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Anexa 1

CRITERIILE DE ACORDARE A GRADATIEI DE MERIT -

RAPORT DE AUTOEVAUARE ASUPRA ACTIVITATII
DESFASURATE

Isabela Roxana Birs

SECTIUNEA 1

Realizari raportate in Sistemul Integrat de Evaluare a Activitatilor Didactice, Cercetare si

Management (SIMAC)

Punctajul total realizat in anul k-1 de raportare in SIMAC: total echivalent 38.5558A (1A = 10)
Punctaj propus: 385.558

Punctajul total realizat in anul k-2 de raportare in SIMAC: total echivalent 47.7596A (1A = 10)
Punctaj propus: 477.596

Punctajul total realizat in anul k-3 de raportare in SIMAC: total echivalent 59.0023A (1A = 10)
Punctaj propus: 590.023

PUNCTAJ TOTAL SECTIUNEA 1: 1453.177

SECTIUNEA 2

Alte realizari in planul activitatii didactice (care nu sunt incluse in sistemul integrat de

evaluare SIMAC)

In anul universitar 2020-2021 am refacut laboratoarele la Control Engineering I si II pentru
adaptarea la mediul de predare si evaluare online. De asemenea, am adaptat proiectul la
Sisteme de Conducere a Proceselor Continue (SCPC) pentru realizarea proiectului online. O
alta propunere de laborator online a fost Lab 6. Adaptoare de la Echipamente de Automatizare
Electrice si Electronice (EAEE) dedicat mediului online.

In anul universitar 2022-2023 am ajutat la propunerea unei noua discipline (Emerging Control
Systems for Industry 5.0) care a fost introdusa ca disciplina obligatorie in cadrul liniei de
studiu de masterat Cyber Physical Systems (CPS).

Am dezvoltat si construit un stand experimental pentru modelarea si contolul proceselor in
medii non-Newtoniene. Acesta este folosit ca baza experimentala pe plan didactic si de
cercetare.

In timpul pandemiei, anul universitar 2020-2021 am adaptat laboratoare existente si am
propus noi laboratoare la disciplina Control Engineering 2 pentru a fi utilizate in mediul
online: Lab 6. Internal Model Control on a Vertical Take-off and Landing Platform. Ulterior,



acest laborator se foloseste ca suport pentru predarea strategiilor IMC pe platforma
experimentala VTOL.

Am dezvoltat suportul de laborator pentru Cyber Physical Systems care consta in propunerea
de 7 laboratore noi: 1. Introduction into Industry 5.0 and analysis of modern control systems,
2. Implementation of standard auto-tuning methods. Case study: vertical take-off and landing,
3. Analysis and implementation of fractional order control systems using various software
tools (FOMCOM, NINTEGER, AFOPI, FLOreS). Matlab simulation. Case study: anesthesia
control, 4. Practical implementation and validation of fractional order control systems. Case
study: vertical take-off and landing, 5. Practical implementation and validation of fractional
order control systems and auto-tuning methods. Case study: DC motor control., 6. Practical
implementation and validation of fractional order control systems and auto-tuning methods.
Case study: vertical take-off and landing platform., 7. Event-based implementation of
fractional order controllers. Case study: vertical take-off and landing platform.

Pe toata perioada raportarii 2021-2023, evaluarea facuta de studenti este pozitiva. Feedback-
ul primit prin sistemul electronic inegrat al UTCN dovedeste implicarea si profesionalismul
in activitatea didactica educationala.

In perioada 2021-2023 am condus peste 20 lucrari de licenta.

In anul 2023, am participat la intocmirea documentatiei de acreditare la Satu Mare.

Am fost secretar la comisii de licenta in 2021, 2022 si 2023.

Am participat la desfasurarea si corectarea examenelor de admitere.



Anexa 2
Apreciere sintetica asupra activitatii desfasurate in ultimii 3 ani

SECTIUNEA 1
Realizari raportate in Sistemul Integrat de Evaluare a Activitatilor Didactice, Cercetare si Management

(SIMAC)

Punctaj declarat

Punctaj
acordat

a) Punctajul total realizatin anul k-1 de raportare in SIMAC: total echivalentA(1A=10)

385.56

b) Punctajul total realizatn anul k-2 de raportare in SIMAC: total echivalentA(1A=10)

477.60

c) Punctajul total realizatin anul k-3 de raportare in SIMAC: total echivalentA(1A=10)

590.02

TOTAL SECTIUNEA 1

1453.18

La aceasta sectiune este obligatoriu un minim cumulat pe cei 3 ani de puncte dupa cum urmeaza: profesor: 36 puncte;
conferentiar: 21 puncte; sef lucrari / lector: 15 puncte; asistent: 4,5 puncte.

