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Feedback Control
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• Maintain speed prediction at different battery levels
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• Maintaining speed prediction at different battery levels
• Mapping: evenly spaced out sensor readings
• Path execution: adhere to generated path plans
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𝑢𝑢 𝑡𝑡 = 𝐾𝐾𝑃𝑃𝑒𝑒 𝑡𝑡 + 𝐾𝐾𝐼𝐼 �
0

𝑡𝑡
𝑒𝑒 𝑡𝑡 𝑑𝑑𝑑𝑑 + 𝐾𝐾𝐷𝐷

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑑𝑑

Heavily inspired by a
Matlab Tech Talk: 

Understanding PID Control
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• Soccer field example
controlled variable

“output”
KP
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distance walking speed

time time

set point
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• Drone example
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• Drone example
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• Drone example
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• Drone example
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Real Systems are not linear!
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actuator process

backlash, brake constraints, saturation, etc.
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Integrator actuator
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Real systems are not linear!
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• Drone example
• “Integral wind-up”

• Clamping
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Real systems are not linear!
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• Integrator 
clamping
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“noise”:
• environment
• implementation
• defects
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• Derivatives amplify HF signals more than LF signals
y’

td/dt

y’

td/dt

y(t) = Asin(ωat+𝜙𝜙a) + Bsin(ωbt+𝜙𝜙b) + …

dy(t)/dt = Aωasin(ωat+𝜙𝜙a+90o) + Bωbsin(ωbt+𝜙𝜙b+90o) + ….

• if ωa > 1rad/s, the amplitude will increase
• if ωa < 1rad/s, the amplitude will decrease

magnitude

f

1rad/s
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• PID on turning speed
• Equations of motion

• 𝑥̇𝑥 = 𝜃𝜃
𝜃̇𝜃

• https://tinyurl.com/y67glgzk

𝐹𝐹 = 𝑚𝑚𝑚𝑚
𝜏𝜏 = 𝐼𝐼𝛼𝛼

𝜏𝜏 = 𝐼𝐼𝜃̈𝜃
𝑢𝑢 − 𝜃̇𝜃𝑐𝑐 = 𝐼𝐼𝜃̈𝜃

𝜃̈𝜃 =
−𝜃̇𝜃𝑐𝑐
𝐼𝐼

+
1
𝐼𝐼
𝑢𝑢

𝜃̇𝜃
𝜃̈𝜃

=
0 1
0

−𝑐𝑐
𝐼𝐼

𝜃𝜃
𝜃̇𝜃 +

0
1
𝐼𝐼
𝑢𝑢-

set point yPID+

sensor

𝑥̇𝑥 = 𝐴𝐴𝐴𝐴 + 𝐵𝐵𝐵𝐵

https://tinyurl.com/y67glgzk
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• Chien, Hornes, and Reswick method
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Cascaded Control Loops
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PID
+

-
actuator

encoder

PID drone
+

-

Barometer



Discrete PID Control
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PID
+

-
plant

sensor

𝑐𝑐 𝑠𝑠 = 𝐾𝐾𝑃𝑃 + 𝐾𝐾𝐼𝐼
1
𝑠𝑠

+ 𝐾𝐾𝐷𝐷
𝑁𝑁

1 + 𝑁𝑁1
𝑠𝑠

𝑐𝑐 𝑧𝑧 = 𝐾𝐾𝑃𝑃 + 𝐾𝐾𝐼𝐼𝑇𝑇𝑠𝑠
1

𝑧𝑧 − 1
+ 𝐾𝐾𝐷𝐷

𝑁𝑁
1 + 𝑁𝑁𝑇𝑇𝑠𝑠 1

𝑧𝑧−1
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