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REZUMAT: In aceastd lucrare se prezintd
implementarea unei structuri de conducere a unui
proces foarte utilizat n demonstrarea unor
principii avansate de control, sistemul “Pendul
Invers Rotativ”. Ceringele de timp real ale acestui
proces sunt foarte puternice §i acest lucru a
necesitat realizarea unei distributii la nivelul a mai
multor procesoare a prelucrarii. Totodata, sistemul
este subactionat, §i de aceea problemele de
proiectare sunt complexe pentru un astfel de
sistem. Implementarea a fost realizatd ca o
structurd de reglare cu reactie dupad variabilele de
stare, iar proiectarea algoritmului de reglare a fost
realizat prin metoda LOR.

CUVINTE CHEIE: LQR, Pendul Invers Rotativ,
reactie dupa variabilele de stare, timp real

1. DESCRIEREA SISTEMULUI
DE ACHIZITIE SI COMANDA
CA SISTEM DISTRIBUIT

Sistemul de achizitie si comanda ce
gestioneazd procesul “Pendul Invers
Rotativ” a fost proiectat pentru a respecta
cerintele de timp real necesare Tn procesul
de control si este prezentat n Fig. 1.
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ABSTRACT: In this paper is presented the
implementation of a process control structures very
used in demonstration of advanced control
principles, the "Rotary Inversed Pendulum'. Real-
time requirements of that process are very powerful
and this has required the implementation of a
distribution of multiple processors processing.
However, the system is underactuated, and so the
design problems are complex for such a system.

The implementation was made as a state feed-back
control structure and control algorithm was
designed by LOR method.

KEYWORDS: LQR, Rotary Inversed Pendulum,
state feedback, real-time

1. DESCRIPTION OF THE
DATA ACQUISITION SYSTEM
AS DISTRIBUTED SYSTEM

Data Acquisition and command system
that manages the "Rotary Inversed
Pendulum" was designed to respect real-
time requirements needed for the control
and is presented in Fig.1.
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Datorita  necesitafii unei  prelucrari
paralele si a unor timpi de esantionare
foarte mici, a fost proiectat un sistem care
sa prelucreze informatia la nivelul mai
multor procesoare.

Communication
TCP/IP

PWM

Power board PWM

Server

Pendulum position- A

Arm position - &

Given the need for parallel processing
and very small sampling times, was
designed a system to process information
across multiple processors.

Parallel port
communication

Acquisition board:
microcontroller S
Nucleus

Serial communication

Command board:

microcontroller Nucleus

Signal PWM

Sens Left/Right

A

Stop

L

Fig.1. Sistemul de achizitie de date si comenzi distribuit

Fig.1. The distributed data acquisition and commands system

Structura sistemului de achizifie si
comanda distribuit are urmatoarele
elemente componente principiale:

1.Calculator Server: Este un calculator PC
standard, cu ajutorul  cdruia  se
implementeaza algoritmul ce controleaza
in mod direct procesul. Perioada de
esantionare a fost stabilitd la valoarea

The structure of the distributed data
acquisition and command has the
following principal components:

1.Server PC: This is a standard PC, with
which the algorithm is implemented to
directly controlling the process. Sampling
period was set at the value 7 =0.005 sec.

and value is tested (reading) with a Low-
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T, =0.005 sec. si este testata (cititd) cu un

timer software Low-Level. Ideea de timer
Low-Level apare deoarece este realizat
folosind  facilitatile = Low-Level ale
mediului de dezvoltare Labwindows/CVI
si citeste direct cuante de timp de la ceasul
sistemului. In Fig.2. este prezentati
valoarea acestui Timer pentru taskul de
comunicatie cu placa de achizifie si pentru
taskul de prelucrare a algoritmului la care
se adauga si afisarea locald pe Server.
Taskurile care se realizeazd la nivelul
Server sunt:

>comunicatia cu placa de achizifie
>algoritmul de control ce include :
-implementarea structurii de reglare,
-realizarea limitdrilor in plan orizontal a
bratului  (cu  tratarea  “zonei  de
insensibilitate” a potenfiometrului de
masurd pozitie brat)

-trecerea pendulului peste ‘“zona de
insensibilitate” a potenfiometrului de
masurd pozitie pendul

-afisarea minimald a unor semnale pentru
testare si prelucrare

-comunicatia cu calculatorul
folosind protocolul TCP/IP.

