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Bolim 1

Giris ve tanimlar



Dinamik sistemler ve kontrol - Tanimlar

dinamik sistemler:
hareket eden sistemler

kontrol: sistemlerin istenen sekilde
davranmasinmi saglamak

otomatik kontrol: dinamik sistemlerde
otonom davranis tasarimi




Kontrol uygulamalarina drnekler (1/2)

tasitlar elektrikli/elektronik altyapi aglan
cihazlar

ulasim sistemleri kimyasal tesisler




Kontrol uygulamalarina drnekler (2/2)

humanoid robot quadrotor quadruped robot



https://www.youtube.com/watch?v=I44_zbEwz_w
https://www.youtube.com/watch?v=bjlT-6KVQ7U
https://www.youtube.com/watch?v=m89bNn6RFoQ
https://www.youtube.com/watch?v=cTXytsWyFxE
https://www.youtube.com/watch?v=TCDIirXfByE
https://www.youtube.com/watch?v=swZGvKiw0cY

Kontrol uygulama alanlar
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Kaynak: Otomatik Kontrol Bslimii, Lund Universitesi, isveg


https://www.control.lth.se/

Kontrol - Ornek: Oda sicaklig

| termostat referans
S ' wometr
S|cakI|g|

geribesleme |
I radyator

cevrimi

oda sicakhgi




Kontrol sistemlerinin yapisi
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Bolim 2

Teori



Bir boyutlu fark denklemi

x(k+1) = azx(k) z(0) =z
reR keZ acR zpeR

benzetim:
z(1) = ax(0)
z(2) = ax(1)

z(3) = ax(2)




iki boyutlu fark denklemi

x(k+1) = Az(k) z(0) = xg
r€eR" ke Z A e R™" ro € R"

15

—ml(k)
! —z2(k)
benzetim: 0
#(1) = Ax(0) T
x(2) = Az(1)
2(3) = Az(2) e

k

0.12 —0.53
A= [0.53 0.66]



Ozdegerler, durum yamiti, kararlilik

0.19 0.96
ozdegerler: Ay = 0.4559 Xy = 0.8917

ornek 1: x(k+1) = Azx(k) A= [0'38 _0-19]

|Ail <1 (i ={1,2}) = asimptotik kararli

durum yaniti faz portresi
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Ozdegerler, durum yamiti, kararlilik

0.25 0.95
ozdegerler: \; = 0.83 +0.225 Xy =0.83 —0.225

ornek 2: x(k+1) = Azx(k) A= [0'70 _0-25]

|Ai] <1 (i ={1,2}) = asimptotik kararli

durum yaniti faz portresi
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Ozdegerler, durum yamiti, kararlilik

ornek 3: x(k+1) = Azx(k) A= [0'95 _0-29]

0.29 0.95
ozdegerler: Ay = 0.95+ 0.295 Ay = 0.95 —0.29j

|IA\il =1 (i ={1,2}) = (marjinal) kararl

durum yaniti faz portresi
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Ozdegerler, durum yamiti, kararlilik

ornek 4: o(k+ 1) = Az(k) A= l1.29 —0.34]

0.34 0.95
ozdegerler: \; = 1.12+0.295 Xy =1.12 —0.29j

|Ail > 1 (i ={1,2}) = kararsiz

durum yaniti faz portresi

200 —xl(k)

-200




Kontrol ile kararhilastirma

ornek 5: z(k +1) = Az (k) + Bu(k), u(k) = —Kuz(k)

Ao l1.29 —0.341 B [0.341 K- [3'1 0'61}

0.34 0.95 0.05
durum yaniti girig yoriingesi faz portresi
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Bolim 3

Dinamik sistemlere ornekler



Cesitli disiplinlerden ornekler

Figure 3.13: Schematic diagrams for different disciplines

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Mekanik denge sistemleri

Figure 3.6: Balance systems

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Arac hareketi icin bisiklet modeli

Figure 3.17: Vehicle steering dynamics

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Avci-av sistemleri

Figure 3.7: Predator versus prey

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Hava tasitlarinda vektorlii itki

Figure 3.18: Vectored thrust aircraft

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Internette cok asamali ag sistemi

Figure 1.8: A multitier system for services on the Internet

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Termoakiskan sistemleri

Figure 3.19: Two thermofluid systems

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Tedarik zinciri

Figure 1.9: Supply chain dynamics

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Biyolojik devreler

Figure 3.25: Biological circuitry

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Karayolu trafigi

Figure 3.9: A simple model for a traffic light

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Bolim 4

Yontem siniflari



Kontrol sistemi (oda sicakligr)
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Kontrol sistemi (genel)

sureg dlciim
quralttsi durum lg[]r[]lt[.’ls[]
wik) ] siireg z(k)y y v(k)
girig Cz(k) + v(k)
u(k)
e u(k) ek
kontrolor (k)
Fe(y(k),r(k)) =