SECTIUNEA 2
Alte realizari in planul activitatii didactice (care nu sunt incluse in sistemul integrat de evaluare SIMAC)

Punctaj declarat

Punctaj
acordat

a) Discipline noi asimilate, corelate cu standardele nationale introduse in planul de invatamant.

Justificare:

- In anul universitar 2020-2021 am refacutlaboratoarele la Control Engineering I si Il pentru adaptarea la
mediul de predare si evaluare online. De asemenea, am adaptat proiectul la Sisteme de Conducere a
Proceselor Continue (SCPC) pentru realizarea proiectului online. O alta propunere de laborator online a fost

Lab 6. Adaptoare de la Echipamente de Automatizare Electrice si Electronice (EAEE) dedicat mediului online.
- In anul universitar 2022-2023 am ajutatla propunerea unei noua discipline (Emerging Control Systems for
Industry 5.0) care a fostintrodusa ca disciplina obligatorie in cadrul liniei de studiu de masterat Cyber
Physical Systems (CPS).

20.00

b) Profesor invitat pentru activitati didactice la universitati din tara/ strainatate.

¢) Organizarea unor activitati cu studentii (practica in tara/ strainatate, cursuri de vara, efc.).

d) Dezvoltarea bazei materiale |a nivel departamental in concordanta cu standardele specifice.
Justificare: Dezvoltarea si construirea unui stand experimental pentru modelarea si contolul proceselor in
medii non-Newtoniene. Acesta a fost folosit ca baza experimentala pe plan didactic si de cercetare.

10.00

e) Dezvoltarea de noi laboratoare.

Justificare:

- In timpul pandemiei, anul universitar 2020-2021 am adaptatlaboratoare existente si am propus noi
laboratoare la disciplina Control Engineering 2 pentru a fi utilizate in mediul online: Lab 6. Internal Model
Control on a Vertical Take-offand Landing Platform. Ulterior, acestlaborator se foloseste ca suport pentru
predarea strategiilor IMC pe platforma experimentala VTOL.

- Am dezvoltat suportul de laborator pentru Cyber Physical Systems care consta in propunerea de 7
laboratore noi: 1. Infroduction into Industry 5.0 and analysis of modern confrol systems, 2. Implementation of
standard auto-tuning methods. Case study: vertical take-off and landing, 3. Analysis and implementation of
fractional order control systems using various software tools (FOMCOM, NINTEGER, AFOPI, FLOreS). Matlab
simulation. Case study: anesthesia control, 4. Practical implementation and validation of fractional order
control systems. Case study: vertical take-off and landing, 5. Practical implementation and validation of
fractional order control systems and auto-tuning methods. Case study: DC motor control., 6. Practical
implementation and validation of fractional order control systems and auto-tuning methods. Case study:
vertical take-off and landing platform., 7. Event-based implementation of fractional order controllers. Case
study: vertical take-off and landing platform.

20.00

f) Recunoasteri ale performantelor didactice educationale. Stabilit pe baza evaluarii cadrului didactic.
Justificare: Pe toata perioada raportarii 2021-2023, evaluarea facuta de studenti este pozitiva. Feedback-ul

primit prin sistemul electronic inegrat al UTCN dovedeste implicarea si profesionalismul in activitatea
didactica educationala.

20.00

g) Activitati de manageriatin procesul de invatamént (decan de an, tutoriere ECTS,etc.).
Justificare: Responsabil de an, Automatica romana, seria B, anul 3

20.00

h) Alte activitaj educationale semnificative diferite de cele de la punctele (a - g).
Justificare: Conducator stiintific pentru lucrari de licenta.

