3 Static Friction Detection Based on Artificial

Check for
updates

Neural Networks Method

Deteccion de friccion estatica basado en el método de redes

neuronales artificiales

Author:

Muhammadamin Daneshwar!
Sirwan Mohamad Kekshar?
Sadegh Aminifar’

SCIENTIFIC RESEARCH

How to cite this paper:

How to cite this paper: Daneshwar. M.,
Kekshar S. M., Sadegh. A. Static Friction
Detection Based on  Artificial Neural
Networks Method.Innovaciencia 2019; 7(1):
1-7.

http://dx.doi.org/10.15649/2346075X.518

Reception date:

Received: 19 June 2019
Accepted: 20 September 2019
Published: 25 October 2019

Keywords:
static friction, model, static friction, neural
networks.

ABSTRACT

Introduction: Poor product quality and high energy consumption of
many control loops is due to the presence of static friction. This phe-
nomenon is monitored by human in many industrials. The decision is
made based on human’s brain which is not effective and reliable. Meth-
ods: A model-based method of stiction detection based on an artificial
neural network (ANN) is proposed. The ANN which is run in parallel to
the process predicts a dynamic model of the process using data obtained
from control signal and process output. Results: It can be seen that the
proposed method based on ANN can be replaced with human monitor-
ing method. Conclusions: Capability of the proposed method of static
friction detection for the process with the sticky valve is confirmed by
data obtained from the simulation in a control loop with sticky valve.
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INTRODUCCTION

It has been shown in the literature that, the presence
of static friction in the valve is a major factor in os-
cillations and therefore performance degradation in
various control tasks “* The degradation is done
by changing the operating conditions from their ide-
al values. Finally, the valve satiation will lower the
product quality and increases the energy consump-
tion. This issue must be monitored continuously;
otherwise, its effect can be propagated to entire
plant. Therefore many researchers have conducted
researches on the presence of static friction as well

as dealing with nonlinear and uncertain phenomena

Wide applications of Artificial Neural Networks
(ANNs) have attracted the attention of many re-
searchers HHOULAL They are very effective and
useful tools in many fields including modeling and
identification. The ability to learn and generalize is a
special factor for ANNs. They can make a decision
like a human. The prediction behavior of nonlinear
systems is another useful property of an ANN. In
this study by taking advantage of ANN and com-
bining them with other methods, a new method for
solving a control valve with stiction is presented.

The remainder of this paper is organized as follows:
Some related works have been presented in section 2.
The definition of stiction and therefore the presence
of the problem in the control loop is introduced in
Section 3. In Section 4, a method to handle and solve

the problem is proposed. In Section 5, simulation
results are given confirming the performance of the
proposed method.

MATERIALS AND METHOD

Related works

The available methods of diagnosis of stiction for
control loops in the literature suffer from some prob-
lems . The applications of shape based techniques
to flow control loops are limited. This is because of
this fact that the flow loop has dynamics that can dis-
tort the shape of the stiction pattern. Furthermore,
other techniques of stiction detection are not lack of
drawback. Some of these techniques and their limita-
tions are: Bicoherence and Ellipse-fitting method of
Choudhury “# which needs significant data points.
For clustering based method of Daneshwar “, also
high enough length of data is needed to be clustered.
It means that with available methods of clustering,
in case of low length of data, the data cannot be
classified to subcultures. Extracting fuzzy “* model
of a process with control valve stiction in “* needs
complex mathematic calculation. A good survey on
effective methods of detection and compensation
of stiction can be found in **.

Definition of Stiction (problem statement)
Figure 1 shows a typical closed loop control system
which suffers from static friction. As it can be seen
from the figure, a sticky valve which controls the
process can affect the entire control loop.
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Figure 1. A typical closed loop control system with sticky valve.
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Static friction can be defined based on resistance of
a surface against motion of an object in the start of
motion. Both data-driven and physical-based ap-
proaches are common in the literature to model this
undesirable phenomenon. Because the data-driven
approach is superior to physical based method, it is
considered in this paper. This selection can be prov-

A

en when one can see the application of data-driven in
many fields including artificial neural networks, data
mining and system identification. Typical input—out-
put behavior of a sticky valve based on choudhury’s
12 definition has been shown in Figure 2. It includes
stick band (S), slip jumps (J) and moving phase.
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Figure 2. Typical input—output behavior of a sticky valve based on choudhury’sdefinition 2

Solving the problem using a method base on

Artificial Neural Networks

Proposed method is based on combining ANN with
linear element to predict behavior of a control loop.
The loop has a nonlinear element (due to presence
of stiction) and linear part which covers the process.

