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Abstract: Due to the limitations on the size and properties of samples, most of the surface topography tests 

are destructive and the contrast test of the surface morphology before and after friction and wear of the 

same workpiece cannot be carried out by the topography instruments. In addition, the destructive test 

increases the test period and the research cost, as well. In order to solve the above problems, a 

non-destructive surface topography measurement method is proposed in this paper. The 3D surface 

topography model of the workpiece surface can be established by the processing of the surface height 

distribution characteristics obtained by the surface profiler. It includes the discrete point reorganization, 

concentric processing, moving average filtering, equal length processing and other pre-processing and the 

post-processing like regression analysis, polynomial interpolation. Compared with the surface topography 

obtained by the topography instrument, it is found that the 3D surface topography model established not 

only characterize the surface features such as dents, bulges, and scratches accurately and effectively but also 

avoid the complex sample preparation processes. What is more, the surface topography of the workpiece 

can be acquired without destructing and the comparison test of the surface topography before and after 

friction and wear of the same workpiece can be conducted. 
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1. Introduction 

The surface topography is a general term for the surface geometric shape on the concept of the 

microscopic angle, and it is the characterization of surface height distribution features, including surface 

roughness, waviness, surface texture and shape error, etc. [1], [2]. The topography symbolizes the 

fingerprint of the workpiece surface and it can reveal the essential features of the surface more directly 

compared with the surface roughness or surface contour [3]. The grinding process can be optimized more 

effectively with research of the effect of grinding process on the surface quality for precision components, 

such as ball screws pair, linear guide pair and rolling bearings, etc. from the perspective of the surface 

topography [4], [5]. Moreover, the microstructures such as pits, bulges and scratches in surface topography 

are the key factors influencing the thickness of the lubricant film and the friction and wear features for the 

friction pair surface [6]-[8]. No matter the optimization of the grinding process or the analysis on friction 

and wear characteristics of the surface, the investigation of the surface topography is an inevitable trend. 
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Therefore, how to obtain the surface topography of the workpiece is a very significant issue. 

It has many ways to obtain the surface topography of the workpiece in the domestic and foreign 

researches. For example, Magdalena et al. [9] measured the surface topography of the wear surface and the 

machined surface by the CMM, white interference microscope (WLI), scanning electron microscope (SEM). 

Nyman P et al. [10] got the topography using the vertical scan interferometer in wet clutch applications and 

studied the effects of surface topography parameters on the friction characteristics of the clutch. Chen C et 

al. [11] measured a 3D microscopic topography of the grinding wheel surface through a high-power optical 

lens and eliminated the noise during the measurement of the grinding wheel surface through a Gaussian 

filter. Wang Y et al. [12] discussed the effect of preloading on the micro-morphology of the workpiece 

surface and the results of simulation analysis were verified through the microscopic topography of the 

surface. Costa HL et al. [13] investigated the dynamic effect of the SEM image of the steel ball surface on the 

microscopic wear process of wear particles. Compared to traditional two-dimensional techniques for 

measuring the surface topography, the atomic force microscopy (AFM) can be used to measure the 3D 

topography of worn abrasive particles. Wu J et al. [14] achieved the geometry and surface morphology of 

wear particles at the nanometer level using the atomic force microscopy (AFM). 

Although there are many methods to gain the surface topography, whether the white light interferometer 

using optical principles or the scanning electron microscope with the principle of electron imaging and the 

AFM with probe contact principles, they all have the strict requirements on the shape, size, or attributes of 

the samples. The samples need destructing when measuring the surface topography and the preparation is 

complex and cumbersome. For example, Ma Y H et al. [15] observed the shape of a sample with a small size 

by the scanning electron microscope. However, the effect was not obvious when the sample has a large size. 

Different sample preparation methods were systematically evaluated by Österreicher J A et al. Such as 

mechanical polishing, etching of various reagents, and electrolytic polishing with different electrolytes [16]. 

