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Abstract—The thickness of the aluminium sheets emerging 

from a rolling mill usually contains several unwanted frequency 

components. These tend to come from the cyclic and eccentric 

effects of the rotating machinery. In addition to these effects, 

the measurement of sheet thickness is made using radiation 

sources - either nucleonic or X-Ray which, by their very nature, 

introduce a random "noise" component into the measurement. 

The control technology currently used in the aluminium rolling 

mills is not able to successfully isolate and compensate for the 

periodic components present in the thickness profile of the 

rolled sheets. Due to this problem, there are difficulties in 

accurate production and the related losses for aluminium 

industry are significant. This paper discusses novel idea of 

applying adaptive filtering algorithm to reduce periodic 

variations in the produced thickness profiles in a typical 

aluminium rolling mill. As the modifications and testing of new 

control algorithms on the existing rolling mills systems are 

neither simple nor a cost effective exercises, proposed algorithm 

is simulated and tested using some typical signals and system 

parameters measured on a number of rolling mills in the 

industrial situation. The obtained results prove the effectiveness 

of the proposed approach and encourage further investigations 

and field trials of adaptive filtering and active control 

technology in the rolling mills industry. 

 
Index Terms—Adaptive digital filters, adaptive algorithm, 

active control, delayed least mean squares algorithm, actuation 

signal.  

 

I. INTRODUCTION 

When rolling metal sheet the control of the thickness is 

very important.  There are many reasons for this [1], [2].  For 

example if the material is to be used for making cans the 

thickness of the metal influences how long the can will be 

after it is punched out from the sheet.  Tolerances of 0.8% at 

0.3mm would not be uncommon and at foil gauges of a few 

microns the tolerance might be 3.2%.  Typically sheet is 

rolled in a series of operations from a starting gauge to a final 

gauge. In aluminium rolling for example slabs might be 

originally cast at 400mm or more and then rolled down to 

thickness of only a couple of microns. Each of these 

operations will involve a pass through a rolling mill. Rolling 

mills might consist of a single stand with a set of rollers to 

make the deformation or might contain several stands – a 

reduction being taken at each stand. Fig. 1 shows a single 

stand mill where the metal strip enters on the left, passes 
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between the work rolls and then gets coiled up on the right 

hand side. 

Each time strip is rolled errors can be introduced in the 

thickness. These can take a number of forms.  The material 

might not be rolled to the correct thickness, it might contain 

transient errors (spikes) or it may contain periodic errors. 

These periodic errors can arise from hardness variations or 

eccentricity effects. All three types can also be present 

simultaneously. 

 

 
Fig. 1. Aluminium rolling mill. 

 

Eccentricity effects are perhaps the most common 

manifestation of cyclic errors. Fig. 2 shows how those 

periodic errors might arise during the rolling process. 

 

 

 
Fig. 2. Generation of periodic errors during the rolling process. 

Here the workrolls are shown as being oval and the 
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back-up rolls are shown as having a different centre of 

rotation to their geometric centre.  The net effect of this is to 

cause the roll gap to vary as the rolls rotate. This in itself will 

introduce gauge variations at the frequencies of the back-up 

rolls and twice the workroll frequency into the exit thickness. 

On the next pass these errors will be incoming errors. 

Fig. 3 shows the variation in the thickness of the one 

section of aluminium sheet after a pass through the mill at the 

rolling speed of 1222 m/min. Frequency of measurement, i.e. 

sampling frequency was 100 Hz. From the frequency domain 

plot of the same signal, it is easy to depict a very strong 

presence of a periodic component at 4.88 Hz (42.4 dB) in this 

signal and a weaker one at 10.06 Hz (32.6 dB). 

Current thickness control technology does not allow 

effective removal of these incoming errors so some fraction 

of the error will remain after rolling. Recently, there have 

been some attempts to address this problem through the 

employment of modern control technology [3]. Since a 

reduction has been taken the strip length will be longer, so in 

the length domain the error will have been elongated. On the 

next pass a fresh set of eccentricity effects will be 

re-introduced so after a few passes there will be a large 

number of frequency components measured by the exit 

gauge. 

