((v

Robot Control



Control

* Natural Systems
» PID Control
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Joint Space Control
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Resolved Motion Rate Control (Whitney 72)
X = J(8)06
Outside singularities

56 = J71(8)x

Arm at Configuration &

x = f(6)
OX = X4 — X
08 = J X

g" =0+ 96




Resolved Motion Rate Control
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Natural Systems
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Conservative Systems W—
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Natural Systems
k

Conservative Forces Mm—-
Z — X

d K. OK_ N

dt(a"x) X OX

mxX = F = —kx \
_i(lkXZ)

Potential Energy of a spring X 2

V =Work = | O(—kx)Jx:%kxz




Natural Systems
k

Conservative Forces Mm—-
Z — X

d K OK_ N

dt(a"x) X OX

Potential Energy of a spring

V =Work = | O(—kx)Jx:%kxz

mX':F:—kx\
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Natural Systems
k

Conservative Systems Mm—-
z — X

d JAK-V), AK-V)_ 1
_ —0 _ 1
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Natural Systems

Conservative Systems

m¥X+ kx =0

Frequency increases
with stiffness
and inverse mass

K

Natural Frequency @, = ,/—
m
X+w’x=0

X(t) =c cos(w t + ¢)

-




Natural Systems
k

Dissipative Systems W— Fiton

d (o"(K —V)) AK-V) _
dt dX 0~,X fricion

—pX
mxX +bx+kx =0

Viscous friction: f i ction



Dissipative Systems
k

é ////////Friction mX + bX + kX — O
. b K
X+—X+—x=0

M M
(/ X / X [ X
Higher b/m
J,\t ! t ) | t
Oscillatory Critically Over
damped damped b =9 damped
m




29 order systems
mX+bx+kx=0

. b . Kk
X+—X+—x=0
I I

/ \ y

20 a’n

T Natural damping ratio
G f_ b _ b
when n anm 2 /km

b/m=2w,

Critically damped system: ¢, =1 (b =2+vkm)



Time Response
y o P
X+2& w X+w x=0

Natural K - b Naturgl
w, = 1/_ ; Cr - damping
frequency n m n 9 \/m ol
x(t) = ce" " cos(w, A/1— 2t + @)
\ J
] X

"\ damped
Natural

/!\ """""""" - 1 / frequency

E -\
U W= 1~ &
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Example
K — X

W—b m=2.0

mx+bx+kx=0 b=48

what is the “damped Natural frequency” k=80
— 2
W= C{)n \/1_ gzn
b
= = = = 0.6

«w=2/1-036 =16




1-dof Robot Control
m —f mx = f
potential Field "]

V(X)>0,X % X, \/

V(X) =0, X = X, Xo X

V(X) = 2k, (x= %)% = -OV() = - 2

MX = —%[%kp(x—xd)z] : m>'</+kp(x— X,)=0

Position gain



Passive Systems (Stability)

Voon :lkp(x_xg)T (X_Xg)

2
d (GK\ oK _
dt\ ox / 0Ox
U f = a\/goal
0X

d (aK j 0 ( K _Vgoal ) B O Conservative Forces
dt \ ox 0X




Asymptotic Stability

d(aK) 0(K V) .
dt \ ox 0X >

is asymptotically stable if /F
F'x <0 ; for x20| _X

Fs - _kvx - k\/ >0

Control

F=-k (x Xgoal) -k X

a system