20.00

TOTAL SECTIUNEA 2

110.00

0.00

Obligatoriu minim 40 de puncte cumulat pentru toti cei 3 ani de raportare




SECTIUNEA 3 T el Punctaj
Activitafi manageriale si administrative in sprijinul procesului didactic, de cercetare-dezvoltare, etc. acordat
a) Functii executive de conducere (punctajul se acorda pentru ultimii 3 ani):
1) Rector
2) Prorector
3) Decan
4) Prodecan
5) Director de departament
b) Functii deliberative de conducere:
1) Presedinte al senatului
2) Vicepresedinte al senatului
3) Cancelar al senatului
4) Alte functii de conducere asociate activitatilor desfasurate in interiorul institutiei.
TOTAL SECTIUNEA 3 0.00 0.00
SECTIUNEA 4 E Punctaj
Activitati la nivel de departament / facultate care nu sunt incluse in sectiunile anterioare acordat
a) Activitatea de intocmire a documentatiei de acreditare 20.00
Justificare: In anul 2023, am participat la intocmirea documentatiei de acreditare la Satu Mare.
b) Activitatea de intocmire a statelor de functii si a orarului
c) Activitatea de promovare, pregatirea, desfasurarea admiterii la licenta, masterat
Justificare: - Secretar la comisii de licenta in 2021, 2022 si 2023. 20.00
- Supraveghere la examenele de admitere
d) Activitatea in cadrul cercurilor stiintifice studentesti altele decat cele definite la S3-h
e) Organizarea zilei absolventilor, ziua portilor deschise a facultatii
f) Organizarea concursurilor studentesti locale, nationale si internationale
g) Tinuta morala si comportarea academica 2000
Justificare: Conduita morala deosebita si abilitati de comunicare eficiente.
h) Alte activitati semnificative la nivel de departament/facultate diferite de cele de la punctele (a-h)
TOTAL SECTIUNEA 4 60.00 0.00

OBSERVATII:

a) Punctajul de la sectiunea 2 este confirmat de catre directorul de departament. Se accentueaza ca punctajul acordat trebuie sa fie intre 0 si

punctajul maxim, nuantat in strict acord cu performantele realizate in cei 3 ani de raportare.

b) Punctajul de la sectiunea 3 este acordat de catre directorul de departament din care provine candidatul, calculat pe durata ultimilor 3 ani

pentru toate functiile detinute.

c) Punctajul de la sectiunea 4 este afribuit integral de catre directorul de departament, cu acordul consiliului de departament.

Punctajul acordat trebuie sa fie intre 0 si punctajul maxim, nuantat in strict acord cu performantele realizate in cei 3 ani de raportare.

DECAN DIRECTOR DEPARTAMENT
Prof. Dr. Ing. Vlad Muresan Prof. Dr. Ing. Honoriu Valean
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Laboratory no.2.

Digital controller tuning using ,,via s” methods

Laboratory scope:

e Tuning digital controllers using “via s” methods for single-input-single-output
processes,

e Closed loop performance evaluation,

e Comparisons between analog and digital control, according to sampling period
selection

e Computation of the control signal recurrence relation

Theoretical background:

Tuning digital controllers may be achieved using two methods: a direct approach and an
indirect approach. In the Indirect approach, the tuning of the controllers is achieved in the
continuous domain (“via s” methods); discretization methods are further applied to the
continuous controller in order to obtain the final digital controller.

The schematic representations of the closed loop system with an analog and a digital
controller are given in Figures 2.1 and 2.2, respectively.

W) e Hg(s) us) , Hp(s) v(s),

Fig. 2.1. Closed loop representation of a continuous time automatic control system

where Hp(s) — the process; Hr(s) — the continuous-time controller; w- the reference signal,
u(s) — the control signal (process input); y(s) — the process (measured) output and &(s) —
the error signal.
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Fig. 2.2. Closed loop representation of a discrete time automatic control

The classical approach towards tuning the controller is based on the schematic
representation in Fig. 2.1. The Hgr(s) controller is tuned using traditional control methods
derived from a specified set of performance criteria. One a PID (or similar) analog
controller is obtained, different discretization methods may be used to derive the digital

form of the PID controller.

Using the analog PID controller transfer function:

HR(S):VR|:1+Td -S+L:|:£S)
Tos) &)

its discrete-time equivalent may be computed using zero-order-hold method, Tustin bilinear
transformation, etc.

i 1-z"

-1

Using, for example, the bilinear transformation(s= j, the following digital

T, 1+z

equivalent of the PID controller is obtained:

R

H;(z) = Vi| 1+
1-2z

2T, 1=z T 14z}
T, 1+z' 2T 1-z"'



T, T T, 2T
where bO:VR[l+—E+—dj,b1= N (—E ——dJ and b, =V, 5
i TE 2T1 TE E

Once the digital form of the controller is available, the control signal recurrence relation
may be computed:

(2) _ b, +bz "' +b,z”
(2) 1-z"

Hy(2) = 2

u(z)-u(z)z' =b, -e(z)+b, -z 'e(z) +b, -2 ¢(z)

u(k) = u(k—1)+b,-ek)+b,-e(k—1)+b, -e(k — 2)

The final relation may be implemented on microcontrollers, PLC tragets, FPGAs (Field
Programmable Gate Arrays), process computers, etc.

The hardware-in-the-loop configuration assumes that the digital controller is implemented
on a process computer, while the actual real life process is a simulation performed on a
personal computer. The aim of the hardware-in-the-loop simulation is to test the
implementation of the digital controller on an actual hardware device that would eventually
be used to control the real life process. To perform the hardware-in-the-loop simulation,
the process will be implemented on a personal computer in Simulink, Matlab, while the
digital controller will run on a microcontroller. An example of a microcontroller
implementation of the digital algorithm, as well as the associated Simulink diagram of the
process and the closed loop configuration are given in the Annex.

