achieved high analysis accuracy for plateau surfaces by
setting detailed conditions. However, the process of setting optimal conditions is performed manually,
which reduces productivity due to the manpower and man-hours required. In this study, we propose
a new method for automating the setting of conditions. This method, which does not require human
intervention, is expected to contribute to the improvement of productivity at production sites.
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1. Introduction
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The inner surface of an automobile engine bore requires high sliding properties because
the piston slides inside the cylinder. For this reason, the bore surface is finished by plateau
honing, as shown in Figure 1. The plateau-honed surface has a plateau region and a valley

region. Each region has a different requirement specification and is therefore evaluated
using a material probability curve. The material probability curve shows the ratio of the
real part of surface roughness to the void part, relative to the height direction. The material
probability curve is represented on a normal probability plot. The slope of the straight line
that is fitted to the slope of the part of the material probability curve corresponding to the
plateau and valley regions is the parameter value [1]. The degree of fit of the straight line to
the material probability curve affects the roughness parameter value of the plateau surface.
Therefore, several analytical methods were proposed, because it is important to detect the
slope of a straight line with high validity [2-8].

The method for evaluating plateau surfaces, described by the ISO standard [2,3],
requires an arcane computational algorithm. Therefore, a simple calculation algorithm
was proposed. Reference [4] proposed a method based on image processing techniques.
Reference [5] proposed a method that complies with the ISO standard. Reference [6]
proposed a method that allows the evaluation of plateau surfaces, which the ISO standard
regards as unanalyzable. This study proposes a new linear fitting method based on the
concept of random sample consensus (RANSAC) and the least squares method. In addition,
because the industrial world demands improved productivity, this study aims to develop a
method that does not require human intervention.
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Figure 1. Plateau-honed surface.

2. Proposed Method Applying RANSAC and the Least Squares Method

The algorithm for the proposed method, which applies the RANSAC concept, is

as follows:

1.

2.
3.

Two points are randomly extracted from the material probability curve, and the model
line is calculated from the two randomly extracted points.

The number of data points within the tolerance (inliers) from the model line is counted.
The best model is the one in which the number of inliers is greater than the specified
value and the total error between the acceptable data and the model line is the smallest.

This step is performed at each slope of the plateau and valley regions. The three

conditions, to be set in advance, are the boundary position between the plateau and valley
regions on the material probability curve, the tolerance, and the number of inliers. In
Sections 2.1 and 2.2, we describe the determination of these three conditions.

2.1. Determination of Boundary Position Using the Least Squares Method

The calculation procedure of the method developed by this study for locating the

boundary is as follows:

1.

N

The material probability curve is scanned one point at a time from the edge, and the
straight line that is fitted to each range is calculated using the least squares method.
The change in the slope of the line produces an extreme value.

The local maximum point with the largest difference from the neighboring local
minimum point, among several detected extremes, is set as a feature point.

The point on the material probability curve corresponding to the feature point is
determined to be the boundary position.

The boundary positions on the material probability curve corresponding to the feature

points are shown in Figure 2 [7].
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Figure 2. Detection result of feature point.
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2.2. Automization of Setting of Tolerances and Number of Inliers

The proposed method based on the RANSAC concept seeks manually the best combi-
nation to achieve the property that the accuracy of straight-line detection varies depending
on the combination of tolerances and the number of inliers. Therefore, the straight line is
detected for all combinations of each value. Automization of the setting of tolerances and
the number of inliers is achieved by selecting a model line, with an even smaller error, from
the model lines calculated for each combination.

3. Experiment

In this study, the validity of the newly developed algorithm was verified by applying it
to the surface profile data of samples with sliding times from 0 to 10,000. As the roughness
profile of the plateau surface changes with the sliding time, the material probability curve
also changes. It is necessary to apply the proposed method at each sliding time to verify the
validity of the algorithm. Figure 3 shows the results of applying the proposed method and
fitting straight lines to the material probability curve for the following number of times: 0,
5,10, 50, 100, and 500. Figure 3 shows that the straight lines coincide with the plateau and
valley regions.
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Figure 3. Detection result of straight lines for the following sliding times: (a) 0; (b) 5; (c) 10; (d) 50;
(e) 100; and (f) 500.
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4. Conclusions

This study developed a method that applied the concept of the least squares method
and RANSAC to contribute to the improvement of productivity at production sites. Because
this method requires the setting of three conditions, we developed an algorithm to identify
these conditions. The experimental results in this study showed that RANSAC can be
applied to evaluate plateau surfaces. However, the developed algorithm for identifying
the boundary position has a problem, in that it is not fully automated, as the final decision
to identify the boundary position is made by visual evaluation. In the future, we will
contribute to the improvement of productivity in manufacturing plants by developing a
new method to solve this problem.
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