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RELAY FEEDBACK IDENTIFICATION USING GUIDING
EVOLUTIONARY ALGORITHM

Adrian Saldanha, Milan Hofreiter
Czech Technical University in Prague, Faculty of Mechanical Engineering

Abstract: The Guiding Evolutionary Algorithm (GEA) was proposed by Cao, Xu and Goodman in 2016.
The original algorithm was designed to apply the advantages of the previously published Particle Swarm
Optimization (PSO), Genetic Algorithm (GA) and the Bat Algorithm (BA). As part of this work, the
effectiveness of the GEA algorithm in solving multi-modal optimization problems is analyzed and the results
are compared to those obtained using PSO and BA. Once the algorithm is verified and accepted, the same
is then applied to a System Identification task using a relay-based feedback method and finally, upon
successful identification of a dynamic system, the system is controlled using a PID controller. The work
investigates a non-linear approach to identification of dynamic systems using simple Second Order Plus
Time-Delay Models (SOPTD).

Keywords: Guiding Evolutionary Algorithm, Relay-feedback identification, Particle Swarm Optimization,
Bat Algorithm, Optimization, PID Control

1 Introduction

Since the late 1990’s and even more recently in the 2000’s, there has been an extensive study of different
algorithms for solving optimization problems. The ‘No-Free-Lunch’ Theorems for Optimization states that there is no
universal algorithm for all problems, which means that there is always scope for improvement in the field of
optimization [1]. In the book ‘Nature-Inspired Optimization Algorithms’ [2] Dr. Yang explores a whole new study of
metaheuristics using nature inspired techniques. The bat algorithm as well as the Cuckoo-Search algorithm were
known to produce promising results compared with those of its predecessors such as Particle Swarm Optimization or
Genetic Algorithms. However, it was seen that while BA is a powerful algorithm in exploitation, it may sometimes
end up being trapped into some local optima which makes it harder to use for global optimization algorithms [3]. The
GEA was introduced to retail some advantages of each algorithm while avoiding some of the disadvantages [4]. With
the help of the software MATLAB / Simulink, we aim to visualize the optimization mechanics of the three algorithms,
namely GEA, PSO and BA and test and compare the efficiency of each for six pre-defined functions of varying
complexity. We shall later test the same for a control application involving system identification and PID control.

The article is arranged as follows: Section 1 provides an introduction to the article as a whole. Section (2)
describes optimization approach using metaheuristic algorithms and then explains the three algorithms (GEA, PSO
and BA) in brief after which, the results of the optimization are compared for a number of multi-modal functions.
Section (3) introduces the concept of relay-based identification of dynamic systems and uses the GEA algorithm for
parametric identification of the dynamic process following which, in section (4) a number of PID control algorithms
are looked into for appropriate control of the processes using the identified dynamic model of the same. Finally, in
section (6), the results of the optimization, identification and control are evaluated for a real dynamic system.
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2 Optimization

The two main categories in optimization are called Deterministic and Stochastic based optimization algorithms.
Deterministic algorithms follow a definite procedure for arriving at a solution. Newton’s gradient-based algorithm for
finding the maxima or minima of a function in finite space, also known as the “‘Hill-climbing algorithm’ is one such
approach for finding the optima. While deterministic algorithms tend to always find a solution if it does exist,
conventional gradient-based approaches are not quite feasible for large-scale problems in which the search space is
larger or when the dimensions are much higher and due to this, we need to add a bit of randomness while searching
for a solution. With Stochastic algorithms, we use the principle of probability wherein, we use randomization
techniques in a well-defined and progressive manner so as to search for the optima in various different sections of the
design space. The drawback of this method is that while these algorithms converge very quickly, they may tend to get
stuck in a local optimum value instead of finding the true global minimum. That is, we cannot guarantee that we shall
arrive at the precise solution, but rather, we look for the best solution which meets our pre-defined criteria which
comes under the branch of Heuristics. The term ‘Metaheuristics’ is a sub-branch of heuristics, but Metaheuristics are
inherently problem independent and can be used for a wide range of applications.

As part of this article, the role of Nature-Inspired Metaheuristic algorithms in solving multi-modal problems is
looked into. The mechanics governing these algorithms is closely related to natural occurring phenomena and is
loosely modelled around natural species like swarm behavior (Particle Swarm Optimization), echolocation of bats
(Bat Algorithm), survival of the fittest (Genetic Algorithm). Among all these algorithms, there exist a few main
patterns which are similar and are necessary for efficient convergence to the optimum value. These three operators
are as follows:

1. Crossover: Provides good mixing within the solution space

2. Mutation: Provides essential exploratory framework for diversification of the solutions to avoid settling at
a local optimum solution.

3. Selection: Provides the necessary exploitative framework for intensification of the search.

Each algorithm essentially uses each of the above operators, but in different fashion. The manner in which it is

carried out, thus determines the efficacy of the method. While it is clear that there is no best method in general, the
effectiveness is largely dependent on the problem at hand.

To apply the above methods for our problem set, we shall have to use the following terms for building our
solution:
1. Dimensions (d): The dimensions is the number of variables which influence the objective functions or, in
short, this can be given as the number of search parameters to be optimized.

2. Random variables: These are variables whose values are randomly determined by a set of random
distribution rules such as Gaussian distributions, Uniform distributions, Levy Distributions. For the purpose
of the algorithms in this article, we use Gaussian distributed and uniformly distributed random variables.

3. Random Walk: A random walk is essentially a step taken randomly from a fixed point. The final value
depends on a number of randomly taken steps from the initial position.

4. Solutions (X): The solutions is a vector containing a number of points in a d-dimensional search space. In
some places, this is called individuals especially in relation to nature-inspired metaheuristics, and in some
others, like in PSO, these are known as particles. Solutions or individuals can be mathematically represented
as:

)

Where,
X; = [%11, X12 - X14], d = number of dimensions of the search space

5. Cost function (f(x)): The cost function of any optimization problem is the most important as it describes
the problem or the function which needs to be optimized.

With the above definitions, we shall proceed to describe each of the methods.
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2.1 Particle Swarm Optimization

Particle Swarm Optimization (PSO) is a meta-heuristic based optimization algorithm which was developed by
modelling swarm behavior observed in nature such as bird flocking, fish schooling, swarming theory [5]. The idea
behind this technique is based on the principle that each individual in the subsequent generations can benefit from the
observations by the other individuals from the previous generations, thus improving the subsequent results.

As described by the original algorithm, with each iteration (generation) each individual particle is attracted
toward the position of the current global best g* as well as its own best location x¢ in history. The positions and
velocities of the particles namely, x; and v; respectively are updated as follows:

v = 0vf + aeglg — 2] + feslxi — ] @

xitt = xt + vitt (3)

The parameters a and g are learning parameters and the values of these can be adjusted based on the problem at
hand and depending on how quickly we want the solution to converge. The parameter 6 is the inertia weight and while
it is not absolutely necessary, it helps to ensure that the particles do not jump around the optimum value. Finally, at
the end of every generation, the global best position as well as the individual best is updated using the cost function
as follows:

g" = min{f (x;)} @
xi = x;, i f ) < f(x7)

The Pseudo-code of the above algorithm can be given as follows [2]:

Particle Swarm Optimization
Objective function f(x), x = (xq, ..., x4)7

Initialize locations x; and velocity v; of n particles

Find g* from min{f (x,), f(x;) ... f(x,)} (at t = 0)
While (criterion)

Ll

For (loop over n-particles and d-dimensions
Generate new velocity vi*?

Calculate new locations x{*! = x! + vi*!
Evaluate objective function at locations x/**
Find the current best for each particle x;
End for

Find the current global best g*

Update t = t + 1 (iteration counter)

5. End while

6. Output final results x; and g*.

Figure 1- Pseudo Code - Particle Swarm Optimization
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2.2 Bat Algorithm

The inherent principle of BA is quite similar to PSO wherein the BA also uses swarm intelligence for finding
the optima, however, in case of BA, the method used is frequency tuning which, is based on the echolocation principle
of bats. In essence, PSO is a specific case of BA upon appropriate parameter setting. In case of BA, the position and
velocities are updated using the frequency f as follows:

fi = fmin + Fmax — fmin) B (%)
Where,

fi: frequency of ith particle

fnax> fmin: Max and min search frequency (fmin = 0, frnax = 2)

vith = vf + fi (xf = x7) (6)

xf = xf + vttt )

Once again, the global best position x* is updated at the end of each iteration similar to PSO. In addition to the
above, the BA also provides a necessary mechanism for exploitation using local search as:

Xnew = Xo1a T O-EtAtv (8)
Where,
o: Scaling factor (= 0.1 x search range for each dimension)

The intensity of the local search is supposed to increase as the solution moves closer towards the global minimum
which is therefore more as the algorithm progresses as compared to the beginning stages. This can be regulated by
increasing the pulse emission rates as the number of generations rise. Additionally, as the bat moves closer to its prey,
the loudness decreases, which means that the algorithm moves from exploratory mode to exploitative mode. This can
be represented by:

At = gAt 9
T'-t+1 — .r.iO [1 _ e—yt] (10)

L

The above equations and search procedure can be seen in the below pseudo-code.
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Bat Algorithm
Objective function J(x), x = (xq, ..., xg)7

Initialize locations x; and velocity v; of n particles, (i = 1,2 ...n)
Initialize frequencies f;, pulse rates r; and loudness 4;

Find g* from min{J(x,),J(x,) ...J(x,,)} (at t = 0)

While (t<max number of iterations)

ag ~ w DN oE

Generate new solutions by adjusting frequency,
Update velocities and locations as per Bat Algorithm
If (rand > ;)
Select a solution among the best
Generate a local solution around the best
End if
Generate new solution by flying randomly
If (rand < A & f(xi) < f(x"))
Accept new solutions
Increase ri and reduce A;
End if
Rank the bats and find current best x*

6. End while

Figure 2 - Pseudo Code - Bat Algorithm

2.3 Guiding Evolutionary Algorithm (GEA)

The Guiding Evolutionary Algorithm, while similar to the above two described algorithms, is essentially simpler
to use due to the fewer number of parameters required for tuning the optimization. Like the above, the algorithm
consists of Crossover, mutation and local search which can be described by the below equations much simpler as
compared to the previous ones.

1. Crossover: The crossover for GEA is given by:

xt=xt+ (xFr—xf"D) B (11)
Where,
B: Step length of position increment, uniformly distributed r.v

The step length S defines the rate of convergence and is generally between 1 and 2. A higher value represents
faster convergence.

2. Mutation: The mutation provides the required exploratory mechanics for optimization. It can be given by
the equation:
xf=xt+eM (12)
Where,
€: Uniformr.v [-1, 1]
M: Mutation vector,
M; = (max(x{; —a, b — x{;) ; [a, b] = range of j"" dimension

According to GEA, the probability of mutation is given by the following:
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M) (13)

Tmax—t

p=cx*ln (
Where,
Tinax: Max number of generations
t: current generation
c¢: 0.2 (constant)
The above equation shows that the probability of mutation increases as the generations pass, thus it helps
ensuring that the solution does not settle around the local maxima / minima.

3. Local: As before, the local search provides the necessary exploitative dynamics and can be given as follows:
xf=xt"1+ el (14)
Where,
L: Local search vector
L; = 0.1(b — a); [a, b] = range of j™ dimension
Similar to the mutation vector, the local search functions similar to the mutation except that it serves to find
a solution around the current best unlike mutation, which helps to find a new solution around the unsearched
territory.

Again, the probability of local search is given by p defined by equation (13).

GEA Algorithm
Objective function J(x), x = (xy, ..., xg)7T

Initialize locations x;, define parameters ¢, M, L
Evaluate the initialized positions

Select the best individual x,

a > w N

While (t<max number of iterations)
Update p;

For each individual:

Make crossover to generate a new individual x}
If (rand <p)

Make mutation for x{
End if
If (rand <p)

Make local search for x!
End if
If (f(x;) < f(x"))

Accept new solutions
End if
Find current best X"

6. End while

Figure 3 - Pseudocode - GEA Algorithm
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2.4 Test functions

To evaluate the above methods, we shall test the above algorithms on six test functions as below and verify how
quickly each tends to arrive at the real global optimum value.

Table 1 - Test Functions

Functions Function Name Expression Domain
F1 De-Jong’s Sphere function D [-100, 100]
w - f@) =)
. i=1
]
100 100
F2 Schwefel 2.2 function b b [-15, 15]
G = Y bl + | [
30 i=1 i=1
20 4
10 +
0
F3 . 12[ (xi)+§: 7 [-15, 15]
fx) = | cos 7 /. 3000
i=1 =1
F4 Rosenbrock’s function b1 [-15, 15]
! G = ) 100 Gy = xP)? + (= 1
d i=1
F5 D [-5.5]
f(x)=D=*10+ z:(;vci2 — 10 * cos(2mx;))
i=1
F6 Michalewicz function 22\ 2™ [0, 4]
f(x) = —{sin(x) [sin <?>]
1 Zyz 2m
+ sin(y) [sin <?>] }
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For all of the above functions, our goal is to evaluate the point or points at which, the value of the above functions
is at a minimum. We can visualize the above test functions as per the below fig. 4. For the purpose of visualization,
we contain the number of dimensions to three at max since, for greater dimensions, we are unable to see the working
mechanism of each in detail.

2.5 Parameterization

Before simulating the above functions, we first need to set appropriate parameters to ensure that our algorithm
works in an efficient manner. The parameters for each algorithm are taken from literature. For PSO, we consider the
parameters as follows [4]:

Parameter Value
B 15
y 0.9
0 0.7
Qg 15
a a *yt

Similarly, the parameters for BA are given as [2]:

Parameter Value
Qmin 0
Qmax 2
a 0.97
y 0.9
0.7
o 0.1 * (ub — Ib)
A 0.95
p 0.6
For GEA, we use the parameters as follows [4]:
Parameter Value
c 0.97
B [0, 2]

10
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2.6 Test Results

RELAY-FEEDBACK IDENTIFICATION USING GEA

Using the above parameters for each algorithm, the functions are simulated in MATLAB from which we obtain

the results as per the below table®.

Functions

Results Minima

D Jong's Sphere function

F1

Error results
o GEA optimization
< PS0 Optimization
BAT Algorithm

i (0,0,0)

E—

B owomom
ne of iterations

Schwefel 2.2 function

F2

Error results

- EEAnpiimu-mi
= PSO Optimization |
BAT Mgorithm |

minima

(0,0,0)

no of iterations

Griewangk function

F3

Error results
- GEA optimization
+- P50 Opiimization
BAT Mgorithm ||

minima

(0,0,0

2 an l.! I‘s .‘.ﬂ -
no of iterations

LIt must be noted that the results obtained in the table refers to a single random observation. Nevertheless, the
results displayed correctly reflect the observations obtained over a wide number of simulations.

11
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Rosenbrocks function 3 Error results

= GEA optimization
=~ PSO Optimization
BAT Algorithm

minima

Fa (1,1,0)

na of iterations

Rastrigins function . Error results

B
F5 B (0,0,0)

Michalewicz function - Error results.

e 3 _ (2.2,1.57,-

1.8013)

W ®W om oM
o of iterations

From the above observations, we see that the algorithms perform similarly for unimodal functions. For
multimodal functions F3, F5 and F6, the algorithms GEA performs better than BAT and PSO especially due to the
presence of the mutation operator which helps to prevent the algorithm getting stuck at its local optima. Furthermore,
to enhance the capability of GEA to not get stuck at local optima, it is necessary to tweak the mutation and local search
operator in such a way as to perform the mutation and local search on each dimension individually and not on all
parameters as a whole. This can be done by modifying equations (12) and (14) as follows:

x{ = x{ + eM;.x (rand(1,j) < p) =

And,
xf = xt"1 + eL.x (rand(1,)) < p) (o)

The above modification is quite important in the case of multimodal functions wherein, the solution tends to get
stuck in a local optima as the combined mutation approach renders it difficult for the solution to move all at once, but,
when done individually for each dimension, there is a greater chance of finding a different solution. Without this

12
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modification, the next tasks of system identification are fruitless as the solution rarely reaches its optimum value.

In conclusion, we see that the GEA algorithm works extremely well for unimodal as well as multimodal functions
and hence we can confirm its suitability for usage in the next part which involves system identification.

3 Relay-based Feedback Identification

With our optimization algorithm working, the next step is to apply this same algorithm in parametric
identification of a dynamic system. In the part the goal is to perform black box identification of a dynamic system
applicable to a wide range of processes. The main advantage of black box identification is the fact that this approach
necessitates no knowledge about the physical system, but rather, uses the experimental data which includes inputs and
outputs and a certain defining factor in terms of the cost function to identify the system to a reasonable accuracy. In
this case, the ITAE (Integral Time Absolute Error) Method will be used as a criterion for the cost function. With
system identification, the end goal is to find an accurate model of the process so as to control it correctly. In the later
section, we shall use the model identified from this section to tune our PID controller which will be used to control
our process.

3.1 System Schematic
The schematic of our system can be seen in the below figure.

Ym
Model
—
M(s)
w e u y
Relay Process

Figure 4 - Experimental Block Diagram Using Simulink

The above figure shows the process G(s) that we wish to identify and then control. The input u is given by the
output of the on-off relay which is used to generate sustained oscillations within the closed-loop system as proposed
by Astrom and Hagglund [6]. Once the closed-loop system is running automatically, we use the output from the
controller ‘u” and feed the same as input to our model Gu(s) which, we consider to be a Second Order Plus Time
Delay (SOPTD) model which is required to represent the dynamics of the actual process which we are trying to control.
The reason for using an SOPTD model is that it can represent almost any linear system. As explained by Ramakrishnan
and Chidambaram, the SOPTD model can incorporate various processes such as under-damped and higher order
processes in which case, an FOPTD model is not sufficient [7]. Furthermore, SOPTD models can also be used for
unstable processes in which case, an FOPTD model is not sufficient.

Thus, by knowing the input *u’, the outputs ‘y” and *ym’, we can proceed with identification of the process.

13
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3.2 Problem Statement

&__
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e
H

Figure 5 - Relay Identification Schematic

With reference to the schematic from Simulink, we proceed with defining our problem.
1. Model: The SOPTD model describe above can be represented as follows:

K (17
G [ — L
u(s) as?+ays+1 ¢

Where, ‘K’ = Process gain, ‘6’ = Time Delay, ‘a,” and ‘a,’ are dynamic constants of the transfer function.

2. Parameters: Using the SOPTD model from equation (17), our goal is to identify the parameters as follows:
X = [K, al,az,Td]T (18)

3. Cost function: The criterion for optimization can be given by the cost function J which can be given by:

Tk 2 19
1=f (ym(®) — y(©)) dt (19

Where,

vm = Model output
y, = Process output
T, = Simulation time

The above cost function uses the ITAE criterion as our optimization constraint for minimizing the error over
a pre-set simulation time.

4. Constraints: The constraints restrict the upper and lower limits of each parameter
{K,a,,a,, Tz} >0 (20)

14
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3.3 Pre-defined Processes

For the purpose of identification and verifying our identification procedure, we use a number of pre-defined test
functions describing various types of processes. These are given as follows:

Table 2 - Predefined Process Functions

No. Type of Process Function
1 Non-oscillatory Process (Lag-dominated) P,(s) = 1
277 (s + 1)(0.1s + 1)(0.01s + 1)(0.001s + 1)
2 Balanced Process P,(s) = ;4
(s+4)
3 Delay-dominated Process Py(s) = %e—s
(0.055+1)
4 Oscillatory Process P(s) = %
(0.552+5+1)
5 Non-oscillatory Process with Time Delay Ps(s) = ()(;)2 -sTq
s+1)(0.3s+1
6 Fifth Order Process with Time Delay Py(s) = e”*
(55+1)5

Each of the above processes represent a different type of process and our goal is to fit the complex process into a lower
order model which can closely describe the actual response of the systems.

3.4 ldentification Results

The results of the above identification procedure and optimization algorithm can be summarized in the table
below:

Table 3 - Identification Results for Pre-defined systems

K a2 al Td fmin i
No. Function Elapsed Time
(s) (s)
P1 = 0998 | 0.0674 | 1.172 | 0.033 0.0207 | 92.37 +33.76
1 1 +0.096 | +0.049 | +0.235 | +0.039 | +0.023
(s+1)(0.15+1)(0.015+1)(0.001s+1)
, | P2=— 0966 | 3.32 3.034 | 0.891 0.122 93,9 + 45,56
(s+1) +0.083 | 0369 | +£026 | +£0.099 | +0.049
by 1.002 | 0.00038 | 0.0823 | 1.029 0.324 135.1 + 50.1
3 = (0.055 + 1)2 +0.009 | +0.001 | +0.008 | +0.029 | +0.139
pa 1 0943 | 1.017 | 1.147 | 0.364 0.364 107.4 + 39.65
4 T 0552 +s+1 +0.065 | +0.122 | £0.107 | +0.105 | +0.105
be e 0.99 0515 | 1.437 | 1.122 0.155 107,83
5 “G+1D03s+1)2 | £010 | £0.153 | £0.114 | £0.105 | +0.107 +57,30
oo 1.022 | 109.9 1717 | 820 0.222 83.65 + 69.09
6 ~ s+ 13 +0217 | +1317 | +1.33 | +0.66 | +0.058

Each system was simulated ten times for consistency to obtain the above results. We can verify the correctness
of the above identified systems by comparing the step response and the Nyquist plot of the modelled system with
those of the real processes.

For example, a random simulation of the system 6 (P1) obtained the below step response and Nyquist:

15



Adrian Saldanha RELAY-FEEDBACK IDENTIFICATION USING GEA

Step Reponse Myquist Plot
SOPOT Mol Cutput - SOPOT Model Dutpat
Process Cuat Poocons Cutput
g |
Tima (saconds) 2 Tealids

Figure 6 - Step Response, Nyquist Plot - Process P1

We see that both the step response as well as the Nyquist plot, closely resemble the actual system which we are
trying to model and therefore, we can say that our identification is correct. Similar results were observed for the
remaining systems as well. It must, be noted that although the algorithm manages to converge quickly, it is necessary
to set the initial guess in the range selection to reasonable values. In this case the selected range for our initialization
was [20, 20, 20, 5].

4 PID Control

As stated earlier, the end goal of system identification of a dynamic process using lower order models is control.

Therefore, our goal is to achieve appropriate control of the processes described by the equations in table (2) using the
model identified in section (3).

Experiment —=—{ Model [—{ Controller

- »=| Evaluation

Figure 7 - Tuning Procedure [8]

It must be noted that all the processes described in table (2) are all stable processes. Hence our goal with control
is to firstly minimize the settling time and secondly to reduce the overshoot to an acceptable degree. For the purpose
of control, we make use of the most commonly used PID controller.

4.1 Closed-Loop System schematic
The block diagram of the controller can be shown in the below figure.

r(t) 5 e(t)

Plant; | V(1) _
Process =

I K. _:[e (r)dr

Figure 8 - PID Controller Block Diagram [9]
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The equation for the controller in Laplace domain can be given by:

R(s) =1+ % +1ps (21)

Where,

rp = Proportional Gain — P-term (Kp)
r; = Integral Gain — I-term (K;)

rp = Derivative Gain — D-term (Kp)

It must be noted that in the above figure (8), we aim to try to control the real unknown process using only the
identified model with no more information about the system.

4.2 Tuning Methods

To tune the controller is to find suitable values of the proportional, integral and derivative gain so as to achieve
our control objectives. For this, we will have to make use of a few empirical methods for controller tuning, namely:

a) Direct Synthesis Method (DS) or Lambda-Tuning Method

b) Phase Margin Criterion (PMC) based Tuning Method [10]

c) Simple Control (SIMC Tuning Method

—STd ) )
° obtained in

"ays?+aq s+1

For applying the above methods, we shall have to reduce the SOPTD Model Gy, (s) = K
section (3.4) to one of the below forms:

(Kwd)e 5Td
s2+2{wos+w3

G(s) = (22)

Where,
w, = oscillation frequency
¢ = damping ratio

or

for oscillatory processes

_ Ke™Td Aepi (23)
G(s) = ForD@srD for non-oscillatory processes

Where,
T,, T, = Time constants of modelled system

The relations for tuning the controller by the DS method [11], PMC method and the SIMC methods can be given
by the below table:

a) Non-oscillatory Processes (¢ = 1)

Table 4 - Tuning Equations (Non-Oscillatory Process)

PMC
No. Parameter DS T,>0 T,= 0
1 T,+T, T, = aq.7;
1 - p i T, =an;
rP K Tc + Td p 17
T —2y
=
=TTy 2 KT, '
2 1 = or T =
T =1/T T Kz,
T T m K
Ty =%
3 Tp T Tq = ATy Tq = ayT;
Tq = rp'Td

In the above equations, the parameter 7. is the closed loop time constant and can be estimated using a general

rule:

Tdom > Tc > Td
Where,

Tgom = dominant time constant of the process

(24)
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As a thumb rule, we shall estimate the value of t,. as: .
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_ Tdom

For PMC Tuning, the parameters y and my, refer to the phase margin and gain margin respectively. These
values are generally in the range:

g<y<§;2<ma<5 (25)
It must be noted that the PMC tuning method is suitable for an SOPTD Model only.
b) Oscillatory Processes ({ < 1)
Table 5 - Tuning Equations (Oscillatory Process)
PMC
No. Parameter DS T,>0 T,= 0
ZZTO T, = al.T‘-
1 Tp e p ! Ty = aqT;
_m=2y
1, = 20T, T KIT, 1
2 n —
1'1 Ti — T_p or - L KTC
13 =
T T my K
B
3 D TS Ty = Ay Tq = AyT;
Tq = T'p. T4
4.3 Tuning Results
The results of the tuning using the above methods are displayed in table
Table 6 - PID Tuning Results
No. Function Identified Model PID Control
Iff
0.9843
1 P1 G = F
() = 5109557 + 10385 + 1 ! |
0.94’466_0'8837S
Gy (s) = 2 i f
2 P2 3.3514s% + 2.9958s + 1 i [
.e':
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e

P iy - bt

-1.0285s :
3 P3 Gu(s) = 1.0175.————— i |
u(s) 0.0786s + 1 "

Gu(s) :

4 P4 e—0.81725 :

= 0.9469. S

0.8799s2? + 1.1987s + 1

-

0.9767. 115095

Gy (s) =

5 PS5 u(S) = 5265852 + 140625 + 1 ;
0.9773.¢~861s ;

Gy (s) = 2 i

6 P6 107.215% + 18.07s + 1 ,_

From the above output, we can conclude that the DS and PMC algorithms perform satisfactorily when it comes
to tuning the processes P1-P6 using the identified SOPTD model.

5 Identification and Control on Physical System

To verify the theory and algorithms presented in the previous sections, we apply the same concepts of
identification and PID control on a real system from the Automatic Control Laboratory.

5.1 Experimental Setup

The system which we will be using is a combination of two chambers arranged vertically in a tube with a system
of interconnecting valves. The schematic of the setup can be seen in the below figures.
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2 p Pressure Sensor
? \ ' \_._._ d p— ;E'...\.ls]..
a T el
Figure 9 - Schematic Diagram - Two Tanks System Figure 10 - Functional Diagram -
Two Tanks System

The experiment is a combination of two hollow chambers arranged vertically in a tube with a system of
interconnecting valves. Pump C1 supplies water to the upper chamber, thus, delivering a pressure head which causes
the accumulated water in the upper chamber to trickle down into the lower chamber and eventually back into the
tank. A pressure differential sensor is used to map the height of the water in the lower column. Since the upper and
lower tanks are connected to each other in series, the system is, by default a second-order system.

To perform the experiment, we need to supply an input signal 0-10V to the pump via the MATLAB / SIMULINK
software from the PC which is then transmitted to the pump which in turn pumps up water to the upper chamber Al.
From the bottom hole of the upper chamber, water trickles down to the lower tank B1. The system output is
measured in terms of the height of water column in the lower chamber B1. This output is measured by a pressure
sensor which converts the pressure head to an equivalent height of water column. Before the experiment is
performed, it is necessary to test the system for its static characteristics so that we supply the inputs and obtain the
readings at around the operating point.

5.2 Simulink Schematic Setup

Similar to the Simulink setup in section (3.2), the experimental Simulink Schema of the physical system is
arranged likewise, except that in this case, the input is not fed directly to the theoretical model, but instead is done
separately once the readings have been collected. Hence, we will have two separate schematics, one for the physical
system and the other, our Identification Schematic which uses the values from the physical system to optimize our
process model for the purpose of simulation only.

Right Cylinder: uR, yR

HPS L1

Left Cylinder: uL, yL

-D

Scope - Left

Figure 11 - Simulink Schematic - Physical system

As can be seen from the schematic in Figure (11), we supply the model with an input from our relay controller
which in turn causes the system to auto-oscillate. The input set-point 5.22(cm) is supplied to ensure that during
experimentation, the process operates around the linear area only which is around the height 5.22 cm and the outputs
of the relay are chosen so as be within the linear range. From this setup, the input to the system uL and the output yL
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are recorded from the practical setup.

Once the values are collected, these are now fed to the simulation setup (Identification Schematic) which operates
within the MATLAB / Simulink environment only. The advantage of this is that using just one reading from the
physical setup, we can simulate the theoretical model a number of times until we obtain the model which nearly
describes the unknown process. The schematic of the optimization part can be seen in Figure (12).

Figure 12 - Identification Schematic

As can be seen from above, the same input u1 which was supplied to the real process are fed to the theoretical
SOPTD model to obtain its output y,,,. By comparing the model output y,, with the real output y,, we can use our
previously described method using the ITAE criterion and the GEA algorithm to identify our system.

5.3 Identification Results
By performing the above experiment and on simulation, we obtain the identified parameters and the model of
the system as follows:

_ 1.10 (26)
Gy (s) = 376.2852+49.625+1

We shall verify the accuracy of our identified models by plotting the step response and Nyquist plot of the
SOPTD model which we have obtained and compare it with the real step response and frequency characteristics.

Step Reponse Myquist Diagram
6 08
SOPTD Model Responss
Step response - Process -
Step input 0.6
04
0.2
2
= 2 <
. g "
P £
=02
2 /
/ s SOPDT Model
& * w=0.1rad/s
* w=02rad/s
g w=0.4rad/s .4 -
* w=0.05rad/s
o 08 . P L
o 20 40 60 80 100 120 140 160 180 =2 = Real Axis ax
Time (seconds)
Figure 14 - Step Response - Model vs Real Figure 13 - Nyquist Plot - Model vs Real

We can see from the above step response and the Nyquist plot that the modelled output closely matches the real
results process and therefore we can conclude that our identification method works correctly.
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5.4 PID Control
Using the above-identified models, we proceed to control the processes using the PID control methods detailed
in section (4.2). The tuning parameters for control of the identified process from equation (26) are as follows:

Table 7 - PID Tuning Parameters - Physical System

No. Parameter DS PMC
1 Proportional Gain, rp 3.36 3.36
2 Integral Gain, ri 0.07 0.07
3 Derivative Gain, rd 25.48 25.48
PID Control of Real System
5
g
3
g : - Setpoint =5
i : ~—— Process Output - Using DS Mathod
' — Process Output - Using PMC Method
I| Process Output - Real System
& 3 Tirr;‘t(s} 2 = B

PID Control of Real System

Setpoint = 2
— Process Output - Using DS Method
—Process Cutput - Using PMC Method
Process Output - Real System

= = = -

Process Output yit)

Time tis)

Figure 15 - PID Tuning of Two-tanks system — Simulated vs Real

The figure (15) shows the PID tuning results of the physical setup. As we can see, the control results of the
physical system are closer to the simulated results in the second case, when the set-point is 2 (cm) as compared to
when the set-point is 5 (cm). This discrepancy can be due to the fact that the theoretical simulation assumes that the
system is perfectly linear and doesn’t take into account the effects of saturation on the pump output. This results in a
large overshoot when the set-point is increased which is a result of integral wind-up effect in the pump. The overshoot
can be reduced suppling a setpoint of lower magnitude around a region nearer to the operating point, or by re-
simulating the process by taking into account the pump saturation.

6 Conclusion

To sum up the above concepts, we have briefly discussed three important topics namely Optimization,
Identification and Control. From section (2), we have evaluated the possibility of using GEA with the afore-mentioned
modifications as an effective strategy for non-linear optimization problems. The advantage of this algorithm lies
mainly in its inherent simplicity in execution and its versatility in solving multi-modal optimization problems as
compared to the other available algorithms which often remain stuck at the local optima rather than finding the global
optimum value in a given search-space. The method was later used in section (3) and applied to a task involving relay-
based identification of a dynamic system and from the results in section (3.4), it was confirmed to correctly model the
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unknown system. Post identification, the process was correctly controlled via simulation using a PID control and with
the help of the DS and PMC tuning methods both of which used the identified SOPTD models from identification to
effectively control the process. Finally, the results of the complete identification and control using our optimization
approach were correctly verified using a real system.

The above methods thus serve as an effective and efficient means of identification and control of unknown
processes. Further research into this topic can include application of the GEA algorithm for Model Predictive Control
as well as looking into different approaches for optimization like TABU Search [12] or SOMA optimization method
or Hybrid Bat Algorithm with Harmony Search [13].
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Abstract: This paper describes the implementation of the relay shifting method for model identification
and determining of PID parameters for practical use in process control. For the purpose of this paper,
the programmable logic controller Tecomat Foxtrot was used together with the Mosaic development
environment. The whole process consists of approximating a controlled system with a second order time
delayed model called a SOTD model using the relay shifting method. The PID parameters are then
determined from a SOTD model and are used for process control. Emphasis is put on the possibility of
simple and effective practical implementation, which enables quick and sufficiently precise determination
of the PID parameters for system control. The outcome of this work is the PLC project library together
with an easy-to-use function block diagram with a built-in PID controller. The advantage of this method
is its versatility, which enables its use even for systems with time delay. A demonstration of this method is
given using simulated model as well as real laboratory systems.

Keywords: system control, model identification, PID parameters, autotuning

1. Introduction

Due to rapidly expanding automatization in every industrial sector, great focus is put on fast and sufficiently precise
implementation and settings of individual parts of the systems. PID regulators play a large role in industrial
automatization. Settings of these regulators might be time consuming and may not offer satisfying results. PID
regulators are quite robust, therefore the process can be relatively well controlled, even with nonideally set
parameters. However, this might bring extra financial cost, such as higher energy consumption or decreasing
lifespan of equipment. For these reasons, it is necessary to conduct further research on the issues of PID controller
autotuning. In this paper the application of the relay shifting method for model identification and PID tuning is
presented. The method is implemented into PLC Tecomat Foxtrot (Teco a.s, Kolin, Czech Republic).

2. System identification

The first step of the presented method is the identification of the controlled system and its approximation using a
SOTD model. Firstly, using the shifting method described in [1], two points of process frequency response G(jw:)
and G(jw,) are determined (see Fig. 1). Based on the knowledge of these two points, the second step is the
approximation of the system in the form of a SOTD model using the Least Squares Method.
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Nyquist Diagram
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Fig. 1. The Nyquist frequency characteristic with two determined points

2.1 Relay Shifting Method

This method, presented in [1], is based on the use of asymmetrical relay for process control in the proximity of the
operating point. A stable oscillation with period T, after the stabilization time of T_ is prerequisite. Fundamental
frequency can be determined by:

w, = 2m/T, @
and the second harmonic:
W, = 2wq 2

For the purpose of using this method in real-world systems, T, is considered to be the time after which 3 subsequent
oscillations take place. These meet the following criteria:

e Difference from mean of 3 consequential periods must be lower than 10%.

o Difference from mean of maximal y values from 3 consequential periods must be lower than 10%. Where y is
the system output value.

o Difference from mean of minimal y values from 3 consequential periods must be lower than 10%.
The first point is calculated as [1]:
ftHTp y(t)e J®1tadr

Gy =
(w1) ftt+Tp u(r)e-iwztady

@)

The second point is determined as [1]:
T .
ftm’” <y(r) +y (r - 7”)) e Jw2tady

T, .
ftHT” <u(r) +u (‘r - 71”)) e~JwaTady

(4)

Gljwy) =

Where u is the manipulated variable. The approximating SOTD model is then identified in the form of [1]:
K-e 5T (5)
2'S2+a;-s+1

M =7

Which can be rearranged for non-oscillating systems into the form:
K- e 5T (6)
(T1'5+1)'(T2'S+1)

M) =
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2.2 Computing transition parameters using Least Squares Method

The Least Squares Method is used to determine the parameters K, a, and a1 from the (5) equation. The term e~*7d
element in equation (5) is represented by the Euler formula. By the equation (5) and the points G(jw:) and G(jax)
and the subsequent decomposition into real and imaginary parts, we obtain the equation (7), see [4]:

Z-0=¢ (7

where:

[cos(w 1Ty Ry ‘Wi I+ wq
=|
|

—sin(wy ' Ty) I-w? —R;-w, ®)
cos(wyTg) Ry w? Lrwy |
[—sin(w, - T,) L-w? —Re w, ]

Z

K
0 =|a,]| (9)
| ]

R
_|h
ST R, (10)
| [ |

R1, R are real parts of points G (jw,) and G(jw,). And Iy, I, are imaginary parts of these points.

