


Lecture E.

A Class of Computed - Torque Like Control

Mq t 4 tia = τ ①

τ= 1 iqa -" t " ②
↓

_ y

Computed-torque Control N
= V+

Problem : 1. M/N may not be known

2. Computing M/N is slower

than action time of robots

If so
,

we propose

Computed-torque like control

Ic = MCqa - u) t ' ③



Option 1 :

PD-Plus-Gravity Control

set m = 1
,
N = <19) -24l

U = -kve -ape

Put O into ⑤ to yield

Tc = I ( q@ tkoe thpe) t Gq) - qq

we prepeTass
⑤

stabilitykingー
Lyapunov Stability

Select V(Xce) , if
0 V() 30 , iff x to

=

② Vc) = 0 , iff X = o

③ vix) so , for all XO,



Then the dynamics ((x, X) is stable,

Example,
り (t) tyit) ty(t) = 0

= =

To study Lyapunov stability,

we find state-space system by

x=Y ⇒
YnE X2

lxn = y Xi = か-u

感に品に]
Select Lyapunov function( U (×) = 글 ( x. + xi )

Then O and ② conditions hold.



㎡ ( x ) ==+響ㄴ
= xxi t Xrxi

ニか 。+ Xv(-*、-_)
二 -xi

U (x) = - Xi < o
, for Xuto

The condition & holds ; the1)
is stable , (2) -> 0 as time ->X



To prove to stablizing robot

dynamics , we use Lyapunor stability

theory by selecting

V = icqinqte
「

kpe)

Theorem
·
Suppose PD-plus-gravity control

is used in arm dynamics, and Ia = 0, ga=
_

_

Then e=92-9 -> 0 as + ->X.

Proof : Mij + V1g , 9) + h(g) = Ec D

we have Ex= Kre +ke + h(g) ⑫
Puti in i to yeeld

µ q
"

t U t acq ) =kvetkpethal
…



Select Lyapunov function v

Ucqie ) = { (
q

「
悲

。 te
「

。

O U (e) >o
, it joy to

② Vige) = 0
, iff ( = 0

③
,
U ( q ,e) < o ,

0 =Ʃ ( qTnq + qTiq + qTuq

t eTkpe te
「

kpe)
= 亡 (2 q

” 「

nqtqTiiq
+ 2 ekpe) @



Because of e = ga = q /
ニー q

Then we have

¿ = (=聖 9 tqTiq

- 2 q
「

kpe)
Recall that

nq " to =krithpe
hi =koithpe -0国 ( 「



¿= ( i
「

ko + _U 「)q

+ qTnq - 2q
= ëTkvq- vTq

=

t iqTiiq

ニ -
e

「kre ー (v^q一
ニ - eTkue

0 iff eto



Classical Joint Control

τ= M ( qa -u ) t 心

Select n = I
a- qain

nM =- qà →

computed-torque
Like controllers

Then,
τ= I [ qa - uD - qa

= - µ

PD Control :

u = - kve -kpe

E = kve tkpe



Simplified Motor Dynamics

J ¤ TB = U
- w

J

, B constant

θ motor angle
ucontrol input

ω disturbance

Assume Öd =o
,
Ön =0

,
8a = 8

e = Od - θ

℃ = - 0

e = 一 0



Put I ," into motor hynamics to yield

J (- ℃ ) + ( -Be ) = -kve -kpe -w

Je + (B-krje-pe = w@

Laplace transform (ignoring initialeditions)
5 Jels) + 1 - kv)sels) -Kels)=wil

( S~ J +B (Ko ) s -kp ) eis ) =ωis

幾二sた
DUS ) = JST B-KU)C S - kP √

1 The roots of N(s) represents the

poles of closed-loop system D.



2) If all poles are negative, them

syseem is stable , i
.

e
., e->> 0

ist
ー Kp 20

ㅣ 썹- ー 40 -> B-ku > o

=>
kpco

ㅣ ko < B //


