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A method for surface analysis of cold rolled sheets is proposed in this paper. The approach is based on a low-cost specially built camera 

system followed by spectral analysis of the data captured from metal surfaces. The focus is on the changes in the surface topography caused 

by cold rolling with emphasis towards periodicities in the processed surface. Angular profile of the spectrum is calculated and used to display 

periodicities in surface topography and show their direction. The results obtained by using the proposed system were compared with results 

obtained from the optical profilometer MicroProf FRT. The experiments show that cold rolling creates marks on the surface of the material, 

which represent periodicities that can be effectively detected by the proposed method and camera system. Even though the camera system 

is not able to measure precise surface roughness, it is able to detect periodicities and the results of spectral analysis are comparable with the 

results from the optical profilometer. 
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1.  INTRODUCTION 

Analysis of surfaces is an important task in many areas of 

industry where surface quality has an important role. In these 

areas it is essential to set such machining or forming 

parameters to obtain the best quality of the processed surface. 

Therefore, the focus is on innovative methods for the analysis 

of surfaces of cold rolled sheets. For example, Dong Xu et al. 

performed an experimental study of the digital speckle 

patterns generated by rough surfaces illuminated by a laser 

[1], Sheng-He Chen et al. proposed an adaptive regression 

smoothing filtering method for on-line surface roughness 

detection of cold rolled strip steel [2], R. Ahmed and M. P. F. 

Sutcliffe described identification of surface features on cold-

rolled stainless steel strip to automatically detect pits and roll 

marks that can be observed in optical or SEM micrographs 

[3]. Szarková et al. proposed a method of surface evaluation 

of steel strips formed by longitudinal cold rolling with focus 

on the impact of grain size of material with a rolling reduction 

and rolling force [4]. Valicek at al. proposed a method of 

maintaining the required values of surface roughness and 

prediction of technological conditions for cold rolling [5].  

Parameters for surface metrology are still developing with 

the current trend of transition from two-dimensional profile 

parameters to three-dimensional spatial parameters using a 

large variety of methods for measurements of surface 

roughness or topography. These can be divided into two 

categories: contact and contactless methods, each having 

some advantages and disadvantages [6]. Contactless methods 

are usually based on optical spectrometers.  

Currently, the most frequently used parameters for 

engineering surface evaluation are two-dimensional (profile) 

height parameters, for example: arithmetical mean height Ra, 

which is the arithmetic average of the absolute values of the 

profile heights along the evaluation length; root mean square 

deviation Rq, which is the root mean square average of the 

profile heights along the evaluation length; maximum height 

of the profile Rz, which is the absolute vertical distance 

between the maximum profile peak height and the maximum 

profile valley depth along the evaluation length. 

Besides these, there are many other parameters included in 

ISO 4287 [7]. These parameters are usually measured by 

contact profilometers. Newer three-dimensional (aerial) 

height parameters are introduced in ISO 25178 [8], for 

example Sa, Sq, Rz, which are extensions of R parameters to 

a surface: 
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where Sp is the largest peak height and Sv is the largest valley 

depth value within the evaluation area. 

There are also other height parameters. These aerial height 

parameters allow better representation of the surface 

topography. New technical specification ISO 25178 

introduced also completely new parameters, for example 

auto-correlation length and texture aspect ratio. 

All the above-mentioned parameters require high precision 

measurement tools which are usually very expensive. In 

addition, measurement speed of these tools is very slow, 

which makes them unsuitable for any real time quality 

inspections. In current praxis, only some samples are selected 

and taken to the laboratory for analysis which is time 

consuming. It is, therefore, the main purpose of this paper to 

propose a contactless measurement method for surface 

evaluation that is of low cost and fast so it could be used in 

real time during the machining or forming processes. Results 

of these measurements could be used for online evaluation of 

the resulting surface and monitoring of the roller in real 

operation plant. The cold rolling process gives rise to marks 

on the surface of the material which are periodically repeated. 

Thus, the proposed method uses spectral analysis on images 

captured with a specially built camera system to analyze these 

periodicities.  

 

2.  SUBJECT & METHODS 

Deep-drawing steel sheets, type KOHAL 697 from U. S. 