The known maximum time delay Tomax is divided into 500 parts, for each of which a calculation is conducted using
the Least Squares Method. Tomax iS estimated as the mean of possible time delays Ta1, Ta2, Tas (Se€ Fig. 2) increased
by 10% to minimize possible error.

— T . -17T ,
0=2Z"-2)'2"-¢ (11)
By applying the criterion “Sum of the squared residuals” determined according to:
Kr =ET -E, (12)
where:
E=¢-Z-0. (13)

The desired solution must meet the following conditions: a, > 0, a; > 0. These conditions are valid for a stable
system.

voltage[V]

0 20 40 60 80 100 120
time([s]

Fig 2. Possible Time delays

2.3 PID Tuning Methods

The identified mathematical model (5) is used to determine the PID parameters of the regulator in use. To ensure
versatility, 3 methods of regulator tuning are used. For the purpose of optimization regarding the speed of PLC
computing, emphasis is put on simplicity of the calculation. The method described in 3.1 or 3.3 are used for systems
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with time delay, based on PID parameter suitability. For systems identified without time delay, the used method is
3.2. The PID controller is described by the formula (25).

2.4 PMC - Phase margin criteria for models with time delay

Based on the identified parameters K, 4, a,and a4, it is possible to determine the parameters of PID regulators for a
time delay system in the following manner [2]:

s
TR e
To =041 T; (15)
Tq=0Q"T; (16)

2.5 PMC - Phase margin criteria for models without time delay
This method is suitable for system in form (5) identified without a time delay. Determined parameters are [4]:

= : 1
=g (16)
where T, is wanted time constant and was chosen as
T, < L
v Re —a; +JaZ —4-a,)\| 17)
2 : az
To=0aq"1; (18)
Tg=0ay"1; (19)

2.6 SIMC tuning method

This method is suitable for non-oscillatory time delayed model in form of (6). Determined parameters of PID
regulators are [2]:

0,5 (T, +Ty)
A S 2
To K1, (20)
Ti = Tl + Tz = al (21)
T;
Ta="T"TT, (22)
1+-2
T1
where
T, =0
i = 7 (23)
T, =2 24
a=7 (24)

3. Implementation

Implementation is carried out in the Mosaic programming environment for PLC Tecomat Foxtrot. It is divided into
three parts. The principles of the first two parts — identification and calculation — are explained in chapters 2 and 3.
The third part is feedback control. During programming, emphasis was put on speed of calculation with regard to
PLC performance, and also on user-friendliness, specifically on easy implementation into PLC code. The
identification and calculation parts are carried out only once. After that, the PLC switches to the control part, where
it remains until manual reset.

The user can utilize the PLC program in the form of function block diagram (see Fig. 3), where it is necessary to
enter the input parameters.
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Fig. 3. Function block in Function block diagram

Where:

Uo is the input manipulated value for the operating point

uDeltaHigh and uDeltaLow are relay deviations from the operating point
u_min and u_max are limitations for input saturation

exec starts the program.

The identification part consists of a state machine with three states. In the first phase, resetting of variables is
ensured. In the second phase, the stabilized value of the output quantity in the operating point is deducted. The third
phase is the measuring itself. The values of the input u and the output y are saved in periods into memory buffers
every 20 ms. This sampling period was set as lowest safe time considering the PLC’s cycle time. In the event of
buffer overflow, the sampling period is automatically adjusted. After the criteria are fulfilled for 3 consecutive
periods as described in chapter 2.1, the identification part is complete. With regard to the PLC registry memory,
only the last three periods are retained.

In the calculation part, the calculation of points from chapter 2.1, deduction of Tpmax, and subsequently the
calculation of the SOTD model using the Least Squares Method from chapter 2.2 take place. After that, the PID
parameters for the regulator are determined as described in chapter 3. Since the PLC has a limited computing
performance and, at the same time, must control processes in other technologies, the most straightforward
calculations were chosen, especially when determining the PID parameters. The constant N for the PID regulator
(25) is set to 10 as recommended in [3] and the time constant Ty for the first order filter (26) is then also determined
in this part. The filter is put into operation during the start of the control part. It was implemented into the
controlling to optimize the course of the output quantity y. After the computing part is completed, buffers and other
calculated parameters are uploaded to an SD card for further analysis and the PLC switches to the control part,
where inbuilt blocks of the PID regulator and first order filter are utilized.

U(s) =T0'E(S)+L-E(s)—L-Y(s)
S'Ti l'S-I—l (25)
N
My () = Tr-s+1 (26)

In Fig. 4, the functional block of the controlling part is depicted using a Simulink scheme.

h 4

Controlled_System

control part block 'u

W "D "PIDGs) ] ST .E

Fig. 4. Controlling part of Function block
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4. Experiments

The presented method has been successfully tested on several simulated systems, one of which will be presented
here. The tests were also performed using an actual laboratory apparatus.

4.1 Simulated experiment

The test was conducted on a system using the following transfer function:
2

MSl=(s+1)-(1.5-5+1)-(2-s+1) (27)

The system (27) was used in Tecomat Foxtrot simulation mode with results presented in Fig. 5,

simulation
:

= =Y
Error

voltage[V]

~

(-
i |||

]
lI

0 50 100 150 200 250 300
time[s]

Fig. 5. Course of model identification and process control

Where:

y is the controlled variable

Error is the simulated disturbance
u is the manipulated variable

w is the desired variable

The process in Fig. 5 is separated into 3 sections by horizontal lines at the times of 86s and 156s. In the first section,
system identification using asymmetrical relay takes place. In the second section, the calculation part takes place
where two points of frequency response are determined based on the measurement from the first section, then the
model in the form of (5) is calculated. Based on this model, the PID parameters are determined. In the third section,
feedback process control takes place. After the stabilization of y on the desired variable w at the time of 175s, the
desired variable w increases from 7 Volts to 8 Volts and, at the time of 188s, it decreases to 6 Volts. At the time of
216s, the disturbance Err will appear for the following 20 seconds. It is evident that the variable y is controlled
successfully as it always stabilizes at the desired variable w.

The transfer function (28) was identified as an approximation of the simulated system.

1.91- g~/ @048
M, =
U =461 (G-w)?2+376j w+1 (28)

The original transfer function (27) is then compared with its identified approximation (28) in Fig. 6.
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Nyquist Diagram
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Fig. 6. The Nyquist frequency characteristic comparation for simulated system and its approximation.

According to Fig. 6, it is evident that the approximation (28) describes the simulated system (27) precisely enough
and it is possible to use this approximation for PID parameter determination.

The PID parameters were calculated based on calculations described in chapter 3. Based on equations (14), (15) and
(16) the results are: ry=3.23 r;=0.86s* and ry=3.95s.

4.2 Experiments produced on real systems
For testing purposes, the laboratory apparatus called “air aggregate” (see Fig. 7) was used in two different settings.

= toa,
air flow:-@-—-—{7--— i

U
== 5

Fig. 7. The laboratory apparatus “Air aggregate”. 1-fan, 2-flow meter, 3-light bulb, 4-thermistor

For the first test, the airflow setting was used where the manipulated variable u is the voltage on the fan and the
controlled variable y is the voltage on the flow rate meter. For the second test, the heating setting was used where the
manipulated variable u is the voltage on the light bulb and the controlled variable y is the voltage on the thermistor.
The fan is used as a disturbance for the second test.

In Fig. 8, the courses of presented method used on air aggregate in airflow mode are presented. The controlled
variable y is the voltage on the flow meter, Error is the simulated disturbance on variable y, u is the manipulated
variable and w is the desired variable. The process in Fig. 8 is separated into 3 sections by horizontal lines at the
times of 236s and 309s. In the first section, system identification using asymmetrical relay takes place. In the second
section, the calculation part takes place where two points of frequency response are determined based on the
measurements from the first section, then the model in the form of (5) is calculated. Based on this model, the PID
parameters are determined. In the third section, feedback process control takes place. The identification section takes
longer than during the simulated experiment because of the conditions described in section A of chapter I1I. were
met after 12 periods. It is apparent that in the feedback control section, the system was controlled successfully.
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Fig. 8. Course of model identification and process control of the air aggregate with airflow setting.

Results of the test carried out using the Air aggregate laboratory apparatus with heating settings are presented in Fig.
9.
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Fig. 9: Course of model identification and process control of the air aggregate with heating setting

The controlled variable y is the voltage on the light bulb, Error is the voltage on the fan creating disturbance, the
manipulated variable u is the voltage on the thermistor and w is the desired variable. From Fig. 9 it is evident that
the apparatus was successfully identified and controlled.

The duration period is affected by system speed and process stability. The simulated system was identified fastest
because the system is not burdened by disturbances, therefore the conditions for measuring termination described in
section A of chapter 2. were met immediately.

5. Conclusion

Although it is necessary to further test the procedure before implementation in practice, as well as complete the error
handling system, it is possible to state that this procedure has potential for practical use. Tests were conducted on a
simulated system of 3 order and on two actual laboratory apparatuses, where the system was successfully
identified, the PID parameters were determined and, subsequently, the system was successfully controlled. The next
focus will concentrate on testing and the eventual changes in determining PID parameters to ensure the highest
possible versatility of use. Time will also be given to ensure automatic settings of sampling time regarding PLC
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cycle time. The next steps for accuracy improvement and higher versatility will be carried out in the identification
part.
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Abstract: This thesis work was assigned by Czech Technical University in Prague, further CTU. It is a
leading technical University in Czech Republic, located in the country capital, Prague. The purpose of this
study is to investigate the stresses and displacements in human eye and instrument during endoscopic
procedure. The results of the calculations will be used on developing the instrument for ophthalmic
operations. In the process, the eye is penetrated by a needle-like endoscope to visually study the inner parts
of the eye before or during the actual surgical operation. The need of further knowledge, especially in the
behavior of the eye and the instrument, is still gathered. Because of fairly complicated nature of the
interaction between viscoelastic human tissue and metallic material. Recommendations for future research
on this field are made.

Keywords: ophthalmology, endoscopy, FEA, biomechanical engineering, optomechanics

1 Introduction

The story of ophthalmic applications of endoscopy can be dated time between the great world wars. In year 1934
procedure was first described by Dr. Harvey E. Thorpe, a native Latvian who immigrated to US in Pittsburgh in 1906.
According to Pittsburgh Opthalmology Society [1], Thorpe received his bachelor degree from electrical engineering
and did his post-graduate work in ophthalmology in New York City. As a true interdisciplinary, Thorpe designed an
instrument which combines Galilean telescope and an illumination source. The whole instrument shaft (6.5 mm) [2]
was inserted to eye thru 8 mm scleral incision.

Thorpe’s design was revisited in 1978 with slight modifications by J.L Norris & G.W Cleasby. These two
gentlemen, mentioned previously, improved [3] the original design with smaller rigid shaft (1.7 mm). In 1990, V,V
Volkov et al. [4] introduced three types of flexible ophthalmo endoscopes which could be used directly to examine
the interocular structures. Soon after the laser units where implemented to the endoscopes [5] and therefore, made
possible to proceed surgical operations with the same instrument. From that point the prototypes had developed
rapidly. All the components had been optimized and the image resolution had improved significantly [6].

Late in the autumn 2019 Dr. Ho3ek suggested me this topic because of my earlier knowledge and interest for
finite element analysis. They had a problem with ophthalmic endoscope in developing. They wanted to improve the
endoscope structure by making it more compact and provide better resolution image. During this process they faced a
problem with the mechanical endurance of the optical part of the endoscope. Therefore, there was a need for study
how much the critical parts can hold a load during the operation. This is done in order to optimize the design without
having to compromise between the wanted qualities and strength.
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2 Review of the study

Because of the fairly complicated mechanical system of mechanical tool which is interacting with organic tissues
is the issue. This makes the study particularly interesting in a simulation point of view. Finite element method had
been increasingly applied to biomechanical problems since late nineties. In twenty years the most successful
biomechanical applications have been in the field of fracture mechanics of the human bones. These studies are done
in the field of fracture mechanics. Mainly because of the solid material knowledge, the method has been successfully
applied. These studies have helped researchers to understand the human bone fracture mechanism. On the contrary,
the interaction of nonbiological and biomechanical structures has been studied far less. Main reason for this has been
the limited computational power. Increasing computational capacity and improved algorithms allow us to study more
and more complicated systems without sacrificing the accuracy to the simplifications.

For modeling the operational use of an ophthalmic endoscope, we are using the finite element method. It is a
numerical method for solving partial differential equations in boundary value problems. In order to solve extremely
complicated systems and the interactions between different bodies, this method subdivides a large system to a finite
number of small elements. These elements are solved individually and they finally form a system of algebraic
equations. The simple equations that model these finite elements are then assembled into a larger system that covers
the entire problem.

The main target of this study is to study the stresses and displacements during ophthalmic surgery. The results
of this study could be used for the development of the instrument for ophthalmic operations. The interest is, especially,
in the optical part of the instrument and its capability to withstand external loading. The final output is to find the
simplest model as possible with the highest possible accuracy.

2.1 Ophthalmic surgery

One of the main problems in this study is that it is controlled directly by the surgeon's hand and therefore the
range of operational loading is wide and hard to define. During the ophthalmic operation, the surgeon needs to move
the endoscope inside the eye in all directions. Even though the human eye is a very fragile organ and therefore requires
extreme care during the surgical procedure, there might occur some forces high enough to damage the weakest parts
of the instrument structure.

Although the ophthalmic endoscopes have been around for 1934. According to Marra, K et al, the popularization
of ophthalmic endoscopy has been promoted by recent technological advancements that increased the number of
indications for endoscopy [6]. Dr. Martina Nem¢&okova who is a doctor of Opthalmology from Charles University said
that according to their experience the endoscopic examinations are mainly done for infants where, because of natural
reasons, every move is done with high care [7]. Even though that the endoscopic view provides two fundamental
advantages it is a relatively rarely used tool in ophthalmological operations. These advantages are: firstly, it reaches
areas which are normally not so easy to examine because it passes anterior segment and it eases the visualization of
anterior structures such as ciliary bodies and sub-iris space. Together these two advantages provide a steady base for
surgery. From the following figure (1) we can see the scheme of ophthalmic operation with an endoscope.
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Figure 1. Schematic picture of endoscopic examination [8]. (Némcova. S, Presentation. Modified)

2.2 Finite Element Model

In this study, we will create a model and we increase the model complexity in phases by increasing the number
of non-linearities until we meet the measured values. We will compare the results between several models and
subsequently our results will be compared between each other and with the results of similar cases, previously
published in the literature. The model will be executed as a multibody model which means that part of the boundary
conditions is in the interactions between the different bodies. The definition of these boundary connections will be
found by iterative means. The most critical one is the interaction between the endoscope needle and the combined
body of sclera, choroid, and retina. In this study, we are simplifying these previously mentioned parts into one and
assume that they act as one unit under applied stress.

From the figure (2) we can see the CAD-model of the eye we are going to use in the analysis. From the table (1)
we can see the mechanical properties of each body in the model.

Figure 2. Eye model
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Table 1. Mechanical properties of the eye model.

Tissue E (Pa) Poisson’s C10(Pa) D1 (Pan-1) k (m/s) Source(s)
ratio
Choroid | 6,00E+05 0,49 100671,1  2,00E-07  5,00E-13  [9,10]
Cornea | 2,90E+05 0,42 51056,34  3,31E-06  2,20E-11  [11,12,16]
Lens 8,20E+05 0,47 1394558  4,40E-07 1,10E-12  [13,14]
Sclera | 2,35E+06 0,47 399659,9 1,50E-07  6,37E-11  [9,12,18]
Aquenous | 0404 0,49 7047 2,90E-06  1,00E-03 [15]
humour
Vitreous | o oE+04 0,49 7047 2,90E-06  1,00E-03 [15]
humour

In the following figure (3) is named all the major parts of the human eye. Dimensions for annotations presented in the
figure can be found in the table (2).

Posterior cavity /'
Anterior cavity l 10.
Vitreous gel
2.
> 1.
Retina
Choroid
- Sclera

Figure 3. Main parts of human eye [19] (Clusters. E, home page, modified)

In the following table (2) we are presenting the characteristic dimensions of the eye. The CAD-model is based on the
following values.
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Table 2. Characteristic dimensions of human eye.

Annotation  Dimension Unit Source
1. 24 mm [20]
2. 16 mm [20]
3. 3,5 mm [20]
4. 3,3 mm [20]
5. 0,5 mm [20]
6. 7,7 mm [20]
7. 6,8 mm [20]
8. 6 mm [20]
9. 11 mm [20]
10. 0,94 mm [21]

In the table parameters C;, and D, are representing the neo-Hookean constants derived from the Young’s modulus
and Poisson’s ratio data. Constant k represents the hydraulic permeability, which is a constant connected to the
viscoelastic material model to capture the liquid flow in the porous material. Calculation method for constants C;, and
D, are presented after next chapter.

Mooney-Rivlin models were introduced by Melvin Mooney in 1940 whom theorem was expressed in terms of
invariants by Ronald Rivlin in 1948 [22,23]. It is important to realize that the Mooney-Rivlin model does not give
any specific insight into the material behavior. Mooney-Rivlin is a curve fits of polynomial to test data. The
numerical values of coefficients are results from the curve-fits. These coefficients are given to the FE analysis and
they define how stiff the material is under the applied load. Hyperelastic models are defined thru a strain energy
potential. Sometimes term strain energy function is used. strain energy potential is commonly denoted as (W) and it
can be expressed as a function of the main strain invariants as following,

W = W(II’IZ!IS)' (1)
Equation 1. Starin energy potential as a function of invariants [24]
If we assume that the material is isotropic then the I term always equals 1. This is because when the e = 0 the A =

1. This is caused by the initial assumption of isotropic material. From following equation, we can see why the third
invariant is one,

V\? 2
L=#-5%=(;). @
0

Equation 2. Third invariant [24]
In equation (3) the Vl represents the volume ratio. The rest of the invariants are expressed as following (3 & 4),
0
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L=2+23+23, (3)
Equation 3. First invariant [24]

111 %)

I .
R

Equation 4. Second invariant [24]

As we can see from the previous equations (2,3 & 4) the main invariants are defined by stretch ratios (1) which are
the ratios of initial lengths in the local principal directions (1, 2, 3). The stretch ratio can be expressed by the help of
the relative strain, commonly known as an engineering strain.

A=14&pny (5)

Equation 5. Strech ratio expressed with the help of engineering strain [25]

In the previous equation (6) the sub note (eng) indicates the engineering i.e. relative strain. The polynomial form is
based on the first and second invariants and its general form can be seen in following,

4 . w1 ©6)
W=ZCU'(11—3)1'(12—3)]+ZD—1'Ue1—1)2k
=1

i+j

Equation 6. Strain energy potential in a common form for two term Mooney-Rivlin. [24,25]

Even though the majority of the material models are to be taken from literature, we need to make some material
testing to cover our assumptions. Because we are assuming combined bodies in the eye main structure we need to
define the combined material properties. This can be done by using nanomechanical testing. This method is mainly
used when defining elastic properties for biomaterials and soft tissues. The method is called quasistatic
nanoindentation and it is usually used to define the common elastic properties like Young’s modulus and Poisson’s
ratio. From those measured properties we can calculate the visco- and hyperelastic Mooney-Rivlin’s two first constants
and compare them to values previously published in related literature. The method of calculations is presented in the
following formulas (1 & 2).

K @)
Cio= =
10 2
Equation 7. constant C;, first Mooney-Rivlin term [26]
A ®)
D, ==
)

Equation 8. constant D; Second Mooney-Rivlin term [26]
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Where 1 and u are called Lamé coefficients. They can be derived from bulk modulus by using following formula.

2
B=4i+-u ©)
3
Equation 9. Bulk modulus writed in terms of Lameé first and second coefficent [26].
Where B can be written in a terms of Young’s modulus and Poisson’s ratio as following.
E
- (10)
3(1-2-v)
Equation 10. Bulk modulus written as a function of Young’s modulus and Poisson’s ratio [26].
Also Lamé’s first parameter can be re-written by Young’s modulus and Poisson’s ratio.
- E-v (12)
T A+v)-(1-2-v)
Equation 11. Lamé’s first parameter written as a function of Young’s Modulus and Poisson’s ratio [26].
By using these previous formulas we can solve the Lamé’s second parameter as following,
_3-(B-A) (12)

3 Future development

In the future, we will proceed with the simulation of the endoscope-eye interaction. We are expecting to found that
defining the interactions of the different bodies is fairly complicated and time-consuming. There are not much-
verified results of similar cases available and therefore we need to rely on specialist dictums and our own
perceptions when it comes to determining that boundary conditions are working correctly. The usage of the PHE
(porohyperelastic) material model is still a discretionary option. We are expecting to found sufficiently accurate
results by using the standard neo-Hookean constitutive approach in material models. For model verification, we are
going to use pigs eye. According to Dr. Nemd&okova, this is structurally really close to the human eye. According to
her, pig eyes are widely used in University teaching when the purpose is to mimic the human eye therefore it shall
be suitable in this application too. Model verification will be done by comparing the measured deformation to
simulate one.
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Abstract:  This project features SIR model to model COVID 19 situation development as a function
of various social environment conditions (government restrictions, social distancing, etc.). Such a
simulation can help people to understand the strict should be to restrictions to manage the COVID 19
situation development in reasonable way. Simulation are created via Python programming language.
The findings of this research shows, that the social distancing and similar concepts could influence the
situation in a significant way.

Key words: SIR, COVID 19, Python, social distancing

1 Introduction

There have been a pandemic so called COVID-19 [1] virus since the beginning of 2020. Countries all around
the world were decided to lock-down to stop spreading of the virus. In order to understand how behavior of
societies affect the infection, we use SIR model to describe.

SIR model [2] is compartmental models simplify the mathematical modelling of infectious diseases. The
population is assigned to compartments with labels - for example, susceptible, infective, or remove. People may
progress between compartments.

2 SIR Model

The SIR model itself was origin in the early 20th century, with an important work being that of Kermack and
McKendrick in 1927. The models are most often run with ordinary differential equations (which are deterministic),
but can also be used with a stochastic (random) framework, which is more realistic but much more complicated to
analyze. The discrete SIR model can be described by following the equations below. To find susceptibles rate in
day 7 as follows

Ste1 =8 ==bS: 1, (D

where b is the infection rate. The number of infectives can be obtained as follows
liv1 =1 =081, —aly, 2)
where the a is the recovery rate parameter. And the number of removed for every day is calculated as follows

Riv1— Ry =al;. 3

2.1 Calculation example

Consider initial population: S; = 10000, I; = 1,000, R, = 0; and model parameters: a =0.05 and b = 0.0001.
The first steps will look as follows:
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H t Sy R; bS: I, al; Sr41 I Rt H
0 10,000 1,000 0 1,000 50 9,000 1950 1950
1 9,000 1,950 50 1,755 975 17,242 3,607.5 1475
3 7242  3,607.5 1475

2.2 Python implementation

Python [3] is an interpreted, high-level, general-purpose programming language. Its language constructs and
object-oriented approach aim to help programmers write clear, logical code for small and large-scale projects.

In this work the Python is used to simulate the SIR model with various conditions. To simplify the calculations,
the Numpy package [4] is used. The Matloplotlib package [5] was used for creation of graphs.

3 Results
Default SIR
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Fig. 1: Simulated development with various settings, from top: a) SIR model with no modification; b) SIR model
with total lock-down at day 3; ¢) Mild restrictions triggered by situation worsening.

For all simulation we used the same following initial conditions: S;=9, 000, I;= 1, 000, R,= 0, a = 0.05,
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b =0.0001. Fig.1 shown results of all simulations. See from top: a) SIR model with no modification; b) SIR
model with total lock-down at day 3 - the infection rate is reduced to 0; c) Mild restrictions triggered by situation
worsening - if the number of infected increases the infection rate is reduced by factor of 90%.

Conclusion

SIR model was used to describe scenario of diseases infection by using mathematical modelling. While Python
was used to simulate graph in different scenarios. By combining these together, it helps to clarify and understand
more about how human behaviors trend of infection.

To conclude, It will take several days for this pandemics to decay especially high population countries. In
meanwhile, thoughtfulness and awareness behaviors help this pandemic situation getting better such as lock-down,
social distancing and wearing mask.
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Abstract:  Although people try hard to minimize defects in a video most of the time, sometimes it is
needed to augment or simulate them for some reasons. We created a program which can add realistic
effects to videos, including camera shake, auto focus blur, and noise simulation.

Keywords: noise, synthetic data, digital video processing

1 Introduction

More or less, videos always come with defects. In most cases, people try their best to eliminate them or
minimize the affect. Camera and lens manufacturers develop optical image stabilizer to reduce the vibration,
continuously updating their noise reduction algorithm in order to attract consumers. Film makers use tripods to
shot steady videos, adjusting the parameters in order to decrease the ISO sensitivity. However, in some cases, it
is desired to add those defect to the video. For example, if a director wants to make a filmed scene more vivid,
adding camera shake effect on it may make audiences feel like they are in the scene personally. Another common
example is old video simulation where different kinds of noise is added. Or, as the title of this paper, it it possible
to disturb an video generated by computer graphic technology, making it more realistic. This disturber may have
further application, which is generating training data for deep learning-based stabilization or denoising method.

In this paper is proposed new python package - video_flawer - to create aritificial noise-like effects in video
records. Three major effects is implemented: camera shake, auto-focus blur, and noise simulation. The program
is done by Python with the help of OpenCV and Numpy.

2 Effects

2.1 Camera Shake

The first effect is camera shake. This effect appears in almost every video which is shot by a hand-held camera
due to the inevitable minor movement of human arms. That is to say, given a steady video (perhaps a tripod
shot), our program can convert it into one with artificial vibrations as if it is recorded by a hand-held camera. To
accomplish this, the movement is first broken down into four parts: left-right (x-axis), up-down (y-axis), front-
back (z-axis), and rotation (r). Moreover, movement in each axis can be further split into rhythmic movement and
random movement. By simulating them separately as a 1-dimensional action, a smooth and realistic camera shake
effect is created.

For the four axes, identical formulas with different parameters are used to determine the quantity of the
simulated movement. Commencing with rhythmic movement, the following equation is used:

qh; =a-sin(f i) (D

where gh; denotes the quantity of rhythmic movement of frame number 7, while a and f controls amplitude
and frequency respectively. In implementation, a and f are variables which can be altered by users based on their
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preferences. On the other hand, an algorithm which composes a wave with inconstant amplitude and frequency is
developed to simulate the quantity of random movement. This algorithm takes five parameters as input, including
total frame amount, minimum value of amplitude, maximum value of amplitude, minimum value of wavelength,
and maximum value of wavelength. The program would generate waves one by one randomly based on the
parameters and concatenate them altogether until every frame is assigned a value gr;.

With gh; and gr;, total movement quantity ¢; can be obtained by simply summing them up as:

qi = qhi+qr; )

For each axis, a unique sequence ¢ is generated, and a corresponding affine transformation matrix is then built

to express either translation, scale operation, or rotation. In the following equations, M, ;) and g ; denotes

the transformation matrix and movement quantity of axis a, frame number i respectively. For x- and y-axis, the
following matrixes are used to express translation:

10 x,0

M(x,i) = [0 1 q(o’ )] (3)
1 0 0

ool V)| @

For z-axis, scaling is used to simulate the front-back movement, and the following matrix is used to express
the operation:

s 0 0
M) = 0 s 0] )
where s denotes the scaling factor
s=(100+¢(,;))/100 6)

For rotation, the following matrix is calculated in order to rotate the frame by ¢, ;) degrees around the center
point:

l—a)-cy—B-
M<”">=[—aﬁ # ,(B-C;)—(cl—(g.iﬂ ™
where
@ =cos(q(r,i) ®)
B =sin(q i) ©)
¢y = (frame width) /2 (10)
cp = (frame height) /2 (1D

After constructing the four matrixes, they are merged to M; so that only 1 affine transformation is required to
performed instead of 4.
M; = (M(x,i)+M(y,i)+M(r,i)_21)'M(z,i) (12)

After applying affine transformations on all the frames, camera shake would be successfully added to the video.

2.2 Auto Focus Blur

The second effect is lens blur. If a video is shot with auto-focus function, when the lens try to refocus, the focal
point would change and cause image blur. In this program, average blur is used to simulate this effect. An average
blur is done by doing a convolution between a frame and a n X n normalized box filter K.

111
o
(TS P
K= 13

P11 - 1

In other words, the value of every pixel in the blurred image would be the average of its neighborhood in the
original image. Therefore, the bigger n is, the blurrier the output image will be.

The intensity change is simulated by the combination of two waves: one wave with larger amplitude and longer
wavelength following with another smaller one. The idea is, when a lens tries to refocus, it would adjust the focal
length until the target object is the clearest. However, it would know that it has reached the desired point after
exceeding a little. In implementation, since the intensity should be an integer to perform average blur, the figure

would be rounded.
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2.3 Noise

It is common to see noise when watching a video, especially in the past when videos are recorded by films.
Noise are caused by many reasons and have different form. In our program, three kinds of noise simulation is
implemented, including pixel noise, line noise, and pattern noise.

2.3.1 Pixel noise

Pixel noise is an inevitable noise, and it is especially obvious if ISO sensitivity is high. This effect makes
a frame contain bright spots or randomly-spaced bright pixels. To simulate this effect, two random number is
used. The first value controls whether the pixel value should be alter, and the second value controls the quantity of
alternation. In order to make it more realistic, the RGB channel are processed separately. The probability and the
minimum and maximum of the value can be adjusted by the user.

2.3.2 Line noise

Similar to pixel noise, one random number is used to determine whether a line should be altered. However, in
the next step, two random values are required where one controls the length and the other controls the quantity of
alternation.

2.3.3 Pattern noise

Pattern noise takes an extra image as input. The image is the reference of the pattern which would be added to
the video. It should come with black or transparent background. Otherwise, unnatural edge would appear. The
program would randomly scale and rotate the pattern and put it in a randomly selected place.

Original Pixel Noise Line Noise Pattern Noise

3 Running Program

In order to run the program, 2 packages are required: opencv-python [1] and numpy [2].

3.1 Installation

Simplest way to install the video_flawer is via pip:

pip install video_flawer

3.2 Usage as utility

To flaw a video (with path ./test. mp4) with preset defects call:
python —-m video_flawer test.mp4

The output (for example /data/out.avi) file can be setup as:
python —-m video_flawer test.mp4 /data/out.avi

For customization of video defects you should create your custom config file (JSON format). You can provide
the file (for example ./my_config.json as follows:

python —-m video_flawer text.mp4 /data/out.avi my_config.json

46



Yang Hong-Bin, Matous Cejnek Video disturber

3.3 Usage in script
You can use video_flawer directly in your script with preset defects as follows

import video_flawer

INPUT_PATH = "test.mp4"
OUTPUT_PATH = "out.avi"

video_flawer . run (INPUT_PATH, OUTPUT _PATH)
The defect details can be provided as nested dictionary

import video_flawer

INPUT_PATH = "test.mp4"
OUTPUT_PATH = "out.avi"

CONFIG = {

"shift_sin_x": {
"max_shift": 3,
"frequency": 0.25

}s

}

video_flawer.run (INPUT_PATH, OUTPUT_PATH, config_data=CONFIG)
Or the defects can be described in JSON file:

import video_flawer

INPUT_PATH = "test.mp4"
OUTPUT_PATH = "out.avi"

video_flawer . run (INPUT_PATH, OUTPUT PATH, config_path="config_example.json")

4 Conclusion

In this paper the video_flawer Python package is introduced. The effects implemented in the library are
explained. Usage examples are provided. The project repository (all source codes) are accessible under MIT
license at https://github.com/matousc89/video_flawer.
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Abstract: Recherche of energy metering sensors, communication standards and systems for data storage.
From acquired knowledge data flow architecture from metering devices to SQL database was designed.
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1 Introduction

Information technologies are becoming more connected with operation technologies. This opens new windows
of opportunities. One of them is energy consumption metering and monitoring. This document serves as a quick
overview of what it takes to choose the right metering device and set up a data flow architecture.

2 Energy meters

There are many energy meters producers. In the figure below can be seen the overview of electricity meters
series with the most important properties such as output resolution and communication interface.

Measurement instrument: Installation Measurands® Output Communication interface*

Brand, series/type resolution®

IME, NEMO 86 Fixed type V, A, W, VA, PF, THD 60s RS485, Impulse

Siemens, SIMEAS Fixed type V, A W, VAR, VA PF, THD <1s Profibus, RS485

Schneider, Electrics, PM Fixed type vV, A W, VA PF, THD 60s RS485, Impulse

Simpson, GIMA1000 Fixed type V, A, W, VAR, VA, PF 1s RS485, Impulse

Yokogawa, Fixed type Vv, A, W, VAR, VA, PF <ls Ethernet, RS485, Pulse
AccuEnergy, Acuvim Fixed type vV, A, W, VAR, VA, PF, THD <ls Ethernet, Profibus, RS485, Impulse
Janitza Electronics, UMG 604 Fixed type Vv, A, W, VAR, VA, PF, THD <ls Ethernet, Profibus, Impulse
Chauvin Amoux, C.A.8335 Mobile type  V, A, W, VAR, VA, PF, THD 1s USB

Fluke, 434 Mobile type  V, A, W, VAR, VA, PF, THD 05s USB

Voltech, PM3000 Mobile type  V, A, W, VAR, VA, PF, THD <10 ms RS232, IEEE488

Load Controls, PPC Mobile type W 15 ms Analogue 0-10 volts or 4-20 milliampere
National Instruments, cDAQ* Mobile type VA <1s UsB

*the listed features are retrieved from the datasheets of the devices and are due to change in future instrument revisions

Figure 1: Overview of electricity meters [1]

In the production plant it was chosen to use PowerMeter series from Schneider Electric brand. These meters
satisfy the desired output resolution and provide information about all measurands needed. Schneider Electric offers
variety of meters starting from basic one phase energy metering using Acti 9 iEM2000, continuing with three phase
multi-function metering using PowerMeter 3000 and ending with high-end meters such as PowerMeter 5000.

Figure 2: PowerMeter 5560 [2]
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3 Industrial communication standards

With the rise of Industrial Internet of Things (110T) and Industry 4.0, Industrial Ethernet standards are flourishing.
In year 2019 Industrial Ethernet solutions were representing 59 % of newly installed nodes compared to Fieldbus
solutions being at 35 %. The most used communication protocol over Industrial Ethernet is EtherNet/IP, which
managed and developed by ODVA (Open DeviceNet Vendors Association). It is widely used by Rockwell and most
of 11oT devices. The second most popular is PROFINET (Process Field Net) utilizing Industrial Ethernet and it even
has its counterpart using Fieldbus technology PROFIBUS. These protocols are mainly used by Siemens products.
Another example, which is using both Fieldbus and Industrial Ethernet interfaces, was developed by Schneider Electric
and it is called Modbus. Modbus protocol can be communicated over RS485, Industrial Ethernet or RS232. [3]

EtherNet/IP
15%

PROFINET
14%

PROFIBUS DP
10%

EtherCAT

Other Ethernet
14%

Figure 3: Industrial communication protocols [3]

4 Data storage

Relational databases are popular choice for various systems. It is a set of multiple tables, that are linked through
relations. Each table consists of tuples (rows) and attributes (columns). This database type is usually queried and
written using Structured Query Language (SQL). It has become so popular, that relation databases are usually referred
to as SQL Databases.

The other type is NoSQL database, which refers to Non-SQL or Non-Relational database. The data structure of
NoSQL databases is much simpler as it sometimes only stores the key and its value. The simplicity allows some
queries to be executed faster than using traditional relational database.

Operational Historian is a time-series database system, which stores industrial process data. In order to do that,
it must be able to access Programmable Logic Controllers (PLCs) values. Some Operational Historians have SQL
interfaces and therefore they can be accessed via SQL queries (e.g. Historian developed by Wonderware). Others can
be accessed via dedicated Application Programming Interfaces (API), which can make it harder to connect it with
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SQL databases, but easier for cloud solutions (e.g. Historian developed by GE).

5 Proposed Data Flow Architecture

In order to read the data from energy meters in SQL database, the correct data flow architecture has to be set up.
In the factory there are 2 types of meters in terms of communication interface:

1) Impulse

These devices should be connected to PLC Modicon M258, where the pulses shall be counted. This data should
be later communicated through Modbus TCP/IP protocol.