Exercises
For the process transfer function:

2 -s
()= (5+1)-(10s+1)

solve the following problems:



a) Tune a Pl and a PD controller for the process that ensures a phase margin of
Tk = 60°

b) Select a proper sampling period and obtain the digital controller using zero-
order-hold method

c) Design the Simulink block diagram of the closed loop system with the analog
PI controller and simulate the output response to a step change in the reference
signal w

d) Design the Simulink block diagram of the closed loop system with the digital
controller and simulate the output response to a step change in the reference
signal w

e) Compare the performance of the two controllers in terms of overshoot and
settling time

f) Redesign the digital controller (by choosing a different sampling period) and
evaluate the closed loop performance results

g) For the final digital controller, determine the control signal recurrence relation

Solution

a) Let’s tune together the Pl controller. More information regarding frequency domain
tuning can be found in Laboratory 9 from Control Engineering I.

Since the tuning is done in the frequency domain, we should map the process’
transfer function from the Laplace domain to the frequency domain. This is done by

replacing s = jw, where j is the imaginary unit and w is the frequency. Hence, we obtain

2 2 -s

—S

G+1)-10s+1) ©  GorD0jorD) ©

H,(s) = (1)

The transfer function of the PI controller is given by
He =, (1+ %) 2)

where k,, is the proportional gain and T; is the integral time constant. In order to

determine the PI controller, we must find the values of k, and T;.



Knowing the phase margin constraint yx = 60°, we can write the phase margin

equation as
AHOZ(].(DC) = —180" + Yk (3)
Note that 2H,,(jw,) = £ (Hp(]'ooc)HC(jooc)) = 2 Hy(jwe) + 2 Ho(jw,) . The w,

symbol represents the gain crossover frequency (the frequency at which the magnitude
of Hy,(jw,) is 1, or %),
Let's assume that 2 H.(jw,.) = —15° (see CE1 lectures for more info). This leads

to |H, (jw )| =k, and T; = wic.

Replacing the phase value of £ H.(jw,) in (3) gives

2H,(jw,) = —180° + 15° + v, = —165° + v, (4)
For our transfer function and our imposed phase margin yx= 60°, £H, (jw.) is obtained as
¢H,(jw,) = —165° + 60° = —105°. Now we can determine w,, either analytically or from
the Bode diagram plot (because we know H,(jw,), hence we know how the phase is going
to look like). Let's do it from the Bode plot, for simplicity. In MatLAB, we declare the
process’ transfer function and we do a quick Bode. Then, we look on the Bode phase plot

and read the frequency at which the phase is equal to —105°.

Hp =tf(2,[10 11 1], ‘IODelay’, 1);
bode(Hp)

Bode Diagram
O T T

, : I
Don’t forget the'time delay! System: Hp

Frequency (rad/s): 0.299
Phase (deg): -105

-720

-1440 }

-2160

-2880

-3600 [

Phase (deg)

-4320

-5040

-5760 E

-2 0 2
10 Frequency (Fé)d/s) 10



Now we know that w, = 0.299rad/s. We can now compute T; as

T, =+ =—2_=>T, =133779 (5)

we  0.299

We also know that the magnitude of the open loop system at the crossover
frequency is 1 (or 0°8). Mathematically, this can be written as

|Hol(j(‘)c)| = |Hc(j(‘)c)| ’ |Hp(/wc)| =1 (6)

We know that |H,(jw,)| = k,, hence we have k, - |H,(jw.)| = 1, from where we obtain

1
P |Hp(jwc)|

(7)

The magnitude of |Hp(ja)c)| can be read from the H, Bode diagram, this time looking at

the magnitude plot (just find the magnitude of H,, for the w, = 0.282rad/s frequency.

Bode Diagram
20 T T T

10+ System: Hp _

Frequency (rad/s): 0.299 , .
0 ﬂ Magnitude (dB): -4.33 —__ Don't forget that this

- value is in dB. We

must transform it to

magnitude!

