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INTRODUCTION

Many industrial processes and systems include akirgyuts and several outputs. A mathematical mo
of such a processor system can be representee@ iforim of a MIMO system (Many-Inputs-Many-Outpuf$)
and [2]. For example a chemical batch reactor wéteral inputs and outputs. Another example isignaae,
where the pitch, roll and yaw angles can be coletioby a pilot. Yet another example is a robot malaitor
where the motion of each joint can be controlledkejendently. Due to the interconnection betweemmla via
the system’s dynamics, the response of the systaynmat follow for the desiredtrajectory of the apglinput.
In order to solve this problem, decoupled contigbdathms are suggested to use. However, paramefersal
systems can change due to the change of enviroameanditions, for example, due to the change @f
temperature of the environment. Therefore, the wistpf real systems will also change. It is sugegsh this
paper to employ adaptive control algorithms in ordeprovide the system’s behavior, according ® rsference
model for each channel. It is admitted that the agyics of different channels can also be differe
Therefore, the relevant reference models for edthnmel can be employed in the multivariable syst
The stability of the overall multivariable systemm guaranteed according to the obtained adaptivéraio

algorithms based on the Lyapunov stability criterio
THE TASK FORMULATION
A multivariable plant is described by the systenmattrix differential equations [1]:

Xy = A Xy +ALX, +o+ AL X, +Uy,
Xy = A X+ A Xy o+ Ay X +U 5, a

Xn = Anlxl +An2X2 +"'+Annxn +Un!
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14 Y. A. Vershinin

where

X, :[X11’X12’---!X1m]T:
X, :[X21'X22""’X2V]T’

Xn :[an’an""’Xnk]T'

X X,,..., X,, —are vectors of states of the plant,
A=A M), A, =A®0).....A, =A,(t)—arematrices of variable paramerers of the plant,
u,U,,..U,—arecontrol vectors

It is required to find such feedback laws that aotoous motion of plant's coordinates at each cHanmifiebe

provided according to the following reference model

X{" = AIX{"+Gy,

Xgleg]ZXg]-'-GZ’ (2)

where

X[ =X X X ]
X =[5, X0y X ],

XM =X, X0 X ]

XXy, X —are vectors of states of the reference model,

ALAY,...,Ar —are matrices of paramerers of the reference model,
G,,G,,...,.G, —areinputs.
Synthesis of the Basic Loop’s Structure

The feedback controls can be chosen as follows:
Uy =G + Ky Xy +Kpp X+ Ky Xy,

Un =Gn + Knlxl + Kn2X2 toot Knnxn’

where

Kip = Kqp (), Kip = K (t),.... Ky = K (t) —are matrices of the feedback variable gains.

According to the equations (1) and (3), the cloeexqh system can be represented as follows:

Impact Factor (JCC): 7.9878 NAAS Rating: 3.19



High Dynamic Precision Control System 15
Xy = (A +Kyg) Xy + (A +Kpp) Xp +ot (A Ky ) X + Gy,
Xy = (Agy + K o) Xy +(Agy +Kpp) Xy +.t (Agy + K ) X, + Gy, 4)
Xy = (A +Kg) Xy + (A + Kpp) X+t (A + K ) X, + G,

It can be seen from (4) that the system "plant rtradler” will be dynamically decoupled on each chal if the
following conditions are achieved:

A +K; =0, (i,j=1,..n, i#]) (5)

In order to guarantee the desired motion of theesysaccording to the reference trajectories (2peids to
provide the following relation:

A +Ki = AT )6
Thus, for the accomplishment of (5) and (6) théofeing should be provided:

8190 tKizo =0,

191 tkKipy =0,

........................ s @
A15m-1 + Kigm1 =0,

ann—:Lk—l + knn—:l.k—l =0,

_m
(@5 +hyy o) =ary.
(Gyy +hyy) =apyy,

_
(all:m—l + kll:r}r—l) =a

1L m17

]
(amr: m—1 + k}r}r:k—l) - ajr}r:fr—l"

where

10 =aygo(t), 8595 =535 (1), @ k-1 = i1 (t) —are variable scalar coefficients of the plant (1),

a1, 8111, @m k- — are constant scalar coefficients of the model (2),

K110 =Kyg0 (), Kigg = Kyga (1), Kpnk-1 = Knnk—1 (t) —are variable scalar gains of the controller (3).

Synthesis of the Adaptive Control Algorithms

The variable parameters of the plant (1) can beesgmted as follows:

_ A0
A = A +DAA,,
_ A0
Ap = A +D0A,,
_ A0
Ann - Ann +AAnn'
Where
www.tjprc.org SCOPUS I ndexed Journal
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16 Y. A. Vershinin

0 _— C - 0 . ..
Aj =const, (i,j=1,..n), A —aretheconstant matrices whose coefficients correspond to the
nominal operation mode of the plant,

AA, = DA (1), AA, —are deviation of the plant parameters fromtheir nominal operation mode.