2) RS485

Meters, which are communicating over serial bus RS485 should be connected to Gateway EGX100. These meters
should act as slaves and the gateway as master using Modbus over RS485 protocol. The data is then translated to

Modbus over TCP/IP.
—
E Production Historian

o e

PLC Micro850

Gateway EGX100

Meters

Figure 4: Proposed Data Flow Architecture

Both Modicon and EGX100 should be communicating with PLC Micro850 and it translates the data to
Ethernet/IP protocol, which can be accessed by Wonderware Historian. As this type of historian has SQL interface, it
can be queried directly from SQL database in order to fill the database.

6 Conclusion

The goal of this project was to do the research of energy metering devices, communication standards and data
storage systems. With newly gained knowledge | proposed data flow architecture, which utilizes protocols
communicated over both Fieldbus and Industrial Ethernet technology. The data gets first to Wonderware Historian
and then through SQL interface it is written into relational database, where it is ready for further analysis.
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Abstract:

This paper describes how to use CODESYS software environment for programming of a simple
application using Festo Motion Terminal (FMT) - VTEM. This application consists of controlling the
movement of one pneumatic actuator with proximity sensors using visualization in the CODESYS
software environment. Firstly the main aspects of Festo Motion Terminal - VTEM are described.
Secondly the prerequisites for use are described such as installation process of the software, packages
and libraries needed for creating an application compatible with VTEM. At last the whole applications
composition is described.

Keywords:
valve terminal, pneumatic actuator, CODESYS, Festo Motion Terminal, FMT, VTEM, structured text, ,
programmable logic controller, proximity switch, electropneumatics, proportional pneumatics, digital
pneumatics

1. Introduction

Valve terminals are widely used as a mean to use pneumatics efficiently in automation. So far the valve
terminals consisted of specific valves configured together in a cluster for one specific application. Festo Motion
Terminal (FMT) introduces a universal valve VEVM, which can switch its inside configuration and thus perform
function of different valves and components. [1] Festo Motion Terminal is a valve terminal designed to uphold the
standards of Industry 4.0 containing 4 or 8§ VEVM valves with a controller module CTMM, to which other
controller modules can be connected. In our application the higher control module is CPX-CEC-V1-S3. The
application for CPX module is created using CODESYS. CODESYS is development environment for programming
of control applications in which all 5 programming languages recommended in IEC/EN 61131-3 for programmable
logic controllers are available: Ladder Diagram (LD), Function Block Diagram (FBD), Structured Text (ST),
Instruction List (IL), Sequential Function Chart (SFC). Additionally it includes Continuous Function Chart (CFC)
which is evolution of FBD, which allows multiple function blocks to be connected. In this application ST and CFC
were used.

Application shown in this paper will allow for manual and automatic (sequence) control of one pneumatic
actuator with two end position proximity sensors. This document can serve as a guideline for the necessary software
installation and creation of code for basic FMT application.
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2. Specification of Festo Motion Terminal (FMT)

Structure

FMT design

Conceptually we can divide the FMT into 3 parts: control, pneumatic and input modules. Higher control is
provided by CPX module (PLC), which is connected to CTMM controller. The CTMM provides communication
directly for FMT terminal (the valves) and also CTMM is where the main air supply with fitting for tubing and
main exhaust port with silencer are located. Single universal valves and CTMM are connected pneumatically and
electrically via the manifold rail VABM. The manifold also connects CTMM and input modules electrically. On top
of the manifold there is certain number of connection ports. Into these ports the valves and input modules are fitted.
Leftover ports are covered with cover plates. Unused ports are covered with blanking plugs. [1]

J—

CPX modules CPX
Controller CTMM
Valve body VEVM
Identification holder ASCF
Cover plate VABB
Input module CTMM
Cover cap ISK
Connecting cable NEBU
[9] Position sensor SDAP
Blanking plug B
Fittings Qs
Silencers u
Manifold rail
H-rail mounting

Fig. 1 Festo Motion Terminal — Peripherals overview [1]

VEVM universal valve

The main concept difference between a standard valve terminal and VTEM terminal are the valves. All the
universal VEVM valves are the same in build, but they can substitute different components based on their inner
parts alignment changing according to the running program. Thus instead of needing to change components for
different application, it is only necessary to change the program. It is also not necessary to store multiple spare parts
for different types of valves.
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Each valve comprises of four 2/2-way proportional valves positioned in bridge circuit (Fig. 2) with integrated
sensors. Each 2/2-way valve has 2 piezo pilot valves which are connected to diaphragm poppet valve. The bridge
configuration enables for each port to be set in one of following states: open, closed, pressurized, exhausted. By
setting the states on port 2 and 4 the valve can simulate function of different components. [2][3]

Flow/pressure Flow/ pressure

Fig. 2 Bridge circuit in the VEVM valve [3] Fig. 3 Circuit symbol for VEVM valve [3]

2.1 Functionality

Motion Apps

The user can assign one Festo Motion App to each valve through the program at one time moment. Through
the app, parameters for the function of the valve can be set. Festo Motion Apps are preprogrammed within the
VTEM terminal. Through PLC program or in the Web Interface Festo Motion Apps and their parameters are
assigned to valves. [2]

Web Interface

There is an option to connect the CTMM module directly to a computer via Ethernet connection. This lets the
user interact with CTMM via Web Interface. This option is especially useful for understanding all the Festo Motion
Applications and their parameters. In user-friendly environment, apps can be assigned to the valves and their
parameters set. For the connection to be successful a specific IP address must be set on the computer to be able to
see the terminal. The terminal controller CTMM IP address is then inserted into web browser (Mozilla Firefox is the
recommended browser) address line and the interface is loaded — in factory setting the IP address is 192.168.4.2. [4].
Before the terminal can be accessed, user needs to sign in with a password (factory setting password is “vtem”).
Working in this environment is very intuitive. For the connection to work only the first two numbers of IP address of
the computer are given by the controller address, that means that PC address can be any variation of 192.168.x.x.
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Selpaint and actual vakues I te Functonal descrigtion

Fig. 4 Web interface for Festo Motion Terminal

PLC module control

Festo Motion Terminal can be controlled by local controller module of the CPX terminal which then
communicates with the CTMM controller. In this case it is CPX-CEC-S1-V3. Into CPX the program is downloaded
from computer. Programming can be done in software environment CODESYS. There are many CPX
communication modules with many possible communication protocols (e.g. CAN, CANopen, Modbus). The
technology as a whole has been designed to be in compliance with standards of Industry 4.0. For this project we
used Ethernet connection between the CPX module and computer.

2.2 Necessary Software Installation

When installing, it is imperative that the version of the particular software downloaded is compatible with used
devices and modules.
For best results installation should be completed in the following order:

a) CODESYS
1) Version of CODESYS software environment needs to be downloaded that corresponds to the higher
control block device. For this project it is CODESYS V3.5 SP12 Patch6 pbF which supports CPX
controller CPX-CEC-S1-V3. This download can be done from relevant webpage, where the used
CODESYS is seen as in Fig. 5.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/default.aspx?q=codesys&tab=4&type=75#result

CODESYS provided by Festo V35 5P12
CODESYS V3.5 5P12 Patché pbF Patch 6 pbF

22.07.2018
E Supported Systems:

CPX-E-CEC-C1-PN
CPX-E-CEC-M1-PN
CPX-E-CEC-C1-EF
CPX-E-CEC-M1-EF
CPX-E-CEC-C1
CPX-E-CEC-M1
CPX-CEC-51-V3
CPX-CEC-M1-V3
CPX-CEC-C1-V3

Fig. 5 Description of the used version of CODESYS from the Festo web
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2) After download the installation is simple using the Setup CODESYSV35SP12Patch6.exe file located
within the downloaded .zip folder, which shall be extracted first prior installation. This installation
can be run in default mode.

b) Festo Configuration Tool
Next step is to install the FCT — Festo Configuration Tool — Plugln.
1) Download the FCT — Plugln from relevant webpage where it is seen as in Fig.6.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=70#result

FCT - Festo Configuration Tool - Plugin 1.0

16.05.2012
= configuration and stari-up software for the par kinematic:

EXPT-..

» FCT Flugin CMMP-AS v1.4

FW CMMP-AS v3.5

FCT Plugin CMXR-C1v1.1.186

FCT Plugin CMXR-C2 vi.1.2.40
Festo Configuration Tool vi1.2
CoDeSys provided by Festo v2.3.9.28

TSP (CoDeSys Target Support Package) for CMXR-C2
vO1.11

» sample projects for EXPT-..

Fig. 6 Description of the used Configuration Tool from the Festo Web

2) After downloading of the .zip file, it is necessary to extract it and then to continue with the
installation as described in Readme.txt file. No changes need to be executed in the installation
process. When choice is offered chose “Install Pluglns”. Last part of instructions in Readme.txt
starting with “To work with CoDeSys...” concerning CoDeSys target needn’t be finished.

¢) Target Support Package
1) First Target Support Package CODESY'S needs to be downloaded that corresponds to the version of
CODESYS present on the PC and to the used controller block — for this project CPX-CEC-S1-V3
(3472425) without CPX-CTEL-2-M12-5POL-LK. This shall be downloaded from the relevant
webpage. At the webpage this package will be seen as in Fig. 7.

Relevant webpage for download:
https://www.festo.com/net/cs_cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=73#result

Target Support Package CODESYS 3.5.7.356 = Balik cilové podpory

E Supported systems: 06.08.2018 = Soubory a jazykové verze

« Control block CPX-CEC-C1-V3 (3473128) without
CPX-CTEL-2-M12-5POL-LK

« Control block CPX-CEC-M1-V3 (3472785) without
CPX-CTEL-2-M12-5P0OL-LK

« Control block CPX-CEC-51-V3 (3472425) without
CPX-CTEL-2-M12-5POL-LK

» Motion Terminal VTEM (8047502) without CPX-CTEL-
2-M12-5POL-LK

Fig. 7 Description of the used Target Support Package

2) This package needs to be then installed in CODESYS in Package Manager located in Tools tab. In
Package Manager it is needed to click on “Install” and select the downloaded package from folder.
After the installation the new package should be visible in your Package Manager window.
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% CODESYS the IEC 61131-3 programming system provided by Festo
File Edit VWiew Project Build Online Debug | Tools | Window  Help

B = ) a4 HE BE 1 0 Package Manager... N

m Library Repository...

Devices - 0 X | B Start | [ Device Repository...

Fig. 8 Location of Package Manager and Library Repository tools in CODESY'S software

d) Function Blocks CODESYS
To enable use of VTEM in CODESYS projects, Function blocks CODESYS library needs to be installed.
This library has to be installed in CODESY'S software in Library Repository.
1) The library needs to be downloaded from relevant webpage where the library is seen as in Fig. 9.

Relevant webpage for download:
https://www.festo.com/net/cs _cz/SupportPortal/InternetSearch.aspx?q=codesys&tab=16&type=74#result

Function blocks CODESY S 3572

06.12.2018
= Library valid from FW-Version 4.8.x

Libray for Codesys PLC in version 3.5
(also Beckhoff TwinCAT 3)

Supported systems;
« [otion Terminal VTEM (80475020

Fig. 9 Description of the used Function blocks CODESY'S

2) Next step is to extract the .zip folder. In the folder there is Library subfolder and also Documentation
subfolder, which contains additional description of the use of Function blocks. Library Repository is
located in Tool same as Package Manager. In Library Repository by clicking “Install”, finding and
selecting the library file in the folder it will be installed. After installing the Support Package and
VTEM Library restart of CODESYS software is recommended. After that the result should be as seen
in Fig. 10.

m Library Repository

Location: | System w~ Edit Locati
(C:\ProgramData\CODESYS\Managed Libraries)

Installed libraries: Install,

Company: |Festo AG & Co. KG hd -
Uninst

= 2= application
= 2= Festo AG & Co. KG
+ 82% Common
=G VTEM
+.-+@ Festo_VTEM_DevCon  Fesfo AG&Co. KG

Export

Fig. 10 Festo VTEM_DevCon library installed in Library Repository

2.3 Connecting the FMT via CPX to computer using Ethernet
Connecting the CPX module Ethernet port with Ethernet port on your computer will allow for applications
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2.4

to be downloaded to the CPX from CODESYS. Run/stop of the application is possible via position of rotary
switch placed on the CPX module or the application can be started and stopped in CODESYS software
environment. Proper connection is possible only if computers IP address is set so that it corresponds to the
address of the CPX controller. Finding out the CPX IP address in CODESYS using “Scan Festo devices” as
shown in Fig.11 is possible. This can be done prior to starting new project as long as the devices are connected
in a network.

3
1]

" | =

I Scan Festo devices li

#- Scen Festo Devices - O
Scan for: all devices ~
| Dievice nams | IP Address Device type MalC | Firmmuare
2 @ CPR-CEC-51V3 152.168.2.20 CPX-CEC-51-v3 00:0€:F0:5C:5E:BC 201205221 (73001 1balid

Fig. 11 Finding out the CPX controllers IP address

This means the IP address of the computer should be set to to 192.168.2.x and mask to 255.255.0.0. Last
number of the IP address should be different than the one of the controller. One way that this can be done on
PC run on Windows is to search in START for Network Connections and open Network Connections Control
Panel. In this panel Properties of Ethernet should be opened. There in section Internet Protocol Version 4
(TCP/IPv4) is located — IP address and mask can be changed in its Properties.

E-" Network Connections

1 E-' » Control Panel > Network and Internet » Network Connectic

Organize = Disable this network device Diagnose this connection Renar

Lh Bt G Disable Wi-Fi

— N eduroam

x & R Status dﬂ Intel(R) Wireless-AC 9560
Diagnose

G Bridge Connections

Create Shortcut

G Delete

G Rename

Properties
& Prope

Fig. 12 Changing the IP address of Windows run PC

Overall project layout

The physical setup of this project is as follows. The FMT is connected to electricity (24V) by special
connector cable and to compressed air supply (6 bar input to CTMM module). Components used are from
Festo Didactic line. One double acting pneumatic actuator is connected to the first valve position on FMT. This
connection is done so that port 2 under VEVM valve is connected to port on the actuator, which when
pressurized causes retraction, and port 4 under VEVM valve is connected to port on the actuator, which when
pressurized causes advancing as indicated on Fig. 13. This is to the contrary with usual convention, but is used
here to be with compliance with logic used in the Web Interface and Apps provided with FMT. There are two
3-pin proximity sensors each at one end position of the piston. These are connected to the first two positions of
the input module.

59



Jana Koubova CODESYS FOR BASIC FESTO MOTION TERMINAL
Marie Martinaskova APPLICATION

Project layout representation and photo

Fig. 13 Left: representation of actuator connection to FMT sourced from [5], right: photo of setup
taken in the lab C1-109 CTU FS

3. CODESYS

3.1 Project set-up
New project can be open either from File tab or from the Start Page in CODESYS. After choosing project
template (CPX-CEC project) for the type of controller (Fig. 14) it is necessary to make sure that the device set
is the same as the one used in the project (Fig.15). In this case CPX-CEC-S1-V3. The language should be set
as Structured Text. After that new project with structure as shown on Fig. 16 is formed. Next step is adding the
Festo VTEM_DevCon library to the project library using Library Manager of the project (Fig. 17, Fig. 18).
“Z] New Praject et

» & 4
Empty project HMI project Standard
project

Categaries: Templates:

Standard
project w...

|A project containing & CPX-CEC-...-V3, an application, a CANopen master (optional) and an empty irnple|

Fig. 14 Choosing the template of the new project
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CPX-CEC-Project

Device: |CF‘X—CEC—S'|-V3 (Festo AG & Co. KG), 3.5.7.37 b |
[] Show all device versions

PLC_PRG in: | Structured Text (ST) v|
bdd CANopen Manager OK | | Cancel |

Fig. 15 Choosing device for the project from selection and programming language

=4 Article_project hd
= E Device (CPY-CEC-51-V3)
-@1] Plc Logic
=} Application

i .I] Library Manager
PLC_PRG (PRG)
—@ Task Configuration
—@ MainTask
4 PLC_PRG
& PLC_Diagnosis (PLC-Diagnosis)
[z crx_system (cP_System)

Fig. 16 New projects tree structure

m Library Manager x ]
%5 Add library | < Delete library | 2 Properties 75 Details | 5] Placeholders .TJ Library repository

Name MNamespace Effective version
H-a@ 351id Add library jee, 3.5.12.0 (35 - Smart Software Solutions GmbH) _3SLICENSE  3.5.12.0

+ BreakpointLogging = Breakpoint Logging Functions, 3.5.5.0 (35 - Smart Software Solutions GmbH) BPLog 3.5.5.0

+ IoStandard = IoStandard, 3.5.7.0 (System) IoStandard 3.5.7.0

-+ Standard = Standard, 3.5.12.0 (System) Standard 3.5.12.0

Fig. 17 Library Manager of the project
Add Library .

Enter a string for a fulltext search in all libraries...

Library Company

Festo AG & Co. KG

Fig. 18 Adding the Festo VTEM_DevCon library to the project
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3.2 Device set-up and gateway connection

Gateway connection

To establish gateway connection the Device in project tree structure needs to be open. The window that opens
is Communication Settings. One way to easily create a gateway is to click on Login in the toolbar (Fig. 19). A
following message will appear (Fig. 20). Alternatively the gateways can be added in the Communication Settings
window by clicking at “Add gateway...” and then “Scan network” to find the controller block. Fig. 21 shows how
active Gateway with device presents. If the PC IP address is set correctly then this automatic Gateway should work
in default mode.

v Help

B OBl » m (=== 3 (o M= |V P

Fig. 19 Location of Login button on upper toolbar in CODESYS

CODESYS the [EC 61131-3 programming system provided by Festo X

o Mo active path defined, Do you want to set it?
Clicking ‘Yes' will start a network scan on the '‘Communication
Settings' page. If there is a device found with the same name
and address you used last time, the active path will be set ta
it,

Clicking ‘Mo’ will just show the ‘Communication Settings’
page without any action,

Clicking 'Cancel’ will return without doing any action.

I Yes | No Cancel

Fig. 20 Message about starting scan and setting pathway

Select the network path to the controller:
|Gateway—1

= .ﬁ'i. Gateway-1(scanning...)
ﬂzl CPX-CEC-51-V3 [1FEC.B000.0214] (active)

Fig. 21 Active pathway in the Communication Setting window

Configuration scan

In the project tree CPX System should be opened. In the first folder Module Configuration by clicking on
Actual Configuration and performing a Scan (Fig. 22) the actual configuration of modules (Fig. 23) and information
about them should appear if your Gateway is working properly. After clicking on the Apply button the specification
of the modules will be added to the tree structure of the project (Fig. 24).
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W Article_Test_Project project” - CODESYS the EC 61131-3 programming system provided by Festo
File Edit View Project Build Online Debug Tools Window Help
BEE & o~ i BRx ANANIER 0O E S » aN(iz=%=3 | |7 ¥
Devices ~ & % T CPX_System X |EI Devee

=5 Arsicte Tast Praject
= B Devce (CPX-CEC5143)
=30 prcLogc
= Application
) Library Manager
2l pLc_mra pRG)
= (28 Task Configuration
=38 manask
& FLe_PRG
& PiC_Diagnosis (PLC Diagrosis)
2 cox_system (cPx_System)

Module Canfigurat — .
sediecanlisursten ICPX-VaIve terminal with diagnostics

VoM.
e Overview < Actual configuration
Satus
@ 4]
Infarmatian (O c
Scan
Preview

%G system settings ‘

Enter order code

Fig. 22 Scanning for actual configuration of modules

Q
Scan
Preview
& Type Description
0 CEC-51-V3 Codesys V3 Embedded Controller - Serial interface
1 NTEM Festo Motion Terminal for up to 8 valves and 2 input modules

Fig. 23 Actual configuration of modules

=1z cPx_system (CPX_System)
H e s1vseEcsivg
B viem v

Fig. 24 Modules added to program tree

3.3  Parts of the application

To create a fairly basic application for FMT Application it should contain:
e  Global Variable List (GVL)
e Library Manager
e  Structured text (ST) POU (Program Organization Unit)

= -FH] Device (CPX-CEC-51-V3)
-El[l Plc Logic
=} Application
@ o
m Library Manager
FLC_PRG (FRG)
POU (PRG)
+@ Task Configuration
@ Visualization
¢ PLC_Diagnosis (PLC-Diagnosis)
=Tz cpx_system (CPY_System)
A cec_s1_v3(cecsiva)
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e  Continuous Function Chart (CFC) POU

e  Task Configuration

e  Visualization
Some of them are automatically created when new project is started such as
the Library Manager in which the VTEMDevCon library needs to be added
as discussed in section Project Set-up.
More information about some of the sections is provided bellow.

Fig. 25 Finished projects Application tree

Global Variable List - GVL

To define variables that will be used throughout the Application, not only the ST program, Global Variable
List has to be created. Variables here should be the valve and terminal variables and also the variables that will be
used in Visualization as well as in POUs. To create GVL it is possible to right-click on Application and choose
Global Variable List in the Add Object section. How to create GVL and which variables are used in this project is
shown in Fig. 26.

= On % Cut @ GVL x
(% Copy -
3 [ Paste - - G
2 Hex Switch AT $IB0 : BYTE ;
& PLC W Delete . -
B;_’CPK, Browse 4 5 V1 ValveControl : FestoVIEMdc . FB ValveControl ;
. g V1 _BusDataFromVIEM AT $IBl : ARRAY [(0..2] OF WORD ;
Refactoring 3 -
7 V1_BusDataToVIEM AT $0B0 : ARRAY [0..2] OF WORD ;
Properties... :] V1_ActualValveMode : INT :
|h ‘Add Object N |“|; DUT... 5 V1_ActualBppState : BYTE ;
10 V1 _Enable : BOOL ;
Add Folder... i -
@ : ”. e External File... 11 V1_Mode : BYTE ;
[3° Edit Object @ Global Variable List... 12 V1 _REppC : BYTE ;
Edit Object With.., Image Pool... 13 V1_Rpp0 : BYTE ;
% Login =0 Interface.. 14 V1 _Setl : INT ;
Delet lication devi ﬂ Metwork Variable List (Receiver)... - V1_Set2 : INT ;
Elete a| ication Irom device 1€ - -
il @ MNetwork Variable List (Sender)... - VL AVL : INT ;
i K 17 V1_AV2 : INT ;
T Persistent Variables... - -
S 13 Blocked : BOOL ;
@ POU for implicit checks... 20 Advance : BOOL ;
F4, Recipe Manager... 21 Retract : BOOL ;
@ Redundancy Configuration... 22 Exhaust : BOOL ;
®8  Symbol configuration... ==
Text List z4 StartSequence : BOOL ;
25 EndSequence : BOOL ;
a8 Trace.. 2e
£5  Unit conversion.., 27 xMan : BOOL:
@ Visualization... et}
Visualization Manager... 23] END VAR

Fig. 26 On the left: creation of GVL, on the right: variables used in the project

Program organization unit in CFC (Continuous Function Chart) - POU

For proper communication between used variables in CPX block and FMT a function block in CFC needs to
be used. To the formal parameters of the function block which are prepared in the function block the actual
parameters from CPX variables are assigned. This block is prepared specifically for VTEM valve control. CFC POU
can be added using same process as above with GVL but choosing POU. Type of POU should be kept as Program
and Implementation Language can be chosen. In this case it is CFC which is default when creating new POU. After
creating the CFC POU there will be ToolBox window on the right side of the screen. Box is to be chosen and
dropped into the down section of the split screen on the left side. To insert the prefabricated setting right-click the
box needs to be performed and Input Assistant chosen as shown in Fig. 27. There choice of FB_ValveControl needs
to be done in Operations. Note that FestoVTEMdc is only visible when the special library is added previously in
Library Manager. In the Input Assistant there is also a Documentation present (in Fig. 28), which explains the input
and output variables and also defines their type.
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POU x w || ToolBox
PROGRAM EOU = CFC
VAR D k Pointer
END_VAR i Control Paint
= Input
o — 100% @‘ = Qutput .
Input Assistant
Al 48 Box
] .
e SIS Textsearch Categories
= Label
Cut = Return Functionblocks a  MName
Copy A Composer || Module Calls = {} FestovTEMde
E Selector Keyword
Paste = Comment yworas 42 auxiliary Functions
Delete = - Conversion Operators = [E:' Operation
Select All = Connection FB_ValveControl
IF Input Pin +-[) statelnterpreter
Browse ' 47F Output Pin 42 Transfermode
(73 _Input Assistant.. M - {{}] S=sdand

Fig. 27 Input of ValveControl function block

The prefabricated block will appear. To this block inputs and outputs should be connected as in Fig. 29. This

function block encompasses only one of the VTEM valves, if more valves are to be used each should have their own
function block and their own set of global variables.

Show documentation

Documentation:

Insert with arguments

[Jinsert with namespace prefix

This is the central function block for the eperation of Motion Apps on a valve. The FB serves to operate all Motion Apps with their specific setpoint values. It is able to
execute and to stop Motion Apps and to deal with occuring errors. Parameterisation is not pessible with this function block.

awBusDataFromVTEM ARRAY [0..2] OF WORD WAR_INPUT ||6 bytes of process data that is received from the Motion Terminal

xEnable B00L VAR_INPUT :f;p;oege set to TRUE in order to operate a Motion App on the valve, otherwise any motion is
bySetvalveMode BYTE WAR_INPUT [[ID of the Motion App to be executed, 60 for 'commissioning', "61 for 'stop', 62 for "acknowledge’
bySetAppControl BYTE WAR_INPUT ||SetAppControl of the chosen bySetMode, see documentation of the valve mode for its meaning
bySetAppOption BYTE VAR_INPUT ||SetAppOption of the chosen bySetMode, see documentation of the valve mode for its meaning
iSetpointValuel INT WAR_INPUT |[SetPointl of the chosen bySetMode, see documentation of the valve mode for its meaning
iSetpointValue2 INT WAR_INPUT _||SetPoint2 of the chosen bySetMode, see documentation of the valve mode for its meaning
xManualAcknowledge BOOL WAR_INPUT _||errors can be acknowledged (after they got inactive) with a rising edge at this input
awBusDataToVTEM ARRAY [0..2] OF WORD WAR_QUTPUT]|6 bytes of process data that is sent to the Motion Terminal

byactualvalveMode BYTE \VAR_QUTPUT|[actual valve mode of the Motion Terminal

byactualvalveState BYTE \VAR_QUTPUT|[actual valve state of the Motion Terminal

byActualAppState BYTE VAR _QUTPUT] E;’ltfglr:tltd';ef;ercif:,;‘ls:i];;ﬂ data: app state of the desired Motion App, see documentation of the
iActualValuel INT WAR_QUTPUT]||ActualValuel of the desired Motion App, see documentation of the valve mode for its meaning
iActualvaluez INT VAR_QUTPUT||Actualvalue2 of the desired Motion App, see documentation of the valve mode for its meaning
iResponseToValveModeSet| eResponseToValveModeSet||VAR_OUTPUT||lenumeration that indicates the status of execution of the desired valve mode

H\Ef[DICDdE INT \VAR_OUTPUT||contains the malfunction code of the latest error, 0 if no error occurred so far

Fig. 28 Documentation for block variables accessible in Input Assistant
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POU x
1 PROGEAM POU
2 VAR
3 END_VAR
4
GVLV1_ValveContraol 7
FestoVTEMdc.FB_ValveControl —
GVLV1_BusDataFrom\WTEM I—awBusDataFrDm\!TEM awBusDataToVTEM 4| GVLW1_BusDataToVTEM
GVLV1_Enable xEnable byActualValveMode 4| GVLV1_ActualValveMode
GVLV1_Mode by SetValveMode by ActualValveState — 5
GVLV1_AppC by SetAppControl byActual AppState GVLV1_Actualf-~State C]
GVLV1_AppO bySetAppOption iActualValuel GVLV1_AV1 t:‘
GVLV1_Setl iSetpointV/aluel ibctualValue? GVLV1_Av2
GVLV1_Set2 iSetpoint'/alue2 iResponseToValveModeSet —
GVLxMan I xManual Acknowledge 1ErrorCode —

Task Configuration

In Task Configuration Main Task
is already present with the ST program
in it. This tool allows for setting of
different tasks and their type, when are
they executed and so on. This can be
left in default setting. The ST program
will be executed cyclically every
20 ms. For more complex solutions
Task Configuration tool can be used to
create tasks that have different priority
or are started “on event”. Main Task
configuration is shown in Fig. 30

Visualization

Fig. 29 Finished function block

#: MainTask x
Corfiguration

Priority (0.31 ) |20

Type
Cydic ~

wiatchdog
[Jenable

Time (e.g. t£200ms):

Sensitivity: 1

ok Add Call X Remove Call [ Change Call

Interval (e.g. t#200ms): [20

* MoveUp & Move Down |7 Open POU

PouU
PLC_PRG

Comment

Fig. 30 Main Task Configuration in default mode

There is no machine interface panel for the operator therefore the control of movement of the actuator is
performed using the Visualization in CODESYS software environment.

Visualization is again created via right-click on Application and choice from the menu Add Object (Fig.31).

After the visualization is created there is the visualization window on the left and ToolBox on the right. From the
ToolBox in this project the main objects needed are buttons which are used to control BOOL variables in the ST

program. These are located in the Common controls tab. Buttons can be labeled by clicking on them once when they

are already selected. When button is selected the configurations of the button are displayed on the right. Most
important is the Inputconfiguration, which allows the button to be linked with variables.
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=10 Pic Logic T f izati
=03 Apg I 3SLicense, 3,5.12.0 (35 - Smart Software Solutions | #dd Visualization X
“ é(: Cut ogging = Breakpoint Logging Functions, 3.5.5.0 (35 -
i Copy _DevCon, 3.5.7.221 (Festo AG & Co. KG) . o _
=2 Paste = [oStandard, 3.5.7.0 (System) Creates avisualization object
= @ ¥ Delete Standard, 3.5.12.0 (System)
- Browse 3 Name:
& PLC_Dia Refactoring 3 |Visualization
O P svs 2 Properties.. - . -
= s Symbol libraries Active
[ Add Object 5 DUT... & visuSymbols (System)
) Add Folder... External File...
ﬁ Edit Object Global Variable List...
Edit Object With... Image Pool...
€ Login Interface...

MNetwork Variable List (Receiver)...

Delete application from device

A0 fRPHEAEE LD EWS

Metwork Variable List (Sender)...
Persistent Variables...
POU...
POU for implicit checks... A visualization symbol library is a CODESYS library with
Recipe Manager... graphics and graphical abjects. If the visualization symbaol
e Lo L
Symbel configuration... toolboxwhen a visualization editoris the active editar.
Text List...
Trace...
25 Unit conversion...
‘@ Visualization... ‘ Add Cancel
Visualization Manager...

Fig. 31 Input of visualization in the Application

Fig. 32 shows button configuration. Variable that is flipped on mouse tap can be either written in or by clicking
on symbol of 3 dots on the right side of the variable name tab you can open Input Assistant. Also it is possible to
open Input Assistant by right-clicking the variable name tab, when writing is enabled. By inputting the “Advance”
BOOL variable to the Inputconfiguration on Tap of the button labeled “ADVANCE” you link this variable with the
use of this button. Same process is followed with other buttons as well. Of course other visualization elements are
used such as labels, images and eventually sliders.

Input Assistant

+ Relativemov.
+ Text variables Textsearch Categories
+ Colorvariables
# Statevariables Variables a  MName Type
= Inputconfigu .
ADVANCE & = o Application Application
OnMous... Configure...
OnMous... Configure... - ﬁ GVL VAR_GLOBAL
# Blocked BoOL
Tap... O # EndSequence BOOL
+ Toggle # Exhaust BooL
T v

Fig. 32 Linking BOOL variable to the button in button Configuration

In the finished visualization all the buttons are linked to the BOOL variables of the corresponding names. The
finished visualization used for this project is shown in Fig. 33. After sequence is started it must be ended before
manual control can be resumed. Only button “BLOCKED” working as a safety measure can be used any time and
after the piston is blocked the system returns to manual control. In this case sequence means that no matter what
position the piston is in it will retract itself and then start cycle of full extension and full retraction.
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BASIC FMT APPLICATION

MANUAL CONTROLS SEQUENCE CGONTROLS . c I u

[ ADVANCE \ | START SEQUENGE
y CZECH TECHNICAL
[ RETRACT J I ) UNIVERSITY
{ END SEQUENCE (= - IN PRAGUE
l EXHALST l
[ BLOCKED \

Fig. 33 Finished visualization of the project

Program in structured text (ST)

Finished program is shown here in Fig. 34 as an example of possible FMT application. This program enables
manual and sequence control mode of one pneumatic actuator. Manual control allows for advancing, retraction,
exhaust and blockage of the actuator. There is also a simple sequence, which uses the proximity switches. Sequence
runs after “START SEQUENCE” is activated until either “END SEQUENCE” is activated or button “BLOCKED”
is activated as a safety measure. After one of these events the manual control is resumed. The sequence consists of
initial retraction of the actuator and then cycles of full extension and full retraction.

Below the logic of the code is described.

This section is already present in project tree. In the upper window local program variables are defined. These
are variables that are confined only to this program. In this case it is only the State variable. In the lower window the
program in language ST is written. The code used in the program is shown in Fig. 34.

In State 10 the dependence of the running of the program on the position of rotary switch is established. Also
in this step the valve opening degree of supply air flow is set, valve is enabled for use and any lingering error
statements are acknowledged by setting variable xMan to TRUE.

In state 20 mode of the valve is set to ECO drive and state of the app to Blocked as safe initial setting of the
valve.

The program then cycles between states until one of the conditions is met. In this loop manual control is
performed as well as the switch to sequence. If the sequence mode is activated via the visualization the program
cycles in different states waiting again for one of the conditions that would warrant exiting this loop is met. In all the
loops additional control of the stare of rotary switch (Hex Switch) is inserted. If the switch has been moved from
“run” position the valve will not be enabled.

As was mentioned in visualization “blocked” state as safety element can be activated anytime and sends the
program to the manual control loop, if all the conditions for the program to run are met.

This Application, the movements of the actuator, is controled by the buttons from the Visualisation window.
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1 PROGRAM FLC_FPRG 43
2 VAR 45
2 State : INT: 50
4 END VAR =L
i sou() : ==
- 53
3|  CASE State OF :j
4 0= o
5 GVL . V1_Enable := FRL3E; z:
£ State := 10; 53
7 55
2 I H £0
) IF (GVL . Hex Switch = 2 ) THEN =<1
10 GVL.V1_Set2:=10000; £2
11 GVL . V1_Enable := TRUE; €3
1z GVL.xMan := TRUE; €4
13 State := 20; &=
14 ELSE £e
15 State = 0; &7
1€ END_IF =
17 =
18| 20 : o
18 GVL . V1 _Mode := 6 ; -
{1 GVL . V1_AppC := 0 ; ;3
21 GVL.xMan := FRLSE; 74
22 State := 100; 75
23 7€
24 100: e
25 IF GVL . Advance THEN 73
2€ GVL . V1_AppC := 1 75
27 State := 120 ; a0
28 ELSE -
el State := 1207 a2
20 END IF .
21 s
3z 120z a5
33 IF GVL . Retract THEN ae
34 GVL . V1_RBppC := 2 ; -
35 State := 140 ; an
3€ ELSE -
37 State :=140; 50
23 END IF -
35 -
40 140: -
41 IF GVL . Exhaust THEN oa
42 GVL . V1_AppC = 3 o
43 State := 1lg0 ; ??
44 ELSE Tf
as State := 160; '
4€ END IF

APPLICATION

160z
IF MOT { GVL . Hex Switch = 2 ) THEN
GVL . V1_Enable := FRLSE ;
State := 07

ELSE
State := 120 ;
END IF
180:
IF { GVL.V1_ActualValveMode = ¢l ) THEN
State := 10;
ELSE
State := 190;
END IF
180
IF { GVL.S5tartSequence = TRUE) THEN

State:= 195;
ELSE

State :=100;
END IF

GVL . V1_AppC := 2 ;

IF (GVL.V1_ActualfppState = 1) THEN
State:= 200;
ELSE
State:= 195;
END IF
200z
IF (GVL.V1_ActualfppState = 4 ) THEN
GVL . V1_Ap =2 7
END TIF
IF (GVL.V1_ActualippState = 1) THEN

GVL . V1 _RppC :=1 :

END IF

IF ({GVL.EndSequence = TRUE) THEN
State := 10;

ELSE
State := 210;
END IF
210:
IF NOT { GVL . Hex Switch = 2 ) THEN
State := 107
ELSE
State := 200;
END IF
END CASE
IF GVL . Blocked THEN

GVL . V1_AppC := 0 ;
State := 0;
END IF

Fig. 34 Application POU program in ST
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4. Conclusion

In this paper, we have summarized the function of Festo Motion Terminal and its valves. We have also
provided a thorough installation and connection guide. Further we demonstrated how to structure a program for
FMT application. We have described the components of that program that are mostly given for any such application,
thus leaving the reader with a blueprint for designing their own application and developed basis for more complex
projects.
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Ondrej Baumrt
Ustay pristrojové a ¥idici techniky, FS CVUT, Ondrej.Baumrt@fs.cvut.cz

Abstrakt:  Tento clanek se zabyva zakladnim vyzkumem k sestaveni HMI s biologickou zpétnou vazbou.
Jsou zde popsany zdkladni fyziologické parametry clovéka, které Ize pouZit ke zjisténi aktudlniho stavu
operdtora.