Magnitude (dB)

o A
S o
T T
1 1

o
S
T
1

1 1 1

10° 10° 10

Franiianrv (rad/e)

In order to obtain k,, we must transform from dB to magnitude. We can use the MatLAB

function db2mag(-4.33) that gives |H, (jw.)| =0.6074 and finally we obtain

o = 1 1
P |Hp(jwe)| 06074

=> k, = 1.6463 (8)



We now have the PI controller

H, = 1.6463 (1 +

752)
13.3779 s

(9)

If all the computations are correct, we should now have an open loop system that has a

phase margin of yk = 60°. Checking this in MatLAB (just draw a Bode plot of the open

loop system -> Hc*Hp) gives

Magnitude (dB)

40

20

-20

-40

-60

-80

-100

-720

-1440

Phase (deg)

-2160
-2880
-3600

-4320
-5040
-5760

1072

Bode Diagram

System: untitled1
Phase Margin (deg): 59.6
Delay Margin (sec): 3.38
At frequency (rad/s): 0.308
Closed loop stable? Yes

107!

10°
Frequency (rad/s)

Don’t know how to see
this? Right click on the
Bode plot,
Characteristics ->
Minimum Stability

Margins

The phase margin is
close to what we have

imposed!

We have successfully obtained the PI controller. But what happens further?

b) We have tuned the controller using “via s” methods. If this were for a real-life process,

we can implement it in its discrete form.

In order to do this, we compute the discrete-time equivalent using the ‘zoh’ transform.

Don’t forget to choose a sampling time that respects Shannon’s theorem (the sampling

time should be at least 2 times smaller, than the smallest time constant). In order to find

for the smallest time constant, we should look at both the controller and the process. Note

that the time delay should alse be considered!



Don’t forget me!

\S)

HP(S) = ’

H :16463 1 22.02$ + 1.646
(sx1){(108+1) c ( +

Which one is the smallest?

The smallest time constant is 1 s. Hence, the maximum sampling time Ts=0.5 s.
Discretize the controller using Matlab.

kp = 1.6463; Ti = 13.3779;
He = tf([kp*Ti kp], [Ti 0]); 1.646z —1.585 1.646 — 1.585z71

dc_d(z_l) = 1 1= 21

Ts=0.5; Z
Hc d = c2d(Hc, Ts, ‘zoh’)

c) Let's draw a Simulink Block Diagram in order to see how the continuous Pl performs.
(Do you remember how to open Simulink? Just write “simulink” into Matlab’s command
window. Draw the block diagram below. Note that the Scope block has 3 inputs. On the
first one, we will see the step response of the uncompensated system (just the system,
no controller added). On the second one, we want to see the step reference. The last

scope input is the closed loop system response with the continuous-time PI controller.

2
1082 + 11s+ 1

A

[

A

kp*Ti-s+kp 2 /—\
'("-) » Ti-s g 102 + s +1

\ N
v

=

This block is called “Transport Delay”. We use it to simulate the time delay. After

dragging it to your model, double click on it and set Time Delay:1. (INote that the values
inserted are positive)



After the simulation is performed, the scope should look like this. Note that the output of

the closed loop system goes to the reference value of 1.

—— Uncompensated process
—— Closed loop system with the Pl controller
— Reference

d) Furthermore, we should simulate the closed loop system response with the discrete
controller. The block diagram is the same, the only exception being the “Discrete Transfer
Fcn” block that replaces the continuous “Transfer Fcn”.

,Dl

1.646z — 1.585
z—1

A
V

This is the Discrete Transfer Fcn block. Double click on it, set the numerator and the

2
i 105 + 115+ 1 'J\/

denominator and also the sampling time.



The response should look like this.

— Closed loop system with the discrete Pl controller
—— Reference

e) Putting the response of the closed loop system with both the continuous and the
discrete PI controllers on the same plot results in the following figure.

—— Closed loop system with the discrete PI
— Closed loop system with the continous PI
—— Reference

10



The two responses are similar. The difference in the performance is given by the sampling

time choice. Choosing a smaller sampling time should result in a better performance.

f) We redesign the controller using a smaller sampling time. For example, 0.1

kp = 1.6463; Ti = 13.3779;
He = tf([kp*Ti kp], [Ti 0]); 1.646z —1.634 1.646 — 1.634z71

ﬂ'lc_d(z_l) = 7 —1 - 1= 21

Ts=0.1;
Hc d = c2d(Hc, Ts, ‘zoh’)

Now we should go back in the block diagram and update the discrete time controller
parameters as well as the sampling time in the “Discrete Transfer Fcn” block. A zoomed

response in the [0, 20]s time interval should look like this:

e

— Closed loop system response with contiunous PI

—— Closed loop system response with discrete Pl Ts = 0.5s
—— Closed loop system response with discrete Pl Ts = 0.1s
— Reference

Please observe how similar are the responses with the discrete Pl with the sampling time

of 0.1 and the continuous response.