Dupd cum se poate observa in Fig.2,
comunicatia intre Calculator si Placa de
achizitie se realizeaza 1in intervalul
=2ms . Intervalul de timp

Client

com _microcontroller

pentru prelucrare algoritm este
=2ms cu afisare (Fig.2.a) si

(Fig.2.b).
Oricum, Tn ambele cazuri se impune ca
T.>(T

com _microcontroller

algoritm

T

algoritm

< 1ms fara afisare

T'algoritm ) N

Level timer software. The idea of building
a Low-Level timer appears because it is
realized using Low-Level facilities
development environment LabWindows /
CVI and time quantum directly read from
the system clock. In Fig.2. the value of this
timer is presented for communication task
with data acquisition board and with the
processing algorithm task to which is
added to local display to the Server.

Tasks that are performed in the server are:
> communication with data acquisition
board

> control algorithm that includes:

- the implementation control structure.
- realization the limitations in a horizontal
plane arm (passing over "dead zone" of
measure potentiometer).
- shift the pendulum over the "dead zone"
of measure potentiometer

-display the minimal testing and
processing signals.
-client computer communication using
TCP /IP.

As shown in Fig.2, the communication
between the computer and data acquisition
board is achieved within
=2ms .

com _microcontroller

The time interval for processing algorithm
is T = 2ms with display (Fig.2.a) and

algoritm

algoritm
However, in both cases require that
T.>(T

e com _microcontroller

< 1ms with no display (Fig.2.b).

T;;lguritm)
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Fig.2.a. Timere software Low-Level pentru
Server cu afisare grafica
Fig.2.a. Low-Level Timers for Server with

graphical display
In aceste conditii, calculatorul Server
controleaza practic momentul de timp al
executiei tuturor taskurilor din sistem, in
sensul ca acesta initiaza citirea valorilor
celor 2 pozitii, initiazda modificarea
comenzii, initiazd comunicarea cu
calculatorul Client si prelucreaza deciziile
de control care sunt implementate.
Totodata, Serverul poate functiona in 2
moduri  “Local” si  “Remote”, iar
comutarea intre cele 2 moduri se face
numai de la Server.
2.Calculator Client: Este tot un PC
standard care se conecteaza la calculatorul
Server si comunica cu acesta folosind un
sistem de intreruperi bazat pe protocolul
TCP/IP implementat 1n mediul de
dezvoltare Labwindows/CVI.  Practic,
programul de aplicatie de la Client nu are
implementatd o perioadda de esantionare
proprie, deoarece este coordonat in mod
direct de calculatorul Server. Aceasta se
traduce prin faptul ca Serverul, la un
interval de 20 de perioade de esantionare
trimite date la calculatorul Client la un
interval de timp T, =20-T,.

com _client
Marimea intervalului de timp poate fi
ajustatd 1n functie de timpul necesar
calculatorului Client de a realiza 1In
principal operatiille de afisare grafice.
Intervalul de timp necesar taskurilor de
afisare si comunicatii, este masurat cu
acelasi ceas software Low-Level ca la
Server si este prezentat in Fig.3.

(RESTART Timer|
Valoare Timer comunicatie cu placa

2 062239mMs

Valoare Timer prelucrari algoritm

9 2270821s
Caseta Mesaje ERR

—

|n._ ._I fi di

Fig.2.b. Timere software Low-Level pentru

Server fara afisare grafica
Fig.2.b. Low-Level Timers for Server
without graphical display
In these circumstances, the computer
server controls the execution time when
virtually all tasks in the system in that it
initiates the 2-position readings, initiate
change command, initiate communication
with the client computer, and process
control decisions are implemented.
However, the Server can operate in two
modes "Local" and "Remote" and switches
between the two modes is done only at the
Server.

2. Client PC: 1t is also a standard PC that
connects to the computer Server and
communicate with it using the interrupt
system based on TCP / IP implemented in
LabWindows/CVI.