Klicova slova: HMI, fyziologické parametry, sympatikus, parasympatikus, mydridza, mioza, EEG,
Elektrodermalni aktivita

Abstract:  This article deals with basic research to create HMI with biological feedback. Basic
physiological parameters of a man are described here. They can be used to determine the current
operator’s status.

Keywords: HMI, physiological parameters, sympathetic, parasympathetic, mydriasis, miosis, EEG,
Electrodermal activity

1 Uvod

Fyziologické parametry se v kybernetice daji vyuZit v nékolika zptisobech s tim, Ze tyto zplisoby mohou
byt i provdzany a vyuZivany simultdnné. Prvni z téchto oblasti je vyuZiti fyziologickych parametrl pro zjisténi
aktudlniho stavu operdtora.

Druhou moZnosti, jak vyuZzit fyziologické parametry, je pfi navrhu daného zafizeni ¢i zptisobu jeho vyuZiti.

Tretim zpGsobem vyuZiti je vlastni zpétnd reakce pro operatora bez jakéhokoli vyuziti pro vlastni proces. Jedna
se napiiklad o zobrazeni stavu jedince jemu samotnému. Kuptikladu u ¢lovéka s vy$sim krevnim tlakem je mu
ukdzdna aktudlni hodnota pomoci $kaly.

VSechny tyto moZnosti maji spole¢né to, Ze se snazi operdtora (¢i jakéhokoli jedince) udrZet v co nejidedlnéjsSim
stavu pro pokracovani ¢innosti, coZ je popsano v obrazku 1 nize. [1]
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Obr. 1: Graf toku - schopnosti a poZadavky [1]

Na obrazku je na horizontdlni ose vyznacena troveni schopnosti (angl. Skill) jedince a na vertikdlni droven
pozadavkd (angl. Demands) & "vyzvy" (angl. Challenge). Seda oblast oznaluje stav, kdy jsou schopnosti
operatora vyuzivany optimdln€. Tato oblast se oznacuje jako oblast toku (angl. Flow State). Pokud se jedinec
dostane vpravo od této oblasti (¢ili jeho schopnosti jsou vySsi neZ poZaduje dany ukol), dochdzi k znudéni. Ta
miZe mit za disledek sniZenou koncentraci. Pokud naopak se dostane vlevo mimo oblast "flow", mtiZe mit tato
situace za nasledek tuzkost. [1]

Existuji zptsoby, jimiz lze docilit ndvratu do oblasti "flow", a sice pohybem na grafu:
* vlevo - sniZenim schopnosti,

e vpravo - zvySenim schopnosti (napf. tréninkem)

¢ dolt - sniZenim pozadavkd (napf. omezeni regulovanych parametrd), ¢i

* nahoru - zvySenim pozadavki (napf. pridani regulovanych parametrii).

Je mozZné tyto "pohyby" vzdjemné kombinovat. [1]

2 Fyziologické parametry

Fyziologické parametry, které jsou dileZité pro urceni duSevniho stavu souvisi s dvojici nervovych systémi -
Sympatickym a Parasympatickym.

2.1 Sympatikus a parasympatikus

Sympaticky a parasympaticky nervovy systém, neboli sympatikus a parasympatikus, jsou soucdsti autonomniho
nervového systému, které se podileji na fizeni cévniho obéhu nebo napiiklad ¢innosti urcitych organt. [2][3]

Obvykle vzdjemné pisobi opacné, pricemz sympatikus je aktivovan ve stresovych situacich a parasympatikus
v utlumovych pfipadech (napf. jedinec je v klidu, po jidle apod.). Sympaticky nervovy systém kupiikladu zvySuje
¢innost srdce nebo rozsifuje o¢ni zornice (tzv. mydridze). Jeho efekt na cévy je rozli¢ny dle orgdnu, nicméné
pfevaZuje zizZeni cév (tzv. vazokonstrikce) a zvySeni krevniho tlaku. Na druhou stranu parasympatikus zvySuje
¢innost traviciho ustroji, oéni zornice zuzZuje (tzv. proces miozy) nebo zuzuje prudusky. [2][3]

Pokud je lidsky organizmus v porddku, pracuji oba systémy priblizné stejnou dobu. [2][3]
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2.2 Kontrakce zornic
2.2.1 Mydriaza

Mydridza je proces rozsifovani o¢ni zornice a jak bylo feceno v kapitole 2.1, je zpisobena aktivaci sympatického
nervového systému. Zornice se kromé nizkého osvétleni okoli mohou rozsitit kvili pisobenf stresové situace na
jedince. Pochopitelné mydridza probihd i z jinych diivodd (nemoc ¢i konzumace 1€kt a drog). [4]

2.2.2 Miéza

V névaznosti na kapitolu 2.2.1, jevem opacnym k mydridze je tzv. miodza, proces zizZeni zornic. K nému
dochézi plisobenim parasympatiku, obvykle v klidnych situacich ¢i pfi vysokém osvétleni okoli. Stejné jako
v piipadé mydridzy muize byt i ziZeni zornic zpisobeno uzivanim urcitych 1ékd a drog nebo nemoci. [5]

2.3 Oc¢ni pohyby

Pohyby o¢i 1ze rozdélit do nékolika kategorii:

* sakddy, coz jsou rychlé pohyby, které zajistuji, aby byl obsah zdjmu zobrazen na stied sitnice co nejrychleji
a jsou kontrolovany védomé;

e sledovaci pohyby, tedy pomalé pohyby, pomoci kterych je sledovani pohybujicich se predméta tak, aby byly
zobrazeny na sitnici ostie;

* vergencni pohyby, zajistujici zobrazeni rizné vzdélenych objektl na korespondujici mista na sitnici; a

* reflexni pohyby. [6]

2.4 Mozkova aktivita

24.1 Zakladni neurohormonalni reakce na stres
Zakladni reakce organismu na stres ma tfi faze:
 poplachovou reakci,
* adaptaci (rezistence) a
e vycerpdni. [7]

Poplachova reakce, oznacovana také jako Cannoniiv stres spoc¢ivd v aktivaci sympatiku, pficemzZ se vice
vyplavuji hormony diené nadledvinek, konkrétn€ adrenalin a noradrenalin (zdroveni se zvySuje krevni tlak, jak je
popsano v kapitole 2.1. [7][8]

V této, prvni, fazi také roste produkce CRH'-ACTH?2-kortizolu, ktery zvySuje energeticky potencidl jedince.
Reakce systému CRH-ACTH-kortizolu je hlavnim rysem druhé fize - adaptace, jinak jmenovanou jako Selyeho
stres. V této etapé¢ Zije Clovék stéle a je v podstaté zdkladem normdlniho Zivota. Pokud by totiZ z lidského Zivota
vymizely veskeré stresujici okolnosti, samovolné by stres naopak vznikal. [7][8]

2

kortizol ma nedostate¢nou produkci. Obvykle nastdva pouze za extrémnich situaci (napt. nemoc). [7][8]

2.4.2 Elektroencefalografie

Elektroencefalografie sleduje mozkové vlny, které jsou soucasti elektromagnetického pole, které vytvareji svou
praci neurony. Obvykle je zmiflovano Ctyfi aZ pét druht, a sice:

* alfa viny, které maji frekvenci 8 + 13 Hz a prevladajf za stavu uvolnéni a odpocinku;

* beta viny s frekvenci 13,5 + 40 Hz, které jsou aktivni v bdélém stavu, pficemz ¢im vySsi frekvenci tyto viny
maji, tim je ¢loveék "podraZzdénéjsi”;

 gama viny o frekvenci 40 + 100 Hz pouzivané v situacich, kdy je mozek vystaven narocnym tkolim;

Kortikoliberin - peptidovy hormon hypotalamu [9]
2Adrenokortikotropni hormon, je produkovan adenohypofyzou [9]
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¢ delta viny dosahujici frekvenci pouze 1 +3,5 Hz jsou aktivni pfi hlubokém spanku nebo bezvédomi; a

* theta viny, jejichz frekvence osciluje mezi 4 a 7,5 Hz, prevladajici béhem hluboké relaxace ¢i nékterych
fazich spanku. [10][11]

Priklad vysledné kiivky je priloZen na obrazku 2. Na obrizku je pouzito zapojeni systémem "10-20". Pro
udrZeni elektrod na spravném misté se obvykle pouZiva lepiva pasta. Obvykle se dané elektrody oznacuji pismenem,

PP

n_n

suda pro pravou) piipadné malym pismenem "z" ¢i nulou pro elektrody nepdrové (tzv. "vertexové”). Umisténi
elektrod Ize vidét na obrazku 2 v pravém hornim rohu. [10][12]
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Obr. 2: Ktivka normélniho EEG [10]

2.5 Elektrodermalni aktivita

Elektrodermalni aktivita (EDA), diive nazyvand jako galvanickd reakce, je kozni reakce na elektricky podnét
a je velmi Casto vyuZivana v psychofyziologii. [13][14]

Oproti napiiklad EEG ma velkou vyhodu v tom, Ze jeho pouZiti je technickd nendro¢nost a snadnd aplikace
téméf kdekoliv, pricem?z stdle vykazuje velmi dobrou citlivost na zjisténi psychického stavu. [13][14]

Elektrickou aktivitu popsali nezdvisle na sobé francouzsky neurolog Charles Féré (v roce 1888) a rusky
fyziolog Tachograff (v roce 1890). Oba ovSem ke svym zavérim dosli odliSlnou metodou. Zatimco Féré vyuZzil
stejnosmérny obvod (v podstaté externi stejnosmérny zdroj zapojeny na dvé rtizna mista na kizi), Tachograff
snimal pouze potencidl mezi dvéma misty na kiizi - bez vnéjsiho zdroje. Velic¢iny méfené pfi EDA se dé€li na:

¢ endosomatické a

e exosomatické. [13][14]

Jako endosomatické oznacuji biofyzikové takové veliCiny, které se méii bez zdroje vnéjstho napéti. Zde
je vyjmenovan koZni potencidl (skin potential - SP), coZ je napéti (rozdil potencidlil) mezi dvéma misty na
pokozce.[13][14]

Za exosomatické veliCiny lze oznacit takové, které dle filozofie Férého vyuZivaji externi zdroj. Teoreticky 1ze
vyuzit i stiidavé napéti, avSak prakticky se vyuzivaji pouze stejnosmérné zdroje. Mezi exosomatické veliiny patii
naptiklad koZni vodivost (skin conductance - SC) nebo kozni odpor (skin resistance - SR). [13][14]
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3 Zavér

Vysledkem tohoto ¢lanku je lepsi pochopeni fyziologickych parametrti clovéka za i¢elem jejich vyuziti ve
strojirenské praxi pro vytvoreni kvalitnéjstho HMI, napt. z pohledu vyuZiti schopnosti operatora.

Je zfejmé, Ze velké mnozstvi informaci o aktudlnim stavu lze zjistit ze sniman{ o¢i ¢i z mozkové aktivity. Ve
velkém mnoZstvi parametrd se projevuje aktivace sympatického, popt. parasympatického nervového systému.

Clanek byl podpoien grantem: SGS20/159/OHK2/3T/12
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KAMEROVY SYSTEM S VLASTNI DIAGNOSTIKOU

Petr Pisaiik ', Matous§ Cejnek !
! Ustav pristrojové a Fidici techniky, Fakulta Strojni, CVUT v Praze

Abstrakt:  Tato prdce popisuje tvorbu kamerového systému, ktery bude mozné pouZit k monitorovani
objektii ¢i procesii. Vybér vhodného hardware splitujici pozadavky. Schéma zapojeni kamerového
systému. Software kamerového systému je vyuZiva pythonu3 a ndastrojut linuxového prosredi Ubuntu
Mate 18. Celkovy postup implementace a testovani.

Klicova slova: IP-Cam, Python-3, Kamerovy systém, Raspberry B3+, Ubuntu, Linux, ffimpeg, cron

Abstract: This work describes the creation of a camera system that can be used to monitor objects or
processes. Selection of suitable hardware that meets the requirements. CCTV wiring diagram. The
camera system is using Python3 and Linux environment Ubuntu Mate 18. Overall implementation and
testing process.

Keywords: IP-Cam, Python-3, Cam system, Raspberry B3+, Ubuntu, Linux, ffmpeg, cron

1 Uvod

Kamerové systémy jsou nedilnou soucdsti Zivota dnesnich lidi. Na trhu je nepfebernd nabidka komerec¢nich
feSeni jiz hotovych kamerovych systémd. V tomto ¢ldnku jsou popsdny nékteré aspekty navrhu low-cost doméciho
kamerového systému s dlirazem na vlastni monitoring zdravi kamerového systému. V nésledujicich sekcich je
popsano jak a pro¢ byl zvolen pouzity hardware a software. Jak byla navrzena architektura samotného software
feSeni. Ddle zde jsou také popsdny rtzné klicové problémy, na které je mozné pfi tvorbé systému narazit, a jak je
fesit.

2 Hardware

PouZité zatizeni, musi spliiovat zadané pozadavky, tedy byt odolné proti venkovnimu prostiedi. UmoZnovat
no¢ni reZim. Napdjeni pomoci PoE (Power over Ethernet) [1]. Poskytovat Zivy obraz pomoci RTSP (real time
stream protokol) [2] a byt dosazitelné z internetu. Spolehlivé pracovat i s delSimi ¢asovymi useky. Hardware
kamerového systém je logicky rozdélen do tif ¢asti : senzorické, sifové a vypocetni.

2.1 Senzorika

Jako kamera spliiujici poZadavky se ukazala IP Kamera IPSU20HHF200 od firmy Cantonk.

2.2 Sifové pripojeni

Sitovou ¢ast propojujici kamery s mikro pocitacem a mikro pocitac s internetem je realizovana pomoci switche:
TL-SF1008P [3]. Poskytujici 4 POE porty, kterymi je zajiSténo napdjeni i datovy pienos kamer.
2.3 Vypocetni zarizeni

Jako vypocetni ¢len je pouzi mikro pocita¢ Raspberry pi B3+. K mikro-PC je pripojeny externi HDD disk,
jako prostor pro tlozisté zdiznama.
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Obr. 1: Schéma zapojeni jednotlivych komponent systému.

3 Software

Systém je naprogramovany v Python 3 [4] a ultilitdch linuxu. Hlavnim cilem je, aby systém umozioval real-
time nédhled, uklddal zdznam kamer ve smycce a nejstarsi ¢ast zdznamu automaticky odstratioval, aby se pribézné
uvoliiovalo misto na disku. VSe béZi v linuxovém prostiedi pro Raspberry Pi B3+ Ubuntu Mate verzi 18.04.

4 Implementace

Prvnim krokem k zprovoznén{ systému je instalace opera¢niho systému Raspberry Pi. Na oficidlnich strankéch
[5] jsem vybral nejnovéjsi verzi operacniho systému Ubuntu Mate. Ubumtu Mate jsem zvolil kvtli pohodlnému
desktopovému piistupu. Dle instrukei jsem vytvofil boot-SD card. Po ovéfeni spravného nainstalovani systému

ndsledovala instalace Pythonu 3.8 spolecné s IDLE ze stranek [6].

4.1 Pripojenim kamer

Kamerovy systém je zapojen podle schématu Obr.1. Raspbery je ptipojeno pomoci LAN k switch. Kamerové
POE LAN zajisfuje zdrovei napdjeni kamer a datovy tok od kamer. V takto zapojeném systému jsem vyhledal
pfipojend zafizeni pomoci IP Search [7]. Mezi nalezanymi zafizenimi byly i IP kamery v tovarni konfiguraci. Pro
budouci pouziti bylo nutné kamery vhodné prekonfigurovat.

_Q 1P search Tool

Inde.. Model Civico Mame | Firwarg Varsion Paddress  Submet Mask | GateWoy ons MAL “ Upgrade
It IPCAMERA IPC IS16EV200.F23 B1T0..  192168.110 2552552550 19216411 10216810 O00KID0CH — -
o o. 0 o

2  IPCAMERA IPC ISTEEVZ00F23 BITO.. 192168120 2552552350 19216400 19216301 0000IB0CH | |7 Address |
Subinet Mask 255 .235.255. 0
GateWay ] 0.0 ]
DNS. 0 .0 0.0
HTTP Pert
RTSP Port
[[]DHCP Enable
Username admin

< » Password

Ver 7182 [] O MultimodeNetmask | Swarch ALL Modify

Obr. 2: Nalezeni IP kamer dostupnych v mistnf siti a jejich konfigurace

Ke konfiguraci jsem vyuZil vySe zminény program IP Serch Tool. U kamer bylo nutné nastavit IP adresu
tak, aby odpovidala mistni siti. Kromé IP adresy jsem nastavil i odpovidajici Mask a Gate Way. Zapsal jsem si
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oznaceni RTSP portli, na kterych kamera vysild stream. DalSim krokem bylo pfipojit se ke kamerdm a zménit
tovarni piistupové idaje. Hardware kamerového systému byl témito modifikacemi pfipraven k provozu.

4.2 Pristup a zaznam RTSP streamu

Ve VLC player [8] jsem nejdiive ovéfil existenci kamerovych streami a jejich dostupnost. V zdlozce sifovych
proudd jsem vyplnil IP adresu, ¢islo portu RTST a ptihlaSovaci idaje. Nasledovala implementace v Pythonu.
Vyuzitim knihovny openCV jsem navdzal spojeni s kamerami a v Zivém modu zobrazil oba RTSP streamy.
Problém nastal aZ pti pokusech o ukldddni zdznamu. V pythonu jsem si vytvofil skript, ktery zaloZil video soubor
s datem a ¢asem vytvofeni. Do tohoto souboru se uklddala pfijimand data z kamery. Skript byl doplnén i o
automatické mazani soubort star§ich nez predepsany ¢as. Zkusebni provoz odhalil, Ze takto béZici skript, ktery
zobrazuje a uklada Zivy obraz z jedné kamery vyuziva vykon mikro PC zkruba na 90%. Zaznam z obou kamer vedl
k prehiivani zafizeni a ukonceni béZicich procesii. Ladénim skriptu, snizovanim kvality (sniZeni rozliSeni a FPS
(pocet snimki za sekundu)) pfijimaného videa se mi podafilo sniZit vypocetni naro¢nost na cca 80%.Problémem
byla také Casova nespojitost mezi jednotlivymi nahranymi segmenty. Segmenty byly oddéleny ¢asovymi prostoji
v fadech ne€kolika sekund (2-13 sec). Pro zdznam obou kamer byl vykon mikro PC stdle nedostatecny.

Ukladani streamu pomoci pythonu v pozadované kvalité se ukdzalo jako neuskutecnitelné. Z téchto divodid
jsem se rozhodl pouzit alternativni zpisob zdznamu RTSP streamu. Pro nahrdvani jsem se rozhodl otesovat
linuxové knihovny a programy umoziujici live konverzi RTSP streamu (openRTSP), fimpeg [9] a vic [8]. Z
testovani se nejlépe vyslo ffmpeg. OpenRTSPse ukdzalo piili§ ndchylné na stabilitu a pfi drobném kolisan{ signdlu
dochdzelo ke kolapsu nahravani. Také bylo sloZité piesné nastavit parametry aby doSlo ke sprdvnému zdznamu.
Automaticky zdznam pomoci cvlc bylco se tyce predepisovani parametrii nejjednodussi. Stacilo nastavit pouze
adresu streamu, rozdéleni na casové segmenty a jména souborti. Kvalita zdznamu byla v porovnéni s openRTSP
horsi. Dochdzelo zde ke kratkym usekiim mezi jednotlivymi segmenty kdy se nenahravalo ( 1-3 sec). Rozliseni
samotného zdznamu bylo stejné jako v streamu(1920x1080), avSak zdznam byl sekany. Zaznamenany soubor
béZel s nahodilymi zdseky, kdy se na videu na nékolik sekund zastavi obraz a pak bézi ddl. Optimalnim ndstrojem
pro zaznam se ukazal ffmpeg.

43 FFMPEG

Ffmpeg je linuxova4 ultilita pro piikazovy fadek pro konverzi video formdtt. Umozilujici konverzi streamovan{
a nahravani digitdlntho obrazu a zvuku v redlném case. Neméné dilezité je znat i prarametry streamu jako je
codec, FPS, rozliSeni atd. Mnou pouZity piikaz pro zdznam je ndsledujici:

>>>ffmpeg -rtsp_transport tcp -i rtsp://login:password@IP_address:RTSP_port -codec:v
copy -codec:a copy -map O -f segment -segment_time 28800 -segment_format mkv
-strftime 1 -reset_timestamps 1 /path/name_%Y-%m-%d_%H-%M-%S .mkv

Kde ffimpeg je ptikaz spoustéjici ultilitu, rtsp transport spousti rtsp transportni protokoly, tcp volba TCP jako
nizstho transportniho protokolu,i aktivace nastaveni vstupu (input), rtsp://login:password@IP address:RTSP port
nastaveni adresy streamu spolec¢né s prihlaSovacimi idaji a portem rtsp streamu, -codec:v copy -codec:a copy
volba codecu automaticky podle zdroje, map 0 mapovani jednoho streamu,f segment -segment time 28800 rozdéleni
zdznamu na 8 hodinové Useky, segment format mkv volba vystupniho formdtu souboru. v naSem pfipad¢ je vhodné
pouzit spise formaty mkv a mp4. Pouziti formatu avi vedlo k potiZim z divodl nekonzistence pfijimaného signélu.
Format avi nedokdZe zpracovat dlouhodobé video ve kterém se obcas ztrati data. Posledni ¢ast -strftime I -reset
timestamps 1 /path/name %Y Y%om %d Y%oH-%M-%S.mkv nastavuje cestu kam ukladat zdznam a jeho jmého tvoiené
prefixem a aktudlnim Casem.

Stream ve formdtu h264 je pfevadén do mkv po 8 hodinovych usecich. Mkv formdt umoZiuje ztratu ucitého
mnozstvi dat. Mezery mezi jednotlivymi zdznamy jsou zanedbatelné. Nahrdavan{ je stabilni a mize bézet v fadech
dni.

Celkové vykonové pozadavky zatéZuji mikro PC 30% maximdlniho vykonnu, jak je vidét z (3). Takto zavedeny
systém tedy zaznamendva a automaticky odstratiuje staré soubory.

4.4 Automatické spusténi

Pro spolehlivy chod kamerového systému je také nutné, aby se pfi vypadku automaticky spustil. Proto jsem
nastavil automatické spusténi vSech skriptd po rebootovani systému. Do operacniho systému jsem také zavedl
pravidelné restartovani mikro PC a kamer jedenkrat za tyden. V definovany ¢as dojde k uloZeni zdznamu a vypnuti
vSech zafizeni. Po spusténi systému se jako prvni spusti python skript automatického mazani, ktery nasleduji
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Wl stem Processes Resources e systems

CPU History

Memory and Swap History

8

Metwork History

 recenes 10,1 KiBys

Total Recetved 1.7GiB

Obr. 3: Nahravani dvou kamer spolu s python skriptem, ktery automaticky odstranuje soubory starsi 5 dni.

skripty zaznamendvajici kamery. Automatické spusténi je docileno softwarovym démonem Cron [10], coZ je
vlastné specializovany systémovy proces slouzici jako planovac déjii. Pro automatické spusténi bylo nutné pomoci
pfikazi sudo chmod -x /path/to/my/script.sh nastavit,aby bylo skript mozné spustit. VSechny takto spousténé

7wz

skripty bylo tfeba doplnit o prvni fadek #//bin/sh. Bez téchto tprav by nedoslo k jejich aktivaci.

@reboot /path/to/my/script/auto_delete.sh
@reboot /path/to/my/script/capture_cam_A.sh
@reboot /path/to/my/script/capture_cam_B.sh

00 03 * * */3  /path/to/my/script/reboot.sh

* % % % % command to be executed

L day of week (0-6) (Sunday = 0)
month (1-12)

day of month (1-31)
hour (0-23)
minute (0-59)

s vz

Obr. 4: Syntax zdpisu v Cron. @reboot znamend aktivaci vZdy po zapnuti. Pfikaz na posledni fddce znamend
spusténi scriptu reboot kazdou stfedu ve tfi hodiny v noci [11].

5 Vzdaleny pristup

Pro kontrolu funk¢nosti a pfistupu k zdnamiim jsem na raspberry pi vytvoril FTP (File Transfer Protocol) servr.
Kvili vétsimu zabezpeceni je vhodné pouZit zabezpecenéjsi verzi SFTP (Secure File Transfer Protocol). Soubory
pristupné pro klienty jsou pouze soubory umisténé na externim disku. Pfihlasit se jde do tfi riznych uzivatelskych
urovni. Administratorsky pfistup umoziuje spravu a editaci soubori. UZivatelsky pfistup je pak pouze pro ndhled

bez moznosti editaci souborti. Tfeti uroveii povoluje spousténi skriptd a umoZiiuje nastavovani systému.
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6 Zavér

Vybral jsem hardware kamerového systému a instaloval jej na budovu. Pomoci raspberry pi jsem vytvofil
systém jenZ ukladd zdznam dvou kamer do 8 hodinovych segmenti. K mikro PC jsem pfipojil externi hard
disk, slouZzici jako prostor pro data. Jména video segmentil jsou tvofena oznacenim kamery a ¢asem kdy byla
stopa zaloZena. Automatické mazani skriptl je uskute¢néno skriptem v pythonu, ktery odstani soubory stars$i nez
pfedepsany ¢as. VSe se spousti automaticky po startu systému Ubuntu mate.

Systém byl extenzivné testovan 168 hodinama provozu pii podminkach, v kterych se bude bézné pouZzivat.
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DETEKCE FYZICKYCH OBJEKTU NA DOTYKOVEM PANELU
(DETECTION OF PHYSICAL OBJECTS ON A CAPACITIVE
TOUCH PANEL)

Jan Mares
Abstrakt: Tato prace je zamérena na dotykové obrazovky. V praci je proveden zakladni vyzkum a popis
v soucasnosti pouzivanych dotykovych displejii.
Klic¢ova slova: Kapacitni diplej, Dotykova obrazovka, Odporovy displej

Abstract: This work aims on touchscreens, fundamental research on how touchscreen work and what
types of touchscreen exists.
Keywords: Display, Capacitive Touch, Resistive Touch,

1 Uvod

Tato prace se zaobira tématem dotykovych displeji. V prvni ¢asti bylo potieba udélat reSersi na druhy displejt,
jejich zpracovani, vyhody a nevyhody oproti ostatnim, zjistit jejich souc¢asnou miru pouziti na trhu a poté je rozdélit
do skupin a kategorizovat. Hlavni a nejvice pouzivané displeje budou predstaveny v této praci, ostatni méné
pouzivané poté budou popsany az v diplomové praci, ve které bude feSena i problematika, kvili které tato prace také
vznikla. Jedna se o problém firmy EDAG Engineering s.r.o., kterd ma problémy s dotykovym panelem a cilem prace
se problém identifikovat a pokusit se vyfesit.

2 Druhy displeji

2.1 Historie

Historicky prvni dotykova obrazovka, ovladana pomoci prstu, byla popsana v 1965 americkym védcem E. A.
Johnsonem, ktery ji v nasledujicich letech jesté podrobnéji popisoval. V 70. letech uz védci z CERNu, Ben Stumpe a
Frank Beck, kteti vytvofili redlnou transparentni obrazovku. Progres ve vyvoji displejii byl poté pozvolny a az
v roce 1982 vznikl prvni displej podporujici multi-touch, tzn. detekci vice objektl v jeden Cas. Za timto projektem
stali studenti z Univerzity v Torontu. V roce 1993 prichazi poprvé na scénu predchtdci telefonti, PDA pocitace
(Personal Digital Assistant), jejichz predstavenim zac¢ind prebirat vyvoj dotykovych senzorl a telefonli soukromy
sektor, ve zminéném roce firmy Palm, IBM a Apple. K masivnimu rozsifeni dochazi ale az po roce 2008, poté co
Apple prostfednictvim Steva Jobse pfedstavuje iPhone prvni generace. iPhone disponoval kapacitni multi-touch
dotykovou obrazovkou a i kdyz se poté vyuzivali i telefony s rezistivni technologii, kapacitni technologie
v soucasnosti masivné prevysuje druhou zminénou technologii. Po telefonech se dotykovy displej zacal rozsitovat
do vSech moznych odvétvi a velikosti. V dnes$ni dobé je masivni produkce tabletli, displeje se objevuji uz i na
pocitacich, automobilech nebo vyrobnich linkach jako operatorské panely. Z vySe zminéného se da ocekavat, ze
displeje se budou i do budoucna hojné vyuzivat, takZze se da ocekavat i jejich postupné vylepSovani, jako napt. 3D
dotyk, jesté odolngjsi materialy atd. [1]
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2.2 Rezistivni displej

Rezistivni, téz odporovy dotykovy panel, se skladd znckolika elektricky vodivych vrstev, mezi kterymi se
nachdzi tenkda membrana. Vrstvy mohou byt ze skla, ale daji se pouzit i dalsi materialy, které jsou prahledné a daji
se zmacknout, naptiklad plasty. Membrana je vodiva vrstva, kdy se u vétSiny displeji vyuziva nejcastéji slitina
oxidu inditého a cini¢itého (ITO) a tenkd vrstva vzduchu. Princip funguje tak, Ze po stisku ruky nebo jiného
pfedmétu dojde k propojeni obou vrstev. V kazdé zvrstev jsou dvé elektrody, nachazejicich se na protilehlych
koncich, jsou osy X a Y. Odpor ITO vrstvy vytvaii na kontaktnim misté d¢li¢ napéti. Pomér napéti se nasledné
pouziva pro vypocet dotykové polohy. Aby se vrstvy nedotykaly samovolné bez dotyku, je spodni vrstva jesté
opatiena ochrannymi kulickami, viz Obrazek 1, kde je i nazorné popsan cely displej.

Kryci povrchova vrstva \-i

Elektrody Horni vrstva FPC

E T
Lepidlo Mezera =

al alal

Izolovany odpor > —C
/ e Spodnf vrstva
Ochranna kulicka

Obrazek 1 — Slozeni rezistivniho displeje Error! Reference source not found.

Existuji 4 metody ur¢ovani polohy dotyku: ¢tyt vodicova metoda, péti vodi¢ova metoda, osmi vodicova metoda
a Digital matrix (Digitalni matice). Nejbéznéjsi a nejjednodussi metoda je ctyi dratova, kdy spodni vrstva snima
polohu X a vrchni vrstva snima polohu Y. Dalsi metody jsou v podstaté variacemi ¢tyf dratové metody, jen s vice
elektrodami pro snimani polohy.

Mezi vyhody odporovych displeji oproti displejim kapacitnim patii nizka spotieba energie, vysoké rozliseni
(4096 x 4096 DPI a vice), moznost dotyku obrazovky jakymkoliv pfedmétem a nizkad cena, kvilli jednoduché
struktufe Ctyf dratovych displeji. K nevyhoddm naopak patii vzduchova vrstva mezi vrstvami, kdy mize snizit

prihlednost displeje a miize se do vrstvy dostat prach. Nevyhodou je také omezena maximalni velikost displeje.

2.3 Kapacitni displej

Oproti rezistivnimu a vyse zminénym displejim pracuje kapacitni displej na principu detekce vodivosti. K
doteku displeje tedy je zapotiebi vodivého materialu, a proto se vyuziva hlavné vodivosti lidského téla.

I kapacitni displej ma dva druhy zpracovani, vlastni a vzajemn¢ kapacitni. Tyto displeje si rozebereme
podrobnéji v nasledujicich kapitolach. Dva druhy zpracovani mohou mit i displeje jako takové, kdy bud’ mtize byt
dotykovy panel pfimo integrovany do displeje nebo mize byt panel oddéleny. V dnesni dobé uz se kvuli jednodussi
instalaci a vyméné pouziva integrovany dotykovy modul, ob¢ z provedeni jsou zndzornény na Obrazku 2.
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Konvenéni dotykovy modul Integrovany dotykovy modul

Konektor Konektor

Obrazek 2 - Typy feSeni dotykového displeje [2]

2.4 Vlastni (povrchovy) kapacitni displej (Self-capacitance)

Povrchovy kapacitni displej se sklada ze tfi vrstev. Sklo, vrstva vodivého substratu a na povrchu je ochranna
vrstva. Do 4 rohi vodivé vrstvy je ptivadéno napéti stejné faze, které vytvori uniformni elektrické pole. Toto napéti
je privadéno prisvitnymi elektrodami umisténymi kolem ochranného obalu v maticové formaci. Kdyz se prst dotkne
displeje, zacne jim téci elektricky proud. Nasledné se zméii proud, které tece z jednotlivych elektrod do prsty.
Vzdalenost dotyku je nepfimo umérna tomuto proudu. Kapacitance miize byt systémem méfena uz od malych
vykyvi, fadove 0,5-20 pF.

Vlastni kapacitance

Bez dotyku C Dotek prstem Cs

TV T

Obrazek 3 - Vlastni kapacitance Error! Reference source not found.

Jedna z elektrod (vertikalni) udrzuje konstantni hodnotu proudu, kdyz neni dotykovy displej pouzivan. Dalsi
elektrody (horizontalni) se spousti v momenté dotyku prstem obrazovky, coz inicializuje tok proudu v této ¢asti
displeje. Formace matic vytvaii elektrostatické pole, kde se tyto 2 linie protnou. Diky tomu displej reaguje na dotyk
dokonce pted tim, nez opravdu dojde ke skutecnému dotyku.

2.5 Porovnani

Odporovy displej ma vyhodu v moznosti dotyku i nevodivymi materialy, jako naptiklad stylusy, nehtem nebo
klidn¢ i v rukavicich, jelikoz je nutné k zaznamenani dotyku displej zmacknout a propojit tim vrstvy. Zatimco u
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kapacitniho displeje se dotyk pozna uz jen lehkym dotykem prstu, ale nefunguje dotyk nehtem ani v rukavicich,
pokud nejsou opatteny dotykovou vrstvou.

Cenové se displeje zleviiuji a rozdily se mezi nimi zmenSuji, ale stale je odporovy displej levnéjsi. OvSsem o
trochu drazsi kapacitni umoziiuje dotyk na vice mistech zaroven, tzv. multi touch. K vyhoddm kapacitniho displeje
jesté patii vSeobecné vEtsi odolnost, at’ uz proti prachovym ¢aste¢kam nebo mastnoté z prstu.

Jin4 je i skladba displeje, ktera je nazorn¢ ukazana na Obrazku 2.

g

ITQ X-Layer -t
Flexible Insulating Dots ——@ * ' < &
ITO Y-Layer —@

Stable Base Layer — i

pu
o
=,
=
m
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o
E-4
o
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j
X Sensors

& Y Sensors
LCD—g

Obrazek 4 - Porovnani technologii Error! Reference source not found.

3 Zavér

Z reSerSe na hlavni typy displejii jsme zjistili hlavni vyhody a nevyhody, které byly uvedeny v pfedchozi
kapitole. Pro dotyk na odporovém displeji mize slouzit i jiny predmét, kapacitni displej je spiSe pfizpisoben dotyku
lidské ruky a ma ve vysledku lepsi vlastnosti, proto je v dnesni dob¢ vice vyuzivan.

To, co je jako vyhoda normélng, neni ovSem vyhodou pro aplikaci firmy EDAG Engineering s.r.o. Jelikoz je
v demonstraci nutno stavét na displej maketu automobilu ovladanou skrze Arduino Mega2560, vhodnéjsi by bylo
pouzit displej rezistivni.
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MOBILNI APLIKACE PRO MONITOROVANI
PRUMYSLOVYCH PROCESU
(INDUSTRIAL PROCESSES MONITORING APP)

Daniel Sebik’

I Ustav ptistrojové a Fidici techniky, fakulta strojni, CVUT v Praze, daniel.sebik@fs.cvut.cz

Abstrakt: V této praci je resena problematika rychlé orientace na pracovisti s vyuzitim mobilnich SCADA
systémii. Pro tento ucel je navrhnuta aplikace formatu SCADA, ve které je implementovino rozpoznani
OR-kodii prirazenych jednotlivym castem sledovaného procesu. Aplikace je psana pro operacni systémy
i0S v jazyce Swift. Hlavnimi vyuzitymi frameworky jsou Core Image pro rozpozndni obrazu a Macaw pro
implementaci vektorové resené vizualizace procesu.

