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Feedback Control

 Maintain speed prediction at different battery levels

ECE4960 Fast Robots




Feedback Control

 Maintaining speed prediction at different battery levels
 Mapping: evenly spaced out sensor readings
e Path execution: adhere to generated path plans

location
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PID control

u(t) = Kpe(t) + K,f e(t)dt + Kp

actuation signal
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Heavily inspired by a
Matlab Tech Talk:
Understanding PID Control
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PID control

e Soccer field example
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PID control

e Drone example
controlled variable

set point 4 “output”

—( ) Kp — >
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PID control

—> Integrate

e Drone example
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PID control

Drone example
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PID control

Drone example
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Real Systems are not linear!

set point *

—1 Kp d/dt
— K| f
K, P

actuator

process

output
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Real Systems are not linear!
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Real systems are not linear!

e Drone example
e “Integral wind-up”
e Clamping +

set point -

output
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Real systems are not linear!
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PID and Sensor noise

—1 Ky 2 d/dt
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PID and Sensor noise

e Derivatives amplify HF signals more than LF signals

N A~ ,

/ d/dt t /d/dt

A magnitude

y(t) = Asin(w_t+¢@.) + Bsin(w,t+¢,) + ... >

dy(t)/dt = Aw_sin(w_t+¢_+90°) + Bw,sin(w, t+¢ +90°) + .... 1rad/s

e if w,>1rad/s, the amplitude will increase
e if w,<1rad/s, the amplitude will decrease
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PID and Sensor noise
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PID and Sensor noise

N 24 i
— —_— — u
Y N(u S) Y 1+%
y+—X=Nu Y N
S u 1+N;
Time Laplace
d
dt S
[a
S
s N 1 1
1%t order LPF <& _%5+1_TS+1

~/ ECE4960 Fast Robots

error

LPF

S+N

Derivative

SN

S+N

| =

17



PID
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Tuning PID control

system
v

well-behaved?

no
L—\__~ advanced control
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system model ]
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Tuning PID control

e PID on turning speed

e Equations of motion F =ma
c =g =1
— 9 T=1X
. T =16
u—6c=10
i —9c+1
setpomt+ PID —> Y R I I
- 0 1] 0
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https://tinyurl.com/y67glgzk

Tuning PID control

system
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Tuning PID control

Chien, Hornes, and Reswick method

e Rasponen

gyr [deg/s]

o —— ]

0.6
time [s]

M 1 | 1

Al A =] 5.5 = 3. [ = Hrirma |i-=-!.l 5 10 10.5% 11 11.% 12 12.5
Fig.7. Open loop response of CHR method

Table.11. CHR Compensator

gyr [deg/s]

Tvpe of controller K,

06T/TKsg

time [s]
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Tuning PID control

system
v

well-behaved?

no
L—\__~ advanced control
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Cascaded Control Loops

+
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Discrete PID Control

+

———>O——) PID —> plant —1 >
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