Typical cold rolling loads range from a hundred tonnes for 

a small foil mill to a thousand tonnes on a steel cold mill. The 

load within the cylinder or its extension can be controlled 

well with bandwidths of up to 20Hz. For low thicknesses the 

cylinder load is fixed and exit thickness is controlled by 

adjusting entry stress or mill speed.  These actuators have a 

smaller bandwidth – just a few hertz. Signal processing and 

control techniques able to reduce part of signal spectrum or 

cancel individual frequencies present in the spectrum have 

been developed and tested in the field of digital signal 

processing known as active noise control (ANC) [4]. A 

simple ANC algorithm is investigated in this paper and 

adopted in order to reduce the periodic components in the 

sheet profiles produced by the rolling mills in the aluminium 

industry. The basic idea behind the active noise control is to 

reduce the unwanted noise, for example sound in the acoustic 

environment by combining it with a negative replica – sound 

of same amplitude but opposite phase. Two signals 

destructively interfere in the environment reducing certain 

frequency components of the original signal. Active sound 

control system uses an actuator, typically a loudspeaker, to 

inject a secondary sound into the environment and an error 

sensor, usually a microphone, to monitor the actuator 

performance and adjust the control system parameters for 

optimal system performance. The emphasis of this paper is 

on the possible application of simple yet effective control 

algorithms used in ANC for the control of rolling mills on 

thicker materials where the mill runs in gap control. 

The paper is organised in the following way. Section II 

introduces necessary mathematics to describe a problem of 

removing a single frequency component from the measured 

signal. Modification of this this method used to illustrate the 

way this approach can be used in the control system on the 

rolling mill is presented in Section III. Section IV gives some 

preliminary results by applying this approach to signals 

measured on the rolling mill, on site in average working 

conditions. Section V summarises obtained results and 

methods and gives some recommendations for the possible 

industrial implementation of the proposed system. 
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Fig. 3. Variation of the thickness of the rolled aluminium sheet in a) spatial 

and b) frequency domains. 

 

II. SUPPRESSING A SINGLE FREQUENCY PERIODIC 

INTERFERENCE IN THE SIGNAL 

As a starting point, we consider a thickness signal d(n) 

where the periodic interference v(n), is mixed with the other 

variations in measured thickness described here with s(n). 

Those are usually of a more random nature. Thickness d(n) 

can therefore be expressed as: 

         cos 2 id n s n v n s n k f n        (1) 

where 

fi- interference frequency 

k – amplitude of the periodic interference 

 – interference phase 

While the rest of the signal, i.e. component s(n) can 

contain other types of irregularities and noise, this work 

concentrates on the reduction of the periodic interference 

component v(n) from the observed signal d(n). Simple 

approach to remove the interference v(n) from the signal is to 

estimate parameters fi, k and , generate the interference 

signal using those estimates and subtract it from the observed 

signal d(n). While the frequency of the interference is usually 

easy to estimate using the spectral analysis of the signal, 

estimation of the other two parameters of the interfering 

signal – amplitude k, and phase  is not a straight forward 

task. Problem gets even more complicated if we allow for the 

variations of each of those three parameters during the mill 
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operation procedure. A possible solution to this problem is 

described in the rest of this section and used as a basis for a 

controller proposed in this paper.  

We start by rewriting the expression for the interference 

v(n) using the well-known trigonometric identity  

 cos cos cos sin sin        : 

   

   

   1 1 2 2

cos 2

cos 2 cos sin 2 sin

i

i i

v n k f n

k f n k f n

x n w x n w

 

   

 

 

 

 (2) 

where
1 cosw k   and 

2 sinw k   are two parameters 

containing the amplitude and phase information and 

therefore need to be estimated and    1 cos 2 ix n f n  and 

   2 sin 2 ix n f n  are two sinewave sequences with 90◦ phase 

shift between them. 

Forming two vectors: 

     1 2

T

n x n x n   x  and   1 2

T
w ww  

the above equation simplifies to: 

    
T

v n n x w         (3) 

This equation can also be viewed as a very simple 

two-dimensional filter with two-dimensional input signal 

 nx . Vector w is the vector containing two filter 

coefficients w1 and w2.  