Klicova slova: QR-kéd, scanovani, Swift, mobilni SCADA, SwiftUl, Core Image, AV Foundation

1. Uvod

Monitorovani primyslovych procest je diilezitou soucasti potfebnou pro fizeni komplexnich
primyslovych procesi. Tato oblast spada pfevazné pod SCADA systémy, které maji za ucel
centralizovat monitorovani a fizeni téchto procest. Za pomoci raznych operatorskych paneli a
zobrazovacich zafizeni potom mtize byt monitorovani dostupné i pfimo na daném pracovisti. V
nekterych ptipadech tomu tak ale neni. At uz z dvodu finan¢nich tspor, prostorovych omezeni
nebo z jinych divodi. Pro technika pohybujicim se na daném pracovisti potom miize byt
v takovych ptipadech ponékud slozité ziskavani informaci o daném procesu. Tato myslenka tak
vytvati prostor pro navrh aplikace pro riizna prenosna zatizeni, kterd mize mit pracovnik na
daném stanovisti stale k dispozici, a pomoci kterych by mohl jednoduse nascanovat identifikacni
kod dané casti procesu, a tim ji identifikovat a ziskat potfebné informace. Jednalo by se tak o
roz§iteni mobilnich SCADA systémil pravé o rychlou identifikaci. Cilem tohoto projektu
feSené¢ho v ramci studentského projektu bylo seznameni se s programovacim jazykem Swift za
pomoci tvorby mobilni aplikace fesici popsany problém.

2. Koncept aplikace

M ow s

Navrzena aplikace je rozdélena do tii ¢asti. V prvni €asti je vizualizace samotného procesu
s interaktivnimi prvky, pomoci kterych mize uzivatel piimo piejit na informacni stranku dané
¢asti procesu, naptiklad sebrat data z dané¢ho snimace. Obdobnym zpiisobem jiz pfimo SCADA
systémy funguji, napt. [4]. Ve druhé ¢asti si uzivatel mtize navolit seznam nékolika
preferovanych stanovist,, které mtize bez hledani ve vizualizaci, ¢i scanovani identifika¢niho
kodu rychle otevfit. Ve tieti ¢asti je implementovana inovativni slozka. Kazda ¢ast procesu,
snimac ¢i akéni ¢len budou mit vlastni QR kod predstavujici identifikacni ¢islo dané¢ho prvku a
uzivatel jej bude moci pifimo na pracovisti nascanovat, ¢imz se pfimo dostane na stranku s
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parametry daného prvku v procesu. Nebude tak muset ve vizualizaci hledat, ktery prvek je ten
spravny, ¢imz dojde ke zrychleni hledani. Navic se zajisti i sniZzeni chybovosti lidského faktoru,
protoze uzivatel nebude moci ve vizualizaci omylem zvolit jiny prvek systému a pracovat se
Spatnymi informacemi.

3. Tvorba Ul

Tvorba uzivatelského rozhrani se v nynéjs$i dobé u operacnich systémi i0OS piesouva
k novému frameworku SwiftUI, nicméné v dobé& tvorby aplikace jeste nebyl tento framework
k dispozici a vyuzil jsem frameworku UIKit [2].

Po otevieni aplikace se uzivateli zobrazi pfihlasovaci obrazovka. Ta je vytvofena pomoci
objektu tfidy UIViewController. Po zadani spravné kombinace ptihlasovaciho jména a hesla se
nasledné zavte ptihlaSovaci okno a skrze notifikaci objekt tfidy UISceneDelegate, ktery spravuje
udalosti béhem zivotniho cyklu aplikace, otevie nové okno. Pro rozdéleni aplikace do tii Casti je
pro toto okno voleno objektu tfidy UITabBarController, ktery spravuje tii rozdilné
UlViewControllery jednotlivych ¢asti, mezi nimiz lze ptepinat pomoci liSty na spodni strané
obrazovky.

Prvni z oken je zminovana vizualizace procesu. Tu jsem fesil pomoci grafického
frameworku Macaw [ 1], ktery mi dovolil vyuzit vektorovych formati grafiky vizualizace ve
formatu SVG. Zoomovani a posouvani ve vizualizaci je feSeno pomoci transformaci souradnic a
velikosti v daném vektorovém obrazku. Snimek obrazovky z okna vizualizace je vidét na obr.
l.a.

Druhé z oken je vénovano ulozenym prvkim procesu, tak aby se uzivatel rychleji dostal
k ¢astem procesu, které nejcastéji sleduje. Seznam je feseny pomoci objektu tfidy UlTableView,
do kter¢ho se nacitaji objety ulozenych ¢asti procesu podle identifikacnich kodu, které jsou
ulozeny do paméti po pfidani na seznam preferovanych objektd. Ukladani do paméti mobilniho
zatizeni je feSeno pomoci frameworku Core Data. Okno s ulozenymi polozkami je vidét na obr.
obr. 1.b.

V poslednim okn¢ UlTabViewControlleru miize uzivatel scanovat QR kod ptifazeny urcité
¢asti procesu. Scanovani QR kodu je feSeno pomoci frameworkii Core Image a AV Foundation.
Okno s nastrojem scanovani je vidét na obr. 1.c.
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€3

Favourites

Vymeénik
Inventory number: 531807

Destilatni komora
Inventary number 531803

Vymeénik 2
Inventery number; 531808

9 % B 9 % B 9 % o

Firvnuritey Sean Map Favourites Sean Map Favomtiles

Obr. 1  Okna hlavniho UlTabViewControlleru zleva: a) vizualizace procesu, b) ulozené prvky procesu, c)
scanovani QR kodu.

Poslednim oknem (obr. 2) uzivatelského rozhrani je okno samotného prvku v procesu, kde
se zobrazuji potiebné informace, a kde se nachazi tlacitka pro pfidani do preferovanych polozek
nebo také jeho zobrazi pifimo ve vizualizaci. Data pro testovani funkce byla brana z prazskych
meteostanic [3].
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Sensor parameters

531807

SAT Sever

=1.37°C

Location

Add to favourites

Obr. 2 Stranka s parametry zvolené¢ho prvku procesu.

4. Scanovani QR kodi

Pro scanovani identifika¢nich QR kodi jsem vyuzil frameworka Core Image a AV
Foundation, jak jsem jiZ zminil vySe. Prvni ze zmiflovanych framework je ureny ke zpracovani
a analyze obrazu. V tomto ptipad¢ jsem vyuzil konkrétné objektu tfidy CIDetector, ktery jsem
vyuzil k identifikaci QR kodu z dodaného snimku a jejich piecteni.

Framework AV Foundation potom slouzi k pfistupu k audiovizualnim prvkiim mobilnich
zafizeni, v tomto piipadé k zadnimu fotoaparatu. Po vybéru konkrétniho vstupu/vystupu je tieba
toto zafizeni nakonfigurovat podle pozadovanych cilti (pocet snimki za sekundu, kvalita snimkt
a podobn¢). Po nastaveni pozadovaného zatizeni je mozné spustit takzvanou CaptureSession,
béhem které dochéazi k opakovanému snimani audiovizualniho signélu, v tomto ptipadé tedy ke
snimani obrazkl. Snimané obrazky se potom za pomoci objektu tfidy
AVCaptureVideoPreviewLayer zobrazuji pfimo na obrazovce uzivateli, tak aby mohl namifit na
identifikovany kod. Obrazek je po sejmuti predan také objektu ttidy CIDetector, ktery
identifikuje, zdali je pfitomny n&jaky QR-kod a ptipadné precte zapsany identifikacni kod.

5. Zavér

Béhem projektu byla vjazyce Swift vytvofena aplikace s prvky vizualizace obdobné
SCADA systému pro mobilni zafizeni, rozsifenda o moznost scanovani identifikacniho cisla
jednotlivych ¢asti primyslovych procest za pomoci QR kodu pro rychlou orientaci na pracovisti.
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(OPTICAL PROPERTIES OF ISLETS OF LANGERHANS)
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Abstrakt—Transplantace Langerhansovych ostriivkll je jedna z metod, kterd slouzi k terapii diabetu mellitu 1. typu. Urceni
objemu a kvality nebarvenych ostriivkil pred transplantaci je pretrvavajici problém. Rada piistupti identifikuje ostriivky pomoci
barveni malého vzorku z materidlu ur¢eného k transplantaci, ale odbér vzoru je provazen vyznamnou chybou. Nas projekt ma za
cil umoznit hodnoceni celého transplantovaného objemu na zékladé neinvazivnich metod jako svételna reflektance nebo
autofluorescence a okamzitou klasifikaci ostriivki za pouziti segmentaéniho pfistroje. Tento pfistup povede k presnéjsimu
stanoveni parametrti Langerhansovych ostriivkll a naslednou vétsi prediktabilitu vysledki transplantace.

Abstract—Transplantation of the islets of Langerhans is one of the methods used for diabetes mellitus type 1 therapy. Estimation
of the volume and quality of unstained islets is a longstanding problem. A number of methods identify islets by staining a small
sample from the material for transplantation, but this sampling is accompanied with a significant error. Our project aims to enable
the evaluation of the whole volume of the transplanted material based on non-invasive methods such as light reflectance
or autofluorescence and the immediate classification of the islets using a sorting device. This approach will lead to a more
accurate determination of the parameters of islets of Langerhans and a better predictability of transplantation outcomes.

Klicova slova—Langerhansiv ostriivek, zobrazovani, velikost, reflektance, autofluorescence

Keywords—Islet of Langerhans, imaging, size, reflektance, autofluorescence

1. Uvod

Langerhansovy ostruvky jsou shluky bunék o velikosti mezi 0,1 a 0,5 mm nachazejici se ve slinivce bfisni,
které maji mimo jiné na starosti produkci glukagonu a inzulinu — 2 hlavnich hormoni regulujicich hladinu glukozy
v krvi. Glukagon zvySuje hladinu glukézy a je tvofen v tzv. a—buikach. Inzulin snizuje hladinu glukozy a je
produkovan v B-bunkach. Diabetes mellitus 1. typu (DM1T) je autoimunitni onemocnéni zpusobujici Giplnou ztratu
B-bunck, ¢imz znemoznuje pfirozenou regulaci glukézy v krvi [1]. Transplantace izolovanych Langerhansovych
ostrivki byla vyvijena od 60. let 20. stoleti. Vyznamné se rozsifila po roce 2000, diky nalezeni imunosupresivniho
protokolu. Je pfevazné ur€ena nemocnym s zivot ohrozujici poruchou rozpoznavani hypoglykemie a tam, kde
by transplantace celé slinivky byla pfilis rizikova [2].

Procedura spociva v infuzi ostrivka do vratnicové zily vedouci do jater. Ostrivky se nasledné zachyti
v jaternich sinusoidach a kontinualné reguluji mnozstvi glukézy v krvi [3].

Reprodukovatelnost vysledkd transplantace Langerhansovych ostrivkt vyzaduje klast vétsi diiraz na jejich
kvantitu a kvalitu, které by mély byt posuzovany v podobném rezimu jako krevni transfize. Jedna se o
bezinfekénosti a zivotaschopnosti ostriivkll a také o jejich funkei, objem jednotlivych ostrivkii a miru pfimesi
zbytkové tlané slinivky. Ta se od ostrtivkd odli¢uje naptiklad pomoci rychlého barveni dithizonem, ktery se vaze na
zinek v molekule inzulinu v B-bunkach ostrivki a zplsobuje jejich zbarveni do Cervena. Tento proces vsak
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zpusobuje znehodnoceni vzorku [4]. Velice dilezitym parametrem ostrivku je jeho velikost, protoze jeho pfeziti
zavisi primarné na zasobovani kyslikem pomoci difuze. Z tohoto diivodu jsou hypoxii vice ohrozeny vétsi ostruvky
[5].

Cilem naSeho projektu je nalézt takové metody hodnoceni viability a Cistoty ostriivkt, které nebudou Skodlivé
pro zkoumané ostrivky a budou tudiz pouzitelné pro cely objem materidlu ur¢ené¢ho k transplantaci, a odstrani
problém variability odbéru vzorkt. Dal§im krokem bude navrh pfistroje, ktery bude schopen vzorky méfit a tridit
na zakladé preden stanovenych parametrti a dovoli tim doktorim lépe kontrolovat vlastnosti ostrivki uréenych
k transplantaci, a tudiz i Iépe predikovat vysledky terapie.

2. Parametry Langerhansovych ostrivki

2.1 Velikost, objem a tvar

Jak jiz bylo feceno vyse, velikost ostrivku je jednim z jeho nejzasadnéjSich parametrt pii odhadovani viability
[5]. Pro kvalitni zhodnoceni tvarovych a rozmérovych parametrt se vyuziva napiiklad opticka projekéni tomografie,
pfi které je vzorek zalit do prihledného materidlu (naptfiklad agar6zovy gel), osvicen a snimdn kamerou
pii synchronizovaném otaceni vzorku kolem podélné osy. Vysledkem je velice presna 3D rekonstrukce. Nevyhodou
je slozité pfiprava vzorku, destrukce vzorku a ¢asova naro¢nost metody [6].

Casto se tedy piistupuje k odhadu rozméri ostriivkdl pomoci nahrazeni jeho tvaru elipsoidem, jehoZ poloosy jsou
odhadovany z2 na sebe kolmych 2D prifezt [7], nebo pomoci sferoidu kdy se vyuziva pouze 1 pramétu [8].
Soucasné tiidici pristroje fungujici na principu priatokové cytometrie ¢asto vyuzivaji pouze 1D informaci (Cas, po
ktery objekt zastinil paprsek svétla prochdzejici drahou objektu) a objem ostriivku nahrazuji kouli [5]. Aproximace
slozitého tvaru ostrivku sferoidem se ukazala jako relativné€ nepfesna s velkou systematickou chybou. Tato chyba je
veétsi u ostravkl vétsich rozméru, které maji nékdy i velice nepravidelny tvar. [6]

2.2 Optické vlastnosti

Vyrazna cast piistupt, které charakterizuji kvalitu Langerhansovych ostrivkil, spoléha na barevné znaceni
sledovanych struktur. Toto barveni probiha za vyuziti chemickych latek, které se navazi do ostravkd, ¢imz je dalsi
pouziti ostrivku znehodnoceno [9].

Pro zobrazeni nebo hodnoceni ostriivkl vsak Ize vyuzit i velké mnozstvi ,,Label Free* metod. Autofluorescence
vyuziva fluorescencénich vlastnosti latek a struktur, které se ve zkoumaném objektu pfirozené vyskytuji.
Autofluorescence s excitaci na 488 nm a detekci 500—550 nm uz byla pouZita pro zobrazovani ostrivkt umisténych
do ptfedni komory mysiho oka [7]. Autofluorescenci s vice fotonovou excitaci Ize vyuzit ke stanoveni tzv. redox
poméru — pomeru intenzit pro fluorescenci flavinadenindinukleotidu (FAD) excitované¢ho svétlem okolo 1000 nm
a nikotinamidadenindinukleotidu (NADH) s maximem pii excitaci okolo 720nm. Emisni maxima FAD a NADH
jsouna 535 a 460 nm [10].

Dale je znamo, Ze intenzita zpétné odrazeného signalu pii excitaci 633 nm znatelné poklesne, pokud doslo
k poskozeni B-bun¢k v ostriivcich [11]. Dalsi metody zahrnuji tfeba Ramanovu spektroskopii slouzici k detekei
inzulinu a glukagonu v ostrivcich [12] nebo optickéd koherentni mikroskopie [13].

3. Experiment

Zkoumané ostrivky byly izolovany z krysi slinivky v laboratoti v IKEMu, nasledné byly v zivném roztoku
tkanové kultury prevezeny na oddéleni Biomatematiky Fyziologického tistava AV CR. Po dobu, kdy na nich nebylo
provadéno méfeni byly skladovany v inkubatoru pii 37 °C a 5 % CO, v prostfedi. Méfena byla reflektance
pro excitacni vlnové délky 470-665 nm s krokem 15 nm, intenzita autofluorescence pro excitacni vinové délky
470-660 nm s krokem 10 nm na konfokalnim mikroskopu Leica TCS SP8 (Leica, Némecko). Pfi méfeni reflektance
1 autofluorescense byl vzdy detekovan signal v pasmu vinovych délek o Sifce 15 nm. U reflektance bylo toto 15nm
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pasmo umisténo symetricky okolo excita¢ni vinové délky, u autofluorescence $lo o na sebe navazujici pasma 500-
515 nm az 695-710 nm.

Intenzita emise byla stanovena jako primérnd intenzita vSech pixeld ve ¢tverci 300 x 300 pixeld, ktery
se cely nachazel uvnitf ostriivku.

4. Vysledky

Megfteni zpétné odrazeného svétla ve viditelném spektru (Obr. 1) mélo maximum mezi vinovymi délkami
545 az 590 veetné (Obr. 2).

Signal pii méfeni autofluorescence (Obr. 3) ma 2 vyraznad maxima. Jedno pro excitacni vinovou délku
560 nm s emisi 590-605 nm a druhé pro excitaci 590 nm a emisi 620635 nm. Obecné byl velice slaby.
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Obr. 2. Intenzita zpétné odrazené¢ho signdlu v zdvislosti  Obr. 3. Intenzita emise autofluorescence v zavislosti na
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5. Diskuze

U méfeni reflektance byla ocekavana vétsi intenzita signalu pro vlnové délky okolo 633 nm, které se dle
literatury pouzivaji k hodnoceni stavu B-bunc¢k uvnitf ostravka [11]. Absence této vinové délky v naméteném
spektru mize znamenat, ze méfené ostrivky jiz byly poskozené. PoSkozeni mohlo vzniknout béhem izolace,
transportu, nebo nasledného méteni ptipadnou nevhodnou manipulaci.

Slaby signal u méfeni autofluorescence muze byt zapfi¢inén nevhodné zvolenymi vinovymi délkami
excitace a emise, ktera maji maxima mirn¢ nad nebo pod viditelnym spektrem. Dale tieba izkymi pasmy detekce 15
nm oproti pasmim Sirokych 50 [7], ale nekdy i n¢kolik stovek nm [10].

Nasledné se zaméfime na lepsi zreprodukovéani vysledkil jiz nalezenych v literatufe, na jejich vyuziti ke
stanoveni kvalitativnich parametrd ostriivkl a na jejich pouzitelnost v systému zalozeném na pritokové cytometrii,
ktery by mél v budoucnosti slouzit k rychlému hodnoceni velkého objemu ostrivkd a jejich tfidéni na zakladé
pfedem stanovenych parametrii.
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UKAZKA ROZPOZNAVANI RECI S VYUZITIM
KLASIFIKACE NEURONOVOU SIiTi

Viadimir Hlavaé
CVUT v Praze, Fakulta strojni, hlavac@fs.cvut.cz

Abstrakt: Clanek demonstruje pouziti klasifikace neuronovou siti na data, ziskand FFT transformaci a
pasmovym rozdélenim do slozek vektoru ze zvukového zaznamu nékolika samohlasek, zaznamenanych
zvukovou kartou. Experiment byl proveden za uicelem porovnani s metodou SVM pro klasifikaci dat.
Klicova slova: Rozpoznavani zvuku, FFT, Neuronova sit, Klasifikace dat.

1. Uvod

Rozpoznavani mluveného slova pomoci analyzy frekvencniho spektra bylo zkoumano jiz od sedmdesatych let,
dlouho pied rozsifenim pocitact. Pouziti vypocetnich metod popisuje jiz napiiklad profesor Josef Psutka v roce
1995 [1]. Jednou ze zékladnich je pouziti rychlé Fourierovy transformace a nerovnomérné (logaritmické) rozdélent
pasem, kdy pfi secteni amplitud v téchto pasmech vznikne vektor, ktery je pro danou hlasku charakteristicky. Timto
zptisobem lze s minimalni chybovosti rozlisit pfinejmensim vyslovované samohlasky za podminky jednoho
mluvéiho (pro souhlasky a vice mluvéich je nutné pouzit dalsi metody, popsané v [1]).

Tento ¢lanek popisuje, jak ziskat tyto vektory, a demonstruje jejich rozpoznavani neuronovou siti. Byl napsan
jako podklad pro dalsi prace, kdy studenti fesi obdobny problém metodou SVM, za tucelem jejich porovnani.

2. Ziskavani dat pro rozpoznavani

2.1 Data v ¢asové oblasti

Data jsou nactena pomoci zvukové karty a programu Zaznam zvuku, ktery je soucasti Windows. Data byla
zaznamenana ve formatu wav, ktery neni pakovany. Pro zdznam byly vybrany hlasky, které 1ze vyslovovat v délce
sekund, po jisté subjektivni ivaze samohlasky a, e, i, 0, u a souhlaska s. Zaznam neobsahuje zacatek ani konec
vyslovovani.

2.2 Prevod do frekvenéni oblasti a rozdéleni do pasem

Funkce FFT [2] by byla nejrychléjsi v Matlabu, ale je tfeba nejdfive nacist data, a stejn¢ jako v jazyce Python,
musela by byt pouzita fada knihoven. Protoze se nejedna o prestizni projekt, bylo pouzito jednodussi feSeni a vse
bylo napsano v Pascalu, kde je k dispozici vykonné RAD prostiedi Lazarus. Ukazkové teseni FFT pro Delphi Ize
nalézt na internetu, ale bylo pouzito z archivu autora.

Program umoziuje nacist pfimo soubory formatu wav v mono nebo stereo verzi pro 16bitové vzorky. Po
nacteni je tfeba nastavit, zda se jedna o zdznam mono nebo stereo a v druhém pripadé, ktery kanal ¢ist. VSechny
analyzy byly provedeny pro stereo zaznam a levy kanal.
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Obr. 1 Program pro vypocet FFT, nactena hlaska "a". Po kliknuti na graf se doplni orientacni Cervend cara,
v daném bod¢ se zahdji ¢teni dat pro FFT (pocet vzorkl je dan nastavenim exponentu zakladu ,,2* v okné
nalevo od tlacitka FFT, zde 11 — odpovida 2048, ale pouzivalo se 4096), vysledné frekvence se po
intervalech sectou (viz text) a vysledek se zapiSe do okna textového editoru vlevo dole. Odtud je lze
kopirovat pres schranku, nebo tlacitkem vSechna najednou zaznamenat do souboru. Vyménou
zpracovavanych dat (zeleny graf) se toto okno nemaze, a lze tak snadno vybirat tutéz hlasku z riznych
zaznamu zvuku.

Po nacteni dat je tfeba zvolit parametry transformace. Pro dale vyhodnocované vzorky bylo pouzito okno o
Sifce 4096 vzorkil (pocet iteraci FFT je tieba prenastavit z 11 na 12). Data na obr. 1 jsou 50x zmensena a vynesena
jako 2 vzorky na pixel.

Pro nizké frekvence FFT ma velky vliv poloha okna. I kdyz funkce je zjevné periodickd, FFT ve skute¢nosti
vyhodnocuje spektrum z dat, kterda vzniknou tak, ze nactenych (zde) 4096 vzorkt se periodicky opakuje, coz je
velmi ovlivnéno mistem, kde se pfesné za¢nou data piebirat. Tomuto efektu se necha zamezit aplikaci Hammingova
okna. Ve zde popisovaném piipadé byl ale pouzit manualni postup, kdy vzorky jsou vzdy nacitany od mista
prichodu nulou, bezprosttedné predchazejici lokalnimu maximu funkce (na obr. 1 Cervena Cara v grafu, oznadi se
kliknutim mys$i). Oba postupy vedou k obdobnym vysledkim.

Kl
Obr. 2 Zéaznam hlasky "s"

3

Pro samohlasky ,,a* a ,,e“ vychazi ptevaha nizkych frekvenci, pro ,,0“, ,,u“ a ,,i* jsou pak vyssi. VSeobecn¢ se
vyssi frekvence objevuji hlavné u souhlasek, ale zde jsou stabilni prib&hy jen u ,s%, ,8% ,z“ a ,,z. N&které
souhlasky maji hodné kratky prabéh (,,k*), u jinych se frekvence v pribéhu hlasky méni (,,1).

Po stisknuti tlacitka FFT je zobrazena funkce (obr. 3). Samotny vektor je do okna vysledkt zapsan po kliknuti
do grafu zaznamu v ¢asové oblasti, aby §lo rychle vybrat dostate¢ny pocet dat.
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Obr. 3 Pribéh spektra hlasky "s" (leva polovina grafu). Vypoctem rychlé Fourierovy transformace vyjdou
komplexni hodnoty, které pro kazdou dil¢i frekvenci reprezentuji vektor otoceny podle fazového
zpozdéni diléi frekvence oproti zac¢atku skenovaného intervalu. FFT zrealnych hodnot je vzdy osové
symetrickd, kromé prvni hodnoty, kterd ma vazbu na nevyvazenost stejnosmérné hodnoty signalu
(program ji v dal§im ignoruje). Zobrazeny jsou ale velikosti dil¢ich frekvenci (magnitudy), ziskané jako
odmocnina ze souctu druhych mocnin redlné a imaginarni hodnoty.

Vektor (jednorozmérna matice) hodnot se ze spektra ziska tak, ze do prvni slozky se secte prvnich 10 hodnot,
do dalsi nasleduyjicich 20 (frekvence ¢. 11 az 30), pak dalsich 40, atd. Zptsob rozdéleni na frekvenéni pasma ma
velky vliv na vysledné rozpoznavani.

Program umoznuje rychle zaznamenat velké mnozstvi vzorkll a nasledné je ulozit do textového souboru. Byl
ulozen rizny pocet vzorkl, od 63 pro ,e“ po 140 pro ,,i“. Jednotlivé textové soubory byly piedzpracovany
programem MS Excel. Posledni prvek vektoru, ktery obsahoval pravou polovinu spektra, byl odstranén, a ostatni
slozky byly podéleny takovym ¢islem, aby soucet byl 10000. Takto upravena data se hodi na porovnani riznych
zpusobl rozpoznavani.

Pro zpracovani v Matlabu byly doplnény sloupecky s piislusnosti dat (pro dany vzorek se doplni do fadku nuly
krom¢ mista, které¢ odpovida dané hlasce, kde se doplni jednic¢ka), vSechny tabulky spojeny a zaznamenany do
textového souboru. Pro nacteni Matlabem fadky nemaji zahlavi.

3. Rozpoznavani neuronovou siti

Aplikace pro pokrocilé zpracovani dat 1ze v Matlabu nalézt pod zalozkou APPS. Seznam aplikaci otevieme a
vybereme Neural Net Pattern Recognition, viz obr. 4. Také je mozné ji pfimo spustit pfikazem nprtool.

Aplikace nprtool pfipomind vzhledem aplikaci nftool. V né¢kolika krocich zvolime zdrojova data, jejich
rozdéleni na trénovaci, validacni a testovaci sadu, metodu trénovani, pocet neuronti ve skryté vrstvé a muizeme
zkusit prvni pokus o trénovani. Po natrénovani aplikace umoznuje pfenastavit parametry nebo zménit data a zkusit
trénovani opakovat (to lze i beze zmén, metoda je stochastickd a ziskame jiné vysledky). Na zavér je mozné
vyslednou sit’ vyexportovat, napiiklad jako funkci v Matlabu, a tu pak pouzivat pro klasifikaci dalsich dat.

Data (popis vyhodnocovanych dat viz predchozi kapitola) byla tvofena Sesti sloupci souctu magnitud frekvenci
v jednotlivych pasmech, ke kterym bylo doplnéno Sest sloupct spravné klasifikace. Nejprve byla vyhodnocovana
data pouze pro Ctyfi pismena, ,,a-e-i-s“, kdy byly samoziejmé nadbytecné sloupce vynechany. Tato zkracena tabulka
méla 375 vzorkd. Pro trénovani byly rozdéleny mezi trénovaci, validacni a testovaci sadu v poméru 80% — 10% —
10%, tedy 299 — 38 — 38 (default je 70% — 15% — 15%). Bylo nastaveno 21 neurond ve skryté vrstvé. Matlab
provedl 26 iteraci. Vysledky trénovani jsou na obr. 6, obr. 7 a obr. 8.
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Obr. 4 Vyhledani aplikace pro klasifikaci pomoci Neuronov¢ sité. Kliknutim na zalozku APPS (1) se pfepneme na
kartu aplikaci. Vpravo (2) otevieme nabidku (Carkovana Cara oddé€luje vzhled okne pted kliknutim,
vpravo nahofe, a po rozevieni nabidky, vétSina obrazku). VétSina nabidky neni zobrazena (posuvnik
vpravo). Krouzek (3) oznacuje pouzity modul pro klasifikaci neuronovou siti. Krouzek (4) pak aplikaci
pro metodu podptirnych vektord, SVM, ptikaz Matlabu classificationLearner.
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Obr. 5 Predposledni okno aplikace nprtool. Stisknutim oznaceného tlacitka Plot Confusion ziskame tabulky, které
jsouna obr. 6. (vpravo okno z prib&hu trénovani sité; byla pouzita metoda Scaled Conjugate Gradient).
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Ukazka rozpoznavani feci s vyuzitim klasifikace neuronovou siti

6 Vysledky trénovani. Svisle vysledek klasifikace, vodorovné spravna hodnota. Dochazi jen k zaménam
hlasek ,,a“ a ,,e*, coz mize byt pomérne hrubym rozdélenim zacatku frekvenci.
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Obr. 7 Po slouceni hlasek "a" a "e" do jedné skupiny mame naprosto bezchybné rozpoznavani.
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Obr. 8 Plvodni data, ptivodni nastaveni Matlabu (263 trénovacich, 56 validacnich i testovacich, 10 neuronti ve
skryté vrstvé, Matlab provedl 20 iteraci). Vysledek je prakticky stejny, resp. rozdil mize byt dan
stochastickym charakterem metody.
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Obr. 9 Uplna sada dat (1=a, 2=e, 3=i, 4=0, 5=u, 6=s). Vysledky jsou obdobné. Cely soubor ma 576 tadek, ty se
délily na 437 trénovacich, 55 validacnich a stejny pocet testovacich. Skryta vrstva byla nastavena na 21
neurontl. Probéhlo 46 iteraci. I v tomto ptipad€ nejsou rozpoznany hlasky ,,a“ a ,,e“, zatimco ostatni jsou
bezchybné rozliSeny.
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Obr. 10 Plot recognition, vyneseni pfifazeni ¢aroveé. Tatdz data jako na obr. 9. Tento druh zobrazeni ma smysl,
pokud je pfili§ mnoho tiid objektl na rozpoznavani.
4. Zavér

Byla pfipravena data pro testovani modulu nprtool, kterd by se méla vyuzit i pro metodu podptrnych vektori
(SVM), v Matlabu funkce fitecoc (error-correcting output codes, ECOC). Data se ukéazala po drobné uprave
(slouceni hlasek ,,a“ a ,,e*) pIn€ rozpoznatelna neuronovou siti, m¢la by tedy byt rozpoznatelnd i pomoci SVM,
pravdépodobné i ve zjednodusené linearni formé.

5. Reference

[1] Psutka, Josef: Komunikace s po¢itacem mluvenou fe¢i. Academia, Praha, 1995. ISBN 80-200-0203-0
[2] Erickson, Jeff: Algorithms. Amazon, 2019. ISBN 1792644833
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NEURONOVE SITE V DETEKCI PORUCH
(NEURAL NETWORKS IN FAULT DETECTION)
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Abstrakt: Prispévek pojednava o zakladnim rozdéleni metod detekce poruch a nasledné o moznych
aplikacich neuronovych siti v této oblasti. Ukazuje metody uceni s ucitelem (vicevrstva neuronova sit) i
bez ucitele (samo-organizacni mapa).

Klicova slova: Detekce poruch, umeéla inteligence, neuronové sité, analyza dat, detekce novosti

1. Uvod

Diagnostika poruch je stale se rozvijejici obor, ktery je aplikovan ¢im dal vice i na systémy, které nejsou
kritické z hlediska bezpecnosti (jako naptiklad jaderné elektrarny, letadla apod.) [1]. V dnesni dobé internetu véci a
rostouciho vypocetniho vykonu je umoznén sbér velkého mnozstvi dat z riznych zafizeni a aplikaci, proto je ¢im dal
snazsi aplikovat statistické metody a metody umélé inteligence.

Pro pfiblizeni je na obr. 1 zndzornéno zakladni rozdéleni detekce poruch. Jednou skupinou je detekce
poruch zalozena na porovnani modelu s méfenim (obr. 2), druhou skupinou jsou metody detekce poruch na zakladé
analyzy signéalu bez znalosti modelu (obr. 3).

FAULT-DETECTION METHODS

detection with detection with multiple
single signals signals and models
limit trend signa] process m Llllil-\’al‘i:lnt
ks ok models models data
checking checking viged taed analysis

| — | |
I | | | | | | | ]

fixed |ladaptive “"*‘"i%“‘ correla- |[spectrum|| Wavelet param, || neural 5“1’;‘“ state || parity principal
thres- || thres- ||detection tion analysis || analysis estim. |[networks|| 9P || estim. || qua- ulnnpm?_un
hold holds || methods - SErvers tions analysis

Obr. 1  Zakladni rozdéleni metod detekce poruch [2].

Jak jiz z nazvu plyne, tak pro detekce poruch na zakladé porovnani modelu s méfenim je potfeba mit model,
coz je vyhodné, pokud je model viibec dostupny a pokud dostatecné popisuje realitu. V praxi se objevuje velké
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mnozstvi systémt, pro které je velice obtizné odvodit uspokojivy model. Jiz v tomto bod¢ nastdva prostor pro
aplikace né€kterych metod umélé inteligence. Analyticky model mize byt nahrazen napiiklad neuronovym modelem,

fuzzy modelem nebo jejich kombinaci [3].

Y Y
faqlts |‘
b b b
v v v

U Y
—D0O—DP actuators —P process [P sensors

. process

model

feature
generation

—— - r,@, x features
- parameters

model-based fault detection
@ ~ - parameter estimation

- parity equations

- state estimation, observers

- principle component analysis

normal change .
; s - state variables
behavior detection .
- residuals
M- S analytical symptoms

Obr. 2 Detekce poruch na zaklad€é porovnani modelu s meéfenim [2].
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Obr. 3 Detekce poruch na zaklad¢ analyzy signalu bez znalosti modelu [2].

analytical symptoms

Co se ty¢e metod analyzy signalu, je mozné aplikovat metody umélé inteligence na samotny signal, nebo na
jeho vlastnosti. Vycet vybranych vlastnosti signalu je uveden v tabulce 1. Sledovanim téchto vlastnosti 1ze nastavit
prahy, které urcuji, zdali se v signalu neobjevuji neobvyklé udalosti. Prahy Ize nastavit analyticky, pokud jsou
znamy limitni hodnoty pozorovaného systému, nebo je lze nastavit na zaklad¢ statistické analyzy, nebo je mozné

pouzit naptiklad neuronovou sit’.

V ptipadé multidimenzionalni analyzy dat je vhodné néjakym zplusobem redukovat dimenze pro snazsi
vizualizaci. Mezi takové metody se fadi metoda hlavnich komponent nebo Kohonenova samo-organizacni mapa
(ddle SOM). SOM se fadi mezi neuronové sité, které je mozné ucit bez ucitele, coz je vyhoda, jelikoz neni zapotfebi

mit k dispozici anotovana data.
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Tab. 1. Vybrané vlastnosti signalu [3].

Value for

Feature name Feature definition ..
the harmonic signal

1 T
Mean value = ff z(u) du z=0
t

4T
Absolute mean value TAVE = %f |z(u)|due |zAve = %X =0, 603X
i

4T
Root mean square value | Trums = -l f 2*(u) du | zRrMs = -—% =0,707X
t

T
Absolut ak val = a =
solute pe ue TPEAK K13132‘11‘:‘_7‘|x(1.|',)| rpEak = X
Positive peak value T = ; -
p PEAK+ Mﬁnﬁrz(u) rpEAKs = X
Negative peak value T -= i -
g P PEAK t<f‘ngl:1+‘r z(u) IPEAK 5.4
Peak to peak value Ip_p = IPEAK+ — TPEAK— |Tp_p = 2X
x
Form factor K = ZBMS K=L31,111
TAVE 2\/5
Crest factor C = ZEBAK C=+2=1414
ZTRMS

2. Neuronové sité

Neuronové sité se daji pouZit pro tvorbu neuronového modelu, ale i pro samotnou klasifikaci a detekci poruch.
Na obr. 4 je znazornéna vicevrstva neuronova sit’ jejiz vstupy obsahuji i ur¢itou historii vstupnich veli¢in. Tato sit’
muze reprezentovat model systému. Celkova reprezentace systému je znazornéna na obr. 5.

Obr. 4  Neuronovy model dynamického systému [3].