Dinamik benzetim (simulation)

giris surec¢
u(k) Ax(k) + Bu(k) |xz(k)

verilenler: dinamik model (A, B), baslangi¢ kosulu z(0), giris
yoringesi (u(0),...,u(K — 1))

problem: durum yériingesini (z(1),...,z(K)) hesaplamak

baglantilar: Dynamical system, Dynamical system simulation


https://en.wikipedia.org/wiki/Dynamical_system
https://en.wikipedia.org/wiki/Dynamical_system_simulation

Geribeslemeli kontrol (feedback control)

slre¢

A durum oleim
gurltasu ) — lgﬂrﬂltﬂsu
wiE) ] sireg e(k)y y (k)
Az(k) + Bu(k) dlgim
giris Cz(k) +v(k)
u(k)
y(k)  |eikis
kontrolér (k)
Fe(y(k), r(k)) f=eer

verilenler: dinamik model (A, B), tasarim belirtimleri
(design specifications) (kararlilik, basarim, dayaniklilik vb.)

problem: kontroléri (F.(-) fonksiyonunu) tasarlamak

baglantilar: Control system, Closed-loop controller, PID
controller, Model predictive control, Control theory


https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Closed-loop_controller
https://en.wikipedia.org/wiki/Proportional%E2%80%93integral%E2%80%93derivative_controller
https://en.wikipedia.org/wiki/Proportional%E2%80%93integral%E2%80%93derivative_controller
https://en.wikipedia.org/wiki/Model_predictive_control
https://en.wikipedia.org/wiki/Control_theory

Durum kestirme (state estimation)

slre¢

oleim
gurdltusi ) durum lgﬂrultijsu
wk) sureg z(k)y y v(k)
Cz(k) +v(k)
giris
u(k
&) durum y(k) _ Jeikis
kestirici -
Fse(y(k),u(k)) i(k) kestirimi

verilenler: dinamik model (A, B, C), giraltilerin (w(k), v(k))
istatistikleri

problem: durum kestiriciyi (Fy. () fonksiyonunu) tasarlamak

baglantilar: State observer, Kalman filter, Extended Kalman
filter, Moving horizon estimation, Estimation theory


https://en.wikipedia.org/wiki/State_observer
https://en.wikipedia.org/wiki/Kalman_filter
https://en.wikipedia.org/wiki/Extended_Kalman_filter
https://en.wikipedia.org/wiki/Extended_Kalman_filter
https://en.wikipedia.org/wiki/Moving_horizon_estimation
https://en.wikipedia.org/wiki/Estimation_theory

Sistem tamima (system identification)

SUreg Olgim
gurdltasu durum giiriiltasi
wlk) . z(k)yy v(k)
sure¢
olcim
giris
u(k) cikis
dinamik
model

I

tanima A, B,C

verilenler: dl¢iim yoriingesi (y(0),...,y(K)), giris yoriingesi
(u(0),...,u(K)), gurdltilerin (w(k), v(k)) istatistikleri

problem: dinamik modeli ve/veya parametrelerini hesaplamak

baglantilar: System identification, Nonlinear system
identification, Grey box model, Estimation theory


https://en.wikipedia.org/wiki/System_identification
https://en.wikipedia.org/wiki/Nonlinear_system_identification
https://en.wikipedia.org/wiki/Nonlinear_system_identification
https://en.wikipedia.org/wiki/Grey_box_model
https://en.wikipedia.org/wiki/Estimation_theory

Diger bazi yontem siniflan

» yoriinge planlama (trajectory planning): dinamik model
biliniyor. problem: istenen kosullari saglayan durum
yoringesini (x(1),...,z(K)) hesaplamak

— baglantilar: Trajectory optimization, Motion planning

» tasarim optimizasyonu (design optimization) problemi:
tasarim belirtimlerini saglayan dinamik modeli ve/veya
parametrelerini hesaplamak

— baglantilar: Design optimization, Multidisciplinary design
optimization


https://en.wikipedia.org/wiki/Trajectory_optimization
https://en.wikipedia.org/wiki/Motion_planning
https://en.wikipedia.org/wiki/Design_optimization
https://en.wikipedia.org/wiki/Multidisciplinary_design_optimization
https://en.wikipedia.org/wiki/Multidisciplinary_design_optimization

Bolim 5

Uygulamalar



Arac hiz sabitleme kontrolii

Figure 4.1: Block diagram of a cruise control system for an automobile

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Yik trenlerinde hiz kontrolu

Figure 1.20: Freight train trip optimizer

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

internet sikisiklik (congestion) kontrolii

Figure 4.12: Internet congestion control

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astréom, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Atomsal kuvvet mikroskobu

Figure 4.14: Atomic force microscope

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Insiilin-glukoz dinamikleri

Figure 4.19: Insulin—glucose dynamics

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Guriltu bastirma

Figure 5.20: Headphones with noise cancellation

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Otonom aracta ag baglantili kontrol

Figure 1.23: DARPA Grand Challenge. “Alice,” Team Caltech’s entry in the
2005 and 2007 competitions and its networked control architecture

Feedback Systems: An Introduction for Scientists and Engineers,
Karl J. Astrém, Richard M. Murray


http://www.cds.caltech.edu/~murray/books/AM08/pdf/fbs-public_24Jul2020.pdf

Karayolu trafigi akis kontrolii

giren U cikan
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