11



You did all the block diagrams, but you’re not seeing the correct responses? Here are

some common mistakes:

824

You should use the “Transport Delay” block and not the “Variable Transport Delay
one

The correct time delay amount is set in the “Transport Delay” block

All your nominators and denominators are correct

The "Discrete Transfer Fcn” block has the sampling time set properly (you shouldn’t
leave the default -1 value)

Once again,check that every discrete “Discrete Transfer Fcn” has the sampling
time for which those num and den were obtained!

Make sure that you use negative feedback and not positive one (the round sum
block should have a plus and a minus)

g) For real life digital implementations, the recurrence formula should be computed.This

gives a formula that allows the computation of the command signal at the present moment,
denoted by u(k).
Remember that

e(z)

—>

u(z)
Hr(z) ——

From here we can write Hy(z) =

Taking the Pl controller we can rewrite the previous equation as

u(z)
&(2)’

1.646 —1.585z"1  u(z)
1-z-1 e(2)’

Performing diagonal multiplication gives

1.646s(z) — 1.585z71e(2) = u(z) — z7tu(2)
u(z) = 1.646s(z) — 1.585z"1(2) + z7tu(2)
u(k) = 1.6 1.585

Current error Previous error Previous command

12



Homework:

Repeat all the points above for the PD controller given by

1+74S
P 14+B14s

H.(s) =k

, B €(0.1,0.125)

Some brief tuning steps of the PD controller:

1.
2.

tH, (jw,) = —180° + y;

choose £ H.(jw,) maximum

2/

¢H.(jw,) = atan

1
w,. =
’ TP
k
|HCU(UC)| =L
VB
3. selectp €(0.1,0.125) => 2 H.(jw,) = ?
4. LHol(iwc) =74 (Hp(jwc)Hc(jwc)) =74 Hp(iwc) +4 Hc(iwc)
¢H,(jw.) = —180° — £ H.(jw,) +yx => w.=? (read it from Bode)
1
5 14 =
d wc\/ﬁ
6. IHol(jwc)I = IHC(iwC)I ' |Hp(jwc)| =1

k_f/_)" |H,(jw)| =1 (read |H,(jw,)| from Bode)

VB

k=Y
0 |Hp(jwc)|

13



Laboratory no.6.

Internal Model Control on a Vertical Take-Off and
Landing platform



Description of the experimental unit

The parts comprising the VTOL are emphasized in Fig 1. The main part is the cantilever beam
which is fixed to the base platform through a rotating rod. The beam is equipped with a
counterweight (left) and a variable speed fan (right). The fixing point is placed near the
counterweight at 1/3 of the length of the total beam. The input of the system is considered the
voltage applied to the variable speed fan. This causes the fan to rotate and generates thrust in order
to move the beam upward. The measurements consider a fixed imaginary axis perpendicular to the

base platform and an axis through the middle of the beam. The pitch is measured as the angle
between the two axes. The 0° position is considered when the two axes are perpendicular. The

physical construction of the platform allows movements in the interval [-23, 60]°, while the

maximum input voltage belongs to the [0,10]V interval.

Balancing
weight

Fig. 1. VTOL platform

The process is highly nonlinear, as shown in Fig.2.



25 T T

15

10 1

Amplitude

— Pitch (deg)
— Input Voltage

_20 1 1

0 20 40

60 80 100

Time (seconds)

Fig. 2. Different experiments on the VTOL platform

Task 1: What causes the nonlinear nature of the process? (Discuss based on Fig. 1)

The dataset is given in “exp_vtol.mat”. Load the dataset file in Matlab and plot the response of the

VTOL (y) to the input (u) on the period of time (t).

Note that the step input value is 6.3V and that the experimental data has been collected with a

sampling rate Ts=0.005s.

0 5 10 15 20 25
Time (seconds)

Fig. 3. Experimental data

Pitch (degrees)

n
o
T

0 5 10 15 20 25
Time (seconds)

Fig. 4. Normalized experimental data



The identified transfer function for the VTOL platform is

Y(s) 22.24
U(s) s%2+0.6934s+ 5.244

—-0.8s

H(s) = e

Task 2: Plot the experimental data (using plot(t,y)), as well as the step response of H(s) on the
same figure to evaluate how well your model approximates the dynamics in the experimental data.
To plot the step response of H(s) do not forget that the input signal has to be the same as in the
experimental data. Additionally, the time scale has to be the same.

Task 3: Design an IMC controller for the VTOL process

. . : . . 1-2s .
3. 1. Approximate the time delay using the Padé approximation e ™*° = 1+%S. Determine

2

the new process model P(s) with the approximated time delay.

