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1. Intr oduction

Adaptie controlalgorithmsshaw their limits in noisyor disturbedenvironment,becoming

inef cient or uncompetitve.

Theuseof simpleparallelfeedforwardin the adaptatiooop appearecsa robustsolution

sincethe80's. It canguarante@obuststability of the nonlinearadaptve controller (Bar Kana)

Main contrikution of thiswork: A fractionalrobustadaptve controlsolutionfor disturbed
applicationspasedon stabilizability propertyof the plantandsimpleparallelfeedforwardin

orderto satisfythedesired'almostpositive realness'tondition
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2. Fractional order systems

A SISOfractionalordersystemcanberepresentefly thefollowing transferfunction,

X( ) = 1 - i (1)
S -
apnsS n+ay, 1" 1+ i+ gs o

Where,
i, j:realnumberssuchthat,

8
<0 0< 1< < |

0 0< 1< < m

De nition 1 ThefractionalordertransferfunctionMatrix M x (s) whoseelementsre of theform
(1) is proper (strictly proper)if andonlyif all element®f M x (s) areboundedat1l (tendto zelo at
1 ,resp.).

Fractionalsystemgresenbestqualities,in responséime andin transitiondynamicstability, and

robustnessn presencef uncertaintieandperturbations.
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oS. Conceptor Positlive Realness_on-
dition

De nition 2 Them m transferfunctionmatrix Gs(s) is calledstrictly positivereal (SPR) if:

1. All element®f Gs(s) areanalyticin<(s) 0.
2. Gs(s) isrealfor reals.
3. Gs(s)+ GI (s)> 0for<(s) 0and nite s.

We canshaw thatfor a fractionalordertransferfunctionmatrix Gs(s),

Gs(s)isSPR , G 1(s)isSPR (2)

De nition 3 LetGs;(s) beam m transfermatrix. Letusassumehatthere existsa positive
de nite constantgain matrix, K¢ sud thatthe closed-loogransferfunction

h I
Ge(s) = | + Ga(s)Ke Ga(s) (3)

iIs SPR G4 (s) is called"almoststrictly positivereal (ASPR)".
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oS. Conceptor Positlive Realness_on-
dition

Now if we considerafractionalorderproperor strictly properASPR transfermatrix Gs(s).
Thenthefollowing statementgareequvalent,

Gs(s) = [I + Ga(s)Ke] ! Ga(s)is SPR (4)
Gs(s) = [I + Ga(s)Ke] ! is SPR (5)
G. 1(s) = G, 1(s) + KeisSPR (6)
< Ga'(8)+ Ke () 0> 0 ()

Gq L(s) Is asymptotically stable and
Ke Is su cien tly large (8)
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oS. Conceptor Positlive Realness_on-
dition

h i
Becaus®M suchthat< G, 1(s) o o M > 1 ,andthenaryKe> M will do.
< (S
Ga(s) is strictly minim um phase and
Ke IS su cien tly large (9)

Herewe cangeneralizeasfellows theresultof (Bar-Kanal989)to thefractionalordercase.

Lemmal Letafractionalordertransferfunctionmatrix G, (s) beASPRandlet K¢ beanygain
thatsatis es(3). ThenG,(s) is SPRfor anygainK ¢ thatsatis esK ¢ > Ke.

It is obviousthat ASPR fractionalordersystemsyhich areminimum phasepropersystemsnaintain

stability with high gains.
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oS. Conceptor Positlive Realness_on-
dition

Remarks
1. TheASPRplantmustalsobeproper

2. Theopenloopis not necessarilytable(the plantwill actuallybe stabilizedby the ctitious
gainK ¢), however all thezerosmustbe placedin theleft half plane.Theplantmustbe
minimum phaseto obtainpositvity.

3. We caneasilyshaw thatif asystemis ASPR,thenit canbestabilizedby any constanbr time
variableoutputgainK ¢, if it is largeenoughj.e. K¢ > Ke.

But in this method,insteadof usinghigh gain regulationwe will usea simpleparallelfeedforward
con gurationwhich canby a similar way satisfythe positive realnesonditions.
Theideaof usingfeedforwardin parallelwith the controlledplantis basedn thefollowing Lemma,

Lemma?2 (Bar-Kanal989)Lettheplantbedescribedoythem m transferfunctionGp(s) of
ordern. LetC(s) beanydynamicstability outputfeedbak controller. Then

Ga(s) = Gp(s) + C *(s) (10)

is ASPRif C 1(s) is properor strictly proper
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4. Main Result

We proposea fractionalorderfeedforward con gurationof theform:

F(s) = (11)

with arealfractionalpover0 < < 1, toimprove therobustnes®f theadaptve algorithm,in
presencef perturbationsassuchsystemslo notamplify muchtheserandomsignals.

Theorem1l LetG(s) beanym m strictly propertransfermatrix of arbitrary MacMillan degree
G(s) is notnecessarilystableor minimumphase Let

Hi(s) = K(1+gs ) (12)
be somestabilizingcontoller for G(s). Thentheaugmenteaontmolled plant

GL(9 = 69+ Hy (9= 69+ 14— (13

is ASPR.
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4. Main Result

Figurel: The ctitious SPRcon guration.