The optimal values of two filter coefficients can be 

determined by minimising the cost function  J w  which 

represents the squared deviation between the observed 

sequence d(n) and the interference signal v(n), i.e. 

           
22 T

n n

J d n v n d n n    w x w  (4) 

It is usually more effective to iteratively obtain the optimal 

values of elements of vector w  by using the adaptive 

algorithm. Least Mean Squares (LMS) adaptive algorithm is 

computationally efficient and simple to implement. 

Derivation of this algorithm for the case of this simple 

two-dimensional filter follows the same steps as derivation of 

the ordinary LMS algorithm [5]. 

Two 2D LMS filter equations used to obtain the error 

signal e(n) and update two coefficients of vector w  are: 

 
       

     
 

 
1

1 2

2

1

1

1

T
e n d n n n

w n
d n x n x n

w n

  

 
        

x w
   (5) 
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w w x

    (6) 

where parameter µ in the weights update equation (6) 

represents the so called adaptive step size and controls the 

rate of change of adaptive filter coefficients and the rate of 

convergence of the system. Equation (5) shows how the error 

signal e(n), used to update filter coefficients is formed as a 

difference between the signal d(n), also known as desired 

signal and filter output y(n). 

Described system for the single frequency suppression 

using a simple two-dimensional filter is shown in Fig. 4 

below. Signal analyser block shown in the figure uses the 

measurement of the signal d(n) to determine fundamental 

frequency of the periodic interference present in the 

measured signal and the sine wave generator block then 

generates a sinusoidal reference signal at the desired 

frequency.  This reference signal can easily be split into two 

orthogonal components x0(n) and x1(n) using a Hilbert 

transform as the 90o phase shifter. 

 

 
Fig. 4. Two-dimensional-two-coefficients filter for interference rejection. 

 

III. IMPLEMENTING 2D ADAPTIVE FILTER CONTROL SCHEME 

IN PRACTICE 

Simplified aluminium rolling mill system containing two 

thickness control gauges is shown on Fig. 5 below. 

 

 
Fig. 5. Aluminium rolling mill control system. 

 

Entry thickness gauge 1 measures the thickness of the 

aluminium sheet at the entrance of the system while exit 

thickness gauge 2 measures the thickness after the actuating 
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system S. Corresponding time delays between each 

measurement and the actuating system are denoted t1 and t2 

on the figure. Task of the adaptive controller is to reduce the 

unwanted periodic components present in the measurement 

obtained with gauge 1. Second thickness gauge measures the 

residual (error) signal which is used to adapt the controller 

coefficients in order to minimise this error. Fig. 6 shows the 

block diagram of the whole system where W(z) denotes the 

transfer function of adaptive controller, S(z) now represents 

the physical characteristics of the actuating system and D1 

and D2 are two transport delays corresponding to time delays 

t1 and t2. At the summation point delayed reference signal 

x(n) is combined with the action of actuator system y’(n) to 

produce the error signal e(n). Note that the signal e(n) gets 

delayed through the transportation delay D2 before it is 

available for the update of the adaptive filter coefficients. 

Actuator system action y’(n) is initiated by the control output 

of the adaptive filter y(n), i.e. y’(n) is the actuating signal 

processed by the actuator system S(z). 

 

 
Fig. 6. Block diagram of aluminium rolling mill control system. 

 

To simplify this scheme and reduce the number of delays 

in the system we can move delay D2 from the error path 

simultaneously into reference and control signal paths. In this 

way, delay of signal x(n) to summation point becomes 

D=D1+D2, while the transfer function of the secondary path 

S(z) combines with delay D2 to form the new, so called 

secondary system path with transfer function  
2DS z .  

This scheme, incorporating two-dimensional adaptive 

filter derived in the previous section as a controller W(z) is 

now shown on Fig. 7. Reference signal, delayed by the 

amount D which is the sum of two delays D1 and D2 is 

denoted with d(n). 

