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1. Introduction

This paper is devoted to the problem of dynamic reconstruction of a control,
generating the realized trajectory of a dynamic controlled system. The recon-
struction bases on inaccurate measurements of the realized trajectory, which are
discrete and arrive step-by-step in real-time.

Dynamic reconstruction problems are actual and have been studied by many
authors. See, for example, [1, 9, 11, 12, 13], where many methods were suggested
to solve these inverse problems. These methods are based on ideas and results of
algebra, geometry, functional analysis, the theory of perturbations and so on.

A well-known approach has been suggested by A. V. Kryazhimskii and Yu. S. Osi-
pov [7, 8]. This approach uses a regularized (Tikhonov regularization [18]) pro-
cedure of extremal aiming on an auxiliary stable model, a guide. This idea has
roots in the works of N. N. Krasovskii’s school on the theory of optimal feedback
control [4].

Many new reconstruction problems arise in modern applications and require new
effective methods.

A new approach to dynamic reconstruction problems was suggested by N. N. Sub-
botina, E. A. Krupennikov and T. B. Tokmantcev in [5, 6, 14, 15, 16, 17]. It also
uses auxiliary extremal problems. Variational problems on extremum of a reg-
ularized integral discrepancy functional are introduced. Necessary optimality
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conditions in these variational problems have the form of Hamiltonian ODE’s.
These conditions are used as a base to solve reconstruction problems. This ap-
proach allows to reduce the reconstruction problem to integration of systems of
ODE’s. Similarly to the procedure, based on extremal aiming on an auxiliary dy-
namics of a stable model-guide, the new approach bases on Hamiltonian system

of ODE’s, constructed by expanding the dynamics with so-called adjoint system
of ODE’s.

The key feature of the approach is application of a discrepancy functional, which
is convex in controls and concave in state variables. This allows to construct a
Hamiltonian system in the variational problem, whose solutions have stable os-
cillating character and can be considered as the reconstruction problem solution.

We consider the dynamics to be affine in controls. The number of the control
parameters is assumed to be greater or equal to the number of the state variables
of the controlled system.

The novel result presented in this paper is the description and justification of
a new algorithm for solving dynamic reconstruction problems. This algorithm
is a modification and improvement of the algorithms suggested in the papers
[5, 6, 14, 15, 16, 17].

In comparison with the previously developed versions, the new algorithm simpli-
fies the structure of Hamiltonian systems that are to be numerically integrated.

The numerical simulation of the algorithm’s application is performed on an ex-
ample from the area of medicine [20].

2. Statement

The following control reconstruction problem is under consideration.

2.1. Model
We consider controlled systems with dynamics of the form
dx(t
WO Gt + fow). reRL ueE te0T] (1)
m>n, T <oo, (2)

where z is the vector of the state coordinates and w is the vector of the controls.

We understand admissible controls as measurable functions satisfying the restric-
tion

uw(t) e UCR™, tel0,T], (3)

where U is a compact convex set.

2.2. Input Data

We assume that one can observe some real motion of the system (1), namely,
a trajectory x*(-): [0,7] — R", which is generated by an admissible control.
Discrete inaccurate measurements of this ‘basic’ trajectory arrive step-by-step in
real time:

{2 12—t <96, tp=kAt, k=0,N, T=NAt} (4)
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where 0 € (0,0*] is the measurement error and At € (0, A*] is the measuring
step. The symbol || - || denotes the Euclidean norm.

An admissible control that generates the basic trajectory is unknown and is to
be reconstructed.

2.3. Assumptions

We consider the model (1)—(4) under the following assumptions. There exist
positive constants dy < 6%, Ag < A* and a compact set ¥ C R" with

(A1) For any d € (0,do] and any At € (0, Ay

U 3250[%(2] C V.
k=0,N

The notation B, [x] means closed ball of the radius r with the center in x.

(A2) The elements of the matrix function G(-) : [0, 7] x R" — R™™ and the

vector function f(-) : [0,7] x R™ — R™ from (1) are twice continuously

differentiable with respect to all variables for each (¢,x) € Dy 2 0,T] x .

These elements are not oscillating.
(A3) The rank of the matrix G(t, z) equals n for each (t,z) € Dj.

2.4. Control reconstruction problem

Let U* be the set of admissible controls generating x*(-). It is non-empty since
x*(+) is already generated by some admissible control. But, in general case, it
may consist of more than one element. So, the control reconstruction problem
for the basic trajectory is incorrect. To state the correct reconstruction problem
we will consider the so-called ‘normal’ control, namely, an admissible control
which belongs to the set U* of all admissible controls that generate the basic
trajectory and has the minimal norm in the space L?.

