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Bölüm 1

Giriş ve tanımlar



Dinamik sistemler ve kontrol - Tanımlar

dinamik sistemler:
hareket eden sistemler

kontrol: sistemlerin istenen şekilde
davranmasını sağlamak

otomatik kontrol: dinamik sistemlerde
otonom davranış tasarımı



Kontrol uygulamalarına örnekler (1/2)

taşıtlar

robotlar

elektrikli/elektronik
cihazlar

ulaşım sistemleri

altyapı ağları

kimyasal tesisler



Kontrol uygulamalarına örnekler (2/2)

humanoid robot

otonom araç

quadrotor

endüstriyel robot

quadruped robot

uçurtma-dinamo

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 alanları

Kaynak: Otomatik Kontrol Bölümü, Lund Üniversitesi, İsveç

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


Kontrol - Örnek: Oda sıcaklığı



Kontrol sistemlerinin yapısı
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Teori



Bir boyutlu fark denklemi

x(k + 1) = ax(k) x(0) = x0

x ∈ R k ∈ Z a ∈ R x0 ∈ R

benzetim:

x(1) = ax(0)
x(2) = ax(1)
x(3) = ax(2)

...



İki boyutlu fark denklemi

x(k + 1) = Ax(k) x(0) = x0

x ∈ Rn k ∈ Z A ∈ Rn×n x0 ∈ Rn

benzetim:

x(1) = Ax(0)
x(2) = Ax(1)
x(3) = Ax(2)

...

A =
[
0.12 −0.53
0.53 0.66

]



Özdeğerler, durum yanıtı, kararlılık

örnek 1: x(k + 1) = Ax(k) A =
[
0.38 −0.19
0.19 0.96

]
özdeğerler: λ1 = 0.4559 λ2 = 0.8917

|λi| < 1 (i = {1, 2}) ⇒ asimptotik kararlı



Özdeğerler, durum yanıtı, kararlılık

örnek 2: x(k + 1) = Ax(k) A =
[
0.70 −0.25
0.25 0.95

]
özdeğerler: λ1 = 0.83 + 0.22j λ2 = 0.83 − 0.22j

|λi| < 1 (i = {1, 2}) ⇒ asimptotik kararlı



Özdeğerler, durum yanıtı, kararlılık

örnek 3: x(k + 1) = Ax(k) A =
[
0.95 −0.29
0.29 0.95

]
özdeğerler: λ1 = 0.95 + 0.29j λ2 = 0.95 − 0.29j

|λi| = 1 (i = {1, 2}) ⇒ (marjinal) kararlı



Özdeğerler, durum yanıtı, kararlılık

örnek 4: x(k + 1) = Ax(k) A =
[
1.29 −0.34
0.34 0.95

]
özdeğerler: λ1 = 1.12 + 0.29j λ2 = 1.12 − 0.29j

|λi| > 1 (i = {1, 2}) ⇒ kararsız



Kontrol ile kararlılaştırma

örnek 5: x(k + 1) = Ax(k) + Bu(k), u(k) = −Kx(k)

A =
[
1.29 −0.34
0.34 0.95

]
B =

[
0.34
0.05

]
K =

[
3.1 0.61

]
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Dinamik sistemlere örnekler



Çeşitli disiplinlerden örnekler

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

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


Mekanik denge sistemleri

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

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


Araç hareketi için bisiklet modeli

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

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


Avcı-av sistemleri

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

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


Hava taşıtlarında vektörlü itki

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

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


İnternette çok aşamalı ağ sistemi

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

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


Termoakışkan sistemleri

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

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


Tedarik zinciri

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

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


Biyolojik devreler

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

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


Karayolu trafiği

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

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



Kontrol sistemi (oda sıcaklığı)



Kontrol sistemi (genel)



Dinamik benzetim (simulation)

verilenler: dinamik model (A, B), başlangıç koşulu x(0), giriş
yörüngesi (u(0), . . . , u(K − 1))

problem: durum yörüngesini (x(1), . . . , x(K)) hesaplamak

bağlantılar: Dynamical system, Dynamical system simulation

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


Geribeslemeli kontrol (feedback control)

verilenler: dinamik model (A, B), tasarım belirtimleri
(design specifications) (kararlılık, başarım, dayanıklılık vb.)

problem: kontrolörü (Fc(·) fonksiyonunu) tasarlamak

bağlantılar: 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)

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

problem: durum kestiriciyi (Fse(·) fonksiyonunu) tasarlamak

bağlantılar: 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 tanıma (system identification)

verilenler: ölçüm yörüngesi (y(0), . . . , y(K)), giriş yörüngesi
(u(0), . . . , u(K)), gürültülerin (w(k), v(k)) istatistikleri

problem: dinamik modeli ve/veya parametrelerini hesaplamak

bağlantılar: 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


Diğer bazı yöntem sınıfları

▶ yörünge planlama (trajectory planning): dinamik model
biliniyor. problem: istenen koşulları sağlayan durum
yörüngesini (x(1), . . . , x(K)) hesaplamak

– bağlantılar: Trajectory optimization, Motion planning
▶ tasarım optimizasyonu (design optimization) problemi:

tasarım belirtimlerini sağlayan dinamik modeli ve/veya
parametrelerini hesaplamak

– bağlantılar: 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
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Uygulamalar



Araç hız sabitleme kontrolü

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

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


Yük trenlerinde hız kontrolü

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

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


İnternet sıkışıklık (congestion) kontrolü

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

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


Atomsal kuvvet mikroskobu

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

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


İnsülin-glukoz dinamikleri

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

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


Gürültü bastırma

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

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


Otonom araçta ağ bağlantılı kontrol

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

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


Karayolu trafiği akış kontrolü
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