)
/A’@VN SamirLadaci— ICINCO 2007,Fourth InternationalConferencen Informaticsin Control, AutomationandRobotics.Angers,May 9-12,2007—p. 10/21



4. Main Result

ThestabilizingcontrollerH (s) canalsobe modelizedasfollows,
Ht (s) = K(1+ gs) (14)

FromDe nition 3 andthefactthatthetransferltunctionGgI (s) is ASPR,we know thatit canbe
stabilizedby again Ke. Figurel illustratesthe feedforward con guration. In addition,the
stabilizationis robust,it holdsfor any gainK ¢ > Ke.

Many previousworks (Hotzel 1997,Podlubty 1999)have proposed®D impropercontrollersof the
form (12):
C(s) = Kp+ Kjs (15)

which canstabilizemary realisticplantsfor sufcient highvaluesof K .
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4. Main Result

A feedforvardof equvalenteffectis chosemasfollows:

F(s)=C *(s) = (16)
1+ =
So
WhereFp, = K 1, suchthattheaugmenteglantbecomes,
Ga(s) = Gp(s) + F(s) (17)

As K shouldbeverylarge,soFp aresmallcoefcients, guaranteeinghatGa, (s) be ASPR. And

duringthe controldesignwe cantake Ga(s) Gp(S) asapracticalapproximation.
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5. Implementation in MRAC scheme

Ym
| Reference
Model
djustment
"Mechanism
Uc A
F
u y
Controller | Actuator | Process -

Figure2: Simplefeedformvardin MRAC scheme.
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5. Implementation in MRAC scheme

Model Referenceddaptive Control(MRAC) is oneof the moreusedapproachesf adaptve control,in
whichthedesiredperformancas speci ed by thechoiceof areferencanodel. Adjustmentof
parameterss achieved by meansf the errorbetweerthe outputof the plantandthe modelreference

output.

We considera closedloop systemwherethe controllerhasanadjustablgparametewector . A model
which outputis yy,, speci esthedesiredclosedloopresponsel et e betheerrorbetweertheclosed
loop systemoutputy andthe modeloneyy, , onepossibilityis to adjustthe parametersuchthatthe
costfunction:

J = _ 18
()= e (18)
beminimised.
d J e
— = — = e— 19
™ (19)
or
d
— = e 20
o (20)

Thisaproachs calledM.1.T. rule.
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6. Simulation Example

Without ary lossof generalitywe will applythisrobustadaptve controlmethod bothin the caseof
integerandfractionalorderfeedforward,to a SISOmodelof a DC motorcontrolledin respecbf
velocity, givenby:

0:8513z + 5:099 10 ©

Gp(2) = 21
o(2) = 2244210 72+ 13710 1 (21)
with asamplingperiodTs = 0:3sec, andanactuatormodelof theform:
0:007667z + 0:007049
A(2) = ’ (22)

z2 1:763z + 0:7772
Theplantis subjectto randominput andoutputperturbation®f amplitudes2 and0:05 respectiely.
ThereferencenodelGn, is givenby:

0:9411z + 0:1208

Gm(z) =
m (2) 72 + 0:05679z + 0:005092

(23)
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6. Simulation Example

1. Integer order feedforward caseThefeedforvardtrunsferfuction F is givenby:

3:239410 ’
F(z) = (24)
z 0:9997

with aregulationparameter = 0:001 we obtaintheresultsof Figure 3.
2. Fractional order feedforward caseThefractionalorderfeedforwardtrunsferfunctionF is given

in Laplacedomainby:
0:001
F(s) = 25
(s) (s + 500)0:6 (25)

For the purposeof our approaclwe needto useanintegerordermodelapproximatiorof the fractional
orderfeedforward modelin orderto implementthe adaptatioralgorithm,for this aim we have usedthe
so-calledsingularityfunction method.

with aregulationparameter = 0:005, we obtaintheresultsof Figure4.
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6. Simulation Example

sortie réelle du M .C C avec P E.IN.S AC.FF

(@)

Signal de commandeP .E.IN.5.AG.FF

25 L L L . . I I L
[ 50 100 150 200 250 200 280 400 450
temps ense

. (b)
FI gure 3: Processutputwith integerfeedforvard
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6. Simulation Example

(@)

: (b)
FI gu red: procesoutputwith fractionalfeedforvard
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6. Simulation Example

Remarks

Thecommandsignalu is morepolishin thefractionalcasewitch is avery usefulpropertyin
regulationproblem.

Theproposedractionalordercon guration of feedforward maintainsstability andat lessthe
samelevel of performancesyitch con rms theinterestof integratingfractionalstratgy in
robustadaptve control.
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/. Conclusion

In this paperwe have presented new robustadaptve controlstratey, by introducingsimple
fractionalfeedforwardcon gurationin the MRAC algorithm.

Theconcepbf positive realnessonditionwhichis the basisof this robustcontrolstratgy is
extendedo fractionalordercontrolsystems.

The stability proofsof this adaptve controlschemedevelopedfor integerorder lters in
controlliteraturestill holdsfor suchsystems.

Simulationresultshave shavn a better Itering ability of commandandoutputsignals,and
morerobustnesagainstadditive perturbationsthanin theintegerorderfeedforward
con gurationcase.
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Robust Adaptive Control Using A Fractional Feedbrward Based
on SPRCondition

Thankyou
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