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Fig. 2, Control of the pendulums using the
proposed direct adaptive decentralized technique.

e )

3, Control of the pendulums using the proposed
indirect  adaptive decentralized technique.
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Abstract: - Tn this paper, stable direct and indirect decentralized adaptive fuzzy controls are proposed for a
class of large-scale nonlinear systems with the strong interconnected. The feedback and adaptive
‘mechanisms for each subsystem depend only upon local measurements to provide asymptotic tracking of a
reference trajectory. In both approaches, the proposed controllers are used to approximate the unknown
subsystems. In addition, each subsystem is able to adaptively compensate for interconnections without
known bounds. Simulation results are given to illustrate the tracking performance of the proposed methods.
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Adaptive Control

The Aircraft Wing Rock Regulation Problem

Aircraft wing rock is a limit cycling oscillation in the aircraft roll angle ¢ and
roll rate 6. If 5, is the actuator output, a model of this phenomenon is given

by

é

where a;, i = 1,2,3,4,5, and b, are constant but unknown. We assume that
we know the sign of b. Choose the state vector z = [z1, ;.25 with 2, = 6,
23 =p =0, and z; = 6. Suppose that we use a first order model to represent
the actuator dynamics of the aileron (the control surface at the outer part of
the wing). Then we have

=16+ 026 + 28" + 6% + 0507 + bia

s o=z
By = oz +aars +ayrd + ari + asziod + bry
8 = -lmely

Tty
y=a

‘where u is the control input to the actuator and 7 is the aileon time constant.
For an angle of attack of 21.5 degrees, a = ~0.0148027, az = 0.0415424,
a; = 001668756, as = —0.06378382, a5 = 0.08578836. Also, b = 15 and
7= & Take these as constant nominal values that you do not know. Suppose,
however, that you know that b € [1,2] and 7 € (3. 7). Also, assume that
you know that there is a constant but unknown gain that multiplies the input
u (L., assume that you know it is not a nonlinear function of z); however,
suppose that you do not know that the particular plant nonlinearities are of the
form indicated above, or thut the parameters appeer s they 4o (1., 4o ot use
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the fact that they enter linearly).

Suppose that you want the output y(t) to track the reference signal Y, (t)
that is zero, and has all its derivatives identical to zero, for all time. Assume
that you have sensors to measure y, §, and § (for the simulation, we will use
the above model to simulate the sensing of all these valucs, and in particular,
use §j = a16 + 420 + a3® + 16°6 + as66* + b to simulate the sensing of ).
We will use 2(0) = [0.4,0,0] T in all our simulations.

Indirect Adaptive Controller Development and Results

The relative degree is d = n = 3. Assume that ax = G = 0 50 that we
assume that we have o special information about the form of the underlying
nonlinearities. Next, we need to find a fy > 0 and later for the direct adaptive
controller a §; > By such that fy < 5(x) < Bi. We use 5 = 10 and 3, = 40.
After a bit of tuning, we chose ky = 100, &, = 20, and 5 = 2. Also, we tuned
the adaptation gains to get. fast enough adaptation to meet the objectives. In
particular, we used 7, =15 = 2.

To design the approximators that we need, we first note that since we assume
that we know that b is an unknown constant, we can simply use a constant to
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estimate it (i.e., an affine approximator with only the constant term). To keep
things simple, this is what we will do. We use projection to make sure that
the estimate of b stays in the proper range. To estimate the a term, we will
use a Takagi-Sugeno fuzzy system but as an input to the premise terms, we
will only use 21 and 2 (key system variables where nonlinearities enter), while
we will use all three state variables as inputs to the consequent (we are trying
to avoid problems with computational complexity). We placed the centers of
the membership functions on the two universes of discourse at 2, 0, and 2,
with the spread values all equal to 2, and used all possible combinations of rules
50 we get R = 9 rules. This means that we will tune 36 parameters for our
approximator. We chose W,, = 001 (simply a guess) and Ws = 0 (since we
know that ideally our approximator can succeed).

‘The results showing the quality of the tracking are shown in Figure 12.16.
There, we also show the actuator output. Notice that we get fast tracking. Next,
see Figures 12.17 and 12.18, where we show the time history of the parameters
that are used in the approximators. Notice that the parameters estimates move
significantly in the beginning, but reach a steady state.
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Figure 12.16: Wing rock controller results, roll angle.

Direct Adaptive Controller Development and Results

For the direct adaptive controller, we use all the same parameters as in the
indirect case but choose W,, = 0.01 and 7, = 2. For convenience, the controller
approximator structure is implemented using the same approximator structure
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Figure 12.20: Wing rock controller results, 6,..

of the methods. See the “For Further Study” section at the end of this part for
‘more details.




