ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 7, Issue 10, October 2020

Synthesis of Adaptive Matrix Regulators with
an Implicit Reference Model Based on the
Polynomial Approach

H.Z. Igamberdiyev, T.V. Botirov, U. F. Mamirov

Academician of the Republic of Uzbekistan, professor of Tashkent State Technical University, doctor of technical
sciences, Tashkent, Uzbekistan,
Associate Professor, Department of Automation and Control, Navoi State Mining Institute, Navoi, Uzbekistan
Associate Professor, Department of Information processing and management systems, Tashkent State Technical
University, Tashkent, Uzbekistan,

ABSTRACT: The article deals with the formation of new algorithms for the synthesis of adaptive matrix regulators
with an implicit reference model based on the polynomial approach. Algorithms for controlling the object under
consideration using the procedure of pseudo-rotation of matrices are presented. For pseudo-rotation of matrices,
recurrent algorithms based on the fringing method are used. These relations allow us to perform recurrent pseudo-
rotation of matrices in the control algorithm and thereby implement control actions in an adaptive control system for a
matrix object under conditions of uncertainty.
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I. INTRODUCTION

One of the main methods of synthesis of linear control system controllers is a method that provides a given location of
the poles of the transfer function of a closed system [1-4]. Regulators with a reference model considered in [5-7] have
much in common with the method of synthesizing regulators with a given pole arrangement, which allow ensuring
equality or proximity of the output signals of the system. In both cases, the controller parameters are calculated based
on operations with transfer functions and reduced to solving polynomial Diophantine equations.

Il. RELATED WORK

Let's consider the methods of constructing regulators with a reference model in terms of synthesis based on the
polynomial calculus of matrix regulators that combine the properties of regulators with a given pole position and a
reference model. The solution of this problem is based on the method of synthesis of regulators considered in [8,9].

I1l. FORMULATION OF THE PROBLEM

Let the control object be described by the following autoregressive moving average model:

Az )y(t) =2 B(z u(t), 6y
where Y(t) - output signal of the object, y(t) e R, u(t) . object input signal, u(t) e R, k — discrete delay,
keN;z™? - backward shift operator y(t) = y(t-1); Az HuB(z™) -

polynomial matrices of 27! views:

Az =1,+ i AAzY,  B@EhH=I,+ i BA(z ™),
i=1

i=1
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where |, - the identity matrix of dimension [nxn]; A €R,L,n; B, e R™™, i -0,n.

-1 -1
It is assumed that the polynomial matrices Az™) : B(z™) are mutually Prime on the left. To the polynomial

-1 -1
matrices Az™) and B(z ) we compare the mutually simple right-hand polynomial matrices A*(Z_l) and
B*(z™) [4l:
A(z)'B(z ) =B*(zH)A*(z )™
m N
A*(zH=1,+> A (™A eR™, i=1n; @)
i=1
n JR—
B*(z")=>B/(z"),B eR™, i=1n.
i=0
Let the object (1) be controlled by a linear controller, which is described by the equation:
R(z )u() = Qg - Sz )y () @

where g(t) —master control, g(t) R, R(z™%), Q(z™), S(z™*) polynomial matrices from z type :
R eR™ i=1n.;Q eR™, i=0r; S, eR™, i=0,ng;
The matrix transfer function of the system (1), (3) can be represented as:
Wz ™) =z"B (z YR +2*s(zHB ) 'Qz ™)
W(z )=z R*(z )Rz HA*(z)+)gt) - Sz )y()

The parameters of the polynomial matrices R(Z_l)S(Z_l) are determined from the condition for assigning the desired
poles of the system (1), (3):

(4)

Rz HA (zH+z7%s(zHB (z)D(z D),

Np P —

where D(z ) =1,+> Dz, D; e R"™™i=1np - a stable matrix polynomial from z™* that determines the
i=1

desired distribution of poles on the complex plane.

Since the polynomial matrices A (z) and B"(z™) are mutually Prime on the right, the solution of the matrix

polynomial Diophantine equation (5) always exists [4]. Denote
Since the polynomial matrices 1 and 2 are mutually Prime on the right, the solution of the matrix polynomial
Diophantine equation (5) always exists [4]. Denote:

n,
C(zY) =B (zYadj)D(z 1) =Y C,zL,C; e R™™,i =0,ng,
i=0
| Ng .
det(D(z M) =d(z ), d(z ") =1+>z"
i=1
Matrix transfer function of the system (1), (3), (5) can be expressed as:
-1 -1
W(Z—l) — Z—k C(Z )?1(2 )
d(z™)

We assume that the desired dynamic characteristics of the system under consideration are determined by its implicit
reference model, which is described by the equation:

Ym () =Wr (2 ) (1),

(6)
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where y(t) — output signal of the reference model, Y, (t) € R"; WmM(z ™) — matrix transfer function of the reference
model of the form:

. W H@Y
W, (zh)=2" 7
m(Z7) 2 W)
ny Nt
where H (Z_l) = z HiZ_l, H; e R™, i=0, ng; f (Z_l) =1+ z fiZ_1 — stable polynomial.
i=0 i=1

The use of an implicit reference model provides a flexible tool for forming a reference transition process that can be
selected as optimal in the sense of minimizing the optimality criterion set during design.
Denote

s=max(nc +r+1,ng,ny +1,n¢)
and without limiting generality in order to simplify the further presentation, we will consider the powers of polynomials
C(z™h),d(z™h),H(z™) and f(z) to be equal S—r—1,5,5—1s,, respectively, by defining polynomials of
lesser degree by terms with zero coefficients. The following task is set: to determine the polynomial matrix Q(z_l) of
the controller that best approximates the matrix transfer functions of the system (6) and its reference model (7).

IV. SOLUTION OF THE TASK

We introduce the following notation:

E(zY)=W(z")-W,(z")=2"> Ez"E eR™

i=0

Q=[Q].Q] -.QT: 0, =[Q .0/ T;

T - the symbol of transposition;
C =[C..,C/...C...0I";

ﬁ=[HgvH1T,---,HST_1]T; ~ Q =[QJ,Q1T,._.1Q:]T;
C 0
“ Co .
L= C, ’U=[”f ”}q=ns;
q
C
(S)_r_l Cs—r—l
9o 0
Vh = ho 9 - semi-infinite dimension matrix [oo x s],
: 0
g
1 > i 1 0 .
h(z™) =1+ hz™" - stable polynomial and ———=>"g;z"",
i+1 h(z i=0
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gOIn 0
gy o Qoly
Vi=| . .. 0gl, | -block semi-infinite matrix of dimension [oox sn],
—h —h —h
1
B, = ;
0 10
- 11
1 1y U g
v 0 Us Vs Vs Vi
U g 0
Tuv)={t;'% ;a=|| - - ;
. Lo 0 y
t u Uy U \5/7l
Wy o vl 1 ! o 7

s s -
uz ) =1+>uz" u v(z ") =1+> 52" - stable polynomials; T (U,V) - block matrix of dimension
i-1 i-1

[snxsn],{T (u,v)}; = tilfvl K - nonsingular matrix, satisfying the relation

KTK=T(d,d;;M =(K")"T(d, f).
As a criterion for the proximity of the matrix transfer functions of the system (6) and its implicit reference model (7),
we use the following functional, which is the square of the Frobenius norm of the matrix E(Z_l) :

J=tr X fE@TECHE. ®
27 |14 z
Otherwise, this functionality can be represented as follows:
J =tr(VgLQ Vi H)' (V4LQ —VH) =trQ"L'V{" —2Q"L'V{'V{H + H'V{VH). (©)

We define the matrix parameters [10] by denoting
Ry =V4Vy, Q°=V,V,, s°=V/v,.

Then the matrix X is Toeplitz and X o7 (u,Vv) Now functional (9) can be expressed as:

J=tr(Q"U'T(d,d)LQT —2Q'T(d, f)H + H'T (f, f)H). (10)
Hence, the matrix 6 minimizing the functional (8) is defined by the expression:
Q =(KL)*MH, (12)

where " + " is the pseudo-message sign [11-17].
If m=n,itis possible to determine the parameters of the polynomial matrix Q(Zfl) that minimize the functional (8),

provided that the output signals of the system and its implicit reference model coincide asymptotically in response to a
constant setting influence:
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CORW _H®

. (12)
d(1) f(@)
Denote
d(@) ~
F=—=CO " H(Q.
0 @O HQ
Then the relation (12) can be represented as:
Q =-(2Q)+F. (13)
i=1

Matrix 6 under condition (12) can be expressed:
_ _ I,
0
Substituting this expression in relation (10) and minimizing the functional by the parameters of matrix 61 we

determine the optimal matrix 61

Q, = (KLU)"(MH —KCF). (14)
Substituting this expression in equation (10) and minimizing the functional parameters of the sensor 1 and 1 determine
the best matrix If the parameters of the object (1) are constant (or slowly changing), but is unknown in magnitude, the

known value of the discrete lag K degree N of polynomial matrices A (z*) and B"(z %) then you can use the
following algorithm indirect adaptive control [1,4]:

1. Identification of parameters of polynomial matrices A (z %) and B"(z™) based on equation (1) based on one of
the discrete identification methods.

2. Calculating parameters of polynomial matrices A (z %) and B"(z™) based on the relation (2).
3. Calculating parameters of polynomial matrices R™(z ™) and S (z™*) based on the relation (5)

4. Calculation of parameters of the polynomial matrix Q(z ™) by formula (11) (formulas (14), (13))
5. Calculation of the control effect using the formula

u(t) = (I, ~REHu®) +Q(z g (t) - Sz )y ().
Next, install t =t +1 and return to step 1.