3.2. Break the process model P(s) into a good part Eg(s) and a bad part P, (s) such that
P,(0) =1.

3.3. Compute P;‘\l (s).

3.4. Choose F(s) = C Asil)n such that the IMC controller C(s) = P;:l (s) F(s) is a semi-

proper transfer function and 4 = 1.

Py () F(s)
1-P; (s) F(s)P(s)

3.5. Compute the equivalent controller R(s) =

R(S)H(s)

3.6. Compute the closed loop system H,(s) = TROHG)

Simulate the response of the

closed loop system to a step reference of 20°.
3.7. Readjust the value of 1 such that the settling time is less than 6s.

3.8. Discretize the equivalent controller using a correct sampling time and implement the
closed loop system with the discrete-time controller in Simulink.

3.9. Compare the closed loop responses obtained with the continuous-time and discrete-
time controllers. Plot the control signal for both cases and saturate it (remember that the
control value can be between [0, 10] V).

3.10. Introduce an output step disturbance of 5° at time t = 10s. How is the disturbance
handled by the closed loop system?

3.11. Slightly alter the proportional gain of the transfer function of the process (change the
value of kp by 5%-20%). Analyze the robustness of the closed loop system. What is the
settling time in this case?



3.Why is robustness important for Vertical Take-Off and Landing Platforms?
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Laboratory Assignment 2:
Implementation of Standard Auto-
tuning Methods

Case Study: Vertical Take-off and Landing (VTOL) System

1. Objectives
1. To understand and apply standard auto-tuning methods to a time-delay system, specifically
a Vertical Take-off and Landing (VTOL) system.

2. To implement and compare the Ziegler-Nichols method and a relay-based autotuning
method (KC) for tuning controllers in a simulated environment.

3. To analyze the performance of the tuned controllers using MATLAB and Simulink.

2. Mathematical Formulations

In this section, we will explore the mathematical foundations of two standard auto-tuning
methods: Ziegler-Nichols and a relay-based autotuner method (KC). These methods are
crucial for tuning controllers in systems with time delays, such as the VTOL system.

2.1 Ziegler-Nichols Method

The Ziegler-Nichols method is a heuristic tuning method that provides a systematic approach
to obtaining controller parameters for a given process without the need of a process model.
It can be applied to time-delay systems, although the original method does not explicitly
consider time delays.

Ziegler-Nichols Method: Ultimate Gain and Period

1.0
0.5

0.0

System Output

-0.5

Oscillation at Ku (Ultimate Gain)
=== Oscillation Period Tu
0 2 4 6 8 10
Time (s)

-1.0

Figure 1. ZN method
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The process involves the following steps:
1. Set the I (integral) and D (derivative) gains to zero.

2. Increase the proportional gain (Kp) until the system reaches the ultimate gain (Ku), where
the system oscillates with a constant amplitude (see Figure 1).

3. Measure the oscillation period (Tu).
4. Use the following formulas to set the PID controller parameters:
For a PID controller:

e Kp=0.6*Ku
e Ti=Tu/2
e Td=Tu/8

2.2 Relay-Based Autotuner (KC) Method
The relay-based autotuning method, the KC method, is another approach to determining the
PID parameters. This method is particularly useful for systems with time delays.

Relay-Based (KC) Autotuning Method
2.0t

1.5}

1.0f

0.5F

0.0

Amplitude

_05 L

_10 L

-1.57 Relay Input (Square Wave)

—— System Output

—2.0 === Oscillation Period Tu

0 2 4 6 8 10
Time (s)

Figure 2. KC method

The key steps include:

1. Implement a relay feedback in the control loop, where the relay introduces a square wave
input to the system.
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2. The system oscillates in response to the relay input, and the resulting oscillations are used
to calculate the ultimate gain (Ku) and the ultimate period (Tu) - see Figure 2.

3. The PID parameters are then calculated using the following formulas:

For a PID controller:

Kp =0.45 *Ku
Ti=Tu/1.2
Td=Tu/4

3. Tasks
1. Simulate the VTOL Process in Simulink:

Develop a Simulink model that accurately represents the VTOL system as a time-delay
process. Use the following transfer function to illustrate the process

Y(s) 22.24

— —0.8s
U(s) s2+0.6934s + 5.244

2. Tune Two Controllers Using the Methods Described:

Apply the Ziegler-Nichols method to tune the first controller. Document the process of
finding Ku and Tu, and calculate the PID parameters.

Apply the relay-based autotuner (KC method) to tune the second controller. Document the
steps taken to implement the relay feedback and the resulting PID parameters.

3. Implement the tuned controllers in Simulink:

Incorporate both tuned controllers into the Simulink model of the VTOL system. Ensure
that the controllers are correctly configured and connected to the system.

