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~ Unknown disturbanceregjection

* Problem: Attenuation of unknown and/or variable stationary disturbances

 Solution: Adaptive feedback control

 Methodology: Based on the Internal Modd Principle
. Indirect adaptive control algorithm
. Direct adaptive control algorithm

* ODbjective: Computation of a controller with an adaptive internal model of the
disturbance

Rem:
Sationary disturbances models have poles on the unit circle

[ Hypothesis Plant model parameters are constant and known}
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. Closed loop system. Notations |

/ ld (t) \ p,(t) = gpggli >d (t) : deterministic disturbance
Np / Dp D, ® poleson theunit circle;d(t) =Dirac
Controller 0 Plant éiil(t) Controller:
u ] + Y+
Q| RIS =B/ AO— R(A*) =R(q™")H.(@™);
KT % S(@*) =S(q")>H(97).

Internal model principle: Hg(z1)=D(z?%)

output: y(t) = X4 )S(@) Xp,(t) = S (a7) P (1) y(t)_A(q Hs@DS @HN(@) | 1 d (t)

P P ©p@)

CL poles: P(q") = A(0")S(a ")+ z°B(a)R(Q™")
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fagnitudas [d8]

Internal Mode! Principle: Hy(z1)=D(z?) |

Controller without internal model
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" Indirect adaptive control |

Two-step methodol ogy:
1. Identification of the disturbance model, D (q ™)

2. Computation of the controller, considering H_(q*) = [3p(q'1)
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" Indirect adaptive control |
Example : Snusoidal (narrow band ) disturbance
Step | : Estimation of Dy
Sinusoid ® ARMA withn, =2: D (q")=1+d,q"+d q~;
N (0")=1+n g™
Output : y(t+1)=-d y(t)- d, y(t- 1) +n eft)+e(t+1),
where e(t) = gaussian w hite noise.

A priori predictor:  §O(t+1) =q' (t)% (t): A posteriori predictor: J(t +1) =q ' (t +1) 5 (t),
where q' (@) =[d, (1) dp © Ay O]
frR=[-yt) -yt-1) e®)]
Apriori error:  eO@t+D) =yt +1)- yO(t+1); A posteriori error: e(t+1)=yt+1)- Yyt +1)
Parametric 1q(t+1) =q(t) +F(t+1)f (D)e’(t+1);

) I : .
adapt_atlon i F(t+1) =adaptation gain.
algorithm
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" Indirect adaptive control |

Step 11: Computation of the controller
Solving Bezout equation (for S and R)

Hs =D,
AD S+q ‘BR=P
S=D,S
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Direct adaptative control (Q-parameterization) }

6—parameterization ;

Nominal contr: [R,(q1),S,(a1)].

R(Z)=Ry(a™)+AQH)Q(a);

Bezout:  P(qY)=A(q)S(a@)+aB(aRy(ahi | S(aH)=,(z1)-aB(aH)Q(a?).
Control:  §(g?) u(t) =-R,(g?) y(t)

Q(g1) computed such as [R(g1),.S(q1)]

~

contain the internal model of the disturb.

_ $-9°BQ=MD,

J

Control:  §(g%) u(t) =-R, (@) y() - Q (g?) w(t), l 3t
where w(t) =A (@) y® - B (g?) u). N,/D,
lp ©
o—o—s 1/ 8 u(t) y q-du /A _:_a_.-' yit)
. q"'B > A
wit)
Q j
R,
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[Direct Adaptive Control (unknown D) }
(Based on anideeaof Y. Z. Tsypkin)

Hypothesis. Identified (known) plant model (A,B,d).

Goal: minimize y(t).
(q )

Consider p. (t) =
p,(t) D,

J(o =A@ ;(S)B(q ) ]gw)

-1
So(q_l)xw(t) IB(qh
P(q ") P(qh)

>d (t) : deterministic disturbance.

e(t) =

Qa™)wt).

Let Q(t,q}) bean estimated valueof Q(q 1)
We can show that

i cdp* -1
e(t+) =[Q@ Y- Ot +Lq hpd 2 )
P )

(v(t +1) =disturbanceterm ® 0)
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[TheAIgorithm }

A prioriadaptationerror : eo(t +1) =wy(t+1)- qAT (OF (t);
A posterioriadaptationerror : e(t+1) =wy(t+1)- qAT (t +2f (1),
where

a' ®=[Go® GOF FTO=[wat) wat-D] (for ng=1)
and

_So(a™h |
1) = 1):
wy (t+1) P D (t +1)
_d * _1
wo() = 328 )
P(q ")

w(t+1) =A(q 1) xy(t+1)- q 9B (q7Y)u(t);
B(g !)>u(t+1) =B (q™1)u(t).

I q(t+1) =q(t) +Ft+1f ©el(t+1);

P adaptation algorithm:
remeler ateptelion dgorim TE N+ =1 OF 20 +1 0f (0F T ().
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Active
suspensiQ

Residual
force =

(acceleration) - )

measurement

[The Active Suspens on}

Primary force
(acceleration)
e shaker)
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The Active Suspension System l

primary acceleration / force (disturbance) \

piston

residual acceleration (force)

actuator

(piston @— controller

position)

Controller

N

Up ()
(disturbance)

q“>xC/D
Plant

py(t)
d + Y&+
q B/ A>OT—3

?» ris
L

(residud force)/

Two paths:
*Primary
«Secondary (double
differentiator)

T, =0.001255
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50

[Active Suspension }

Freguency Characteristics of the Identified M odels
Primary path Secondary path

Sacondary path modal

Primary path maoded
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L. | — — | I ]
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n,=14;n; =16;d =0

|.D. Landau, A.Constantinescu: Adaptive rejection of unknown disturbances

400

14



V. Real-time results

Narrow band disturbances = variable frequency sinusoid P ny =1
Frequency range: 25, 47 Hz

Evaluation of the two algorithmsin real-time
Nominal controller [R,(0?),S,(g1)]: ngp=14, ng,=16

| mplementation protocol 1. Self-tuning

 The algorithm stops when it converges and the controller is applied.
* |t restarts when the variance of the residual force is bigger than a given threshold.
» Aslong asthe variance is not bigger than the threshold, the controller is constant.

| mplementation protocol 2: Adaptive

 The adaptation algorithm is continuously operating
» The controller is updated at each sample
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Time Domain Result
Self-tuning Operation

I ndirect adaptive method

Indirect adaptation mathoed in self-tuning operation
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[Frequency domain results— indirect adaptive method }

dB [Vrms]

Spectral densities of the residual force. Indirect method in self-tuning operation
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[Frequency domain results— direct adaptive method }
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[ Real -time performances — indirect and direct methods }

M ethod Indirect Direct
Frequency 25 32 47 25 32 47
[HZ]
Attenuation 31.32 64.23 25.72 61.65 49.64 55.79
[dB]
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[ Direct Adaptive Control }

Sdf-tuning Mode Adaptative Mode

Commande adaptative directe en auto-ajustemeant Commande adaptative directe en adaptatif
T T i T

I
aTHE L 32 Hz

[~
I
=
P
h
x
1]
-
P
B
==

*Direct adaptive control in adaptive mode operation gives better
results than direct adaptive control in self-tuning mode
Direct adaptive control leads to a much simpler implementation

than indirect adaptive control
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Conclusions

-Using internal model principle, adaptive control solutions
can be provided for the tglection of unknown disturbances

-Both direct and indirect solutions can be provided

-Two modes of operation can be used : salf-tuning and adaptive
-Direct adaptive control isthe smplest to implement

-Direct adaptive control offers better performance

-The methodology has been extensively tested on an active
suspension system
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