A non-conductive sample is coated to passivate the surface when obtained the surface topography using an 

electron microscope [17]. Generally, the sample is cut to ensure that the thickness is within the allowable 

measurement range of the instruments. However, for precision parts such as ball screws pair, linear guide 

pair and rolling bearings, the destructive measurement methods to get the surface topography causes high 

costs and it is impractical to obtain the massive data of topography features. On the other hand, the samples 

with destructive measurement cannot be used for comparative tests when the effect of different surface 

topography on the friction and wear characteristics is studied thus the experimental data lack reference 

significance. 

In order to solve the problems caused by destructive testing, Darafon A et al. [18] designed a grinding 

wheel positioning system (rotary mechanism) to form a non-contact and non-destructive 

three-dimensional grinding wheel scanning system. It is capable of obtaining the surface topography 

without destroying the grinding wheel. However, most of the workpieces have complex structures and the 

measured surface needs to be perpendicular to the lens. The design of the mechanical structure cannot 

solve the general problems. Therefore, a non-destructive test method is urgent for obtaining the surface 

topography. 

2. Methodology 

Through reconstructing the discrete points characterizing the height distribution of the surface extracted 

by the surface profiler, this paper proposes a method to obtain a high-precision surface topography without 

destructing the workpiece.  The measurement of the discrete points is completed through the slip between 

the stylus and measured surface and its greatest advantage is that some complex features of the surface can 

be measured directly, such as holes, grooves. As the fingerprint of the workpiece surface, the topography is 
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composed of the height distribution features of each point. The 3D surface topography model is established 

by reorganizing the discrete points with the height distribution features without destructing the workpiece 

and the principle is shown in Fig. 1. 
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Fig. 1. Schematic diagram of 3D surface topography modeling. 

 

2.1. Pre-processing of Surface Topography Modeling 

2.1.1. Extraction of the height distribution features 

The inner raceway surface of GZB45BA slider in roller heavy-duty linear guide pair is studied in this 

paper and the inner raceway surface topography model is built by the non-destructive method. In order to 

compare the surface topography of the raceway before and after wear, the measurement position is marked 

using a laser pen. The workpiece is placed on the stage and fixed by the magnetic stand. Setting the 

measuring range of the probe and the initial value of the lateral position. The height distribution features of 

the inner raceway surface are extracted using the surface profiler (Taylor Hobson), as shown in Fig. 2. The 

horizontal resolution of the probe is 0.125 um and the resolution of the fine-tuning system for the lateral 

measurement is 20 um. 

 

 

Fig. 2. Surface profiler. 

 
In Fig. 3, it shows the extraction process of the surface height distribution features of the raceway. The 

measurement range is set to 15mm to include the internal and external raceway surfaces of the slider 

reference plane. In experiments, the operations are performed within a range of 0-180 um in the lateral 
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position with the measurement resolution 20 um, that is the entire extraction process is performed 10 

times and all the measurement data are extracted and stored as a data basis for topography modeling. 

 

 
Fig. 3. Raceway surface height distribution feature extraction process. 

 

2.1.2. Discrete points recombination and concentric processing 

Two-dimensional recombination of the measurement data with the height distribution characteristics of 

the raceway surface is performed and the reorganization results are shown in Fig. 4. Since it is impossible to 

guarantee that the starting point is in the same position and the data length is equal when the probe 

measuring, the 10 recombination profiles are in different positions. Thus the concentric processing on 

discrete points is needed, that is, to coincident the contours. The concentric process consists of the search 

for the highest point of each set of data, the determination of the reference point, and the offset of the 

highest point. Taking the highest point of the first group as a benchmark and the remaining 9 groups of 

experimental data are coincided according to the offset of the vertical and horizontal coordinates between 

the highest point and the benchmark, as shown in Table 1. The highest point of each set of data after 

concentric processing is (4355.125, 2439.9869). This is why the measurement range is set to 15mm. It is to 

ensure that the highest position of the slider is always exist in each measurement and the concentric 

processing result is shown in Fig. 5. 