It should be noted that the matrices K, MH do not depend on the parameters of the object (1) and can be determined

in advance at the design stage of the control system
To form optimal matrices (11) and (14), it is advisable to use recurrent formulas for pseudo-rotation of matrices

A =KL and Q=KLU . Based on the theory and methods of pseudo-circulation of matrices [11-16], we present a

pseudo-circulation algorithm for matrix A , which can also be used for calculating the pseudo-inverse matrix Q.
W3Bectro [11,14], 9To AN Kaxa0oW MEWCTBUTENBHOW |-MaTpuilbl 2 CYIIECTBYET €AMHCTBEHHAS JCWCTBUTEIBHAS
nceBaooOpaTHas MaTpuiia 3, yAOBJIETBOPSIONIAas cieayromuM cBoicTBam It is known [11,14] that for every real

(n+1)s xms-matrix A, there exists a unique real pseudo-inverse matrix U that satisfies the following properties:
UAU =U, (AU)T =AU, AUA = A, (UA)" =UA. (15)
In practice, it is not uncommon for additional information in the form of (MSx1) - matrix A, to be added to the

existing ((N+1)Sxms)- matrix A, as its last row, so that the newly formed matrix A,,; can be represented in
the form:
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L (16)
;im+l
It is known [15,16] that the pseudo-inverse matrix U m+1 for matrix Ama in the form (16) can be represented as:
Upia= Vr;1r SVm+1 ; 17)

where VI =U —v. A U
From the first relation (15), using the partition Una in the form (17), we can write
T
Uni =UnuAnaUna = [Vm A+ Vm+1/ﬁi'm+1]U m+1 (18)
From here | :Vn:Am +Vm+1ﬂ1Tn+l-
Based on (18), we find U, A, =Vy Ay, + Viny14ms1UmAm - from which we can come to the expression

Vi =Up Vi AmaUn, (19)
Substituting (19) in (17), we find

Unia=Un _Vm+lﬂ1-l1-1+1um st+1’ (20)
for m=1 we have U, = (1] 4) ' 4,.
When using the algorithm (20), there can be two cases. It is possible that the row: ﬂml does not increase the rank of

the matrix A . Then V41 can be defined from the expression [13,16]:

T T T 1,7 T
Vi = (/,lm+1U mU mﬂm+1 + 1) /’Lm+1U mU m* (21)
Entering the designation

T T -1
Sp=UUp = (AmAm) (22)
and substituting (22) in (21) and transposing, we find

T -1
Vins1 = SmAmst (AmiaSmAma +D
In this case, matrix Sm is defined by the expression
T
St = Sm —Vims1Am+1Sm
I A v : :
If row “™M+1 increases the rank of matrix ~ ™ , column M+ can be determined based on the expression [14,15-18]:
T AT T T AT -1
Vi1 = (I _UmAm)Am+1[/11ﬂ+1(| _UmAm)ﬂ'mﬂ] .
1 _ITAT _ T -1
By entering the designation T =1=-UnAq find Vm-+1 T (1T A1) .
In this case, matrix T can be defined as follows
T
T =To = Vm+1)~m+1Tm_
by M=1 have =1 _UlAl.
In expressions (16)-(22) Um+1— pseudo-return matrix for the matrix composed of the first M +1 lines of source;

! is (m+1) row of the original matrix; V is the (m+1)—th column of the matrix pseudo-return; T, .;,
+1 m+1 m+1
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S — Symmetric matrix when a vector-column with V,,,; vector-row /ﬂm; | — identity matrix; T the sign of

transposition; :—the sign of separation m columns of the matrix U ms1 Of the (M +1)-th column

V. CONCLUSION

The considered pseudo-circulation algorithm is direct and uses the advantages inherent in the fringing method
[13,17,18]. When using this algorithm, it is possible to control the correctness of calculations after each step , taking

into account the symmetry of matrices T,, and S, as well as other relations, and determine the rank of the

original matrix by the number of non-zero values of vector V,, .

The given relations allow us to perform recurrent pseudo-circulation of matrices and in expressions (11) and (14),
and thereby implement control actions in an adaptive control system for a matrix object under conditions of
uncertainty.

In this way, adaptive matrix controllers with a given pole position and an implicit reference model are synthesized.
An implicit reference model is defined as a reference matrix transfer function that determines the desired behavior
of the signal at the output of the control system. The synthesis of regulators is carried out using well-known
methods of polynomial calculus, which require a relatively small amount of calculations, and includes polynomial
factorization, the solution of a matrix polynomial equation, and a system of linear algebraic equations
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