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Important concepts, symbols. and equations

7 = M6 + mgr cos 6 + bf
T = M6+ h(0,0)

Proportional-Integral-Derivative (PID) control

T = Ky0. + K; / 0. (t)dt + K40,
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Important concepts, symbols, and equations (cont.)

arm
dynamics
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Important concepts, symbols, and equations (cont.)

Setpoint PD control, g =0

T = Kpb +X/ t)dt + Kq6.

T—M9+m\x7“0089+b9 D K
96 | 96 | er:()
6g = 84 = 0 M M
. . : U st .5
M6 + bl = ere + K40 L 2/ K, M s M

For what gains
are the error
dynamics stable?
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Important concepts, symbols, and equations (cont.)

Setpoint PD control, g # 0

r = K,0, +X\/ (t)dt + Kqb.

7 = M6 + mgr cos 6 + bd

04 =04 =0

M6, + (b+ Kd)ée + K,0. = mgr cosf

Nonhomogeneous.
What is the steady-
state error?
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Important concepts, symbols, and equations (cont.)

control terms

1@

0. PD control
I steady-state
error
: l
0 5 10 I
time (s)
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Important concepts, symbols, and equations (cont.)

Setpoint PID control, g # 0

T = K,0, +K/ dt+Kd6’e

T:Mﬁ—l—bé

6.0 T dist

M9 —|—(b+Kd)9 +K9 +K/ dt—lest

MO + (b+ Kq)b. + K0, + Kif. = 0

b+ Ky K, K;
3 24 p N _
S” + M -|-M8-|-M 0
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Important concepts, symbols, and equations (cont.)

Im(s)

root locus for
K,, K, constant
and K increasing
from zero

Re(s)

Kd > =)
Kp > 0
(b T Kd)Kp
K;
M > > 0

4 )
K. improves steady-state
response but can worsen

\the transient response.
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Important concepts, symbols, and equations (cont.)

control terms

0. PD control

PID control
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Important concepts, symbols, and equations (cont.)

What about tracking general trajectories, not just setpoint control?

commanded 9

|

A
[
=M (9d -+ Kpge + Kz /Hedt + Kdé@) + h(g’ 9)

0, =0,—0

Ao = —Kq40. — K0, — K, f fdt

0 + K40, + K0, + K;0. =0
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Important concepts, symbols, and equations (cont.)

Computed torque control (feedback linearization)

T — M(@) (0d + Kpge + Kz / Qe(t)dt + Kdée) + B(Ov 9)

O

. -+ 0. PID éfb 9 ~ .. + T arm 0, 9
9d7 gd ’ (;) controller _|_® M(G)H _>_|_®T dynamics

for a single joint B(e ; 9) - 1
or multi-joint
robots
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Important concepts, symbols, and equations (cont.)

PID_~ comp torque PID
- =~ desired comp torque
[T2dt T
ft
4 0 1 2 3 4
time (s) time (s)
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Important concepts, symbols, and equations (cont.)

Task-space computed torque control

fb = A(@)Vb + 77(97 Vb)
dynamic model:  {A, 7}

T = M(Q) (9d + ere + Kz / eedt + Kdée) + 71(9, 9)

-

G

What if your dynamic
model is poor?

~

/}-b = ]\(9) (Vd + Ky, Xe + K; /Xedt + Kdve) + n(0, V()
[ Xe] = log(X 1 Xy)
Ve —_ [AdX—le]Vd - Vb
\.T = J5 (0)Fs )
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The characteristic equation of the error dynamics are
$°+ 25t 4+ 82 +252+45s+2=0

Write the error dynamics in the form x = Ax. Determine if the system
Is stable. (Use any software you want.)