Basically, the client application program
does not have implemented its own
sampling period, it is directly coordinated
by the Server. This means that Server at an
interval of 20 sampling periods sends data
to the Client computer at a time interval
T =20-T,

com _ client

The size of the time interval can be
adjusted Client computer time required to
perform the primarily graphical display
operations.

Time required for display and
communication tasks is measured with the
same clock Low-Level, as the server, and
is shown in Fig.3.
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Fig.3.a. Timere software Low-Level pentru
Client cu afisare grafica
Fig.3.a. Timer Low-Level for Client with

graphic display
Se observa timpul de prelucrare la
calculatorul Client este mai mic de

intervalul la care trimite date Serverul
orelucrareclient < Leom _cliont = 20-7, =0.100sec
Mecanismul prin care se castigd timp la
Sever este reliefat prin faptul cd programul
de la Server formateaza datele ce trebuie
trimise la Client si dupd aceea le depune in
bufferul placii de retea, placa de retea
ocupandu-se apoi de trimiterea lor.
3.Placa de achizitie cu nucleu cu
microcontroller: Este realizatda in jurul
unui nucleu cu microcontroller AT89S52,
echipatd cu un circuit CAN cu 2 canale, pe
12biti, ADS7841P, pentru citirea celor 2
traductoare potentiometrice: pozitie Brat si
pozitie Pendul. Comunicatia cu
calculatorul Server se realizeaza pe portul
paralel, pe baza unui protocol propriu.
Taskul principal al acestei placi este
gestionarea conversiilor celor 2 canale ale
convertorului si transmiterea catre cea de-a
doua placa cu microcontroller a comenzii
primite de la Server.
4.Placa de comenzi cu nucleu cu
microcontroller: Este realizatd tot in jurul
unui nucleu cu microcontroller AT89S52,
st are rolul principal de a forma semnalul
PWM citre placa de fortd ce actioneazd
motorul. Ea comunica serial pe intreruperi
cu prima placd cu microcontroller care-i
furnizeaza comanda sub forma unui octet,
la care primul bit este sensul si ceilalti 7
reprezintd valoarea comenzii PWM, adicd
o valoare in intervalul [0..100].

Fig.3.b. Timere software Low-Level pentru

Client fara afisare grafica

Fig.3.b. Timer Low-Level for Client without

graphic display

Is observed the PC Client processing time
is less than the interval at which to send
data to the Server

<T

prelucrare _ client com _ client = 20 : 7:3 = O 100 sec
The mechanism by which gain time to
sever is highlighted by the fact that the
server program formats the data to be sent
to the client and then submit them to buffer
network card, network card dealing with
then sending them.

3. Acquisition board with microcontroller
nucleus: 1t is performed around a nucleus
microcontroller AT89S52, equipped with a
CAN circuit with 2 channels, 12bit,
ADS7841P  for  reading the 2
potentiometric transducers: arm position
also pendulum position.

The communication with Server computer
is performed on parallel port, based on a
proper protocol. The primarily task of this
board is to manage the conversion of 2
channels of the converter and transmission
to the second microcontroller board the
command received from the Server.

4. Board commands with microcontroller
nucleus: It is done all around a nucleus
with microcontroller AT89S52, and is
intended form the PWM signal, to the
power board that acts the engine.

It communicates with the first serial board
with microcontroller that provides them
command as a byte, where the first bit is
the sense and the other seven are PWM
command value, ie a value in the range [0
.. 100].
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2.COMPARATIE INTRE
RASPUNSUL MODELULUI
MATEMATIC NELINIAR SI
SISTEMUL REAL

Implementarea in timp real a comparatiei
intre raspunsul real al sistemului si
modelul matematic neliniar[1], aduce
informatii despre precizia parametricad de
modelare. Implementarea a fost realizata
folosind mediul de dezvoltare
Labwindows/CVI prin intermediul caruia
se achizitioneazd date reale din proces si
totodatd se realizeazad in paralel si rularea
modelului matematic neliniar al sistemului
“Pendul Invers Rotativ’ 1in pozitia

vertical_Down, ca in Fig.4.