It is important to note that the LMS algorithm, described 

with equations (5) and (6) given in the previous section can 

exhibit unstable behaviour in the system containing delay 

between the filter output and the summation point shown in 

Fig. 7. To compensate for the destabilising effects of this 

delay contained in  
2DS z  the LMS update algorithm needs 

to operate on delayed versions of the orthogonal reference 

signals x0(n) and x1(n). 

The complete system can therefore be described with the 

following set of equations: 

   
T

y n n x w        (7) 

       

     
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    
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    
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   (9) 

 

 
Fig. 7. 2D filter as a control system for aluminium rolling mill. 

 

Weights update equation (9) is usually referred to as 

delayed LMS algorithm where DS represents delay present 

between the adaptive controller output and the residual error 

input, i.e. overall delay of the secondary path  
2DS z . 

 

 
Fig. 8. Multiple frequency canceller using parallel connection of 2D filters. 

 

 

A. Multi-Frequency Controller 

In order to cancel multiple frequency components present 

in the measured signal, a parallel combination of a number of 

simple 2D filters can be used. P of those filters needs to be 

used to control and reduce P frequency components from the 

measured signal as shown in Fig. 8 [6]. A set of P sinusoids 

still needs to be synthesized from the information provided 

by the signal analyser and each of those signals now needs to 

be fed to a corresponding 2D filter from the parallel structure 

shown in Fig. 8. 
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IV. RESULTS 

Fig. 9 and Fig. 10 demonstrate the effectiveness of the 

approach discussed in this paper by simulating the action of 

the control system using two different signals measured in 

the rolling mill. First a controller depicted on Fig. 7 has been 

used to cancel a single periodic component from the signal 

d(n) shown on the top plot of Fig. 9.  

From the frequency plot of the same signal strong presence 

of component at 5 Hz is evident and controller is therefore 

tuned to cancel this component as effectively as possible. For 

that purpose the estimate of the secondary path delay ˆ
SD  is 

set to the value of 18 samples, which is identical to the value 

of the real secondary path delay present in the system at f=5 

Hz in this example. Some errors in the estimation of the 

secondary path are allowed but can influence the achieved 

attenuation levels and convergence rate of the control system. 

Large errors can ultimately affect the stability of the control 

system [7]. The adaptive step size for the algorithm in this 

test was set to µ=0.06. Second plot from the Fig. 9 shows the 

signal y(n) produced by the controller and the third plot 

shows the resulting signal e(n) – modified variation in the 

thickness of the sheet. Frequency plot of this profile shows 

the complete disappearance of the component at the 

frequency of 5 Hz. 
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Fig. 9. Original signal d(n), controller output y(n) and residual signal e(n) 

for single frequency cancellation in a) spatial and b) frequency domains. 

 

Fig. 10 shows the cancellation of two frequency 

components present in another sheet. Control system uses 

two adaptive filters in parallel connection as depicted in Fig. 

8 (i.e. P=2 in this case). Here the first adaptive filter has been 

set to cancel 5 Hz frequency component and the second 

adaptive filter was set to cancel the weaker, 10 Hz frequency 

component also present in the signal. Other controller 

parameters are: 
1

ˆ 14SD  , 
2

ˆ 18SD  , 
1 2 0.02   . Delay of 

secondary path used in this simulation was 14 samples at 5 

Hz and 18 samples at 10 Hz, so the exact estimation of the 

secondary path characteristic and delays at two frequencies 

of interest has been assumed in this simulation as well. 

Complete reduction at both frequencies of interest can again 

be observed at the bottom plot of Fig. 10.  
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Fig. 10. Original signal d(n), controller output y(n) and residual signal e(n) 

for multiple frequency cancellation in a) spatial and b) frequency domains. 

 

V. CONCLUSIONS 

This paper proposes a simple and effective active control 

method for the reduction of periodic variations in the 

thickness of the metal sheets rolled by the mills. Proposed 

method employs a simple two coefficients adaptive filter 

with filter coefficients updated at each sampling period using 

delayed version of the well-known least mean squares (LMS) 

method. This approach is simple, computationally efficient 

and exhibits stable behaviour with relatively high 

convergence rate providing certain stability conditions 

indicated in this paper are satisfied. 

