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Fig. 3. Definition of image position error in screen coordinate.
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Fig. 2. Coordinate frames



Rigid robot manipulator:
M(q)j+C(g,9)g + G(g) = 7

Output (in pixel coordinates)
y =ae "’[k(q) — 1] + 9

where k(q) are the direct kinematics and

J = and therefore e /¢ =

We also use the Jacobian J(q) = 6’;51‘1).




‘ Control Problem I

M(q)§+Clq,9)i+G(q) =T

Y = ae_m[k(q) — Y1) + 9

Assume g, ¢ and y available for measurement.
a, U1, ¥2, 8 unknown.

Find controller that yields y — yq4 (fixed point).




‘ Assumptions I

Problem solvability Exists (unknown) ¢4 such that

ya = ae”7?[k(qq) — 91] + V2

Nomnsingularity at desired configuration For unknown gg:

det 7 (gqa) # 0




‘ Solution for known 6 I

Proposed controller

T =G(q) — Ka¢— T(q)Te!’ K,

Wheregzy—yd,Kp:Kg>0,Kdeg>0.

Remark: K, < fi(¢) and K, < f2(9)

where f(x) = Kz, f(z) = K Tanh(Lz), etc.



Closed-loop system
(Q)Tengpg =0
e "?1k(q) — k(ga)]
Lyapunov function

1

. . N .
Vig,q) = §qTM (9)¢ + EyTpr

Differentiating along closed-loop:

v —¢"Kag— " T(@) e’ Kyg + ¢7 T (q)T e’ K,
—¢T K44

La Salle: ¥ — 0 (local, J(q) nonsingular).




‘ Unknown 6: a first attempt I

Adaptive controller might look like

r=G(q) — Kag— T(@)Te” K,

New Lyapunov function

.~ 1, A _ 1 .
V(Qa q, 9) — 5 TM(Q)q + ayTpr - ;(1 — COS 9)

where § = 6 — 6.
Question: Why (1 — cosf) instead of 27




1

-
A

V =—¢TK 4 — q'rTj(q)TngKpﬂ 4 qu(q)TeJBKpQ + ; sind - 6

qTJ(q)TeJOKpg o q-Tj(q)TeJ(Q—B)Kpg
q* T (q)T [cos 0T — sin§.J)e’? K,

Therefore using
0 =74"T(q)" Je" Ky
Results into
V=—4"Kag~ ¢" ()" " Kpj + cos 0" T (q) e’ Ky
To ’copy’ proof we are more glad when we have

V= —TKag— |iTT ()T e’ K,j| + cos 07 T (q) e’ K,




‘ Resulting adaptive controller I

G(q) — Kag — T(@)Te”’Kyg if ¢TT(q)Te’ K5 <0
G(q) — Kag+ T(9)Te’’K,5 if ¢TT(q)Te’K,5 >0

T =

b =TT ()T I’ K,




I Simulations I

System under consideration:

M(q)§+C(q,q)d+G(q) =T

2.3516 + 0.1676 cosgo  0.1019 4 0.0838 cos g5

0.1019 + 0.0838 cos g2 0.1019

—G2  —(g1 + g2)
q1 0

0.0838 sin go

38.4640sin q; + 1.8270sin(q; + ¢2)
1.8270sin(q1 + ¢2)




Output

where

a =1359.0, ¥ =

0.729

—0.481

l1sing; + lasin(q; + ¢2)
—lycosqy — Iz cos(q1 + q2)

?

I = 0.45,

lo = 0.55.




We use the controller

7 = G(g) — K4 Tanh(Lyq) £ J(q)7 e’ K, Tanh(L,7)

[1 cosqi + Io cos(q1 + Q2) I COS(Ql + Q2)

l1sing; + lasin(q;1 + q2) Il sin(q1 + ¢2)

tanh 1

tanh zo




Our paramater update-law is

-
A

6 = 4" T (g)" Je’" K, Tanh(L,7)

with v = 1.

We start from the initial conditions

30
32

- -

We want the output y to be steered to

320
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‘ An other try I

Problem: 6 does not appear linear.

However, sinf and cosf do

So, try to estimate p; = sin 6 and py = cos 8 using p; and Py and

'standard-approach’.

——— e

_ o _ cosf sind
Problem in proof: How to avoid singularity of S

—sinf® cosé




Apply change of coordinates:
—2 2 A in 6
p=1In (0089 + sin 6 ) 6 = arctan S,li._
cos 6

Then we have

’1

= G(q) — Kaj — T(g) e’ K,

M 4 5 ~
')qevsze‘pry

7 5

Yoe 2 PeJerg

Using

1 1 1 Y15 2 1 ~
V= _-¢'M '+—”TK“+—(eEP—-1) + —e"2”(1 — cosd
5 (0)4 + ~7" Ky o o ( )

Results into
V= ¢ K
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Concluding remarks I

Two different adaptive controllers have been presented for case

of unknown 6.

e Is a solution possible without switching/overparameterisation?

e Can ideas be used in problem of n-link manipulator in 3D?

How to tackle problem of unknown parameters that not appear

linearly?




