


. h
For this example, k =1 = 2, ¢, = [ Lyh ],
h [ 6
| Lyh | 01
V= p | 6 - bo
Lysp 02

Hence, no coordinate change is needed and thus (21) reads

6,7 [0 171[6:] 0 B
G-l ]la e [a] e e
with
1
¢2:Lf+gth:— (Cl+—61’2—7'1).

24 ¢y 2
This means that ¢o = ¢2 (61,62, 71) = ¢2(y, 00, 71) and hence

HEIt F sk
] w-a

with [y, Iy > 0, is the desired observer with linear error dynam-
ics. The estimation of A is then

< 1s 1 - 1 . 1
A= 501 sinfy — 3 cosf + 1 cos(fy + 6o) + ST T T2
5.2 Case (b)

The constraint equation p(f) = 0 is with p =
lici + laci 2 — lp and the associated Jacobian is F =

[ —lis1 — 3812, —l2s1 |. The map (25) becomes
h 9_1
= L¢h | 0,
B p B licp + 1201:2 -l ]
Lyp —(licr + lac1 2)01 — lacy 26

which is injective because from [ p ] =0, 65 and 92 are

L f P
determined as

9- . (1181 + 128172)91
g = —~n L ETET

lo — 1101
- 4,
Iy ! 1281,2

6 = arccos
namely 62 = 71 (y), 6y = Y2 (y, 01) Thus, if 6, is an asymp-

totic estimation of 1, so is Y2 (y, él) for 6.

As in case (a), no coordinate change is needed and (25) remains
valid but ¢ becomes ¢ = (01,605,601, 62, 71, 72) which has
a long expression and hence omitted (the same is true for A =
A(61,605,601,02,71,72)). An observer for reconstructing 6 is

given by
_Jor)fo,
10 0 6,
0

0
2

l ¢2(Z/’71(y)7W2(yaél),71772) ] " [ aly

with I3, > 0 and a > 1. Clearly, an asymptotic estimation
of Xis A = A(y, 71 (1), 72(y, 61).

6 Concluding remark

This paper has considered observability and observer design for
a class of dynamic systems described by a set of differential-
algebraic equations. The fundamental assumption imposed on
the systems is closely related to regularity of descriptor sys-
tems and properness of the descriptor vector with respect to
the input. According to the established analysis of observabil-
ity and observer designs for linear descriptor systems, at least
theoretically, the class of nonlinear descriptor systems covered
in this paper is very limited. Nevertheless, a broad range of
constrained mechanical systems belong to this class of nonlin-
ear systems. The treatment in this paper can be considered as
an extension of the method adopted in [10] dealing with linear
mechanical systems with constraint.
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