k3 PANEL == > >Remote Control TCP Client >>=>Pandul Invers

2. COMPARISON BETWEEN
MATHEMATICAL
NONLINEAR MODEL
ANSWER, AND REAL SYSTEM

Implementing  real-time  comparison
between real response system and
nonlinear mathematical model [1] provides
information about parametric modeling
accuracy. The implementation was done
using the development environment
LabWindows/CV], through which real data
are acquired from the process also is
performed in parallel while running
nonlinear mathematical model of the
system "Rotary Inversed Pendulum" in
vertical_Down position as in Fig.4.
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Fig.4. Raspunsul sistemului real “pendulul invers” peste care se suprapune raspunsul
modelului matematic neliniar pentru pozitia vertical_Down
Fig.4. The real system response over which overlaps response nonlinear mathematical
model for vertical position_Down

Diferentele intre modelul matematic
neliniar si sistemul fizic se datoreaza

Differences between nonlinear
mathematical model and the physical
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neliniaritatilor si jocurilor din sistemul system is due to nonlinearities, and luft of
mecanic, neliniaritatii ~ fortelor  si mechanical system, nonlinearity forces and
coeficientilor de frecare vascoasa, altor viscous friction coefficients, other types of
tipuri de forte de frecare care nu au fost friction forces which were not taken into
luate 1n calcul la modelare. account in modeling.
3.PROIECTAREA STRUCTURII 3.SYSTEM CONTROL
SISTEMULUI DE CONTROL STRUCTURE DESIGN WITH
PRIN METODA LQR LQR METHOD

Pornind de la ecuatiile de stare liniarizate From linearized state equations around a
in  jurul unui _ punct stationar  de stationary operating point[1],{ AB=0;
functionare[1],{ AB=0; Af=0;A6=0; AB=0;Aa=0;Aa=q,}, for the system
Aa=a,} pentru sistemul pendul_Up, pendul_Up, implementation control
implementarea  structurii  de reglare structure [5], [6], [7] is shown in Fig.5.

[5],[6],[7] este prezentatd in Fig.5.

Aa,, =0 u(t)=-kx(t Aa(t) (1)
A,B,C.D > —
" State Feed-back | x| %

A8 | ABO) | pg | .
K1 < I Aa( ref 0

|

|

Kz <+

|

|

K3 < :

|

P

Ki |« I

|

Fig.5.Structura sistemului de reglare cu reactie dupa variabilele de stare
pentru sistemul pendul invers in pozitia vertical_Up
Fig.5. Control system structure by state feedback for inversed pendulum system in
vertical_Up position

Astfel, vom cauta o comanda de forma: Thus, we seek a command of the form:
u(t) =—kx = [_ k, —k, —k, _k4]’ [‘xl Xy X3 x4]T

care sd stabilizeze urmatorul sistem: which stabilize following system:

AB % [ fa ha b 0—_x1 [ db ]
My gl b* —ea b* —ea b* —ea B b* —ea
dpap|_dini_|o 1 0 O 0=l O li=Ax+Bu (1)
dt|Aa| dt|x| |__ o _ L 1 I

. b* —ea b*—ea b*—ea b* —ea
A B o 0 1 oS | o |
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unde avem notatiile:

K K
a:(Jb+mpL2); b:—mle; C=Cb+1re_b.

a

Consideram sistemul liniarizat (1) si
functia patratica obiectiv[2],[3],[4]:

Iy

J:%j@%ann+u%nRua»m,umk

0
Cu ajutorul mediului de simulare Matlab
folosind functia “lqr”, se obtine comanda:

where we have:

Kt
d:R—; e:Jp+mplz; f:Cp; h:—mpgl

Consider the linearized system (1) and
quadratic objective function [2],[3],[4]:
{Q=Qi 020

2
R=R", R>0 )

With Matlab simulation environment using
the "lqr" command is obtained:

u = —kx = —k,x, —k,x, —kyx, —k,x, ==k A — k,Aat — k,AB — k,AB (3)
X, X X1 X1 X X1
DN a ™k k ko k] |=a =B = (a-B) | @
dt| x, X5 X5 X5 X5 X5
X, X, X4 X, X, X,

Rezultatele in cazul a 2 variante de ponderi
in matricea Q sunt prezentate in Tabelul I:

The results for the two types of proportion
in the matrix Q are shown in Table I:

Tabel 1. Rezultatele proiectarii pentru diferite ponderi ale variabilei x, = &

Table 1.

