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Control loop

measured system system
reference error input output

>? 4 controller

measured output

Sensor
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Components of a PID Controller

* Proportional term

up(t) = Kpe(t)

* Integral term t
ul(t) — KI_[ e(T)dT
0
* Derivative term de(t)
up(t) = Kp dt
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P-Controller
* steady state error
* medium rise time
» oscillates when reducing SSE and
v - rise time
151 %
T T
0.5
u(t) = Kpe(t)
0
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I-Controller
* no steady state error
* very long rise time
e oscillates when reducing rise time
Y
1.5 %
4 o s = o o oo e
t
0.5
u(t) = K; | e(r)dr
0
]
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Pl-Controller
* no steady state error
* medium rise time
e oscillates when reducing rise time
¥
151 %
] e T g g Npupepp ——
t
0.5
u(t) = Kpe(t) + K; | e(r)dr
0
]
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PD-Controller

* steady state error
* |owrise time

» oscillates when reducing SSE

151 %

de(t)

[

0 2 4 6 8 10 12 14 18 13 20 22 24 Time
PID Control Maximilian Machleidt S
30.11.2015




UH
j_i_.l
L2 ¥ Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

PID-Controller
d no Steady state error
* |owrise time

151 %

t
u(t) = Kpe(t) + K,f e(t)dt + Kp dz(tt)
0

0.5

F | a
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Tuning

parameter steady state error m oscillation

_ decrease decrease increase
eliminate small decrease increase
no effect no effect de-/increase

15

14 T

Tuning with trial and error: )
1. SetKp=K;, =K, =0 o [
2. Rise Kp until oscillation begins -
3. Rise K; until SSE is eliminated osf
4

Rise Kp until oscillation is eliminated

i I i i i I i
1] i z 3 4 5 13 7 ]

https://en.wikipedia.org/wiki/PID_controller
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Tuning

t
u(t) = Kpe(t) + K,j e(t)dt + Kp dil(tt)
0

With K; = 2 and Kp = Kp + T,

i

de(t)
dt )

1 t
u(t) = Kp(e(t) + Fjo e(t)dt + T,

l
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Tuning with Step Response Method

by Ziegler and Nichols

Controller | K T | Ty Ty
P 1/a 4L
PI 0.9/a | 3L 5.7L
PID 12/a | 2L | L/2 | 34L 1
a
e Simple System /

* Not optimal

* Too little process information
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Noise effects

* Derivative term sensitive to high frequency noise
— Low-pass filter

e Aliasing
—Analog low-pass filter

S
T -

1AV “‘4 N

T . Seite 14
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Setpoint Limitation

* Poor performance

 No effect on disturbance
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Back-Calculation

 Comparison of controller output and actuator output

* Additional feedback for integral term

—-h-—KTd
Pd‘dt
Actuator
€ = Kp v—--_/- u -
- Kp —n-@-- fdt —T
T;

Tt 2]
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Back-Calculation
integrator input: 1 Kp
—€st+—¢€
T, * T,
target: 1 Kp
—es+—e=0
T, ” T
error signal: KpT:
es = — e
S Ti
with e, = Uy, — V- KpT;
V= Uym + e
T;
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Back-Calculation

¥
1 ‘ - —_———
0.5 ¥
0 : . -
0 10 20 30

_[]E T T ] | -
0 10 20 30 [2]
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Practical application for a robotic arm

Arm with multiple links or elastic links is not linear

In an ideal system the type of actuator is not a factor

* P-term is always needed
e Rise I-term if the arm has to carry heavy weight
* Lower I-term if the arm tends to become instable

* Rise D-term if the arm has to react fast on changing target values and
disturbances

* Lower D-term if you have a noisy input
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Comparison to other approaches

PID Control Fuzzy Control

Analytical approach Imitates a human expert

Good for linear systems Suitable for non-linear systems

Sensitive to variations in system Does not need precise information about
parameters the system

better able to control and minimize the Not good to control steady state errors

steady state error of the system

Fast calculation Bigger computation effort
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