 
Table 1. Concentric Process 

No. The highest point coordinates y
offset x offset The coordinates after 

concentric optimization 

1 (4355.125,2439.9869) 0 0 (4355.125,2439.9869) 

2 (4422.25,3472.8473) 1032.860 67.125 (4355.125,2439.9869) 

3 (4476.5,2727.166) 287.1791 121.375 (4355.125,2439.9869) 

4 (4397.375,2130.8599) -309.127 42.25 (4355.125,2439.9869) 

5 (4450.75,2781.6048) 341.6179 95.625 (4355.125,2439.9869) 

6 (4538.75,2770.9877) 331.0008 183.625 (4355.125,2439.9869) 
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7 (4643.5,3399.4883) 959.5014 288.375 (4355.125,2439.9869) 

8 (4522.125,2443.7699) 3.783 167 (4355.125,2439.9869) 

9 (4575.75,2422.6943) -17.2926 220.625 (4355.125,2439.9869) 

10 (4506.125,3040.8079) 600.821 151 (4355.125,2439.9869) 

 

 
Fig. 4. 2D reorganization of discrete points. 

 

 
Fig. 5. 2D reorganization of discrete points after concentric processing. 

 

2.1.3. Median filtering, equal length processing and secondary concentric processing 

To avoid the effect of the external interference on the topography modeling, the median filtering [19] or 

moving average filtering [20] can be used before numerical analysis to remove noise. The smooth function 

is used to filter the 20 data specified around the data in this paper. And the variance of the filtered data is 

reduced from 0.6722 to 0.6223 with the little noise generated in data since the data is acquired by the 

probe and the profiler is placed on the anti-seismic platform. 

To model the surface topography in a certain area of the workpiece, the equal length processing is 

performed on each set of data. Taking the first set of experimental data as a benchmark, the equal length 

data of each group is selected according to the difference of the abscissa serial number to the benchmark 

shown in Table 2. For example, the first group selects the data whose abscissa is 0 to 1500, that is, the data 

with the abscissa number 1 to 12001. The abscissa of the highest point in the second group is 35379, then 

the abscissa number is 537+ (1~12001) of the second isometric data by the offset. 
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Table 2. Isometric Processing 

No. The highest point coordinates Highest point 
abscissa number 

X  

offset 

Isometric data 
selection 

1 (4355.125,2439.9869) 34842 0 (1,12001) 

2 (4422.25,3472.8473) 35379 537 (538,12538) 

3 (4476.5,2727.166) 35813 971 (972,12972) 

4 (4397.375,2130.8599) 35180 338 (339,12339) 

5 (4450.75,2781.6048) 35607 765 (766,12766) 

6 (4538.75,2770.9877) 36311 1469 (1470,13470) 

7 (4643.5,3399.4883) 37149 2307 (2308,14308) 

8 (4522.125,2443.7699) 36178 1336 (1337,13337) 

9 (4575.75,2422.6943) 36607 1765 (1766,13766) 

10 (4506.125,3040.8079) 36050 1208 (1209,13209) 

 

Taking the first set of discrete points as a benchmark, the equal length data of each set of test is selected 

on the basis of concentric processing. Fig. 6 shows the reorganizations of the discrete points within the 

defined area. As the starting point of the measurement data in each test is not fixed, so the secondary 

concentric processing is required and the principle is the same with the concentric processing. It shows the 

coincide outline by the equal length processing and the secondary concentric processing in Fig. 7. 

 

 
Fig. 6. Reorganization of discrete points processed by equal length. 

 

 
Fig. 7. Reorganization of discrete points processed by the secondary concentric processing. 

International Journal of Computer Electrical Engineering

296 Volume 10, Number 4, December 2018



 

2.2. The Establishment of the Surface Topography Model 

Regression analysis and polynomial interpolation are used to complete the modeling of the surface 

topography on basis of the pre-processing. In Fig. 5, it can be noticed that the measurement range of the 

inner raceway is -266.4~1607, thus the number of the collection point is 14987 according to the horizontal 

resolution 0.125um. And 12001 discrete points of each experiment are selected for the subsequent surface 

topography modeling according to the equal length processing in Fig. 7. 