The results for different proportion of variable design x, = &

Parametrii algoritmului de reglare pentru
raspunsul din Fig.6(Varianta 1)
Parameters control algorithm for response

Parametrii algoritmului de reglare pentru
raspunsul din Fig.7(Varianta 2)
Parameters control algorithm for response

from Fig.6(Version 1) from Fig.7(Version 2)

Q = 40 0 0 0 Q = 40 0 0 0
0 1 0 0 0 1 0 0
0 0 10 0 0 0 10 0
0 0 0 5 0 0 0 1

R = 0.10000000000000 R = 0.10000000000000

kl = 43.77107964964838
k2 = 243.8487809616433

k3= -13.83637129582518
k4= -7.07106781187112

kl=  41.02511472544251
k2= 224.5347118000526

k3= -11.85516257683465
k4= -3.16227766016843

Folosind parametrii obtinuti in Tabel 1
raspunsurile simulate in mediul Matlab-
Simulink sunt reprezentate comparativ In
Fig.6 51 Fig.7.

Using parameters obtained in Table 1
responses simulated in Matlab-Simulink
are shown in Fig.6 and the Fig.7.
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» A

Fig.6. Raspunsul simulat al sistemului “pendulul invers” in “Varianta 1”
Fig.6. Simulated response of the "inversed pendulum" in "Version 1"

) Scopel

» A

in “Varianta 2”

Fig.7. Raspunsul simulat al sistemului “pendulul invers
Fig.7. Simulated response of the "inversed pendulum" in "Version 2"

In cadrul simulirii, sistemul a fost In the simulation, the system was
dezechilibrat, (semnalul de culoare mov de unbalanced (purple signal on the third
pe al treilea grafic la fiecare simulare), graph in each simulation), which is an
aceasta fiind o dezechilibrare a pendulului imbalance of the pendulum when it was
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cand era deja intr-o pozitie de echilibru
vertical_Up. Se poate observa, ca cele 4
variabile de stare sunt stabilizate la
valoarea “0” dupa un interval de timp.
Totodata, “Varianta 17, care are o pondere
mai mare “=5" Tn matricea Q, stabilizeaza
mai repede pozifia bratului «a decat
“Varianta 2” care are o pondere “=1". Cele
2 variante vor fi folosite in continuare ca
referintd pentru testele pe sistemul real, ce
sunt prezentate comparativ cate 2:

Fig.8. - Fig.9. (Client, a,, =ct.),

Fig.10. - Fig.11. (Server, . =ct.),

Fig.12. - Fig.13. (Client variatie treapta-
stanga pentru «,,, )

k3 PANEL =~ > >Remote Control TCP Client >>>>Pendul Invers

already in a position of equilibrium
vertical_Up.

It can be seen that the 4 state variables are
fixed to "0" after a time interval.

However, "Option 1", which has a higher
weight "= 5" in the matrix Q, stabilizes
faster arm positiona than "Version 2"
which has a share "= 1". The two versions
will continue to be used as a reference for
the real system tests, which are compared
by two:

Fig.8. - Fig.9. (Client, ., = ct.),

Fig.10. - Fig.11 (Server, ., = ct.),
Fig.12. - Fig.13 (Client step left variation
for )

rej
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Fig.8.Raspunsul sistemului real obfinut la calc. Client cu k din “Varianta 1”, «,,, = ct.

Fig.8.The real system response obtained from the Client with k in "Version 1" «,,, = ct.
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Fig.9. Raspunsul sistemului real obtinut la calc. Client cu k din “Varianta 27, «,,,

Fig.9. The real system response obtained from the Client with k in "Version 2" «,,, = ct.
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Fig.10.Raspunsul sistemului real in “Varianta 1” obfinut pe Server cu a,, = ct.

Fig.10. The real system response obtained from the Server in "Version 1" with a,, =ct.
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Fig.11. Raspunsul sistemului real in “Varianta 2" obtinut pe Server cu a,,, = ct.