If the frequency of the periodic component present in the 

thickness signal can be correctly estimated, the only other 

control parameters that need to be adjusted at the start of the 

system operation are adaptive step size  and the estimate of 
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the secondary path delay ˆ
SD . Ideally, with accurately 

estimated secondary path delay, system will converge rapidly 

and remain stable. The exact estimation of the delay in 

secondary path for particular frequency of interest can be 

hard to achieve in practice. However, some errors in the 

secondary path delay estimation can be tolerated. This will 

require further simulation and analysis of obtained results 

before the implementation of the algorithm on the real rolling 

mill system is attempted. 

Proposed control system has been implemented in Matlab 

and tested using signals and system parameters measured in 

the real industrial situations. Results are encouraging and the 

next step of implementing and testing the proposed approach 

in practice can be considered.    

REFERENCES 

[1] A. I. Tselikov, G. S. Nikitin, and S. E. Rokotyan, The Theory of 

Lengthwise Rolling, Mir Publishers, 1981 

[2] V. B. Ginzburg, “Roll Eccentricity,” Rolling Mill Technology Series, 

vol. 1, Pittsburgh, PA: International Rolling Mill Consultants, 1998. 

[3] A. Kugi et al., “Active Compensation of Roll Eccentricity in Rolling 

Mills,” IEEE Transactions on Industry Applications, vol. 36, no. 2, 

March/April, 2000. 

[4] S. M. Kuo and D. R. Morgan, "Active Noise Control: A Tutorial 

Review," in Proc. of the IEEE, 1999. 

[5] B. Widrow and S. D. Stearns, Adaptive Signal Processing, NJ, USA: 

Prentice-Hall, Englewood Cliffs , 1985 

[6] S. M. Kuo and D. R. Morgan, Active Noise Control Systems: 

Algorithms and DSP Implementations, 1996, New York: John 

Wiley&Sons. 

[7] S. Wright and B. Vuksanovic, "Active Control of Environmental 

Noise, III: Implementation of Theory Into Practice," Journal of Sound 

and Vibration, vol. 220, no. 3, pp. 469-496, 1999. 

 

Branislav Vuksanovic was born in Osijek, Croatia in 

1962. He graduated from the University of Belgrade, 

Serbia with degree in Electrical and Power 

Engineering. He holds MSc degree in Measurement 

and Instrumentation from South Bank University, 

London and a PhD in Active Noise Control from the 

University of Huddersfield, UK. 

Previously, he worked as a Project Engineer for 

Croatian Electricity Board in Osijek, Croatia. During 

his academic career he worked as a Research Fellow at Sheffield and 

Birmingham Universities on Optical Brain Imaging and Medical Video 

Compression projects. He also worked as a Lecturer at the University of 

Derby where he was a member of Sensors and Controls Research Group. 

Currently he works as a Senior Lecturer at the University of Portsmouth, 

School of Engineering. He has published papers in the field of active noise 

control, biomedical signal processing and pattern recognition for intrusion 

detection and knowledge based authentication. He published one book in 

Digital Electronics and Microcontrollers field. 

Dr Branislav Vuksanovic is a member of IET, ILT and IACSIT. His 

current research interests are in the application of pattern recognition 

techniques for power systems and analysis of ground penetrating radar and 

ECG data. 

 
Amar Bousbaine received the Ingenieur d’Etat 

(M.Eng.) degree in electrotechnique from the 

University of Tizi-Ouzou, Tizi-Ouzou, Algeria,  the 

M.Sc. degree from the University of Strathclyde, 

Glasgow, U.K., and the Ph.D. degree from the 

University of Sheffield, Sheffield, U.K. 

      He is currently with the School of Technology, 

University of Derby, Derby, U.K., where he is the 

University of Derby Reader in Power Electronics and 

Automotive Electrical Systems. He is actively involved in teaching power 

electronics and digital signal processing. His research interests include 

power electronics, automotive electrical systems, and renewable energy 

sources, where a number of scientific papers have been published in national 

and international journals (e.g., the Institution of Engineering and 

Technology and IEEE). 

 

 
 

 

 
 

Author’s formal p 

hoto 

International Journal of Modeling and Optimization, Vol. 3, No. 5, October 2013

417