Steel Kosice, were used for experiments described in this 

paper. Samples were created by cold rolling of several strips 

with dimensions 150 x 31 x 2.52 mm. Each sample was rolled 

on the rolling stand DUO 210 SVa with vroll = 1 ms-1. Ten 

samples (S1-S10) were created by rolling with different 

thickness reduction ∆h and one unprocessed sample (S0) was 

kept without rolling as reference. Parameters of these samples 

can be found in Table 1., where h0 is the thickness of the 

sample before rolling and h1 is thickness of the sample after 

rolling. 

 
Table 1.  Reductions ∆h for each sample. 

 

Sample 

label 

h0 

(mm) 

h1 

(mm) 

∆h 

(mm) 

S0 2.50 - - 

S1 2.50 2.25 0.25 

S2 2.50 1.94 0.56 

S3 2.49 1.74 0.75 

S4 2.49 1.54 0.95 

S5 2.51 1.31 1.20 

S6 2.46 1.11 1.35 

S7 2.48 0.91 1.57 

S8 2.48 0.83 1.65 

S9 2.47 0.75 1.72 

S10 2.49 0.51 1.98 

 

Example of an image with unprocessed surface before 

rolling can be seen in Fig.1. and an image of a surface after 

rolling can be seen in Fig.2. 

 
a)   b) 

 
Fig.1.  Image of the surface without rolling. 

a) - acquired using the camera system described in this paper 

b) - acquired using the profilometer MicroProf FRT. 

 

 
a)   b) 

 
Fig.2.  Image of the surface after rolling 

a) - acquired using the camera system described in this paper 

b) - acquired using the profilometer MicroProf FRT. 

 

 
Fig.3.  Proposed camera system setup. 

 
Special camera system has been built for capturing the 

surface topography. This system is composed of the area scan 

digital camera Basler Ace acA1600-20gm and bilateral 

telecentric lens Opto Engineering TC 23 16 mounted on a 

metal frame along with a controllable coaxial LED 

illuminator, see Fig.3. Stepper motors Leadshine Technology 

42HS03 are used for precise positioning of the camera. 

Maximum frame rate of the camera is 20fps. 
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The camera system is controlled through M415B drivers 

and Arduino Due via user interface created in C#. Created 

software application is used also for image acquisition. The 

flowchart of the controlling system is shown in Fig.4. 

 

 
 

Fig.4.  Flowchart of the controlling of the camera system. 

 
Field of view with used lenses was 13.5 x 10.2 mm (1628 x 

1236 points were measured). Area of size 1236 x 1236 points 

(10.2 x 10.2 mm) has been selected and consequently 

processed using MATLAB. Application created in MATLAB 

transforms the acquired data into frequency domain and 

calculates the angular spectrum as described below. For 

comparison, the surface topography of the samples has been 

also measured using the optical profilometer MicroProf FRT. 

The area measured by the profilometer was 5 x 5 mm (1024 

x 1024 points).  

For aerial measurements (three-dimensional), each sample 

of data measured is represented as a matrix of dimension M x 

N and is expressed as 
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where x = 0, 1, 2,...,M-1 and y = 0, 1, 2,..., N-1 are the 

coordinates and f(x,y) consists of the topographic value of the 

captured surface in grey scale. 

Analysis of the captured surface is performed using 2D 

DFT as follows 
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where u = 0, 1, 2, ..., M-1 and v = 0, 1, 2, ..., N-1 are the 

coordinates in the spectrum. The resulting M x N matrix 

contains the 2D frequency spectrum of the surface. Analysis 

of the result of the transform is based on computing the 

spectrum (magnitude of F(u,v). 

 

2 2
( , ) ( , ) ( , )F u v R u v I u v= +                  (6) 

 

In Fig.5. the spectrum of the unprocessed surface shown in 

Fig.1. is observed. In Fig.6. the spectrum of the processed 

surface shown in Fig.2. is observed. Rolling process 

introduces noticeable marks on the surface. These marks have 

specific direction which can be clearly observed in its 

spectrum. It should be noted that despite the higher resolution 

of the camera system, there are less points per 1 mm taken 

comparing to data from the optical profilometer due to a 

larger field of view of the camera system. 

 

 
a)   b) 

 
Fig.5.  Magnitude spectrum of unprocessed surface 

a) - data obtained from the proposed camera system 

b) - data obtained from the profilometer MicroProf FRT. 