The controller parameters can be represented anabg

Ky = K101 +AK,,,
Ky = Kloz +AK,,,

Knn = Kr?n +AKnn'

where

Kif =congt, (i,j=1,...n), Ki? —are matrices of constant coefficients of the controller,

AK; =AK; (1), AK;; —are matrices of adjusting coefficients of the controller.

Thus, the motion of plant coordinates on a non-matmperation mode can be represented as follows:

X, =D (A +0A )X, +U;  (i=1..n). @
j=1
The feedback control is:
)(©

U, =G, +Zn“(}<i?+m<ij ®)X;, (i=1..n).
j=1

Substituting the equation (9) into (8) we can abtHie equation of motion of the system "the planthe

controller" on each channel:

n n
X =D (A +DA; )X + ) (KE +K; )X} +G;. (10)
j=1 j=1
The model motion equation on each channel can bgechas follows:
. n
Xim:AirinXim*'Z(Aﬁ?*‘Ki?)xj +G;. (11)
B
Comparing (10) and (11) and taking into account uh%+ Ki)i = A", we can obtain:
. n n
Ei = ATE; +(OA; (1) +AK; (1) X; + (z AAy (t) + ZAKH W)X (12)
H H
where
Ei = Xi - Xim 361

Impact Factor (JCC): 7.9878 NAAS Rating: 3.19



High Dynamic Precision Control System 17

Let us introduce the following notation:
Yi =Y () = AA; () + 4K (1),
Yi =Y () =04 O+ AK; O, (%)), (14)
Thus, the error equation (12) can be represented as
. n
Ei = A'E +Y; X +zYinj (15)
B
Algorithms of adaptation can be specified in thikofeing form:

d
—AK =W 16
a (16)

Admit, that parameters' deviatiadhA = AA(t) is differentiable in time:

d _
DA =R() 117

Therefore, according to (13) — (17) we obtain:

E=A"E+YX, {18
Y=W+R
where R = R(t)

The equations (18) with eq. (2) Describe the dyweamdtion of the adaptive control system with thiemence

model.
Admit, that the matrix¥ is a function of error deviatiokE and timet, and W(E,t) =0 att=0.
In this case the state and parametric error motion

E=0, Y=0 119

With the admission thaR(t) = 0 according to the hypothesis of quasi-stabilitythis solution of the system (18).

It is suggested to use the second method of Lyapimorder to obtain the adaptation algorithi#s from the
condition of stability of the zero solution (19) the system (18)) [3], [4], [5] and [6].

The quadratic function V can be chosen as follows:
V = JETPE +tr(YY"), (20)
where

y =const
P —is simmetric matrix.

www.tjprc.org SCOPUS Indexed Journal editor @tjprc.org



18 Y. A. Vershinin

Q-is negative definite matrix

A time derivative for the function V is obtainedfaiows:

V = yE'PE+ yE'PE +tr(YY" +YY") = (A"E +YX)" PE + yE'P(A"E +YX) +tr (YYT +YYT) =
A(AE)T +(YX)T]PE + yETP(A"E +YX) +tr(YYT +YYT) =

UET(A™T + XTYT]PE + yE' PA"E + yETPYX +tr(YYT +YYT) =

YET(A™) PE + yX"YTPE + yE'PATE + yE" PYX +tr (YY" +YY') =

YVET((A™)" P+ PA™E + yX"YTPE + yE" PYX +tr (YY" +YYT)

(21)

After some intermediate matrix manipulations weagbthat:

W = —)PEXT (22)
The derivative of the Lyapunov function is repraedms:

V = )ETQE (23)
Taking into account thaA' is Hurvitch matrix, we obtain:

V<0 (24)
Therefore, according to (18), (16) and using caod# of quasi-stationarity of the system, it imgthtforward to
obtain the adaptation algorithms as:

AK = —yPEXT 5§2

It follows from the above that the motion of thesgm (16) with the algorithms (25) is stable andditions (5)

and (6) are satisfied.
CONCLUSIONS

The developed in this paper control algorithmswaltme to improve the performance of a multivarigimecess
or system due to the decoupling of channels ofptteeess or system from the interaction via the gse's or system’s
dynamics. The desirable performance of the prooess/stem can be obtained using the relevant nederenodels for
each channel. Adaptive control algorithms allow dmeadjust the overall system’s response in the adsparameters

change. The stability of the overall system is gnsged according to the Lyapunov stability criterio
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