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Frequency domain

• 이제는 ‘주파수’를다룬다.
• 주파수가왜중요하죠?

• EE history..
• 제어공학은왜등장했는가?
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Frequency domain

•앞부분에서의 input은 step, ramp, … 
• 명시적으로 ‘진동수가있는 input’에대해다룬적이없음

• Input이진동하고있을때는어떤일이일어나는가?
• 공진…
• BIBO stability



Frequency domain

•진동하는 input
• sin 𝜔𝑡

• 𝜔
𝑠2+𝜔2

• Stable System을다음과같이가정한다면 𝑅𝑒 𝑝𝑖 < 0
• 𝑎1
𝑠−𝑝1

+ 𝑎2
𝑠−𝑝2

+ 𝑎3
𝑠−𝑝3

+ ⋯



Frequency domain

𝑌 𝑠 = 𝑈 𝑠 𝐺 𝑠 =
𝜔

𝑠2 + 𝜔2 ×
𝑎1

𝑠 − 𝑝1
+

𝑎2
𝑠 − 𝑝2

+
𝑎3

𝑠 − 𝑝3
+⋯

=
𝑘1

𝑠 − 𝑗𝜔
+

𝑘2
𝑠 + 𝑗𝜔

+
𝑏1

𝑠 − 𝑝1
+

𝑏2
𝑠 − 𝑝2

+
𝑏3

𝑠 − 𝑝3
+⋯

→ ℒ−1 𝑌 𝑠 = 𝑘1𝑒𝑗𝜔𝑡 + 𝑘2𝑒−𝑗𝜔𝑡 + 𝑏1𝑒𝑝1𝑡 + ⋯

𝑘1, 𝑘2 =?
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Frequency domain

•결국 input 𝑈 𝑡 = 𝐴 sin 𝜔𝑡 시스템의 TF가 𝐺(𝑠)라면

• 𝑌 𝑡 → ∞ = 𝐴 𝐺 𝑗𝜔 × sin 𝜔𝑡 + ∠𝐺 𝑗𝜔

• 𝑡 → ∞일때는 𝐺 𝑗𝜔 = 𝑮 𝒋𝝎 𝑒𝑗∠𝑮(𝒋𝝎)만상관이있다!
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Bode plot

• 𝑡 → ∞일때는 𝐺 𝑗𝜔 = 𝑮 𝒋𝝎 𝑒𝑗∠𝑮(𝒋𝝎)만상관이있다!

• 남은변수는 𝜔뿐…

• 𝜔에따라 𝐺 𝑗𝜔 와 ∠𝐺(𝑗𝜔)를그리자!

Magnitude phase



Bode plot-dB

• 𝜔에따라 𝐺 𝑗𝜔 와 ∠𝐺(𝑗𝜔)를그리자!
• 그런데.. 𝜔는너무넓은데..?    -> log 스케일로그린다.
• 그럼크기도로그로그려야하는거아닌가? -> 맞다.
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Bode plot

• Bode plot of 𝐺 𝑠 = 1
𝑠+𝑎
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Bode plot

• Bode plot of 𝐺 𝑠 = 𝑠+1
0.1𝑠+1
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Bode plot

• Bode plot of 𝐺 𝑠 = 1
𝑠
𝜔𝑛
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Bode plot

• Matlab command