4. Analyze and Compare the Results:

Run simulations with both controllers and collect data on system performance. Focus on
key metrics such as rise time, settling time, overshoot, and stability.

Compare the performance of the two controllers and provide a detailed analysis of which
method provides better control for the VTOL system.
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Anul universitar 2021 - 2022; Semestrul 1
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For this particular study, the experimental unit has been configured to mimic the
cardiovascular system. The challenges encountered by a substance carrier device inside the
cardiovascular environment with the purpose of targeted drug delivery are recreated inside
the custom built platform. The setup can be divided into two main parts: the cardiovascular
resemblance exhibiting characteristics similar to human blood, including the blood flow
profile as well as non-Newtonian traits, and the carrier device capable of transiting and
analyzing the impedance of the non-Newtonian environment. The framework is used for
calibrating and validating a generalized model for sunken advancement of the robot in
non-Newtonian conditions and for testing different control strategies for position control
of the robot.

2.1. Non-Newtonian Cardiovascular Homology

The vascular homology is illustrated in Figure 1. The circuit is a sealed environment
that houses the non-Newtonian fluid which is recirculated using a variable flow pump,
SPXFLOW BL70-EB. A periodic blood flow hemodynamic profile is implemented based
on the research presented in [19]. The blood flow characteristic is programmed using a
real-time myRIO controller and LabVIEW programming. Two small reservoirs are used for
robot insertion and extraction and also for completely sealing the circuit. The reservoirs are
connected by two pipes of different diameters resembling an artery and a vein, respectively.
Additionally, passing between the two venous items is realized, and the robot is capable of
navigating in both directions, mimicking the transition between an artery and a vein, and
vice versa.

Figure 1. Experimental setup that resembles the cardiovascular system.

Fabric conditioner with similar blood characteristics has been used inside the venous
system with viscosity of # = 0.085 x 107> kg/ms, density p = 1.03/100 kg/m3, and
pulsation frequency w = 2717/6.

During real-life blood flow scenarios, the vessels slightly expand and contract [20,21].
The experimental framework aims to also encapsulate the vessel expansion and contraction
properties. Hence, the two tubes representing the vein and artery are made of polyurethane
with steel insertions. During experiments, the metal insertions obtain a certain flexibility of
the pipe’s wall. The insertion density peart = 1.14 x 10° kg/m3 is the same for both tubes.

The properties of the larger tube are diameter D = 160/1000 m, wall thickness
h = 0.9/1000 m, and a ratio between soft and hard metal insertions of ¥ = 0.9, while for
the small tube, D = 102/1000 m, # = 0.9/1000 m, and x = 0.1.

2.2. Autonomous Submerged Vehicle

A robot capable of transiting the cardiovascular resemblance unit has been designed,
built, and programmed to achieve a single purpose: efficient targeted drug delivery at a
given area in need of treatment.

The design of the submersible is inspired by autonomous underwater vehicles, re-
duced size submarines capable of autonomously traveling and recording underwater
data [22]. The aquadynamic carcass has been 3D printed such that it has a symmetrical
ellipsoidal shape with length of 0.09 m and width of 0.03 m (Figure 2).
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Figure 2. Custom built autonomous submersible robot.

Inside the hull, there is a hollow for the embedded electronics that ensure proper
functionality. The main brain of the robot consists of the ESP8266 module, a WiFi module
and microcontroller used to manage individual modules such as: inertial measurement
unit, impedance measurement unit, DC motor command unit, and WiFi communication
logic (Figure 3).

Figure 3. Incorporated electronics inside the submersible.

For the intertial measurement unit, the BNOO055 9 degrees of freedom sensor has
been chosen to measure the real-life acceleration of the body. The acceleration data are
processed by the robot’s microcontroller and transformed into velocity and position with a
sampling frequency of 100 Hz. A solution of the well-studied problem of accumulating
measurement errors that cause a slow drift to infinity when transforming acceleration data
to position measurement is presented in [23]. The positioning algorithms are implemented
inside the submersible, and the data are processed locally. This is done with the purpose of
providing autonomous feedback for position control without the need of an external server.
Positioning data are provided to the server only for analysis purposes. Multiple tests of
different time lengths show experimentally that the algorithms presented in [23] provide
accurate positioning measurements.

The submersible is equipped with a 6 mm DC motor attached to a 40 mm Graupner
three-blade propeller. The DC motor is rotated by giving a voltage between 0 and 5 V
through the pulse width modulation (PWM) technique.

The WiFi module is used for communication with an external server used for logging
and analyzing data. A secure communication through the TCP/IP protocol is used to send
the computed position and impedance information of the environment. The robot can
operate in manual, automatic or emergency modes. For the manual operating mode, the