 

 
a)   b) 

 
Fig.6.  Magnitude spectrum of surface after rolling 

a) - data obtained from the proposed camera system 

b) - data obtained from the profilometer MicroProf FRT. 

 

 

 
 
Fig.7.  Conversion of magnitude spectrum to polar coordinates. 

 

The two-dimensional magnitude spectrum is converted 

from Cartesian to polar coordinates to analyze surface 

anisotropy and texture direction. The conversion process is 

illustrated in Fig.7. For each point in the spectral map |F(u,v)| 

the angle (α) is calculated along with distance (r) of this point 

from the center of the frequency rectangle. Then the 

amplitudes for all points with the same angle are added to 

create an angular profile of the magnitude spectrum. The 

distance (r) is used to select a range of wavelength for 

amplitude adding (rmin and rmax). 
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The calculation of angle (α) and distance from center (r) is 

done based on the following formulas: 
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3.  RESULTS 

As mentioned at the beginning of this paper, unlike the 

traditional measurements of the surface roughness, the focus 

of this approach is on the changes in periodicities in the 

surface topography caused by cold rolling. 

To obtain the same frequency range for both measurements 

using the proposed camera system and the optical 

profilometer, the parameters rmin and rmax were set to rmin = 4 

and rmax = 204 for images acquired by the proposed camera 

system, and rmin = 1 and rmax = 100 for images acquired by the 

optical profilometer. This is due to the different image 

resolution of the data captured by each device. Selected 

values of rmin and rmax parameters correspond to frequency 

range fmin = 0.2 mm-1 and fmax = 10 mm-1 for both 

measurements. 

Fig.8. and Fig.9. show angular profile of the spectrum 

calculated for all measurements. It can be observed that 

despite the different capturing devices used for each 

measurement, both types of data show the periodicities 

created on the surface during the rolling process. The angular 

spectrum of the unprocessed surface without rolling is 

homogeneous in all directions while the angular spectra of the 

rolled samples revealed periodicities created during the 

rolling process. 

 

 
 

Fig.8.  Angular spectrum from images obtained from the 

profilometer MicroProf FRT. 

 

It should be noted that the topography of the roller is 

transferred to the rolled sheet, once the reduction rate is over 

10 %. That is why there are little differences between samples 

S2-S10. Future extension to these experiments will be rolling 

of the samples by the rollers with different surface texture 

characteristic. 

 

 
 

Fig.9.  Angular spectrum from images obtained from the proposed 

camera system. 

 
One of the biggest advantages of the proposed camera 

system is the speed of measurement. This camera system is 

able to capture the whole field of view at once where the array 

of 10.2 x 10.2 mm was captured in about 1 second, while the 

same measurement using the optical profilometer took about 

30 minutes. 

 

4.  CONCLUSIONS 

This paper presented a novel approach to the surface 

analysis of cold rolled sheets using a camera system and 

spectral analysis of data. Unlike traditional approaches, this 

approach is based on the processing of image obtained from 

an ordinary camera. Angular profile of the spectrum is 

calculated and used to display periodicities in surface 

topography and show their direction. Ten samples of cold 

rolled sheets with different reductions were used for the 

analysis and their surface was measured using a camera 

system assembled for the purpose of this experiment. Results 

obtained by this measurement were then compared with 

measurements using the optical profilometer MicroProf FRT. 

Experiments proved that the new camera system can be 

efficiently used for the analysis of periodicities in a surface 

topography of cold rolled sheets. Cold rolling creates marks 

on the surface of the material, which represent periodicities 

that can be effectively detected by this camera system. Even 

though the camera system is not able to measure precise 

surface roughness, it is able to detect periodicities in a much 

faster manner than the optical profilometer and could be 

therefore used during surface rolling. Results of these 

measurements could be used for online evaluation of the 

resulting surface and monitoring of the roller in real operation 

plant. 
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Maximum frame rate of the camera used for the 

experiments is 20fps which would be sufficient for 

applications in operation plant with a speed of the belt 

movement approximately up to 0.1 ms-1. However, there are 

cameras with frame rates of hundreds or thousands fps so the 

camera can be selected based on the speed of the belt 

movement. Also, a combination of a camera and an lens with 

a larger field of view could be selected. The larger view of 

field allows capturing the larger surface array at once. 

Next extension of this work will be quantification of the 

periodicities of the surface topography and experiments with 

the rollers with different surface texture characteristics. 
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