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Abstract—This paper proposes a fuzzy based polynomial model
for prediction of force correction factors for metal sheet rolling.
The goal of this work is to design, test and implement set of
robust algorithms in C++.
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I. INTRODUCTION

Correct design of metal sheet rolling production process

needs to determine forces and moments with adequate preci-

sion. Unfortunately the process is so complicated that need for

some kind of numerical adaptive model emerges.

In [1] we designed model based on polynomial neural
units (HONUs). This model proved to be robust, simple and

reliable enough to be deployed and successfully tested in real

conditions.

Unfortunately production line for metal sheet rolling usually

needs to process different kinds of metals and model proposed

in [1] assumed that for every single metal there will be

dedicated polynomial unit, which proved to be a little bit

unpractical at best.

Therefore we propose usage of polynomial fuzzy system
which preserves desirable properties of original model to some

degree but also removes the need for multiple separately

trained and stored polynomial units.

II. METHODOLOGY

The methods and approaches used to accomplish the goal

of this project are described in this section.

A. Preprocessing

Since our model works with various different inputs and

those inputs also have huge scale differences1 it is important

to put all our inputs into similar scale. Therefore we use (same

as in [1]) z-scoring which is defined as follows:

xz =
x− x

σx
(1)

Where x is original input, x is mean of original input, σx is

standart deviation of original input and xz is z-scored input.

This work was supported by grant SGS18/177/OHK2/3T/12. Algorithms
were developed in collaboration with PT Solutions Worldwide s.r.o.

1For instance temperature of metal sheet is in hundreds of °C and aspect
ratio is usually somewhere between 0.8 and 2.0.

From now on, if there is input somewhere (in text, equation

etc), we think of that as it is already z-scored.

B. Polynomial Fuzzy System

Proposed fuzzy system is basically the same as the one

proposed by Kim and Vachtsevanos in [2].

Fig. 1. Scheme of a polynomial fuzzy system

Fuzzy IF-THEN rules are defined as follows:

IF
∧
xi∈x

(xi is Al
i) THEN y is pl(x) (2)

The fuzzy system can be described via following equation:

f(x) =

M∑
l=1

pl(x)
n∏

i=1

μAl
i
(xi)

M∑
l=1

n∏
i=1

μAl
i
(xi)

(3)

Where pl(x) is a polynomial connected to fuzzy IF-THEN

rule l and μAl
i
(xi) is a membership function of a fuzzy set Al

i

defined as follows:

μAl
i
(xi) = exp

(
−
(xi − cAl

i

σAl
i

)2
)

(4)

Where cAl
i

is center and σAl
i

is a parameter affecting the width

of gaussian membership function.

C. Training Algorithm

In [2] they actually trained their model via complicated

genetic algorithm. Since our system is much smaller and



simpler, we will use stochastic gradient descent as described

in [3]:

θk+1 = θk − α∇θQ(xr, yr; θk) (5)

Where θ is a vector of trainable parameters2, α is learning
rate and Q(xr, yr; θk) is standard SE criterion, defined as

follows:

Q(xr, yr); θk =
(
f(xr; θ)− yr

)2
(6)

Where input-oputput pair xr, yr is randomly selected from our

training set.

III. MODEL VALIDATION AND TESTING

Model was validated on small number of input-output pairs

not used for training process.

As you can see on figures 2 and 3, there is significant

improvement in absolute force and torque correction factor

errors.

Fig. 2. Scatter plot of errors for roller FM2 for 80 input-output pairs left for
validation (not used for training)

Model will be tested on another huge set of measured data

in 2021.

IV. IMPLEMENTATION

The whole set of classes and functions was implemented in

C++. The result of this project is C++ header library.

V. CONCLUSION

The proposed model solves problem with multiple separated

polynomial units.

Model was validated on small set of real measured data and

results shown are very promising.

2So in our case all centers and sigmas of gaussian membership functions
and coefficients of polynomials

Fig. 3. Scatter plot of errors for roller FM1 for 80 input-output pairs left for
validation (not used for training), you can see, that results for this roller are
not that great (but still good in comparison to no correction) as in figure 2

Model was not yet fully tested in real application. On the

other hand, when properly trained, it should not be worse then

single polynomial unit.
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