2.2.1. Regression analysis 

Fig. 7 shows that the surface of the inner raceway is flat. Thus, a linear regression analysis [21] is used to 

simulate the ideal surface of the inner raceway before friction and wear. The linear regression equation is 

determined by the first set of measurement data and the discrete points with height distribution 

characteristics of the ideal surface are determined by the regression equation. In Fig. 8, connect them to the 

actual discrete points measured by each set of experiments and it is the initial model of the inner surface of 

the raceway based on the real measurement data. 

 

 
Fig. 8. Internal raceway surface topography initial model. 

 

2.2.2. Polynomial interpolation processing 

 

 
Fig. 9. 3D Surface topography model. 

 

The real height value of the point is calculated from the measurement data and the attributes of the 

surface profiler. The value of the measurement data is 1.3/1000 to the actual value for the discrete point. In 

order to facilitate the comparative analysis of subsequent experiments, the non-negative processing is 
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performed, that is, all the data points are uniformly translated upward. And the three-dimensional model of 

the surface micro-topography is generated through the polynomial interpolation processing on the X- and 

Y-direction [22], as shown in Fig. 9. 

3. Experiment 

The surface topography is measured using the integrated topography module on the multi-functional 

friction and wear tester in this paper. And its working principle is the same as the white light interferometer. 

The surface of the inner raceway to be tested is cut to the allowable size of the sample by wire cutting and 

the flatness of the sample be ensured. Then the sample is rinsed with alcohol to remove the surface oil, 

debris and other substances. Besides that, it is wiped clean with industrial dust-free wiping paper and 

placed on the workbench. The measured surface is perpendicular to the lens, as shown in Fig. 10. The 

loading requirements of the workbench and the resolution of the objective lens require that the height of 

the measured sample should not exceed 7mm. Fig. 11 displays the surface topography of the inner raceway 

measured with the 10x lens.  

  

 
Fig. 10. Surface topography instrument. 

 

 
Fig. 11. 3D surface topography measured by the surface topography instrument. 

 

The surface topography acquired by the topography instrument in Fig. 11 is compared with the 

three-dimensional topography model created by the non-destructive method in Fig. 9 and it is found that 
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the three-dimensional topography model established can also characterize topography features like grooves, 

bulges, scratches, etc. [23]completely and accurately, and the resolution in X, Y-direction is higher than the 

topography instrument.  

4. Conclusion 

As the destructive detection methods are not suitable for some workpieces with high production cost and 

complicated process. It hinders the progress in the research of process optimization or frictional wear 

characteristics with surface morphology as the main factor. It proposes a three-dimensional topography 

modeling method based on measurement data by the surface profiler without destructing the workpiece. 

The principles of the method include the pre-processing of data like discrete point reorganization, 

concentric processing, moving average filtering, equal-length processing, secondary concentric processing 

and the post-processing like regression analysis and polynomial interpolation, as depicted in Fig. 1. 

The height distribution features of the inner raceway of the slider are extracted by the surface profiler, 

and the three-dimensional topography model of the raceway surface is built by the non-destructive method. 

At the same time, the slider is wire-cut to obtain the raceway plane and the surface topography is acquired 

using the integrated topography module on the friction and wear tester. Comparing the three-dimensional 

surface topography established by the non-destructive modeling method and the topography instrument, 

respectively, it is found that the three-dimensional surface topography obtained by the non-destructive 

modeling method characterize the topography features of the workpiece surface like dents, bumps, and 

scratches accurately and effectively as well. It does not require complicated sample preparation processes 

and it is also suitable for non-conductive samples. At the same time, the advantage of this non-destructive 

method can be used to compare the topography of the same workpiece before and after wear, and it is of 

great significance to the research on the friction and wear characteristics of the workpiece surface based on 

the surface topography. 
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