Je nutno podotknout, Ze architektur neuronovych siti je velice mnoho, jejichZ rozebrani je na celou knihu. To

samé se da fici i u¢icich algoritmech. Vycet nejcastéjsich architektur pro ucent s ucitelem je nasledovny:
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e  Vicevrstva neuronova sit’ (MLP)

e  Konvolu¢ni neuronova sit’ (CNN)
e  Sit’s kruhovymi funkcemi (RBF)
e Rekurentni neuronova sit’ (RNN)

Yp(k+1)
'
e(k+1)
s elk+
/z y(k+1)- >
f
{ __________ Training
G algorithm

Obr. 5  Schéma pouziti neuronového modelu [3].

2.1 Samo-organiza¢ni mapy

Jak bylo fe¢eno, SOM se fadi mezi neuronové sité, které se uci bez ucitele. Podobné jako u metody hlavnich
komponent je tedy cilem promitnuti vicerozmérnych dat obvykle do roviny. Body v SOM, které lezi u sebe, lezi u
sebe 1 v ptivodnim prostoru dat (coz se obecné u metody hlavnich komponent nemusi vzdy povést). Dalsi vyhodou
je i adaptivita tj. pokud chceme mapu obohatit o dalsi pozorovani, je douc¢eni mapy mnohem méné narocné, nez
napftiklad ptepocitat celou metodu hlavnich komponent (to je dulezité predevsim u opravdu nadmérné velkém poctu
dat). [4]

Zakladni architektura dvourozmérné SOM je zndzornéna na obr. 6. Jednotlivé vahy neuront se snazi
ptiblizovat (dle zvolené metriky — napf. Euklidovskd4) vstupnim datiim, ¢imz se tvoii shluky pozorovani, které
k sob€ maji v prostoru blizko.

Sizex

input vector

Obr. 6  Architektura SOM [5].
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0 2 4 6 8

Obr. 7 Ukazka SOM. Obrazek vlevo ukazuje ndhodné roziazeni jednotlivych vah reprezentovanych barvami
(RGB). Obrazek vpravo ukazuje vahy po urcité dobé uceni, z cehoz je ndzorné samo-organizovani.

Vlastnosti SOM se daji pouzit jak pti prizkumové analyze dat, tak pti detekci i samotné diagnostice poruch.
SOM tvofi béhem uceni shluky a pokud se nékteré nové pozorovani vyskytne mimo né, je mozné z tohoto
pozorovani vyvozovat poruchy. Vzhledem k tvorbé shluki je mozné i jednotlivé poruchové shluky klasifikovat a
vyvozovat z nich diagnézu.

2.2 Adaptivni filtry

Dalsi z piistupti detekce poruch je pouziti adaptivnich filtrl. Klasickym reprezentantem adaptivniho filtru je LMS
(least mean squares) filtr jehoz piepis je vyjadien dle rovnice (1). Jednotlivé vahy jsou vypocteny tak, aby stiedni
hodnota kvadratickych odchylek byla minimalni. K tomu Ize pouzit naptiklad metodu nejvétsiho spadu, z ¢ehoz se
odvodi rovnice (2).

§(k) = wi(k) - 21(k) + ... +wu(k) - (k) = wh' (k) - 2(k) (M

w(k + 1) = w(k) + Aw = w(k) + n(k)w(k)e(k) (&)

Jednim ze zpisobl vyuziti adaptivniho filtru k detekci poruch jsou metody error and learning based novelty
detection (ELBND) a learning entropy (LE) [6], které vyvozuji novost na zaklad¢ adaptace vah. Neobvykla adaptace
vah nad urc¢ité meze mize byt indikadtorem poruchy v pozorovaném systému.

3. Zavér

Byly shrnuty zékladni metody detekce poruch a mozné prostory pro vyuziti neuronovych siti. Bylo uvedeno
zakladni schéma neuronového modelu. Dale byla piedstavena role samo-organiza¢ni mapy jako nastroje pro detekci
poruch i klasifikaci symptoma. Poslednim nastrojem byly uvedené metody detekce novosti (ELBND a LE) jako
mozné nastroje detekce poruch.

Podékovani
Prace byla podpotena grantem SGS18/177/OHK2/3T/12
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Abstrakt: Robotizace je neustdle rozsirovana napric¢ vSemi obory. Jednim z oborii, ve kterém se robotika
vuzivd, je zdravotnictvi. V tomto oboru je robotika vyuzivana napriklad pri zpracovani vzorkii a provadeni
rozborii, chirurgii ¢i rehabilitaci. V| tomto ¢lanku budou uvedeny piiklady vyuziti robotiky ve zdravotnictvi,
zejména v oblasti rehabilitace. Dale budou uvedena nektera kritéria pro optimalizaci pohonnych jednotek
pri navrhovani robotického zarizeni.

Klicova slova: rehabilitace, robotizace, konstrukce, optimalizace

1. Uvod

Lidé jsou v prubéhu zivota vystavovani riznému onemocnéni ¢i urazim. Z neurologického ¢i ortopedického
onemocnéni lze jmenovat naptiklad cévni mozkovou piihodu, détskou mozkovou obrnu, roztrousenou sklerézu,
paraplegii, centralni i periferni parézy, ataxii, skolidzu, svalové a kloubni poruchy. Rehabilitatni a nemocni¢ni
zatizeni navstévuji pacienti také ambulantné, naptiklad pfi [écbé pooperac¢nich stavil ¢i chronickych potizi.

Neékteré zpusoby 1é¢by jsou nenaro¢né, jiné zpusoby jsou velmi fyzicky naro¢né jak pro fyzioterapeuty, tak pro
samotné pacienty. Jeden z méné naro¢nych zpisobu 1é¢by je 1é¢ebna télesna vychova. Pti tomto zpusobu 1é¢by cvici
pacienti cviky, které jim fyzioterapeut ukaze, nebo cvici spolecné s fyzioterapeutem. Dal$im méné naro¢nym
jsou potieba az Ctyti fyzioterapeuti na jednoho pacienta. Dva fyzioterapeuti vedou pacientovi dolni koncetiny, jeden
fyzioterapeut zajistuje stabilitu pacienta a ¢tvrty fyzioterapeut fika pacientovi pokyny.

Vzhledem Kk naroc¢nosti 1é¢by a nedostatku fyzioterapeutl je postupné zavadéna robotika i do oboru rehabilitace.
Jednoduché 1é¢ebné metody, jako je 1écebna télesna vychova, vykonava pacient zcela sam v rehabilitacnim zafizeni
¢i doma. Jiné jednodussi 1écebné metody mohou byt vykonavany piimo na lizku bez ptitomnosti fyzioterapeutti za

rehabilitaCnim zafizeni.

2. Robotika v rehabilitaci

Robotika je v rehabilitaci stile vice pouzivana pii 1é€ebnych metodach, u kterych je to mozné. Konstrukéné
jednodussi roboticka zatizeni jsou motodlahy. Motodlahy jsou pouzivany pro 1é¢bu v oblasti ramene, loktu, zapésti,
prstd, kycelniho kloubu, kolene a hlezenniho kloubu. Na obr. 1 je zobrazena motodlaha BTL-CPMotion K Elite od
firmy BTL [1] pro dolni koncetin, ktera slouzi pro rehabilitaci kycelniho, kolenniho a hlezenniho kloubu. Tato
motodlaha ma 13 automatickych prednastavenych protokoll, 50 uZivatelskych protokold, unikatni click systém pro
jednodussi nastaveni, dalkové ovladani s dotykovym displejem.
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Obr. 1  Motodlaha BTL-CPMotion K Elite od firmy BTL. Tato profesionalni motodlaha je ur¢ena pro vSechny tii
klouby dolni konéetiny

Dal§im piikladem robotického rehabilitaéniho zafizeni je naptiklad Lokomat od firmy Hocoma [2], ktery je
zobrazen na obr. 2. Lokomat je simulator chiize, ve kterém je pacient dynamicky zavésen pomoci nosného postroje.
Dolni koncetiny jsou uchyceny do robotickych ortéz. Pacient chodi po pohyblivém bézeckém pasu pomoci
robotickych ortéz. Rychlost bézeckého pasu je nastavitelna v rozmezi 0-10 km/h. Jako zpé&tna vazba pro pacienta je
32” palcovy displej, na kterém pacient ¢asto vidi jdouci postavu. Pro obsluhu simulétoru je urcen 15” palcovy disple;.

Obr. 2 LokomatPro od firmy Hocoma. LokomatPro je roboticky simulator chiize.

Poslednim uvedenym piikladem v tomto piispévku je nemocni¢ni robotické lizko Anymov od firmy BTS
BioEngineering [3] zobrazené na obr. 3. Toto ltzko je vybaveno 13 pfesnymi pohonnymi jednotkami. Zdvihaci sloupy
umoznuji vyskové nastaveni lozné plochy a jeji lateralni naklony. Lozna plocha je v oblasti dolnich koncetin
rozdélena, ¢imz 1ze provadét abdukcei a addukei dolnich koncetin. Pomoci robotickych ortéz lze provadét simulaci
chtize. Loznou plochu lze vertikalizovat, ¢imz lze postupné zatéZovat pacienta pii simulaci chize. Celé lizko lze
ovladat pomoci displeje. K lizku je mozné dokoupit dalsi volitelné piislusenstvi.
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Obr. 3  Robotické lizko Anymov od firmy BTS Bioengineering.

Nanorobotika si nasla své uplatnéni i v oboru zdravotnictvi. Nanorobiti jsou roboticka zafizeni, jejichz rozméry
jsou v nanometrech. Cile vyuziti nanorobotiky je napiiklad v onkologii-chirurgii, kdy nanoroboti budou cilené nic¢it
postizenou tkan, dalsi moznosti je dodavani 1é¢iv k cilové oblasti, odstranovani nevhodnych ¢astic z krevniho feciste.
Nanorobotika se neustale vyviji a jeji uplatnéni se bude neustale rozsifovat

3. Pohonné jednotky a jejich optimalizace

Roboticka zafizeni jsou pohanéna pohonnymi jednotkami. Obecné se v robotice pouzivaji pneumatické pohonné
jednotky, hydraulické pohonné jednotky ¢i elektrické pohony. Pro zdravotnicka zafizeni jsou vSak jista omezeni.
K dalezitym omezenim patii zejména hygienické pozadavky a bezpe¢nostni pozadavky. P¥ikladem muze byt vyhlaska
&. 306/2012 Sb. ministerstva zdravotnictvi Ceské republiky o podminkach predchazeni vzniku a $ifeni infekénich
onemocnéni a o hygienickych pozadavcich na provoz zdravotnickych zafizeni a istavl socialni péce. Pneumatické
pohonné jednotky potfebuji pro svou funkci stlaceny vzduch. Stlaceny vzduch je pomérné nebezpecné medium, nebot
je velmi stlacitelné a v piipadé poskozeni zafizeni dochazi k velké expanzi stlaceného media. Pti své ¢innosti dochazi
k vypousténi expandovaného media, coz do vnitinich prostor neni z hygienickych divodi mozné, nebot’ stladeny
vzduch je znecistény od oleje. Jedna se tak o rizikové faktory pro zdravotnicka zafizeni.

Hydraulické pohonné jednotky vyZaduji kapalinu o potfebném tlaku. Hydraulicka kapalina (olej) je vSak témér
nestlacitelna a pii poskozené pohonné jednotky ¢i rozvodi kapaliny nedochazi k expanzi jako u stlaeného vzduchu.
Unik hydraulické kapaliny neni taktéz k hygienického diivodu ptipustny. Rozvody stla¢eného vzduchu ¢i hydraulické
kapaliny nejsou v nemocni¢nich ¢i rehabilitaénich zatizeni standardné zhotovené. Vyjimkou jsou technicka oddéleni.

Z uvedenych divodii se nejcastéji pouzivaji elektrické pohonné jednotky. Podle pozadovaného pohybu se
pouZivaji jednotky s rotatnim pohybem nebo s posuvnym pohybem. Nejéastéji pouzivané pohonné jednotky
s rota¢nim pohybem jsou stejnosmérné elektromotory s napétim 12 V, 24 V ¢&i 36 V. Je-li potieba vétsi vykon ¢i
kroutici moment, jsou tyto elektromotory doplnény o prevodovku. Pro linedrni pohyb se pievazné pouzivaji linedrni
aktuatory. Linearni aktuator je tvofen elektromotorem s pfevodovkou a pohybovym Sroubem s matici. Linearni

vivr

Pied volbou pohonné jednotky je nutné vyfeSit zatizeni celého mechanismu pomoci mechaniky statiky,
kinematiky a dynamiky. Zatizeni lze urcit vypoctove, graficky ¢i v simula¢nich programech. Po pfedbézném zjisténi
zatizeni pohonnych jednotek, lze vybrat konkrétni pohonnou jednotku. Dle této jednotky se upravi rozméry konstrukce
mechanismu. A nasledné se provede znovu vypocet zatizeni. Pro optimalizaci vybé&ru pohonnych jednotek lze pouzit
naptiklad metodu vicekriteridlniho rozhodovani. Tato metoda je zaloZena na volbé vhodnych kritérii. Poté je oslovena
skupina expertt, kteti ohodnoti jednotliva kritéria bodové ¢i stanovy jejich poradi dle dulezitosti. Kritéria mohou byt
napfiklad zastavbové rozméry pohonné jednotky, hmotnost, cena, servis a dostupnost, vykonové a silové parametry.
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Obr. 4  Linearni aktuator od firmy Timotion.

Zastavbové rozméry znac¢né ovliviiuji rozméry navrhovaného zafizeni. Hmotnost pohonnych jednotek ovliviiuje
hmotnost celého zafizeni, ale také zatizeni ostatnich pohonnych jednotek, které jsou v navrhovaném mechanismu této
jednotce piedfazené. Vykonové a silové parametry jsou pii vybéru typu pohonné jednotky dilezité. Existuje fada
vyrobet pohonnych jednotek. Jednotky se vSak vzajemné 1isi nejen vykonovymi a silovymi parametry, ale i tvarove,
rozméry ¢i typem vykonavaného pohybu. Dilezitym parametrem je i cena, nebot’ je-1i na navrhovaném zdravotnickém
zatizeni pouzito vice pohonnych jednotek, je také cena celého zatizeni vyssi.

4. Diskuze

Uvedené typy pohonnych jednotek jsou jen vybérem z mnoha, které jsou standardné k dispozici. Pokud
standardni pohonné jednotky nevyhovuji pozadavktiim, je nutné vyrobit pohonné jednotky dle pozadavkt. Pfi navrhu
robotického zatizeni je vSak vhodné posoudit, zda optimalizovat navrh konstrukce za uc¢elem volby konkrétniho typu
pohonné jednotky, nebo zda optimalizovat vybrany typ pohonné jednotky. Pro optimalizaci vybéru typu pohonnych
jednotek lze pouzit i jiné optimalizacni metody. Vysledek zminéné metody vicekriterialniho rozhodovani je zavisly
na nazoru expertt, kteti jednotliva kritéria hodnoti.

5. Zavér

V tomto ¢lanku jsou uvedeny nékteré ptiklady robotickych zafizeni, kterd jsou vyuzivana v 1é¢ebné rehabilitaci.
Jedna se pouze o vybrané piiklady vyuziti robotiky v rehabilitaci. Robotika ma samoziejmé SirSi vyuZziti ve
zdravotnictvi a stale se obor robotiky vyviji. Roboticka zafizeni usnadiuji praci zdravotnickému personalu a zaroven
urychluje 1é¢bu pacientti. Nejnovéjsi odvétvim robotiky je nanorobotika. Co se tyce vysledkti zminéné vicekriterialni
metody rozhodovani vybéru typi pohonnych jednotek, tak vysledky se budou pravdépodobné lisit dle hodnoticich
expertll. Nektefi experti mohou vice upfednostiiovat konstrukéni parametry, jini experti mohou upfednostiiovat
parametry ekonomického charakteru.

Podékovani
Prace byla podpofena grantem SGS20/055/OHK2/1T/12
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Abstrakt — V ¢lanku je zaznam pokracovani vyvoje
skolniho demonstratoru aktivniho magnetického loziska. V
tvodnich kapitolach je popsana funkce takového zarizeni
a seznameni s postupem prace na Skolnim prototypu. Dalsi
Casti textu jsou vénovany popisu konstruk¢nich uprav
celkové sestavy, vytvoreni zjednoduseného matematického
modelu odpovidajici nové sestavé a navrh Fizeni. Soucasti
jsou i dosazené vysledky simulaci v podobé grafu a
fotografie konstrukcnich vprav.

Kli¢ova slova — aktivni magnetické lozisko, systém, sta-
bilizace, stavové rizeni, PID regulace

I. Uvop

Na tomto tématu pracuji v rdmci studentské grantové soutéze
s ndzvem Vysokorychlostni elektrické stroje pro automobilové
aplikace — fizeni, vykonova elektronika. Mym ukolem je
pokracovat na vyvoji demonstratoru aktivniho magnetického
loziska, na kterém by se dalo ukazat, jak takovy systém funguje,
a ktery by mohl do budoucna slouzit pro testovani riznych
fidicich algoritmi.

II. AKTIVNIf MAGNETICKE LOZISKO

Aktivni magnetické lozisko je takovy typ loziska, které
umoZziiuje uloZeni rotujiciho hiidele bez pritomnosti pasivnich
odpord. Rychlost rotace hiidele je tedy teoreticky neomezena,
pokud vynechame vliv odstfedivé sily na hmotu hiidele.
fadu vyhod, ¢imz tato technologie nachazi uplatnéni v fadé
aplikaci, napiiklad ve sterilnich nebo potravinarskych procesech
nebo pravé v aplikacich, kde potfebujeme realizovat vysoké
otacky.

Magnetické loZisko se skldda ze statoru, které obsahuje elek-
tromagnety. Magnetickymi silami je rotujici hfidel centrovin
do osy magnetického loziska, ¢imZ je zachovana konstantni
vzduchovad mezera mezi hiidelem a loziskem. Slovo aktivni
znamena, 7Ze magnetické sily jsou regulovany fidicim systémem.
Na obr. 1. je prifez radidlnim magnetickym loziskem. Stator
je rozdélen do osmi Casti. Kazdé dvé ¢asti patii k jednomu
elektromagnetu. V ose x a y jsou tedy vZdy dva elektromagnety
pusobici proti sob&. Senzory méfi aktudlni polohu hiidele v
obou osédch a fidici systém reguluje proud v elektromagnetech
tak, aby byl hiidel neustdle v ose loZiska. Pfi vychyleni ze své
referencni polohy dojde k akénimu zdsahu a jeho zpétnému
navratu do osy loziska. [1]

Slot -_
- Magnet 4

*Stator yoke

Stator pole

Obr. 1. Rez loziskem [1]

I1I. KONSTRUKCE SKOLN{HO PROTOTYPU

V pocatku mého pusobeni na projektu, byl Skolni prototyp
radidlniho aktivnitho magnetického loziska ve stavu, kdy byla
dokoncena celkovd konstrukce loZiska, pfisluSna elektronika i
funkéni program v LabVIEW FPGA. Regulace polohy hiidele
vSak fungovala pouze pokud se hiidel netocil. Po roztoceni
doslo k destabilizaci systému. Na obr. 2. je k vidéni pivodni
konstrukce.

Obr. 2. Pivodni model - lozisko (bile), kardantiv kloub (modfe)
[2].
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V dfevéném rdmu jsou na spolecnych zavitovych tycich
nasazeny lozisko i kardanv kloub, v némz je uloZzen DC
motor. Kloub umoznuje nakldpéni motoru s hfidelem. Hiidel
je nasezen na motoru bez pouziti spojky a veSkeré navrzené
komponenty, tedy hlavni pouzdro loZiska a kardantv kloub,
jsou vytistény na 3D tiskdrn€ z plastu, ¢oZ je jednou z pficin
vzniku konstrukénich nepiesnosti.

IV. KONSTRUKCNI UPRAVY

Obr. 3. Nova sestava

Abychom byli schopni fidit aplikaci, ve které pracujeme se
vzduchovou mezerou mezi loZiskem a hiidelem 1.5 mm, bylo
zapotiebi zajistit urcitou mechanickou presnost konstrukce.
Navrhl jsem tedy novou konstrukci. Celou sestavu jsem
usporadal do vertikdlni polohy, pficemz htidel sméfuje smérem
dolii, podobné jako u kyvadla. Takové usporadani umoziuje
ziskat rovnobéZznost hiidele s osou loZiska. Samotné magnetické
lozisko a kardanuv kloub jsem zachoval. Difevény ram jsem
nahradil konstrukei z hlinikovych profild, které vyrazné prispély
ke zvySeni tuhosti konstrukce a pridal jsem centrovaci hlavu,
pomoci nizZ lze jemné posouvat kardaniv kloub s motorem vici
magnetickému lozisku tak, aby bylo mozné srovnat jejich osy.
V ptvodni konstrukci byla osa motoru pevné svdzdna s osou
loziska pomoci spole¢nych zdvitovych ty¢i. Mirné vyoseni tak
mohlo zpusobovat dal$i problémy s fizenim. Hlava obsahuje
osm Sroubu, které slouzi pro jemny posuv kardanu. Dals{
upravou bylo vyrobeni nové delsi hiidele z hlazené ocele. Na
jednom konci je nalisovano kulickové lozisko, které je uloZeno
uvniti plastového domku viz obr. 5.. Hfidel pohani krokovy

motor, ktery nahradil ptivodni DC motor. Ten ndim umoznil
i velice pomalé otaceni hiidele s moznosti snadného fizeni
otdcek. Motor je s hfidelem spojen zubovou spojkou, ktera je
uvniti plastového domku.

Obr. 5. Detail na ulozeni hiidele

V. MATEMATICKY MODEL

Aktivni magnetické loZisko je nestabilni systém. Na obr. 6. je
schéma nového systému, ktery je velice zjednoduseny. V roving,
ve které lezi osy naklapéni, je jiZ zminény kardantv kloub.

Vv

senzort je pak vzddlena 140 mm a elektromagnety 180 mm od
osy nakldpéni. Hmotnost v t€Zisti je 800 g. Odvozeni sily F zde
neuvadim z diivodu naro¢nosti. Cerpal jsem z odborné literatury
[1] a pfi vypoctu pienosu uz pracuji s vyslednymi vztahy. Novy
matematicky model jsem realizoval v prostiedi MATLAB a
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Osy naklapéni

Rovina senzorl

Obr. 6. Schéma - novy model

Simulink. Samotny systém jehoZ vstupem je proud je druhého
fadu. Model je vytvofen pouze pro jednu osu, protoze druha
osa je teoreticky stejna.

Sila elektromagnetti F pusobici na hiidel v jedné ose ma
tvar

F = koo + kyi, (1)

kde z je vychylka v ose x a ¢ je proud v civce. Konstanty
k; a k, pak maji tvar

ki = 2L, (2’) cos (g) ky = 2L, (?)2 cos (g) Q)

kde ¢ je tithové zrychleni, I, je stdld sloZka proudu a
indukénost L, je

N2
L, = Vrs
29
kde N je pocet zdvitl civky, i je permeabilita vakua a S je
prifez kotvy [1].
Prenos systému se vyjadii jako

. 3

I(S) - Ix52 - (Zslsz + F'glt)7

kde I, je moment setrvacnosti zavesu, ktery jsem spocital
v programu SolidWorks, [ je vzdéalenost senzord od osy
nakldpéni, [ je vzddlenost elektromagneti od osy naklapéni a
F, je tihova sila. Vychylky hiidele jsou tak malé, Ze jsem si
mohl dovolit vyuzit zjednoduSeni ¢ =~ x/I.

G(s) = @

V redlné aplikaci vSak neni fizen proud v civkdch ale napéti.

Jedna se o RL obvod, kde musime brat v tivahu prechodové
jevy ze vztahu

Ul(s)

I(s) = ———

&) =Trm
kde R je odpor vodic¢e a L je indukénost civky [2]. Tim

vneseme do systému dal$i dynamiku a pfenos vysledného

systému je

(&)

_X() _
B Ll sk
T LLs® 4 I,Rs? — L(lylsky + Fyly)s — R(llpky + Fyly)

V1. STABILIZACE SYSTEMU

Stabilizace takového systému je mozné dosahnout pouzitim
PD regulatoru. Po vyjadfeni charakteristického polynomu
uzavieného regulacniho obvodu

Ls* + Rs®*+ (=ML + Nrg)s — MR+ Nr, =0, (7)
kde

lslsz +Fglt lslfk'z‘
N =
1, ’ I,

je patrné, Ze 1ze pomoci parametrd regulatoru ovlivnit nékteré
Cleny charakteristického polynomu. Aby platila Stodolova
podminka stability musi byt spliieno, ze vSechny koeficienty
charakteristického polynomu existuji a maji stejné znaménko.
Musi platit, ze

M =

®)

(Islfky + Fyly)R

- (sl kg + Fyly)L

r Ta
r = ) el
Ik Il sk
«107° Stabilizace systému PD regulatorem
—1F T T T T T T T =
E | ! vychylka od osy
Z 0 LA L *adana hodnota
= —
g U Vv VYA — —
= L L L L L L L
-1
0 1 2 3 . 4 5 6 7 8
Cas [s]
%10 Pridani integracni slozky regulatoru
—1F T T T T T T T =
E vychylka od osy
g A Zadana hodnota
= 0 m —
g |
=
-1 L
0 1 2 3 . 4 5 6 7 8
Cas [s]
Zatéz
T
Z004
& 0.02
Lo
Noo
0 1 2 3 . 4 5 6 7 8
Cas [s]

Obr. 7. Stabilizace systému.

Vypocet jsem ovéfil v prostiedi MATLAB a Simulink. V
grafu na obr. 7. je zobrazeno chovani systému s nastavenou
nenulovou pocateéni podminkou (s vychylenim 1 mm od
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osy). V Case 4 sekundy zaCne pusobit konstantni zatizeni
0,05 N kolmo na hfidel. Je vidét, Ze systém je stabilni,
ale pii silovém pusobeni na hiidel dojde ke vzniku trvalé
regulacni odchylky. Ta je odstranéna ptidanim integracni slozky
regulatoru. Regulacni pochod je poté vyrazné rychlejsi a
nezanechdva trvalou regulacni odchylku.

VII. STAVOVE RIZEN{

Dalsi moZnosti jak fidit takovy systém by mohla byt stavova
regulace. Ta umoznuje pracovat se zpétnou vazbou od vSech
stavovych veli¢in. V mém piipad€ pracuji se tfemi stavy -
polohou (aktudlni vychylkou x), rychlosti & a proudem <.
Matice stavového popisu maji tvar

01 0 0
a=(m 0o N).B=(o].c=(} "%
0 00 1
00 -7 T

Abych mohl pouZit stavovy reguldtor, musim méfit vSechny
stavové veli¢iny. V mém pripadé mohu méfit aktudlni vychylku
a velikost proudu, coZ je patrné z matice C. Rychlost by se
méfila obtizné, proto jsem pouzil pozorovatele stavu, ktery
slouzi k odhadovani stavu. Dynamika odhadu je popsdna
vztahem

x(t) = AX(t) + Bu(t) + L(y(t) — ¥(t)),

kde veli¢iny se stfiskou jsou odhadované, y je vektor vystupu
(poloha a proud) a vektor L modifikuje dynamické vlastnosti,
se kterymi se budou eliminovat odchylky odhadu.

Pro fizeni jsem navrhl rozsifeny stavovy regulator pro
moZznost systém fidit a ne ho pouze stabilizovat. Zavedl jsem
novy stav pro vneseni astatismu do soustavy

(10)

I(t) = 2(t) — w(t), (1)
kde w je Zadand hodnota a x je vychylka hiidele.
Rozsifeny stavovy reguldtor ma tvar

u(t) = —Kpx(t) — k; I () (12)
a celkova zpétna vazba je K = (Kp kl) Rozsiteny
stavovy popis se vyjadfi jako
X(t)Y _
(i) - ®

& D) (o ()

Pozorovatele stavu a stavovy regulator navrhuji oddé€lené.
K vypoltu parametri stavového regulatoru a pozorovatele
se vyuziva v programu MATLAB piikaz acker poptipadé
place, ktery vSak neumoznuje definovat vicendsobny kofen
[3]. Pfikaz se zapisuje jako K = acker (Ahat, Bhat,p),
kde se matice nové dynamiky =zapiSou jako Ahat =
[A zeros(3,1);-[1 0 0] 0]; Bhat = [B;0]; a

pro pozorovatele stavu se piikaz
(place (A’ ,C" ,Ppoz))’.

Pro mij systém jsem zvolil Ctyfnasobny stabilni pdl p =
—20(1 1 1 1).Poly pozorovatele stavu se voli 2 - 6 x
pomalejsi [3]. Zvolil jsem P, = —60 (1 1.2 1.3 1).

Z vypoltu vychazi

zapisSe jako L =

K,= (547 22 -26 -118) k =—118,04 (14)
150 0
L= {6140 2.5 (15)
0 —1400
«10° Sledovani reference
— 1 T T . T : T - -
é 0 . Zzadana hodnola
g 4
>, \
0 1 2 3 4 5 6 7 8
Cas [s]
Proud
0.5 - T
T ofL 7
& 05 ]
o 1 2 3+ s & 1 s
Cas [s]
Zatez
Z0.04 ]
:% 0.02 +
N g ]
0 1 2 3 4 5 6 7 8
Cas [s]

Obr. 8. Stavova regulace.

Na obr. 8. je zndzornén prubéh vychylky od osy a proud.
Navrzené stavové fizeni ma lepsi odezvu nez v pripadé pouZiti
PID regulatoru.

VIII. ZAVER

Rotujici hiidel se podafilo stabilizovat ve vertikdlni poloze
s pouzitim dvou PD reguldtord, ale s jinymi parametry nez
vychdzi z vypocétu. Po pridani integracni sloZky se systém
destabilizuje, a protoZze model neodpovida realité je obtizné
spravné nastavit parametry reguldtoru. S PD reguldtorem
je takovy systém schopen rotovat v ose s mirnou deviaci,
zplsobenou nevyvazkem hiidele. Po vychyleni se hiidel vrac{
zpét do osy, kompenzovat silové plisobeni bez trvalé regulaéni
odchylky vSak neni mozné bez integracni sloZky. Dal$im
postupem je tedy pokus o zpfesnéni matematického modelu a
zdokonaleni implementace fizeni v prostfedi LabVIEW FPGA.
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Abstract—Graph neural networks might be brilliant tool how
to effectively build digital twin of mechanical system and more.

The suggested pre-step technique of of novel hybrid modelling
is introduced as subset of the main hypothesis, where is as-
sumed synergy between positives of hybrid modelling. Those are
especially descriptiveness of model, which is characteristic for
physical based modelling. Fast execution and results delivering
is than underlying approach of data driven modelling.

Therefore is explored possibility into building empirical model
based on extraction of FE model structure with aim to reinforcing
whole model by new by information, f.g. measurement data.

Index Terms—digital twin, graph neural networks, finite ele-
ment method, Fibonacci’s spring

[. INTRODUCTION

Digital twin (DT) is currently well known words (one can
say - nearly cliche) whose cannot be such easily overlooked.
This term is carrying a simple idea in imitation of a real system
in a virtual environment. DT has been usually connected in
context with artificial intelligence and that is fact for most
scientific fields. Since it is not absolutely clear what DT should
have covered, it is obvious that there exist various approaches
on how to build a DT of a certain system. This tool might have
a big potential from a whole perspective to solving specific
tasks, where different types of information are available. Those
information might be measured data, but also models with
certain accuracy describing particular phenomena.

Following lines are devoted to the topic of designing DT by
usage of graph neural networks (GNN) with combination of
finite element method (FEM) in order to store knowledge of
some kind of mechanical or multi-physical system. For this
purpose, it has to be initially defined the whole mechanical
system in FEM software and then, this representation can be
transferred to the graph network, which will be further used
for the purpose of GNN in order to closely imitate behaviour
of a real system.

First three subsections are aiming to briefly describe basic
topics DT, GNN and FEM. Those are necessary ingredients
for final compilation to a hybrid model of mechanical system.
Next section is then describing how to pre-process and create
GNS based on the geometry extracted from FEM model
representation.

A. Digital twin

The concept of DT might be defined as an adaptive model
of a physical system combining various approaches of math-
ematical modelling with connection of current technologies
[1]. Those technologies can be multi-physical solvers, cy-
bernetic of big data, artificial intelligence, augmented and
virtual reality. DT can be also defined as the next milestone
of simulations connected to the real world. This milestone
was aptly depicted in [1] as a successor of product life
cycle management approach (PLM), which is in exaggeration
simple tool managing database of models and measured data
concerned to a specific product.

B. Hybrid modelling

Term Hybrid modelling can be described as approach, which
is combining two different types of model building - data
driven modelling (DDM) and physical based modelling(PBM).
DDM si not more, than building empirical model based on
experimental data with usage of statistical methods, or with
help of Al and machine learning (ML) methods. On other hand
PBM is more transparent approach, with contrary to DDM.
Usually, geometrical description of system with combination
of FEM is helping to analyse system very deeply and inaccu-
racy can be easily found, since the partials equation of specific
tasks are known. Main cons of PBM are traditionally very high
computational cost, which should be reduced when the DDM
is used.

C. Graph neural networks

GNN is used for model creation by nodes and edges [2].
Interaction between neighbours are defined by edges, which
can (not) have specified direction concerning information
exchange. A graph can describe various systems, from social
networks in order to investigate voting preferences, or for
purpose weather forecasts based on data from weather stations.
Most Likely, GNN can be used for compiling information from
FEM, where the model already has defined nodes and between
them are specified behaviours by element information.
Architecture of probably the latest neural network is by
author understood as a more corresponding architecture of the
biological brain. The view is coming from naive idea, that the
brain has no really defined input and output layer of neurons as
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it is usual in standard feed forward neural networks (FFNN),
but has specific areas, which are activated in time based on
different actions. In other words, specific groups of neurons
are excitated by certain subjects. Another comparison GNN
to FFNN is the fact that the biological brain is not built by
a neat structure of layers of neurons, yet the chaotic graph is
more representative, when close neurons are connected.

II. ILLUSTRATIVE MECHANICAL SYSTEM - FIBONACCI’S
SPRING

For demonstration of main idea were designed simple
geometry of Fibonacci’s spring (FBS). FBS is not really
following the standard golden spiral and geometry has a
slightly different growing ratio of logarithmic spiral. The
purpose of designed part is to have mechanical system with
visually helpful geometry in order to briefly describe main
topic of article.

Fig. 1. Representative example of mechanical system - Fibonacci spring

A. Mesh of FBS

Continuously growing mesh seed applied on the part is
established only by hexahedral elements. The path defining
sweeped pattern on the cross section is located on the inner
edge of FBS. This pattern is chosen due to expectations of not
sharp bricks in mesh structure, which brings at least usually
good convergence behaviour of the FEM model important for
potential further investigation.

Linear Hexahedral elements of the FBS part were chosen
for the aspect of following simple numbering convention and
therefore can be the shape of the part imitated back, once a
GNN is built. Mentioned element is in Abaqus software well
known abbreviation C3D8, which is not really recommended
for tasks, where accurate model is needed, but for our purpose
to initiate GNN is more than sufficient.

B. Input information for GNN

Input file (INP) generated in computer aided engineering
(CAE) software is containing information regarding the whole
FEM model needed for solver performing than calculation
of task. INP is not more than a text file representing by its
keywords the most important behaviour of a model, such as the

-

Fig. 2. Detail of sweeped pattern along the inner edge of FBS

7

Fig. 3. Element C3D8 and convention of nodes numbering

geometry of the model, materials used, boundary conditions,
load, etc. In this INP we will for the next step need information
concerning mesh representation. Our essential keywords are:

« *Node ... specification of node label and its space position
« *Element ... with type definition (f.e.: type=C3D8) with
element label and nodes shaping certain element

C. Building GNN

Once the information regarding FEM model mesh is avail-
able the GNN architecture can be initiated. For this purpose it
is selected to use programming language Python and especially
Deep Graph Library (DGL) which is mainly developed for
deep learning applied on a graph structure. By DGL tool can
then be defined graph G based on previously extracted nodes
information N and edges E.

G =(N,E) (1)

One interesting aspect about graphs is that not usually
euclidean dependency is required and for their function, po-
sition of nodes in space are not really important. Therefore,
following possible visualisation of FBS in GNN is not a big
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surprise. On 4 can be seen detail of small area focusing on
connection made between neighbouring nodes.

Fig. 4. Possible visualisation of PBS by GNN

Human eye needs to see the initial model and this need can
be fulfilled, of course. Since, the INP is still available we can
to G put information of N position and then visualise back the
full part accordingly to specifications needed.

Fig. 5. Visualisation of PBS GNN with positions of nodes in order to validate
correctness of built GNN

III. FURTHER WORKS IN GNN AND FEM HYBRID
MODELLING

Previous lines has briefly introduced the main idea of author
hypothesis, that graph neural networks as representative of
data driven modelling, might be an elegant tool for building
a digital twin with help of physical based modelling such
as finite element method and was shown as initial step into
exploration of topic.