Fig.11. The real system response obtained from the Server in "Version 2" with a,,, =ct.
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Fig.12. Raspunsul sistemului real “Varianta 1” la variafie treapta-stanga pentru o,

Fig.12. The real system response "Version 1" step-left variation for

Annals of the ,,Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 3/2012

147



Analele Universititii ,,Constantin Brancusi” din Targu Jiu, Seria Inginerie, Nr. 3/2012

k3 PANEL —=>>Remote Control TGP Client >>>

>Pendul Invers

5000 masuratoi CH2>>>>Alfa -pozitia Brat

4.000-

Parametrii Matricsi de reactie dupa stare

=.000- [

FADRe— VAT

K1 | 389206 N

2.000- W

Kz | 219.2226 L ¥

el Fed

K3| -11.8182

1.000- o = LE€]l ol€pP =1CICICIICC dl 1l POSITON

Cr £ arm A 1f1on

i

K4 -3.1623 2o

4,000 Masurater Viteza CH2>>>>Alfa_dot -viteza Brat

0 20 40 B0 S0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 3B0 400 420 430 460 480 SO0 520 540 560 580 EOO

2000 — T,
I i L

i —

Timer Comunicatie cu

o
Hr

e it
i i)
ey

H-HY
!

i
serveruls prelucrars zooo-— v
67.417474ms
A e e e e
- 0 2o 4o 60 S0 100 150 140 160 160 200 250 240 260 250 300 30 40 360 3B 400 420 480 460 450 500 520 540 560 580 EOO
afisare activata
— o 0400 masura tori CH1>>>>Beta/Teta -paziia Pendul o) 11
0.300 = =
1 940 HEFERINTA 0.200
2 L 1 ' 1 EEESEEE R R ——— e
s 380 0.000-/"—] =] i

Local command >~

Remote command> -Gl 2.000-

0.000- e A o e e e W P L e A e el o g b g o U e e o A
Connection Statu: i !

Client IP Server 1P
e FESTES AP o 4o b do 160 120 140 160 180 200 2%0 2ho 260 280 afo afo sdo 3k0 a0 4b0 420 ado afo 480 s00 S0 Sn s 560 Gbo
JCLIENT_pendul JSERVER_PENDUL] 1107 Comands PwM | : 1 u-COInmaIld Calculated
Trarams s = ] | e e e ety P | i
T i - el e Pl
Feceive 50— ‘.‘ i v H V"UI"THJ F bt V'w
[ =1 T I T

Sl %% 2% 4o €b db 160 1ko 1do 1ko 180 200 220 20 260 280 00 30 sd0 sbo ko abo 420 ado 460 4d0 S0 St sa0 S0 o sbo

Fig.13. Raspunsul sistemului real “Varianta 2" la variafie treapta-stnga pentru o,

Fig.13. The real system response "Version 2" step-left variation for &,

Rezultatele comparative obtinute in cazul
real pentru cele 2 variante de ponderi in
matricea Q sunt prezentate in Tabel 2

Comparative results obtained for the 2
different real proportion in the matrix Q
are given in Table 2

Tabel 2. Comparatii intre raspunsurile sistemului real cand referinta a,, =ct.

Tabel 2. Comparisons between the real system responses, the reference «,,, =ct.

Parametrii algoritmului de reglare pentru
raspunsul din Fig.8. (Varianta 1)
Parameters control algorithm for response
from Fig.8. (Version 1)

Parametrii algoritmului de reglare pentru
raspunsul din Fig.9.(Varianta 2)

Parameters control algorithm for response
from Fig.9. (Version 2)

Q = 40 0 0 0 Q= 40 0 0 0
0 1 0 0 0 1 0 0
0 0 10 0 0 0 10 0
0 0 0 5 0 0 0 1

R = 0.10000000000000 R = 0.10000000000000

kl = 43.77107964964838 kl = 41.02511472544251

k2 = 243.8487809616433
k3 = -13.83637129582518
k4= -7.07106781187112

k2 =224.5347118000526
k3 =-11.85516257683465
k4 = -3.16227766016843

-Graficul 1 - semnalul x, =« -pozitie braf
este oscilant cu amplitudini mici Tn jurul
referintei, si este centrat 1n jurul referintei.

-Graph 1 — the signal x, = ¢ -arm position 1is
oscillating with small amplitudes around the
reference, and this is centered around the

-Graficul 1- x,=a-pozifie braf are un
raspuns mai putin oscilant, dar nu este centrat
in jurul referintei.