To prove that the normal control is unique, consider the following auxiliary prob-
lem.

Problem 2.1. For t € [0,T] find an element u € U, which minimises the ex-
pression 0.5u® under the following additional restriction
dx*(t)
dt

= f(t,z"(t)) + G(t,z*(t))u. (5)

Following Lagrange, one can reduce this problem to the problem on conditional
extremum [2].

Problem 2.2. Find an element v € U, which minimises the expression

dx*(t)
dt

0.5u” + (¢, — [t 27 (1) = G, 2" (8)w), ¢ € R", [l #0. (6)
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In agreement with (A3) and [10], the last problem has the unique solution

dx*(t)

=G (t, 2" (1)), ¢:(G@,x*@)@(t,m*@))‘l [T—ﬂt,w*(t». (7)

The symbol GT denotes the transpose. Therefore, the normal control u*(-) is
uniquely defined for each ¢ € [0,T], where dz*(t)/dt exists.

So, we can consider the following dynamic reconstruction problem (DRP):

Problem 2.3. For any 6 € (0,60), At € (0,A¢] and the set of measurements
{2} (4), arriving in real-time with time step At, find an admissible control
u®(-) € U[0,T] such that at the end instant T of the reconstruction process, the
following relations are satisfied:

(C1) It generates a trajectory x°(+) : [0, T] — R™ with the boundary condition
2°(0) = y3 such that

lim [|2°(-) = 2*()llcpo.ry = 0; (8)
(C2) W () S ur() as § — 0, (9)

where the notion ||x(-)||cro,r means the norm in the space C([0,T], R") and N
denotes weak*-convergence in the space (C([0,T], R™))*.

3. DRP Solution

We suggest the following algorithm for constructing a solution to Problem 2.3
under the assumptions (A1)—(A3).

The algorithm is performed step-wise with the time step At. Each k-th step
(k =2, N+1) is performed when a new measurement point y € R" arrives. On
each step the desired control u° is extended on the corresponding time interval

[tk—2, tk—1].

3.1. Measurements interpolation

On each step (at the instants t, & = 2, N+1, when a new measurement node
arrives) we consequentially construct continuous interpolation y°(t) : [0,T] — R™
of the measurements {y2} (4). The function y°(-) must satisfy the following
conditions:

(I1) It is twice continuously differentiable on each interval [tx_1,x], k=1, N.
(I2) It satisfies the estimates

ol sk [0 <k vep (10)
‘ng;(t)H <K, tel0,T]\e’, (11)

where the constant K > 0 is chosen based on assumptions (A1), (A2), and

the sets ©° have measures 3(0°) < 3°(At) 220,



N. N. Subbotina, E. A. Krupennikov / Hamiltonian Systems ... 443

(I3) It approximates the basic trajectory:

ly°(t) — 2" ()| < 26, te[0,T].

Remark 3.1. These conditions can be met by constructing cubic splines on in-
tervals [t;_2, 1] with nodes at the points y2 5, y0 ,, 5.

3.2. Auxiliary variational problem

Now, we introduce the following auxiliary variational problem (AVP) on the k-th
step.

Problem 3.2. Find a pair of functions

(zr(-), u () € Cr[tr—2, ], R") X Ci([tp—2,tx], ™)
such that:

(1)  They satisfy equation (1) and the following structure holds:

ug(t) = —% G (thoz, v’ (te—2))sk(t),

te [tk_g,tk], Sk<) c Cl([tk_g,tk], Rn), k=2 N+1. (12)
(2)  They satisfy the boundary conditions
d 1
50 =10, w0 =050} r0.0)),
Te(te2) =y’ (te—z),  si(ti-2) = sp-1(tez), k=3, N+1, (13)

where G+ & GT(GGT)~1 is the generalized inverse of the matriz G [10].
(3)  They minimize the functional

t

p 20 — A O12 alllu(b)I2
ety = [ [EOZPOR  AOP) oy

tp—2

where « is a small reqularising parameter in the sense of [18].
Note that since Assumption (A3) is true, G*(0,°(0)) exists.