Since, there are many hidden steps, the next one is to
distinguish between hierarchical graph structures focusing on
idea of loads definition present in system.

Another obvious milestone will be into extracting results data
from FEM model and pre-process them (deflections, stresses,
etc.) in order to have correctly prepared data-set for learning
developed architecture of GNN.

IV. CONCLUSIONS

In the article were introduced 3 essential topics which
are necessary for compilation of presented pre-processing of
GNN.

Next section was devoted to a brief description of workflow
dealing with conversion of the FEM model - FBS into the final
requested graph.

Last but not least point of article was dealing with few lines
introducing next author’s intentions in the area focusing to de-
velop theory concerning of building DT by a hybrid modelling
with mentioned combination of mathematical approaches.
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Toleranc¢ni analyza svételné techniky v automotive
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Abstraki—Clanek se zabyva identifikaci a analyzou
toleran¢nich Fetézci v konstrukci a vyrobé predniho
svétlometu automobilu a jeji vliv na vyslednou fotometrii,
ktera podléha piredpisim ECE. Hlavni naplni je vliv rozloZeni
svételné stopy potkavaci funkce ECE 112, ktera je tvoiena
indirektnim  reflektorovym  systémem nebo direktnim
modulovym systémem na vyrobnich tolerancich.

Klicova slova—tolerancni analyza, automobilové osvételni,
ECE 112

1. Uvop

Automobilovy prumysl je velice progresivni obor, ktery
musi reagovat na pozadavky uzivateli a nové technické
trendy a nabizet atraktivni feSeni a drzet krok s konkurenci.
Spojuje témét celou paletu strojirenskych obort, které se v
dnesni dobé neobejdou bez mezioborové spoluprace. Predni
svétlomety, které prochazeji za poslednich par let masivni
revoluci, stale zlistavaji nezbytnou a zajimavou casti, ktera
dava automobilu ojedingly vzhled a dusi. Casto byvaji
zakladnim poznavacim znamenim dané znacky a to diky
rliznym tvarim denni signatury. Neni proto divu, Ze se této
¢asti vnéjsiho vzhledu vozu vénuje takova pozornost. Také je
snaha propojovat funkce jinych dild pravé se svétlomety
nebo do nich tyto funkce uplné¢ implementovat. Soucasny
trend osvétleni smétfuje k nahrazeni klasickych zarovek ¢i
vybojek vykonnéjsi LED technologii. To s sebou prinasi
moznosti a potencial, o kterych se pii pouziti zarovek ani
nezdalo. Nejen ze se zvySuje vyzafovany svételny tok, a tim
vys$i intenzita osvétleni vozovky, lepsi homogenita, moznost
novych designovych prvkd, jako napiiklad pouziti
svétlovodu, nastavitelnd chromati¢nost zdroje, ale také se
muze uvazovat o animaci nekterych funkci, nebo dokonce o
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pokrocilych systémech aktivnich dalkovych funkei Matrix-
LED s nékolika desitkami segmentti nebo ,,HD* technologie,
které maji tisice segmenti a svym technickym feSenim
pfipominaji spiSe nez automobilova svétla dalekohled.
Cenou za tyto vyhody je komplikovanost feSeni oproti
reflektorovym soustavam se Zarovkami a jiné aspekty, které
se diive fesit nemusely.

Il. TOLERANCNI RETEZEC

Uréeni toleranéniho fetézce (OBRAZEK 1) vyroby
automobilového svétlometu je velmi Siroka uloha, protoze
zdroje chyb se skladaji jak z vlastni tolerance vyroby
jednotlivych dild, tak z tolerance celkové sestavy. V ramci
stanoveni toleranéniho fetézce byly rozdéleny chyby do dvou
oblasti — mechanické a elektrické. Do elektrickych byly
zahrnuty vlivy svdzané se zdrojem svétla, tedy s LED
technologii. Jako prvni jsou zde uvedeny odchylky zdroje
proudu, kterym jsou LED nap4jeny. Velikost svételného toku
LED totiz piimo zavisi na velikosti proudu. Do této kategorie
byl také zafazen vliv binningu, tedy rozdilnych vlastnosti
dané skupiny LED (chromati¢nost, svételny tok,...).

Mechanické chyby jsou odvozeny z vyrobnich
technologii a z technologii které vymezuji, které vymezuji
vzjemnou polohu ve svétlometu. Vyrobnich technologii se
pouziva velké mnozstvi a zavisi od vyrabéného dilu. Protoze
se jako konstrukéni materidl pouziva plast, zakladni vyrobni
technologii je vstiikovani do formy. Na samotném plastu
také zalezi, jakého je druhu, Cistoty nebo vlhkosti. Béhem
tohoto procesu dochazi k vysokym teplotnim rozdilim, se
kterymi souvisi teplotni rozpinavost materiald. To zahrnuje
velikost technologickych parametrti béhem vstfikovani jako
napiiklad teplota taveniny, velikost tlaku, teplota a chlazeni

OBRAZEK 1- Uréeni toleranéniho fetézce

mechanické —

Tolerance

elektrické *[

Zdroj: Vlastni zpracovani 121



formy. Po vystiiku na produkt ptisobi déje, nazyvané obecné
smrsténi, které méni jeho rozmeéry. Pfesnost vyroby formy
pro vstiikovani se odrazi do vysledného dilu. Touto
technologii se vyrabéji veskeré optické ¢leny, jak indirektni
reflektorové systémy, tak direktni systém skladajici se z TIR
kolimatorit a projekéni cocky.  Pfi pouziti indirektni
reflektorové technologie se opatiuji odrazné ¢asti reflektoru
tenkou hlinikovou vrstvou, ktera se jesté prekryva
ochrannym prithlednym lakem. Pérovitost a tloustka tenkych
vrstev  ovliviiuji  odrazené paprsky. Druhym druhem
mechanickych vlastnosti bylo zvoleno sestaveni dili do
jejich vzéjemné pozice avymezeni vili. To zahrnuje jednak
presnost umisténi LED na PCB osazovacimi stroji a samotné
ustaveni PCB vu¢i reflektoru nebo PCB vuci drzaku primarni
optiky (TIR koliméatortt). Oba aspekty vstupuji do optickych
zakont reflektoru nebo direktni optické soustavy a urcuji
vysledné svételné rozlozeni potkavaci funkce.

Témét kazdy zdroj chyb pasobi na jinou ¢ast soustavy
optické soustavy a ma rizné veliky vliv na vyslednou
svételnou stopu. Nelze je proto s¢itat. Rovnéz nejde hodnotit
stejnym zpisobem dva reflektorové systémy odlisnych
konstrukci nebo stejné modulové feseni. Protoze nemame k
dispozici ostrd data konstrukce, drzime se obecnych
predpokladli a zjednoduseni. Proto se omezime pouze na
vychyleni zdroje svétla vici optickym prvkl dané soustave.
V tomto jsme se pokusily shrnout veskeré technologické
vlivy a urcit velikost chyby.

Pro reflektorovy systém budou uvazovany dvé skupiny
chyb. Do prvni skupiny jsme zahrnuli vlivy, které budou mit
za nasledek pohyb zdroje svétla v rovné PCB. Druha skupina
ovlivni pozici LED v ose kolmé na PCB.

V uvahu bereme tyto zdroje: nepfesnosti vysledného
reflektoru, teplotni roztaznost materiald, nepiesnost osazeni
LED, vymezeni vile mezi reflektorem a PCB. Ciselng jsme
tyto vlivy vyjadfili nasledovné:

celkova neptesnost reflektoru: 0,2 mm;
teplotni zatizeni materialu: 0,2 mm;
osazeni LED: 0,05 mm;

vule mezi PCB a reflektorem: 0,05 mm.

Do prvni skupiny jsme zahrnuli vliv nepfesného osazeni
LED, vili mezi PCB a reflektorem pied jeji vymezeni a
nepiesnost reflektoru. Vysledna hodnota tedy je 0,3 mm. V
druhé skupiné uvazujeme teplotni zatizeni materidlu —
teplotni roztaznost. Velikost uvazované chyby druhé skupiny
je 0,2 mm.

Pro projekéni systém budeme uvazovat tyto zdroje
nepfesnosti: vymezeni viule mezi TIR kolimatorem a PCB,
nepfesnost osazeni PCB a justaze projekéni ¢ocky. Ciselnd
jsme tyto vlivy vyjadrili nasledovné:

justaz projekéni Cocky: 1 mm
osazeni LED: 0,05 mm
vile mezi PCB a TIR kolimatorem: 0,05 mm

Vysledna chyba je tedy 2 mm.
I1l. CITLIVOST OPTICKEHO SYSTEMU NA VELIKOST
OHNISKOVE VZDALENOSTI

Nez se pustime do samotné simulace téchto systémi,
musime jest¢ zminit, ze jeden z trendd vyvoje svételné

techniky je neustale vSe zmensSovat a pfitom zachovat nebo
jesté vylepsit svételné vlastnosti osvétlovacich soustav. Mezi
nejlepsi taktiky, jak toho dosahnout je zkracovat ohniskovou
vzdalenost. Tato zména znamena, ze mizeme opticky zdroj
priblizit blize k optickému ¢lenu a tudiz dokdzeme usmérnit
VEtsi Cast svételného toku LED zdroje. Tento trend ma ale za
nasledek, ze se soustava stane mnohem citlivéj§i na
nepiesnosti pii vyrobé. Tento trend se da matematicky
odvodit, viz OBRAZEK 2.

OBRAZEK 2- Znazornéni znaménkové konvence

Zdroj: Vlastni zpracovani

Protoze se béhem navrhu svétel pouziva vyhradné tthlovy
popis, uvadime zde odvozeny vzorec:

x? — f'x .
v fa

tgf = «a

X...vzdalenost pfedmétu od predmétového ohniska
f"...obrazové ohniskova vzdalenost

a...Uhel mezi optickou osou a krajnim paprskem
vychézejicim z bodového zdroje svétla

Uhel o jsme zvolili na zikladé modelovych soustav. Na
GRAFU 1 je vidét, ze se zmensujicim ohniskem roste tthlova
odchylka. Tento piipad jsme provedli pro 3 modelové chyby
0,1 mm; 0,2mm a 0,3 mm.

GRAF 1- Zavislost B na f'pfi vychylce x
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Zdroj: Vlastni zpracovani

IV. SIMULACE

A. Reflektorovy systém

Pro simulaci byly pouzity dva multifokalni reflektory
(OBRAZEK 3) s ohniskovymi vzdalenostmi 20 mm pro
reflektor tvofici spot a 18 mm pro reflektor piedpoli.
Postupné bylo se zdroji pohybovano do dvanacti bodl ve
trech rovinach, viz OBRAZEK 4.
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OBRAZEK 3- Svételny ptispévek jednotlivych reflektort

Zdroj: Vlastni zpracovani

OBRAZEK 4- Oznageni vychylenych bodi
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Zdroj: Vlastni zpracovani

Prvni rovina lezi v roviné vychoziho svételného zdroje —
oznacujeme ji jako ,,0. Dalsi dvé roviny jsou s touto
rovnob€zné a od ni vzdalené o 0,2 mm. Tu, ktera lezi blize k
reflektoru, oznaCujeme ,+° a rovinu vzdalengjsi ,—
Znazornéné body jsou od vychozi — stiedové polohy
vzdaleny 0 0,3 mm.

Pro kazdé vychyleni zdroje jsme po simulaci ziskali
svételnou mapu. Popis jejich os je v Ghlech. Na barevném
méfitku pod mapou je odstupnovana hodnota svitivosti
jednotlivych bodii mapy. Protoze potkavaci funkce je
realizovana dvéma reflektory, sou¢tem map z obou
reflektorti ziskdme vyslednou celkovou mapu. Na ni lze
aplikovat piednastavenou analyzu piedpisu ECE 112 13,2V.
Podle této analyzy se vyhodnocuji body a oblasti predepsané
touto normou, zda plni nebo neplni pfedpis. Simulace byly
provedeny metodou accurate s 1.mld paprsku.

Protoze vyhodnocujicich parametra je 23, byly urceny 3,
z nich, které byvaji nejvice problematické, viz OBRAZEK 5.
U nékterych parametrti je pfedepsana maximalni hodnota
svitivosti, ktera se nesmi ptekrocit, u nekterych hodnota
minimalni, ktera nesmi byt podkroc¢ena.

1) Vyhodnoceni bodu 75R

V meéficim Bod¢ 75R norma piedepisuje minimalni
hodnotu svitivosti 10100 cd. Na jednotlivd ramena
paprskovitého grafu (GRAF 2) jsou zaneseny ziskané
hodnoty svitivosti pti odpovidajicim vychyleni zdroje svétla.
Tyto stavy spojuje modra kiivka — pro rovinu ,—, oranzova
ktivka — pro rovinu ,,0“ a fialova kiivka — pro body v roviné
4. Cerna Carkovana &ara znazorfuje vychozi stav, tedy
hodnotu svitivosti pro nevychyleny svételny zdroj. Zelena
vyjadiuje pfedepsanou minimalni svitivost. Z grafu mizeme
vycist, ze pro polohy od bodu 11 do bodu 4 neplni nékteré¢ z
nich predpis. Svitivost klesa az na 30 % pozadované
hodnoty. Nejhorsi pfipady jsou pro body v roviné ,—
Svitivost ale také pro nékteré body roste, a to az o 160 %.

2) Vyhodnoceni bodu 50L

Bod 50L se nachazi pod bodem 75L a vyjadiuje hodnotu
svitivosti na levé krajnici 50 m od automobilu. Je umistén do
svételného vertikalniho gradientu. V této oblasti je
pozadovano velké osvétleni bez oslnéni protijedoucich
vozidel. To pravé zajiStuje tento gradient svitivosti, jehoz
oblast nejvétsi zmény musi lezet pod horizontalou (h-h).
Predpis pro tento bod stanovuje maximalni pfipustnou
hodnotu svitivosti. Kiivka zméfenych svitivosti musi tedy

OBRAZEK 5- Zvyraznéni hodnoticich parametrii na svételné mapé
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Zdroj: Regulation ECE 112

123



lezet uvnitf zelené kiivky (GRAF 3), kterd vyjadiuje
maximalni povolenou svitivost. Cernd arkovana kfivka
vyjadiuje hodnotu svitivosti nevychylené¢ho zdroje. Z grafu
je patrny naridst svitivosti pro pozice 3 az 8 ve vSech
rovinach. Z toho lze usoudit, Zze se bude pro tyto polohy
zvySovat poloha gradientu az dojde k osliovani. Svitivosti s
vychylenim do bodt 4 az 7 v rovinach ,,0 a ,,+* uZ jsou
mimo pfedepsanou hodnotu.

GRAF 2- Paprskovy graf pro bod 75R

Zdroj: Vlastni zpracovani

GRAF 3- Paprskovy graf pro bod 50L

Zdroj: Vlastni zpracovani

3) Vyhodnoceni oblasti ZIlI

Oblast ZIIl m& tvar mnohouhelniku a nachazi se nad
horizontalou. Od bodu HV se jeji strana zvedd smérem
vpravo pod Uhlem 45 °, kde je kink, a horni ¢ast je omezena
useckou umisténou 4 ° nad kiivku h—h. ZIII obsahuje dalsich
8 bodi, které se hodnoti vlastnim kritériem. Mezi né patii i
HV. Od zminovanych bodu 1isi principem vyhodnocovani. V
zadném bod¢ oblasti nesmi byt piekrocena hodnota 625 cd,
aby nedoslo k oslnovani. Hodnoty maximalni svitivosti pro
dané vychylky zdroje jsou uvedeny v GRAFU 4. Body v
rovinach ,— a ,,0° spliuji predpis kromé polohy zdroje v
bod¢ 6 v roving ,,0%. Zdroje umisténé v roving ,,+* ve vétsin¢
ptipadii prekracuji maximalni pfipustnou hodnotu. Nejvétsi
svitivost jsme zaznamenali v bod¢ 6 a zvedla se o 180 %
proti norm&. Mezi polohami 4 az 9 bylo misto nejveétsi

svitivosti v tésné blizkosti bodu HV. U ostatnich piipadi se
toto misto vyskytovalo spiSe kolem dalSich ¢asti spodniho
ohraniceni oblasti ZIII. Pro zdroje v této roviné tedy dochazi
k vyraznéjSimu zvedani svételné stopy, nez je tomu u
ostatnich dvou rovin.

GRAF 4- Paprskovity graf pro oblast ZIII

-------

Zdroj: Vlastni zpracovani

4) Shrnuti

Vychyleni zdroje svétla ze své vypoctové polohy
deformuje rozloZeni osvétleni. Z provedenych simulaci
je patrné, Ze kazdy vyhodnocovany bod piedpisem pro
potkavaci funkci je jinak citlivy na tyto vychyleni. Lze
ale vypozorovat urcité trendy. Prvni z nich bereme z
pohledu vychyleni zdroje svétla od vychozi polohy v
ramci této roviny. Pro body v polohach 3 aZz 9 obecné
dochézi ke zvySovani svitivosti. Protoze vyhodnocované
body 75R, 50L a HV lezi v oblasti blizké svételného
rozrani, dochdzi obecné k vertikalnimu posunu svételné

stopy.

Druhy pohled srovnava stejné body z jednotlivych
rovin. Obecné lze z provedenych simulaci vyvodit, Ze
zmeéna pozice zdroje svétla smérem od reflektoru (rovina
»—) snizuje svitivost ve sledovaném bodé. Naopak
posunem zdroje svétla smérem k reflektoru (rovina ,,+)
dochazi ke zvySovani svitivosti. U nekterych bodu se
zvysuje rychleji, u nékterych pomaleji.

B. Projekcni opticky systém
Pro simulaci byla pouzita opticka koncepce Bi — modul,
OBRAZEK 6- Bi-modul

Zdroi: Vlastni zoracovani
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ktery ma v sob& implementované dvé svételné funkce, viz
OBRAZEK 6.

Jedna je dalkova funkce a druha je potkavaci funkce.
Simulovat se bude ale pize optické soustava, ktera se stard o
potkavaci funkci. Tato soustava se sklada z 9 LED zdrojd,
které jsou umisténa v ohniscich TIR kolimatord, které ptes
projekéni cocku tvofi stopu svételné funkce. V tomto
konceptu se pro tvarovani ostrého rozhrani a tvaru kinku
pouzita kovova clonka. Stejné jako u reflektorového systému
budeme pohybovat se zdroji ve dvanacti bodech a ve 3
rovinach, které jsou kolmé na osu $iieni svétla.

1) Vyhodnoceni bodu 75R
GRAF 5- Paprskovy graf bodu 75R

100 % ECE
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Zdroj: Vlastni zpracovani

Z GRAFU 5 muizeme vy¢ist, ze pro vSechny polohy jsou
minimalni pozadavky na bod 75R splnény, spiSe se
defocusem a decentralizaci vyznamné zvétsuji a to az 200%
ECE.

2) Vyhodnoceni bodu 50L

GRAF 6- Paprskovy graf bodu 50L
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Zdroj: Vlastni zpracovani

Fotometricky bod 50L wuz tak dobfe nevychazi.
Z GRAFU 6 lze vycist, Ze ve vSech rovinach jsme mimo
zelenou kfivku, tudiz nespliujeme fotometrické maximum,
které je povolené. Z toho vypliva, ze se vSech vychylenych
polohéach, se zvysila pozice gradientu a dochazi k osliiovani
protijedoucich vozidel a tudiz by se svétlomet stal nelegalni.

3) Vyhodnoceni oblasti ZIlI

Z GRAFU 7 lze vy¢ist, Ze se ve vSech rovinach se zvétsil
ptispévek od nominalniho stavu svitivosti téméf o 100% a
tudiz se nachazi mimo dovolenou oblast zelené kiivky, ktera

oznacuje 100% ECE, coz je maximalni povolend svitivosti.
V tomto piipadé¢ dochdzi k pifimému oslnéni zpétnych
zrcatek jedoucich vozidel a taktéz oslnéni protijedoucich
vozidel.

GRAF 7- Paprskovy graf oblasti ZIII
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Zdroj: Vlastni zpracovani
4) Shrnuti

Z provedenych simulaci, lze vyvodit, Zze projekeni
systém, je oproti reflektorovému systému mnohem citlivejsi
a ze mnohem vice deformuje celkové rozlozeni svételné
stopy. Tento fakt je zpusoben slozitosti optického systému,
ktery se oproti reflektoru, ktery se skladd pouze z LED
zdroje a samotného reflektoru. Nybrz projekéni systém se
sklada z 9 LED zdrojt, 9 TIR kolimatoru, kovové clonky a
projekéni ¢ocky. Pravé poloha kovové clonky je v toto
systému kliGov4, protoze vytvaii ostré rozhrani a odclofuje
krajni paprsky, které miti do oblasti nad HV tudiz do oblasti
ZIll, které zptsobuje osliiovani protijedoucich vozidel. Pfi
vychyleni LED =zdroja v TIR kolimatoru dochazi
k vychylovani svételného kuzele a nésledné zpiisobuje
prekroceni povolenych hodnot nad HV rozhranim.

V. ZAVER

Cilem textu bylo seznamit vliv konstrukénich a
vyrobnich toleranci pfednich svétlometi na podobu vysledné
svételné stopy potkavaci funkce, ktera je predepsana
predpisem ECE 112. V textu jsou vyhodnoceny dva optické
systémy. Prvni feSeni realizovano pomoci reflektorti, které
jsou osvétleny LED zdrojem a druhé feseni je direktni feSent,
které je realizovano TIR kolimatory a projekéni cockou. Z
provedenych simulaci je zietelné, ze tolerance, které vznikaji
pii vyrobé, zasahuji do vysledné stopy a maji vliv na legalitu
celé potkavaci funkce. Proto je nutné pii konstrukci
optickych ploch dbéat v Gvahu i vSechny tolerance, které v
systému vznikaji.
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New model of Asynchronous Motor based on
Nonlinear Model Predictive Control in Railway
drive application
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Abstract— The use of Park transformations is common
when modelling an asynchronous motor (ASM), as it eliminates
the time-varying inductance between stator and rotor and
decoupling of the magnetic flux, thus ensuring that torque and
flux can be controlled independently of each other. In contrast,
it is very difficult to model and analyze the space harmonics of
an ASM with nonlinear components such as saturation using
dgO frame. In this paper, a new ASM motor model based on
the ABC natural coordinate frame is proposed as a
replacement of the current implemented dg0 model. This
approach led us to reconsider replacing the implemented
torque control Pl controllers with a Nonlinear Model
Predictive Control (NMPC). The expected results include a
more robust, better system performance and stability, with the
possibility of improving torque control delivered to the railway
wheelset under undesirable operating conditions such as
torque ripple and adhesion loss associated with power loss
decreased.

Keywords— asynchronous motor, model predictive control,
dynamics model, adhesion, torque, abc natural coordinate.

I. INTRODUCTION

Modern trains are characterized by their powerful and
high speed, which allowed it to compete with other means of
transport such as means of air and road transport. This great
development in their performance, power, and speed are
accompanied by problems, like determining the optimal
torque value transmitted from the electrical motor to the
wheels, where the traction motor force and the undesirable
dynamic changes in addition to the adhesion conditions play
the largest role in determining the optimal operating
conditions and the maximum torque transmitted to the
wheels.

Economic and technical concerns limit implementing the
practical experiments which help in studying the mechanical
and electrical problems of railway systems. Therefore, due to
their effectiveness in testing and examining the equipment
and systems under development before deploying the real
experimental model, computer modeling techniques
represent a necessary and important tool in the research
practice.

High performance, high-speed computation, robustness,
flexibility, and ability to obtain a highly advanced and
complex model. All those features of the modeling and
simulation systems allowed us to develop a computer model
that simulates some of the undesired dynamic parameters
which affect the torque transmission from the ASM to the
wheels during the loss of adhesion.

Bohumil Sulc

Instruments and Control Engineering Department
Czech Technical University in Prague
Prague, Czech Republic
bohumil.sulc@fs.cvut.cz

Within the results of the research conducted on the
simulation model, it is shown that there is a necessity to
design a comprehensive simulation model for the wheelset
drive unit includes an ASM model, in order to obtain a more
accurate simulation model of the torque transfer process
from the ASM to the wheelset, taking into account the effect
of the dynamic phenomena'’s of the system components, such
as torsional oscillations [1] and adhesion conditions [2].

So far, the designed model has been able to satisfy the
mechanical requirements of the wheelset drive system, while
the electrical part is subject to further developments that
include preparing various ASM models to study its effect on
optimizing torque control in addition to studying the ability
of Modern control systems in predicting unwanted dynamic
changes in the locomotive under different operating
conditions and its impact on the performance of the motor
proposed models, the latest of which is the model that is the
subject of this paper.

Il. TRAIN DRIVE DYNAMIC AND ASYNCHRONOUS MOTOR
MODEL

The main parts participating in the torque transmission to

the wheelset [3] are simulated in Simulink and depicted in
the form of blocks as is it is illustrated in Fig.1.
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Fig. 1. Block scheme representing the system model dynamoics of a
weelset torque transmission.

A. Models of mechanical components nfluencing torque
generation dynamics with impact on train movement
Both mechanical and electrical components contributing

taking part in transmission of the torque from the motor to

the wheels are shown in Fig. 2 which represents a cross
section of a locomotive wheelset drive.
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Fig. 2. Cross section of a wheel-set drive

The whole torque transmission path from the ASM to
wheels, including the gear, right clutch, hollow shaft, left
clutch, left wheel, axle, right wheel, we can depict it as if it
were composed of such fictive substitutes. One of the
possible ways how to do this is depicted in Fig. 3.

Fig. 3. Substitute concept of modelling dynamic behaviour of mechanical
wheelset components using symbolic functional elements

B. Used Asynchronous Motor Modelling in dg0 frame and
its disadvantages in control

The AC motor is considered as the main component of
the train's wheelset drive unit, as it generates the required
power to the wheels which push the train forward on the
rails. Here comes the importance of creating an accurate
model of ASM that takes into account changing dynamic
characteristics when a comprehensive model of the wheelset
unit is established for the purpose of simulation

When modelling an ASM with torque control, a variety
of modelling methods used to represent the mathematical
model of the motor. One of the favourite modelling methods
known as direct quadratic frame dq0, where it converts the
measured physical quantities such as voltage, current, and
torque in the natural reference frame to abstract quantities
(from three to two quantities) within a rotating reference
frame. dgO transformations or Park transformation [6] are
based on the space phasor theory to study the dynamic
behaviour of an ASM. These converted quantities cannot be
measured directly on the ASM, and they are used as
controlled variables when designing the ASM control
system, they provide the ability to control torque and
magnetic flux independently of each other.

In Fig. 4, a block scheme of the control structure with a
drive motor cross section is shown, where the natural
measurable physical quantities, i.e. voltages ug,, ugg, usc Of
the three-phase motor supply, inverter DC supply voltage

upc together with the current, the natural quantities are
illustrated in blue color arrows. Other arrows and blocks,
except torque setpoint representation, are in black because of
their purely abstract character.

Inverter 3phase

DC Supply lAC ASM supply
v, (1) ii(f) & 5 % T e
A A=
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[M0) 2 w
v 2 1" Pl HEIEE
3y, (O, Elsl=]|g
3
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on 2 coordinates
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£

Fig. 4. A torque control scheme using abstract mathematical model based
on dqgo frame representation and PI controllers.

The torque control set-point is defined, but the
controlled variable is not directly measured, which results in
disability in evaluating the topical control error. Also, the
ASM should be equipped with an Inverter in order to
generate control actions. The dq0 stand as converter
between the physical reality, and abstract (mathematical)
image of it, where the problems of controller design,
optimal parameter setting are not easy to solve by standard
time-domain methods. This has evoked our attention to
study them in more detail, using the developed Simulink
model.

Basically, indices dq express affiliation to orthogonal
coordinate system, added index s linkage to the stator, r then
to the rotor. For variables that are introduced only on the
basis of the mathematically formulated definitions without
any direct link to natural physical quantities common
symbols of their physical counterparts are used, i.e. for
currents i [A], voltages u [V]. Magnetic fluxes ¥ [Wb]. Also,
the same physical units are assigned them because their
values are computed according to the same formulas used for
calculations in electrical circuit schemes with lumped
parameters such as the resistance R in [Q], the (mutual)
inductance L in [H].

The Simulink model which we developed was based on
the dgq model equations as follows:

a. Stator voltage equations:

gy (=Rl (O + 5, (-0 (1) Vs (1) @
tgs(O)=Ryias )+ 5P 0-005 ()P, (1 ®

b. Rotor voltage equations:
udr(t)=Rridr(t)+%¥’dr(t)-(ws(t)-w(t)) 7,=0 4)

Uy, (t) =Rriqr (t) +% qur (t)' (C()S (19 -0 (t)) Tdr (t) =0 (5)

c. Flux linkages of the stator and rotor are expressed in
terms of the stator and rotor current in dq axis:

W is () =Lgig(t) +Lyige(1) (6)
Vs (D=Lyiy (D +Lyig, () @)
V(O =Lyig () +Lyigs (1) (8)
V(O =L,y () +Lyigs () ©)]
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. Magnetizing fluxes are defined as:

y/afm (t) :Lm ids (t) +Lm idr(t) (10)
qu (t) :Lm iqs +Lm iqr (t) (11)
L,=2/3L,, (12)

d. Electromagnetic torque expressed by:

M0=2/3P, (Fa i, O, 0is®)  (13)

The stator and rotor winding are mutually coupled. Thus,
when rotor angle changes, the mutual induction also changes
i.e. as it is dependent on the rotor position.

The dg0 frame allows us to removes the time varying
inductances position dependencies between the stator and the
rotor, making it easier to model the motor, also, it decouples
the magnetic flux linkage, and thus easier to control the
motor torque. These advantages of dgO representation may
not be valid for many cases in which it is necessary to create
a motor model in abc natural coordinates frame which takes
into account transient dynamic changes and nonlinear
components. This prompted us to propose a new ASM model
based on the natural frame discussed in the next chapter.

I1l. NEW MODELLING METHOD OF ASYNCHRONOUS MOTOR IN
ABC FRME

The process of delivering the optimal torque value from
the ASM to the wheelset is subject to a variety of parameters
and constraints such as degree of ASM model accuracy,
control system stability and response, in addition to
dynamical conditions influence the wheelset slip and
adhesion such as weather conditions, and unpredicted
changes in operation conditions.

When adhesion of the wheelset is lost, a significant
transient changes in the motor voltage could be noticed [7]
due to the fluctuation in the motor traction torque in order to
reestablish the adhesion of the wheels to the rails. This
unwanted situation affect the toque transmitted to the wheels.
In transient conditions, a number of harmonic components
which has a nonlinearity nature are produced [4] which
results in the inability to directly obtain real values of the
currents since those linearity components are located in
space harmonic vector. These quantities affecting the
relationship between the original current in abc natural frame
and the transformed current in dq0 frame are difficult to be
represented precisely based on dq analysis since it has a
linear nature. In addition, dg transformation model deals with
id current as a function of ig, which eliminates the possibility
to do simulation independently from each other, and also the
dg model is not able to identify the differences of the phase
currents. Considering the above-mentioned reasons, attention
is switched to developing a new ASM model that can
accurately and precisely reflect the transient conditions and
steady-state operation of the ASM.

Some of the literature work focused on modeling ASM in
abc frame using Matrix partitioning was done by Dimitrovski
and Luther [5]. We propose an ABC natural coordinate
model Fig. 5 of which should improve the accuracy of the
transient process and controlling the response of the
parameters of the analysis more precisely knowing that in
practice, the currents flow through phases are not equal.

The stator voltage differential equations are defined as
follows

d
Ugy (t) :RSA l.sA (t) + E‘ ylsA (t) (14)
Usp (t) :RSB isB (t) + dil WSB (t) (15)
d
uxC(t) :RSCiSC(O + E PVC(U (16)

Similarly, the rotor voltage differential equations are

d

Uy (t) :RrA irA (t) + Ef S[/rA (t) (17)
d

up(t)=R,gi,p(t)+ 7 ¥,p(1) (18)
d

U, c()=R,ciyc()+ 7 Yc(t) (19)

In real operation of the ASM, the magnetic flux of the stator
and rotor are mutually connected, and the magnetic flux of
the one winding depends on the magnetic fluxes of the rest of
the windings. The magnetic flux equation of the new ASM
model can be stated in matrix form as follows:

PA(®)
W) | = [Lins- [Tsapc) + [Linel- [Tragc] (21)
Ye(®
LsA LsAsB LsAsC
= LsAsB LSB LsBsC
0 LsBsC LsAsC+Ls
Where is
LsArA LsA‘rB LsArC
[Linel = (Lsgra  Lspre  Lserc (23)
LsCrA LsC‘rB LsCrC
T
[Lasc] = |Lss (24)
| Lo
1N
[Lagc] = [Is (25)
iy
'4
Flux i M, o
— Calculation e P/2 ‘ pod gzr_>
Uape In time varying Linc 2 at
f o
0y
RABC [*

Fig. 5. ABC natural coordinate model proposal for ASM
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Where in (14) — (25) symbols iy, isg, isa, irc, ira, irc a1
the natural 3-phase currents. ug,, Usg, Usc, Upa, Urg, Uy ar€
the natural 3-phase stator and rotor voltages as follows.

IVV. PROPOSAL OF MODEL PREDICTIVE CONTROL FOR ASM

If an inadequate tractive torque is detected, it may lead to
an inadequate wheel slip and a subsequent limiting vehicle
dynamics. So far, a variety of vector modelling method like
Field Oriented Control (FOC) and Direct Torque Control
(DTC) [8] has been used in practice to control the ASM.
These methods depend on two reference frames, stationery
which is based on alpha and beta abstract quantities and
known as Clark transformation [9], and arbitrary which
based on direct quadratic abstract quantities that were used to
simulate our ASM Simulink model.

FOC emulates the behaviour of ASM as if it is a DC
machine by decomposed the stator currents into two-axis, d-
axis correspond to (Flux) and g axis correspond to (Torque)
which results in the decoupling of torque and flux control.
Those separated quantities are then regulated using a two
tuned PI controller, and good steady-state stability and fast
dynamic response are obtained. On the other hand, DTC
directly selects the best voltage vector using a predefined
table based on stator flux position and error signals of the
torque and stator flux. Thus, by eliminating the use of current
control of the ASM, a faster dynamic response is achieved.

The features which FOC and DTC present, come with
limitation represented in low-speed operation and
computational effort and inability to handle constraints
which influence the stability, in addition to difficulties in
considering the nonlinear components in the ASM. It is also
good to mention that based on some previous experience, the
good tuning of the PI Controller in an untraditional control
structure standardly used in the ASM torque is not a
straightforward process, since the PI control loops work with
signals computed in this model, not directly with physical
quantities.

In order to approach a precise ASM model based on abc
frame, we need to consider the nonlinearities nature of the
stator flux which is not decoupled in abc frame due to
harmonic components such as saturation. These nonlinear
components are difficult to be represented in the dgO frame.

Based on what previously mentioned, it is good to obtain
a new control model based on Nonlinear Model Predictive
Control (NMPC) [10] and replacing the implemented PI
controllers in order to facilitate the adjustment. The benefits
of the necessary state-of-the-art in-system order reduction,
linearization for a computer simulation that is quite
dependent on step size may be indispensable. In general, The
MPC controller has a quick response, multivariable control,
ability to handle various nonlinear constraints, also, MPC
[11] can eliminate the use of the inner and outer loops and
result in an increment of steady-state error. On the other
hand, the computational effort, the requirements of the high
sampling frequency, and the difference in the torque and
stator flux amplitudes and units restrict the implementation
speed rate of the traditional MPC in real application.

We propose a new control strategy based on the NMPC
controller for wvoltage vector control and disturbance
observing which caused by load torque variation and
parameter deviation. The new control strategy will use an
explicit nonlinear MPC, where an additional loop of current

control will be neglected. Increasing the predicted instances
of both torque and stator flux will help us in obtaining the
best voltage vector come through minimizing MPC cost
function J.

Developing such a new control method will result in a
better stability and higher performance since the physical
quantities will be directly measured in abc frame without
using dq0 frame. The proposed MPC controller is depicted in
Fig. 6.

—| Cost Function
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MPC Controller : :
ASM Model in
abc frame

Fig. 6. Block scheme of proposed NMPC controller for ASM drive

The expected results of the MPC controller comparing
with PI controller may include a better transient response,
better robustness and improved stability in face of
uncertainties including load disturbance, and torque
fluctuating transmitted to the locomotive wheelset.