-Graph 1- x, =« -arm position has a less
oscillatory response, but it is not centered
around the reference
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reference.

-Graficele 2,3,4 -semnalele ¢, 3, ,[)’ sunt

oscilante cu frecventa mare in jurul pozitiilor
de echilibru.

- Graph 2,34 -signals ¢, B, B are
oscillating with high frequency around the
equilibrium positions.

-Grdficele 2,3,4 -semnalele ¢, B, f sunt mai

oscilante cand sistemul se departeaza de
punctul de echilibru.

-Graph 2,3,4 - signals &, 3, B are oscillatory
when the system departs from equilibrium
point.

-Graficul 5 -comanda u(t) este oscilanta cu o
amplitudine mare in ambele sensuri

-Graficul 5 -comanda u(t) este tot oscilanta,
dar cu amplitudini mai mici

- Graph 5 —the command u(t) is oscillating | -Graph 5 —the command u(r) 1is still
with a large amplitude in both senses oscillating but with smaller amplitudes
4.CONCLUZII: 4. CONCLUSIONS

Concluzia care se desprinde este ca in The conclusion is that after the
urma implementarii structurii de reglare cu implementation structure state feedback,
reactie dupd variabilele de stare, the control algorithm stabilizes the

algoritmul de reglare proiectat reuseste sa
stabilizeze pendulul in pozitie vertical_Up
in ambele cazuri cind se considerd
ponderea “=5" sau “=1" in matricea Q.
Prima variantd, desi este mai oscilanta,
stabilizeazd mai bine pendulul intr-un
anumit punct al planului orizontal fata de
varianta cealaltd, care este mai pufin
oscilantd, dar reuseste mai greu sa

stabilizeze pendulul in pozitia

ref *
Totodata, se poate observa, tinand cont si
de Fig.10. - Fig.l1l., ca amplitudinea
oscilatiilor in  “Varianta 1” pentru
variabila pozitie pendul S este mai mica
decat in “Varianta 2” ceea ce inseamna cd
domeniul de atractie este ceva mai mare in
ultima varianta. Comanda este oscilantd cu
amplitudini mai mari 1n “Varianta 17, ceea
ce Inseamnd un efort de reglare mai mare
in sensul stabilizdrii §i a pozitionarii
pendulului in plan orizontal si totodatd
mentinerea lui in echilibru Vertical-Up. In
Fig.12. Fig.13. se poate vizualiza
raspunsul la diferite variatii treapta pentru
variabila «,, si se constatd cd variatiile

treaptd sunt urmadrite mai bine Tn ‘“Varianta
17, dar efortul de stabilizare este mult mai
mare fatd de cazul celalalt.

pendulum designed vertical_Up position in
both cases, it is considered proportion "=
5" or "=1" in the matrix Q.

The first Version, although oscillating
pendulum stabilizes better in some point in
the horizontal plane to the other version,
which is less oscillatory, but manages
more difficult to stabilize the pendulum in
position ¢, .
Also, you can see taking into account and
Fig.10. - Fig.11., the amplitude of the
oscillations in the "Version 1" for the
variable pendulum position is less than the
"Variant 2" which means that the
attraction is slightly larger the last version.
Command is oscillating with amplitudes
greater "Version 1", which means a higher
control effort in the sense of stabilization
and positioning horizontal pendulum and
also maintaining the equilibrium of
vertical_Up.

In Fig.12 - Fig.13 can view different
response to step variations the variable

a and it is found that changes are

ref >
tracked better step in "Version 1", but
stabilization effort is much higher than for
the other.

The final conclusion is that, because the
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Concluzia finald este cd datorita faptului "Rotary Inversed Pendulum" is an
ca sistemul “Pendul Invers Rotativ”’ este underactuated system, primarily task is
un sistem subactionat, taskul prioritar este keeping it in equilibrium Vertical_Up, then
mentinerea lui in echilibru Vertical_Up, made a compromise between maintaining
dupa care se realizeazd un compromis intre steady-state  pendulum's position and
mentinerea starii de echilibru a pendulului positioning vertical_Up a desired point in
in pozitia vertical _Up si pozifionarea lui the horizontal plane.

intr-un punct dorit din planul orizontal.
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