According to figure 3, a similar input is applied to
both original system and the model. Due to presence
of nonlinear element, MV (output of the valve) is
nonlinear. Therefore the final output of the process
(PV) is nonlinear. An unknown noise (E (t)) also can
distort the final part of the control system(y). The
model consists of ANN and linear element.

E(t)
MV pv X
u s b)
—_ i Linear part of —
Process *
Nonlinear element
) — +

y —

linear element

Figure 3. Proposed method for static friction detection in control loops based on ANN.
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For nonlinear part, a three-layer Radial Basis
Function (RBF) neural network has been used 2.
This type of ANN has a three layer: an input layer,

Input Layer

Hidden Layer

a nonlinear hidden layer (RBF) and a linear output
layer as shown in Figure 4.

Output Layer
=D

Y2

I
S\
e

Figure 4. Structure of a radial basis function (RBF) neural network.

The input vector X = [ 20, s ]T can be weight-
ed in hidden layer. The hidden layer has a nonlinear
function. The final output is obtained when the
output Y = [viy1,-9m] of nonlinear functions
(equation 1) are added together. The nonlinear func-
tion has a Gaussian shape as defined by the follow-
ing equation:

¢i(X) = exp (—M) (1)

207

Where Wiand % denote the center and spread width
of the i-th node, respectively.

The network output can be obtained by

y=fX) =X wi ¢:i(X) 2

The linear element of figure 3 is represented by AR-
MAX model “.

A(@ Hy(k) = B(g™Du(k) + Cg™Dek) (3

In the above equation, the backward shift operator
is represented by ¢, and € is the unmeasured
distutbance. A(¢”), B(¢") and C( ¢”) are polynomials
of specified order n, m and p, respectively.
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SIMULATION AND RESULTS

For simulation and therefore confirmation of pro-
posed method, several pairs of data (181 pairs) in
a control loops (Figure 1) with static friction have
been generated. The obtained data have been used
according to figure 3. Data have been classified to
set of training and testing of data. 75 percent of data
has been used for training of ANN and 25 percent
of data has been used for testing of obtained ANN.
Overlapping of targets and outputs in both figure 5
and figure 6 shows that the proposed method is able
to capture true characteristics of the system with the
presence of static friction. The regression in both
figure is nearly its perfect value (one) which confirms
the performance of the system. Both Mean Squared
Error (MSE) and Root Mean Square Error (RMSE)
in both figures are in acceptable range (lower than
0.1). Finally, normal distribution of error in last part
of both Figure 5 and Figure 6 are another proof for

performance of the proposed method.



Test Data
6
Outputs
4t v 4 | Targets
g W\/VWWWV
5 2 1
o]
0 4
2 | !
0 20 40 60
Samples
MSE = 0.0023387, RMSE = 0.04836
0.2
Error
0.1 1
w
@) 0 1
=
-0.1 1
-0.2 . -
20 40 60
Samples

Figure 5. Performance of proposed method based on
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Figure 6. Performance of proposed method based on

For evaluating the performance of current work,
a comparison of static and proposed ANN based
method have been collected in table 1. For the
comparison, a control loop with different scenarios
has been used. Loop 1 represents weak stiction. Over
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shoot case has been labeled with Loop 2. In loop 3,
strong stiction has been studied. In loop 4, a strong
noise has been added to a loop with stiction. The
percentage of correct detection has been reached to

75%.
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Table 1. Comparison of static and proposed ANN based method on some loops with different scenarios.

Percentage of

Reference Loop1l ILoop2 Loop3 Loop4 correct detection
Yamashita, 2006 Yes No No No 25
Daneshwar, 2014 Yes Yes No No 50
Daneshwar, 2015 Yes No Yes No 50
Proposed work Yes Yes No Yes 75

CONCLUSIONS AND FUTURE WORK

As the presence of static friction in control loops
degrades its performance, it must be monitored con-
tinuously. Human based monitoring system is not
reliable and effective. In this paper, a method which
combines ANN with a linear element was proposed.
Simulation results show that the proposed method
which learns from the previous data is able to pre-
dict the behavior of a control system with the sticky
valve. The proposed method can be used in future
compensations methods to mitigate static friction
impact on control system.
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