CONCLUSIONS

The urgent need, and the growing interest in obtaining an
accurate model of ASM which consider the transient
changes that affect the torque transmitted to the wheels
under undesirable operating conditions, prompted us to
propose a new model of an ASM based on its representation
in the natural coordinate frame instead of the commonly
used two-axis dqO reference frame. In this paper, we have
emphasized the importance of the proposed model in its
ability to take into account nonlinear components that
appear during motor operation. The conventional control
method such as FOC and DTC cannot be employed with the
proposed motor model, as it deals with torque and magnetic
flux within a two-axis dq0 frame, so we proposed a new
control system based on a nonlinear predictive controller.
By predicting the motor variable within a predefined
prediction horizon, taking into account all possible voltage
vectors, it is possible to select the optimal voltage vector by
minimizing the cost function of the controller.
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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++.

Index Terms—mathematical modeling, metal sheets rolling,
fuzzy, polynomial, machine learning

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 (HONUSs). 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 differences' 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:

r—T

ey

T, =
o

Where x is original input, = is mean of original input, o, is

standart deviation of original input and x, 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.

For 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].

Polynomials

Rule base

inputs P
Fuzzification

Y

«| Inference
engine

Fig. 1. Scheme of a polynomial fuzzy system

Fuzzy IF-THEN rules are defined as follows:

IF N\ (x; is A}) THEN y is p(x) 2)

T;EX

The fuzzy system can be described via following equation:

M n
3700 [T g ()
flx) = S 3)
=11

s

MAg(xi)

l 1

Where p'(x) is a polynomial connected to fuzzy IF-THEN
rule [ and 1 4: (2;) is a membership function of a fuzzy set Al
defined as follows:

Ty — Cyl 2
pag (i) = exp (= (—) )
: ol
Where c4: is center and o 4: 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
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simpler, we will use stochastic gradient descent as described
in [3]:
Okt1 = O — aVoQ(Xr, Yr; Ok) (5)

Where 0 is a vector of trainable parameters®, « is learning
rate and Q(Xy,yr;0)) is standard SE criterion, defined as
follows:

Q(%r,yr); O = (f(xr;0) — yr)2 (6)

Where input-oputput pair X,., v, 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.
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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

10 4 R 1
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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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Pasivni magnetické lozisko
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Abstrakt—Tento ¢lanek se zabyva pasivnim magnetickym
loZiskem, testovacim pripravkem pro loZisko a statickymi
silovymi testy loZiska v ramci pFipravy piemény pasivniho
magnetického loZiska na hibridni magnetické loZisko (pasivni
magnetické loZisko s aktivnim tlumenim kmitani).

Kli¢ova slova—pasivni magnetické loZisko, test magnetického
loZiska, hybridni magnetické loZisko

I. Uvop

Magnetické lozisko je lozisko, kde rotujici ¢ast je drzena
ve stfedu loziska pomoci magnetického pole. Vnitini a vnéjsi

vevr

nedotykaji, je mezi nimi vzduchova mezera. [1]

Magnetickd loziska se déli podle principu funkce na
pasivni a aktivni. U pasivnich magnetickych lozisek je hiidel
drzena ve stfedu loziska pomoci odpudivych magnetickych sil
mezi vnitinim a vné&j§im krouzkem - permanentnim
magnetem. U aktivniho magnetického loziska se vystiedéni
hridele v lozisku déje pomoci pfitazlivé magneticke sily mezi
aktivné fizenymi elektromagnety ve vné&jsi casti loziska a
feromagnetickou htideli. [1]

Tato loziska maji n€kolik vyhod, pfevazné kvili absenci
tfeni [1]:

e Nemuseji se mazat

e  Nedochazi zde k opotfebeni a vzniku prachovych
Castic a maji tedy vysokou Zivotnost

e  Maji zanedbatelny mechanicky odpor, tudiz jsou
zde zanedbatelné ztraty mechanické energie.

e  Jsou vhodné pro velmi vysoké otacky
Maji ale také své nevyhody [1] [2]:
e  Nizka nosnost vzhledem k velikosti

e Omezena provozni teplota, pokud jsou pouzité
permanentni magnety (napi. nékteré neodymové
magnety ztraci své vlastnosti uz pii 80°C)

aktivnich

Spotieba  elektrické
magnetickych lozisek

energie u

Relativné slozité fizeni aktivniho magnetického
loziska

Néchylnost ke kmitim a vibracim u pasivniho
loziska

Je také mozné tyto zplsoby zkombinovat a vytvorit tzv.
hybridni magnetické lozisko, coz bude cilem tohoto projektu.

Obr. 1: Magnety v pasivnim magnetickém loZisku [2]

Hybridni magnetické lozisko je pasivni magnetické lozisko
doplnéné o aktivni tlumeni kmitl a vibraci. Oproti aktivnimu
lozisku se predpoklada mensi zastavbovy prostor, jednodussi
fizeni a nizsi spotieba elektrické energie.

II. PASIVNI MAGNETICKE LOZISKO

A. Diivod méreni pasivniho magnetického loziska

Pro vytvoreni hybridniho magnetického loziska bylo
potieba zkonstruovat nejdiive pasivni magnetické lozisko a na
testovacim/méficim pripravku je promérit. Podle zmétenych
dat nasledné¢ probéhne vytvofeni matematického modelu
loziska, navrh fizeni a vybér a dimenzovani hardwarovych
prvka aktivniho tlumeni (napf. dimenzovani tlumicich
elektromagnet).

B. Pasivni magnetické lozisko - popis

Pro tento projekt bylo vybrano provedeni magnetického
loziska sosmi neodymovymi axialné polarizovanymi
prstencovymi magnety. Magnety jsou po ¢tyfech ve vnéjSim i
vnitinim loziskovém krouzku a jsou otoc¢eny poly proti sobé,
¢imz tvori tzv. Halbachovo uspofadani (obr. 1), pomoci
kterého lze zesilit magnetické pole v misté kde potiebujeme
(viz zdroj [2]). V praxi se toto projevi vyssi nosnosti loziska,
ale také vyssi citlivosti loziska na axialni posunuti
loziskovych krouzki. Zastavbové rozmeéry loziska jsou vnitini
pramér =10 mm, vné&jsi prameér R=40 mm a hloubka h=24
mm. [2]

III. TESTOVACI PRIPRAVEK

A. Pozadavky
Na testovaci pripravek byly kladeny tyto pozadavky:
e Vytvofeni loziskového domecku tak, aby se
magnety nemuseli lepit a lozisko bylo

rozebiratelné. Pouzité magnety jsou velice
kiehkeé a pfi sestavovani, ¢i méticich pokusech se
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mize stat, ze bude potfeba vyménit poskozeny

magnet.
e Upevnéni  testovaci  hiidele  zajist'ujici
nastavitelnou  vzajemnou axialni  polohu

loziskovych krouzkii a zaroven umoziyjici jejich
vzéajemny volny radialni pohyb.

e Volny zastavbovy prostor pro nasledné pripojeni
vysokootackového motoru.

e Variabilni sestaveni pro budouci
ruznych prvki aktivniho tlumeni vibraci.

aplikaci

B. Realizace

Provedeni ptipravku bylo realizovano na zaklad¢ vyse
zminénych bodd. Domecek loziska je seSroubovan
z plastovych dili vytiStenych na 3D tiskarné. Magnety
vnitiniho krouzku lozZiska jsou navle¢eny ptimo na hiideli a
zajistény z jedné strany osazenim a z druhé strany dvéma KM
maticemi. Zavit pro KM matice je delsi z davodu snadné&jsi
montaze odpuzujicich se magnett. Htidel je na druhém konci
zajisténa v naklapécim valivém lozisku s vlozkou umoznujici
presné axialni nastaveni hiidele pomoci dvou KM matic.

Htidel ma konec na stran¢ valivého loziska upraven pro
pfipojeni pruzné spojky a vysokootdckového motoru. Na
konci bliz§im magnetickému lozisku je pfipevnén
feromagneticky valecek, ktery bude pfitahovan magnety
aktivniho tlumeni (samotna htidel je z hlinikov¢ slitiny).

Na obr. 2 je piedbézny navrh piipravku s viditelnymi
loziskovymi magnety (modie a Cervené). Na obr. 3 je uz
realizace pripravku s bilym domeckem magnetického loziska
a zelenym valivym loziskem.

V prib¢hu méteni byl pripravek dle potieby doplnén
dorazy pro méfeni polohy htidele.

Obr. 3: Realizace testovaciho pripravku

IV.  STATICKE MERENI SILOVE CHARAKTERISTIKY
LOZISKA
A. Radialni merent

Nejdalezitéjs$im méfenim pro naslednou realizaci
hybridniho loziska je zméfeni pribéhu radialni vychylky
hridele v zavislosti na jejim zatizeni. V prubéhu méfeni bylo
na konec htidele u magnetického loziska zavéSovano zavazi
po 100 gramech a pfi tom byla méfena radialni vychylka
hiidele (obr. 4). Jelikoz neni mozné zavazi ani méfeni umistit
do stredu loziska, byly namétené hodnoty i hmotnost zavazi

prepocitana do mista stfedu loziska.

Zaveseni Bod
zavaii méfeni
odchylky
El hridele
™

[

Obr. 4: Schéma radidlniho méreni

Meéfeni probéehlo trikrat, pokazdé pro jiné axialni nastaveni
hiidele. Poprvé pro presné nastaveni loziskovych krouzki
proti sob¢ a nasledné s axialni vychylkou 1 a 2 mm. Méfeni
bylo provedeno od nulové zatéze az do zatizeni, kdy se vnitini
a vnéjsi loziskové krouzky vzajemné dotykaly.

Z grafu (obr. 5), kde jsou taktéz zobrazeny porovnavaci
ptimky pro zhodnoceni linearity, vyplyva, ze priabéh vychylky
je jen mirné odlisny od linearniho pribéhu a ze axialni
vychylka ma zna¢ny vliv na nosnost loziska.

1,4
1,2

1
0,8
0,6
0,4
0,2

radialni vychylka [mm]

2 3 o4, 5
radialnsl zatizeni [kg]
e axialni vychylka 0 mm

e axialni vychylka 1 mm
e axialni vychylka 2 mm

Obr. 5: Graf zavislosti radialni vychylky hridele na radialnim
zatizeni

B. Axialni méreni

Vzhledem k relativné velikym axialnim silam v lozisku
pii axialni vychylce loziskovych krouzki bylo shledano jako
vhodné zméfit i prub¢eh sily v zavislosti na této vychylce (obr.
6). Zmétené vysledky mohou byt potiebné pii sestavovani a
upravach loziska a pti dimenzovani axialniho zajisténi hridele,
zvlasté pokud nejsme schopni zarudit piesnou axialni pozici
loziskovych krouzkd. Vysledny graf je na obr. 7. Kvuli
mechanickym omezenim dodate¢ného méficiho ptipravku
nebylo mozno zméfit silu pfi vétsi axialni odchylce jak 0,6
mm, i pfesto je zde v§ak potvrzena nutnost pfesného nastaveni
loziskovych krouzkii, pokud nechceme pfili§ axialné
zatézovat pomocné lozisko.
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Obr. 7: Graf zavislosti axialniho zatizeni na axialnim posuvu

V. MOZNOST TLUMENI VIBRACI S VYUZITIM DERIVACNI
SLOZKY PID REGULATORU

Vzhledem k linearnimu prabéhu radialni vychylky pii
radialn€ plisobici sile byla zvazovana moznost tlumeni vibraci
pouze pomoci derivaéni slozky PID regulatoru, coz by
umoznovalo relativné jednoduchou implementaci. Cely
systém (pasivni lozisko + aktivni tlumeni) predstavoval PD
regulator, kde derivacni slozku by zajistovali elektromagnety
aktivniho tlumeni a proporciondlni slozku by vzhledem
k zméfenému linearnimu  prib&hu zajistovalo pasivni
magnetické lozisko. Predpoklada se ovSem, ze nevadi trvala
regulaéni odchylka v piipadé pusobeni statické sily (napf.
gravitacni sila).

Vzhledem k podobnosti s linearni pruzinou bylo tlumeni
vibraci otestovano na jednoduchém modelu linedrni pruziny.
Z vyslednych graft bylo zjisténo, Ze silovy pulz toto tlumeni
dokaze rychle ztlumit bez jakychkoli zbytkovych kmitt, ale
pii testu kmitani htidele pii periodické harmonické ptsobici
sile (simulace nevyvazku na htideli) je v grafu vidét zna¢né

Obr. 8: Graf reakce hridele na silové pulzy (0 a 20 s) a periodickou silu

ztlumeni kmitti, ale nelze je timto zptisobem zcela odstranit.
V grafu na obr. 8 je zobrazeno chovani hidele pti kombinaci
dvou pulzt (v 0. a 20. sekund¢) a periodické harmonickeé sily.
Pii dalSim testovani bude tfeba také vzit v ivahu mozné
nelinearity senzorl a elektromagnett aktivniho tlumeni, které
bude tieba kompenzovat.

VL

V priibéhu prace na projektu byly stanoveny pozadavky na
testovaci pripravek s pasivnim magnetickym loziskem, podle
kterych byl ptipravek s loziskem nésledn¢ zkonstruovan. Na
lozisku probé¢hlo statické méfeni silovych vlastnosti, které
budou nasledné vyuzity pifi navrhu aktivniho tlumeni.
Predbézné byla zvazena moznost tlumeni vibraci pomoci D
slozky PID regulatoru.

ZAVER

Pro vytvofeni hybridniho loziska bude tfeba splnit jesté
tyto cile:

e  Vybér a dimenzovani senzoril a aktivnich prvka
— elektromagnett.

e Vytvofeni matematického modelu vcetné

modelu aktivnich prvki a senzort.
e  Vybér zptisobu fizeni aktivniho tlumeni.

e Vlastni realizace a test celého hybridniho
magnetického loziska.
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Abstract—The presented model discusses the advantages and
drawbacks of combining three concepts in vibration suspension.
Dual-Loop Controller (DLC) with two-degree-of-freedom Hybrid
Mass Damper (HMD) attached to a single degree of freedom
primary system is studied. The benefits of using the adaptive
actuators instead of classical ones in terms of reducing the
amount of energy required in active part are mentioned in this
design by adding feed-forward Deep Neural Network (DNN)
to the primary system. The proposed model aims to increase
the performance of damping, reduce energy consumption with
achieving the fail-safe behavior of dampers.

Index Terms—Dynamic vibration absorber, active suspension
system, hybrid vibration absorber, deep learning, deep neural
network, dual loop controller.

I. INTRODUCTION

In general, problems caused by vibration are basically
related to structure resonances or important harmonic loads.
When the frequency of a harmonic load matches the res-
onance frequency of a structure, huge amplitude vibration
will be created by dynamic amplification which linked to
the internal damping of the structure. To minimize these
vibrations, structural damping can be increased by adding the
vibration absorbers. Passive and active vibration dampers are
used widely to reduce the effects of structure oscillations. The
Tuned Mass Damper (TMD) as a traditional Passive device
is an auxiliary mass—spring—damper system which correctly
tuned to a target mode, or a well-known harmonic perturbation,
then the device is called Dynamic Vibration Absorber (DVA)
[1]. The main benefits of the passive approach are the inherent
stability of the overall set-up and no energy needs to be
exerted to damp the oscillations. The design of a single-degree-
of-freedom (SDOF) tuned-mass-damper (TMD) to attenuate
the vibration of a single mode of the main structure under
various conditions is studied e.g., [2]-[6]. Multiple SDOF
TMDs with frequencies tuned in the neighborhood of a mode
of the main structure is proposed in [7] to enhance the
robustness and effectiveness of TMDs performance. Using a
multiple SDOF TMDs to absorb more than one mode of main
structure is studied in [8] and [9] by tuning each TMD to
an individual mode of interest in the primary system. The
problem with DVA is that in practice, the resonant frequency
of the primary structure or the disturbance frequency may
change during the time but the traditional DVA has no ability
to automatically adjust its passive parameters or absorption

frequency .So, to overcome this problem, a lot of attempts
were made to improve the vibration suppression performance
of a TMDs and create an adaptive DVA, which has a self-
adjusting ability on its absorption frequency. The adaptive
DVA can adjust its absorption frequency by modifying its
passive parameters. However, the effect of adaptive DVA can
only perform well on vibration control with slow time-varying
disturbances frequency. Adding an actuator controls the force
that the reaction mass applies to the structure gives more
efficient method to treat several resonances and improves
the efficiency of the vibration absorber on controlling the
structural vibration excited by forces of random disturbance.
The resulted proposed device is called Active Mass Damper
(AMD) which can be efficient on all the controllable modes
and usually an absolute velocity (or acceleration) measurement
is required as an input of AMD [10]. Active Mass Damper uses
the active element to generate a force to reduce the effects of
the exciting forces acting on a vibrating structure in order
to minimize the vibration of the controlled structure [11].
However, the drawback of traditional AMD design is that all
counter forces are created by the active element and therefore
the power consumption and the size of the active actuator be-
come very large in case dealing with large structural vibration
[12]-[14]. Consequently, some suggestions are proposed. An
electromagnetic actuator or piezoelectric actuator is integrated
with a passive DVA as an active element to reduce the large
counter-acting force requirement from the actuator [15], [16].
The absorber in this design uses the inertial force generated
by the passive components as part of the counter-acting force
to the excitations of the structure of the vibration. Therefore,
with this feature, the control effort and the power requirement
of the counterforce actuator can be reduced [14]. In the same
context, the experimental results of some researches showed
that the developed Neural Network (NN) as controller also
gives a great performance and better results than the optimal
controller under uncertainties in terms of reducing actuator en-
ergy consumption [17]. Attaching a lightweight mass damper
to minimizing oscillating motions of structures like ships or
buildings has been discussed in the late 1980s and early 1990s.
In [18], different types of controller designs are reported. The
authors in the research proposed a new concept of active
vibration absorption, “Delayed Resonator” where a controlled
time delay has been used in a feedback loop. In fact, the main
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difference between this new generation damper and TMD is
that this device is mainly developed for harmonic perturbation
rejection and thus cannot be considered as a fail-safe, i.e. that
the damper is not still efficient when the controller is turned
off. Also, some attempts to enhance the suspension technology
by transition traditional passive suspension systems to active
suspension systems are reported in [19]. Combination of an
actuator with spring and dampers is discussed to generate a
force that controls suspensions’ dynamics behavior in order
to achieve a higher level of performance [20].improving the
classical resonator setting with lumped delay introducing a
distributed delay structure into the control law with modifica-
tion of delayed resonator concept for vibration suppression
using both delayed and non-delayed acceleration feedback
control laws together taking into account both the stability
and implementation constraints is discussed in [?]. A robust
alternative of the delayed resonator using a spectral approach is
proposed in [?]. Because of the nonlinearities and time-varying
characteristics of the suspension system, it is difficult to design
and tune the parameters of Active Suspension System (ASS)
or to establish an appropriate dynamic model for model-based
controller design, many researchers focused on ASS. Sliding
mode is one of the common examples of control systems [21].
Also with advances in technology, more complex controllers
are developed. Some researches discussed simple solutions to
design controllers able to deal with uncertainties such as the
use of a self-tuning pole assignment and fuzzy logic to adjust
the gains of the controller [22]. Using linear-quadratic (LQ)
control and pole placement techniques for a linearized model
is developed in [23]; however, the results were not satisfying
with respect to sprung acceleration suspension.

Recently, a new definition appeared to refer to the new
generation of dampers which combining the behavior of an
optimal TMD and the active damping devices. These dampers
are named Hybrid Mass Damper (HMD), or Hybrid Vibration
Absorber (HVA). The HMD over the last decade is used
widely and many control laws have been proposed. The
researches attempted to prove that using HMD will enhance
the dynamic systems by increasing the performance, reducing
the stroke of the moving mass, decreasing the energy con-
sumption, reducing the embedded mass and to ensure fail-
safe behavior. Optimal control is used to combine structural
damping with a restricted stroke of the actuator to create a
HMD in [24]. In summary, the hybrid controllers attempt to
combine the features of optimal TMD with AMD with robust
and simple control law, while maintaining the basic goals of
increasing the performance and/or decreasing the control effort
of the actuator.

More recently, Neural Network (NN) is used in vibration
suspension to enhance the controller performance. In [25], the
author proposed a novel neural network-based sliding mode
control by combining the advantages of the adaptive, radial
basis function neural network and sliding mode control strate-
gies to decide the dynamical model requirement. So, by tuning
the neural network weightings and/or radial basis function
parameters, NN can learn online to deal with the system time-

varying and non-linear uncertainty behaviors. Development
of a Recurrent Neural Network (RNN) is discussed in [26].
RNN here is based on inverse dynamics derived from the
Bouc—Wen model of a semi-ASS with magnetic damper as
well as an actual damper fitted in a hardware-in-the-loop simu-
lation (HILS) showed that the RNN offered improved actuator
voltage signal which ensures extended service life and lower
power requirement. In [27], back propagation neural network
(BPN) has been used to determine the gain parameters of a PID
controller by using NN trained with a Levenberg—Marquardt
algorithm and the outputs were compared with the results of
other algorithms. In fact, almost all the previous NN which
used in the control of ASSs were combined with sliding
mode, LQR, PID, neuro-fuzzy or similar model to adjust their
parameters either offline or in real-time. In [17], [26] RNN
and DNN are reported where RNN is used with a semi-
ASS utilizing a magnetic damper in [26], while the author
substituted the conventional controller with a DNN controller
in [17] which is the closest to our proposed design. In the
present model, we will discuss using DNN controller added
to Dual-Loop Controller (DLC) with Two-Degree-Of-Freedom
hyperstable HMD to:

« reduce the actuator energy consumption and the sprung
mass acceleration.

« provide stable and efficient control.

« increase the damping performance.

« achieve fail-safe behavior based on optimally tuned pas-
sive device.

II. REVIEW OF PASSIVE TUNED MASS DAMPER

The passive devices do not require an external power supply
to control its operation and use the internal motion of the
structure to enhance the absorption forces and dissipate the
vibration energy of a specific resonance. For the ideal passive
devices, the control forces applied to the structure are only
dependent to the structural motion [28]. Vibration absorber
systems such as Tuned Mass Damper (TMD) has been widely
used for vibration control in mechanical systems. Basically, a
TMD is a device consisting of a mass attached to a structure
through a spring-dashpot system in parallel [29], see the Fig.
1 where a simple mechanical model for TMD is shown. In
Fig. 1(a), Mass M represents the main structural mass and m
represents the added mass of the TMD which is usually about
10% of the main structure mass and mounted on a spring and
a damper. The equations for stiffness and damping can be
found in [30]. The feature of this kind of dampers is that the
same design rules can be used to damp nanometer vibrations
or meter vibrations. The most popular is the so-called Den
Hartog’s method [1], [30]. The optimal design of a dynamic
absorber can be classified into time-domain optimization and
frequency domain optimization. In [31], four optimum design
methods for a dynamic absorber are compared when they are
applied to a single-degree-of-freedom system with primary
damping. Furthermore, they can be used on another complex
systems, including continuous systems. The undamped natural
frequency of the TMD depends on the mass and stiffness of the
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TMD and has to be tuned close to the natural frequency of the
main structure, therefore, reducing the amplitude of the main
structure is achieved at the resonance frequency by adjusting
TMD parameters damping correctly [32]-[34]. In Fig. 1(b),
TMD oscillates at the same frequency of the structure, but
with a phase-shift. The challenge in designing TMD is hard
tuning correctly the parameters of stiffness and damping of the
absorber because of the large sensitivity of the suppression
amplitude to parameter variations of stiffness and damping
of TMD which consider a drawback in passive devices, in
addition to another drawback in DVAs work which is that they
are tuned to damp only one specific resonance. This problem
was addressed by adding an actuator which controls the force
that the reaction mass applies to the structure, we mention
it in section III and section IV. In fact, overall performance
of designed systems is affected by parameter variations of
the dynamics and natural frequency variations of the main
structure. Some methods designed to deal with this sensitivity.
One of them is represented in [35]. TMD devices have proven
as a useful concept in a lot of fields and were used in the
widespread field of applications. For example, In buildings
and structures, automotive industry, airplanes, space structures
and so on. in Fig. 2(a) you can notice many types of passive
devices with the vibration performance according to each dy-
namical components. One thing should be noticed that during
the work of TMD, the main advantage is that these structures
do not make reaction forces in the dynamical systems. A semi-
active tuned mass damper (STMD) with variable damping
under harmonic excitation is studied in [36], [37]. A study
about the comparison between passive and active dampers is
presented in [38]. In [39], the designed model is closed to our
proposed model in this research where a complex TMD tuned
optimally with two degrees of freedom (displacement and
rotational movements) is achieved to increase the efficiency
of the damper.

III. REVIEW OF SEMI-ACTIVE MASS DAMPERS

The controllers must be designed so as to achieve an
acceptable trade-off between control effectiveness and energy
consumption. From this point of view, the control strategies
can be grouped into two main categories: active and semi-
active. When the controller requires a small external power
source for its operation by utilizing the motion of the structure
to develop control force, it is called Semi-active controller.
Where the magnitude of the force can be adjusted by an
external power source [40]. Since its introduction [41] these
systems somewhat trying to use the advantages of both passive
and active devices by filling the gap between purely passive
and purely active suspensions. However, the benefits of semi-
active devices over active devices are their fewer power
requirements. And moreover, that semi-active devices cannot
inject the mechanical energy into the controlled structural
system, but has properties that can be controlled to optimally
reduce the response of the system. Therefore, in contrast
to active control devices, semi-active control devices do not
have the potential to destabilize the structural system [42].
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Fig. 1. (a) Main structural mass with TMD added to reduce the vibration

amplitude with force F(t) and positions measurements X(t) (b) Bode diagrams
of the undamped and the damped system.

The design of semi-active damper with its performance is
shown in Fig. 2.b . In fact, the semi-active concept has been
applied to many applications in vibration isolation problems.
One of these applications used the concept to high-speed
ground transportation vehicles [43]. In [44], a two-degree-of-
freedom model of a semi-actively suspended vehicle is used
as a starting point in the design of an optimal suspension.
Using semi-active dampers for structural control application
is proposed in [45]. Semi-active controllable fluid damper
is studied in [46]. These devices have some special fluid,
where applying external energy gives the ability to adjust
their property. The electric and magnetic fields are mainly
used to control these devices. Electro Rheological (ER) and
Magneto-Rheological (MR) dampers are proposed in [40].
In [47], design and analysis of a control strategy, for semi-
active suspensions in road vehicles, based on model-predictive
control (MPC) strategies is studied.

IV. REVIEW OF ACTIVE MASS DAMPERS

The Active Mass Damper (AMD) is a mechanical device
that attenuates the vibrations of a structural system. It uses
reaction forces generated by moving the auxiliary mass with
an actuator connected between the structure and the auxil-
iary mass. An AMD concept is shown in Fig. 2.c and the
equations of motion can be found in [48]. In fact, many
applications used the AMD concept in the last decades. For
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Fig. 2. (a) Passive Auxiliary System (b) Semi-active system (c) Active system

examples, in buildings, Moving a relatively small mass with
a limited amplitude is required to suppress the vibrations of
the structures. This is the reason why AMDs do not have
a great ability to absorb the large earthquake excitations.
However, the goal of absorption energy of structural vibrations
under small earthquake excitations or under strong wind is
achieved. Usually, The auxiliary mass of an AMD for a
building structure is less than 0.4% of the total mass of the
structure. In [49], some switching between passive and active
vibration control methods in buildings are proposed. Where
behaves as an AMD to suppress the vibrations caused by
small earthquakes, and as a tuned mass damper to suppress the
vibrations of a targeted mode excited by a big earthquake. The
response motion of the auxiliary system is ordinarily increased
as a result of active control. Hence, it is desired not only to
increase the control efficiency but also to restrict the auxiliary
mass motion as much as possible. Generally, the size of AMD
or the installations space decides the allowable amplitude of
the AMD with strong restrictions. These restrictions of the
amplitude of the auxiliary mass are one of the main reasons for
the limited performance of AMDs. In [24], a control law for
AMD that effectively suppress the vibrations of a one-degree-
of-freedom structural system under the amplitude constraint
of the auxiliary mass is studied. Optimal control is used to
combine structural damping with a restricted stroke of the
actuator. Active Suspension Systems (ASS) also have used
widely in the automotive industry [50], [S1]. The research
[52] discussed the advantages of ASS compared with Passive
Suspension Systems (PSS) where the parameters of PSS are
normally chosen based on the vehicle’s design requirements
and are fixed generally, therefore do not have the ability to
improve both the passenger comfort and the vehicle handling
at the same time. Force actuators, such as pneumatic, linear
motor, hydraulic actuators, or so on can provide the required
forces between the sprung mass and the main structure to
control the attitude of the vehicles in [53]. Many attempts

and methods have been used and proposed to improve the
performance of ASS from simple on-off control to highly
advanced linear and non-linear control techniques, includ-
ing linear- quadratic-Gaussian control [54], linear parameter-
varying control (LPV) control [55], adaptive control [56], a
multi-objective control method with wheelbase preview for
active vehicle suspension. A four-degree-of-freedom half-car
model with active suspension is studied [57], and quantitative
feedback theory [58].

Recently with self-driving vehicles, the suspension of the
vertical vibration amplitude of the cameras which mounted on
the vehicles is needed to reduce the unwanted motion effects.
In this context, a new assisted technologies started to emerge.
A novel adaptive neural network based on sliding mode control
strategy to stabilize the image captured area of the camera,
therefore, suppress vertical displacement of sprung mass with
the application of active suspension system is proposed in [59].
In [60], an adaptive fuzzy optimal control design is addressed
for a class of unknown. The control objective is to design a
controller not only to guarantee the stability of the systems
but also to achieve the optimal control performance as well.

In fact, with the many uses of ASS in the automotive industry,
a problem has appeared. It is the parametric uncertainties
and changing the road disturbances during the time which in
turn will adversely affect vibration mitigation. To solve this
problem, many methods have been used. For instance, slid-
ing mode control [61]. a velocity-dependent multi-objective
control method to solve the problem of preview control with
velocity uncertainty is presented in [62]. Neural network
showed great potential for solving non-linear state observation
problems when the system model has uncertain parameters.
Wherein practical terms, the state variables are usually not
available for direct online measurement so, an observer is
needed. A stable neural network NN-based observer for gen-
eral multi-variable non-linear systems is proposed in [63]
which uses a back-propagation algorithm with a modification
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term. Adaptive neural network (NN) state feedback control
and robust observation for an active suspension system that
considers parametric uncertainties, road disturbances and ac-
tuator saturation is studied in [64]. Since an ASS actuator only
provides a limited control force, input saturation with a non-
linear factor may adversely affect system performance and can
destabilize the system [65]-[67].

V. REVIEW OF HYBRID MASS DAMPER

After many studies in the last decades, a novel class of
dampers has appeared that are trying to combine several objec-
tives and features at the same time. These devices are gathered
under the common name of Hybrid Mass Dampers (HMDs),
or Hybrid Vibration Absorbers (HVAs) which combine passive
and active vibration control. Combining passive and active
elements the system is fail-safe that the damper will behave
as a passive device even when the feedback control is turned
off. The goal of using HMD may differ from one to other.
For example, in [68], H, optimal design of HMD is used
for the minimization of the resonant vibration amplitude of a
single-degree-of-freedom (sdof) vibrating structure.

n [69], [70], a pole placement technique is proposed to
ensure performance and stability where the proposed hybrid
absorber design could provide a simple alternative to adjust
the conventional TMD as a higher performance HVA [69].
And a special pole placement controller is designed such that
all vibration modes of the flexible structures become critically
damped in [70]. In [71], a dual loop approach is preferred to
increase the stability margins.

Improving the performance and stability of hybrid mass
dampers by creating a hyperstable controller is studied in [72]—
[74]. Where two zeros are added to interact with the poles of
the system so as to reduce the resonant vibration amplitude
of a multiple degree-of-freedom structure [72]. In [74], a
compensator is introduced in the control loop to correct the
phase of the actuator in order to be stable at low frequency. A

hybrid fuzzy logic approach which combines fuzzy logic and
PID controllers is designed in the automotive industry [75].
In [76], a hybrid self-organizing fuzzy radial basis-function
neural-network controller has been proposed by manipulating
an ASS to reduce the power spectral density of the vehicle
body acceleration. A fail-safe and unconditionally stable con-
troller with a simple control law which is extremely efficient
under harmonic excitation and required a low consumption
are proposed in [72]. In [72], Small active forces are required
when hypersatble controller is applied to three degrees of
freedom.
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Fig. 4. Controller loops.

VI. PROPOSED MODEL

More than one mode of vibration of an absorber body
relative to a primary system be tuned to suppress single-mode
vibration of a primary system with developing an algorithm
to enhance the connection of multi-degree-of-freedom between
the absorber body and primary structure, therefore, mitigation
the response to random and harmonic excitations is proposed
in the present model. The model simulates two-degree of
freedom HMD attached to a single degree of freedom pri-
mary system Fig. 3. Vertical displacement movement and
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rotational movement around the center of the auxiliary mass
are proposed where the results proved that an optimal two-
degree of freedom TMD performs better than a traditional
single degree of freedom or two separate TMDs with optimal
mass distribution, even for the case where the rotary inertia of
the absorber tends to zero. [39]. We will use this prove and
continue to convert the TMDs to HMDs.

When we use a HMD to attenuate the vibration; the passive
part has a positive impact where mitigate the amplitudes of the
vibrations i.e. damping the oscillations is occurring without the
need for any external power. On the other hand, the frequency
band where the absorber suppresses the vibrations efficiently
is relatively narrow, being centered at the natural frequency
of the absorber. Practically, the damper cannot absorb the
vibration entirely even if the vibration frequency is identical
with the natural frequency of the absorber because of fact that
the physical absorber is never ideal, i.e. it features nonzero
damping. Solving this problem is presented in section II.
The proposed model tries to achieve three main objectives:
(1) increase the performance of the suspension system, (2)
reduce energy consumption, and (3) ensure fail-safe behavior.
We consider passive absorbers are supplemented by dual
transducer loops in the model Fig.3. The passive parts are
a TMDs optimally tuned using Den Hartog’s law [1], and the
active control forces (f,1) and (f,2) are introduced between
the two masses. The auxiliary mass is the moving part of the
actuator. In fact, the general concept of dual-loop controller
is started in [10] and is used precisely as parallel dual loops
and act on the same transducer in [77] which is the closest
to our model with the difference that in the previous research
a dual loop controller (DLC) is used with single degree of
freedom. The proposed controller combines two control laws
using two inputs (i) the relative displacement between the
inertial mass and the main structure, and (ii) the absolute
velocity of the main structure. Subsequently, dual loops in each
side of the damper are used. One to detune the HMD (negative
stiffness feedback), and the second one to damp the main
structure (direct velocity feedback). Since the relative velocity
or absolute acceleration will be measured, so integration has
to be added to the control laws M1 and M2 Fig 4. The
proposed controller will be designed to increase the margins
and reduce the stiffness of the TMD by develop the controller
to hyperstable controller because it is known that direct
velocity feedback associated with a TMD results in very poor
stability margins [72]-[74]. The rotational movement of the
damper gives ability to absorb not only vertical disturbances
but also disturbances with angles. Also, as long as we use
an active impact in our design, we have to keep in mind
the necessity of restriction the amount of energy required for
absorption operation. Where as we mentioned in section I,
one of the drawback of AMD design that all counter forces
are created by the active element, therefore, required forces
of the actuator become very large in a case dealing with large
structural vibration. In this context, we proposed using feed-
forward DNN as a controller to decrease the actuator energy
consumption. The network will be trained through supervised

learning using the back-propagation algorithm. We relied on
this type of network because experimental results showed
that the developed DNN controller outperforms the optimal
controller under uncertainties in terms of reducing the sprung
mass acceleration and actuator energy consumption, with a 4%
and 14% reduction, respectively [17].

VII. CONCLUSION

Combining many concepts in vibration absorption will be
achieved in this study to attain an optimal absorber over a
relatively wide frequency band. A fail-safe behaviour will be
guaranteed by taking advantage of the features of combining
between active and passive elements in one absorber which
called a hybrid mass damper. We cast the problem of optimiza-
tion of the multi-degree-of-freedom connection between the
absorber body and primary structure. Developing optimization
algorithms based on the H2 and H-infinity norms will be
discussed to reduce the response to random and harmonic
excitations with attaining better performance in vibration by
using an optimal 2DOF HMD instead of traditional SDOF
HMD. Finally, actuator energy consumption was taken into
consideration by using a back-propagation algorithm with deep
neural network DNN to reduce the sprung mass acceleration.
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TABLE 1
NOMENCLATURE

Abbreviation Definition

AMD Active Mass Damper

ASS Active Suspension System
BPN Back-Propagation Neural Network
DLC Dual-Loop-Controller

DNN Deep Neural Network

DVA Dynamic Vibration Absorber
HILS Hardware-In-the-Loop-Simulation
HMD Hybrid Mass Damper

HVA Hybrid Vibration Absorber

NN Neural Network

PSS Passive Suspention System
RNN Recurrent Neural Network
STMD Semi active Tuned Mass Damper
SDOF Single-Degree-Of-Freedom
TMD Tuned Mass Damper
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