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Controls	Introduction



Last	week…

Open	loop	modeling:	Given	some	inputs	𝑢[k]	and	
the	current	state,	how	does	the	system	behave?

𝑥⃗[k+1] = 𝐴𝑥⃗[k]+ 𝐵𝑢[k]
	𝑦⃗[k] = 𝐶𝑥⃗[k]

𝑥⃗[k] = 𝑑
𝑣 , 𝐴 = 1 𝑇𝑠

0 1 , 𝐵 = 𝑏2
𝑏3

, 𝐶 = 𝐼

Open	Loop	System
(A,	B,	C)

𝑦⃗[k]𝑢[k]
2x11x1



CLosed Loop	System
(AClosedLoop,	 BClosedLoop,	CClosedLoop)

𝑦⃗[k]𝑣567[k]

This	week

Controlling	the	car	through	a	closed-loop	controller

Desired	𝑦[k]

Open	Loop	System
(A,	B,	C)

Controller	
(F)

𝑦⃗[k]
+

-
𝑣567[k] 𝑒[k] 𝑢[k]
2x1 2x1 2x11x1

Concept	check:	what	is	the	size	of	matrix	F?



𝑒[k]	 = 𝑣567[k]	 − 𝑦⃗[k]
𝑢[k]	 = 𝐹𝑒[k]	 = 𝐹(𝑣567 [k]	 − 𝑦⃗[k])

𝑥⃗[k+1] = 𝐴𝑥⃗[k]+ 𝐵𝑢[k]												
= 𝐴𝑥⃗[k]+ 𝐵𝐹(𝑣567 [k]	 − 𝐶𝑥⃗[k])

																											= (𝐴 − 𝐵𝐹𝐶)𝑥⃗[k]+ 𝐵𝐹𝑣567 [k]

Closed	Loop	Controls

Open	Loop	System
(A,	B,	C)

Controller	
(F)

𝑦⃗[k]
+

-
𝑣567[k] 𝑒[k] 𝑢[k]

From	open	 loop	equations

𝐴>?@A6BC@@D 𝐵>?@A6BC@@D

𝑦⃗[k] = 𝐶𝑥[k]



Stability

𝑥⃗[k+1] = (𝐴 − 𝐵𝐹𝐶)𝑥⃗[k]+ 𝐵𝐹𝑣567 [k]

• How	do	we	make	this	system	stable	given	
some	constant	input	𝑣567 [k]?

• Think	of	eigenvalues…

𝐴>?@A6BC@@D 𝐵>?@A6BC@@D