3.3. Necessary optimality conditions for AVP

One can get necessary optimality conditions for AVP (1),(12)-(14) in the La-
grangian form [2]. The Lagrangian for our AVP is

Nz =y O | a?llul®
2 2

L(z,u, &, \ t) = + <)\T, T — G(t,x)u — f(t,$)> , (15)

where ) is the Lagrange multipliers vector and (-, -) is the scalar product.
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The corresponding Euler equations are, for i = 1,n,

D) | (1) — of 1+

A () (Z gt uslt) + (1 x<t>>>] ~0, (16)
k=1 " !

ou(t) — GT(t,z(t)\(t) = 0. (17)

Equation (17) defines the relation between the controls u(t) and the Lagrange
multipliers A(t). We can substitute it into (16) and (1) to rewrite them in the
form of a Hamiltonian system, where s(t) = —A(¢) is the adjoint variables vector:

dx;t(t) = —a2G(t, xp ()G (t, 2 (1)) sk (t) + f(t, (1)),
0

’ al‘kﬂ'

+ <sk(t),%mf(t>$k(t))>,

CURURa 0

G(t, l’k(t)) GT(t, xk(t))sk(t)> +

te€lthoty], 1€ln, k=2 N+1 (18)

with the boundary conditions

3(0) = 10, 5200) = ~a?(G0.#O) 60,57 0)) (252 - s0.0 D).

Tk (tp—1) = yé(tk—l), Sp(tk—1) = Sp—1(te—1), k=3, N+1. (19)

Remark 3.3. The suggested below algorithm uses equations based on the neces-
sary optimality conditions (18),(19). However, it is not verified if the extremum
is actually reached in the AVP, since it is only important that the solution of (18)
provides just a stationary point of the functional (14), but not necessary an
optimal point.

3.4. Auxiliary linearized dynamics

We construct a continuous interpolation y°(-) : [0,T] — R" of measurements
{y2} (4) of the states z*(t;) step by step. The interpolation is based on each step
(interval [ty_o,t4], k = 2, N+1) on the points y)_,,y0_1,v) (Y¥41 = y¥) and
the relations

dy’ (0
0 =0 =of. 0~ 0.00)) (20)
and for k =3, N + 1,
5 Ay’ (te—2)

Y (th2) = Yoo, ¥ (tr1) = Yo 1, ¥°(tx) = vl, = f(th—2,9°(th—2)). (21)

dt

On each step we consider the following boundary problem for a linearized version
of the Hamiltonian system (18):
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" _ 1
2(t) 2 3t — 40 (1), dz;it) = —a 2Qusk(t) + fr — dydt(t)7
ds;ft) = 5,(t), t€[tuatr], k=2N+1, (22)

\

where

Qk 2 G (th-2), tea)GT (W (th2), trs)s  fu = F (ts)stha).  (23)

The system (22) has the unique solution (Zx(), Sk(-)) : [tk—2,tx] = R™ xR™. This
solution is used as a base for construction of the solution of DRP (Problem 2.3).
Namely, we consider the cut-off function

u(t), u(t) € U,
ﬁa’(s(t) - : o,0 o,0 !
arguminl}u™ (1) ~ wl, u(0) ¢ U (24)

u(t) = —a 2GT (t_2, ¥’ (ts—2))5k(t), t € [th_2,tp_1]-

3.5. Main result

Theorem 3.4. Let the Assumptions (A1)~(A3) hold. Then the controls 1% (t)
of the form (24) solve DRP (C1), (C2).

4. Proof of Theorem 3.4
4.1. Properties of auxiliary linearized dynamics

Consider the properties of the n x n-matrices @ from (23).

The matrices G(t,_2,3°(tr_2)), k = 2, N+1 are non-degenerate because of As-
sumption (A3). Therefore, see [10], the matrices Q) are positive definite. Ac-
cording to the matrix theory in [10], the Schur decomposition

Qr = H, AH, (25)

holds, where Ay is the diagonal n x n-matrix with the diagonal elements A ;,
i € 1,n, that are the positive eigenvalues of the matrix @, and the n x n-matrix
Hj, is orthogonal (that is H, = Hk_l) and it’s i-th row hy; is the eigenvector of
Q) corresponding to it’s eigenvalue A ;.

Consider now the system of nonhomogeneous linear ODEs (22).

We fix the interval [ty_o,tx], k£ € 2, N+1 and introduce the new variables

5]»: = szk, gk = Hkgk. (26)
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The boundary problem (22) has the following form in these variables:

dzp(t) 1 dy’(t) dsp(t) .
dt __EA’“S”H’“(JC’“_ it ) a Ot (27)
with the boundary conditions
Zi(th—o) =0, Sp(tp—2) = Sk—1(tk—2) = Hr—15k—1(tk—2). (28)

Since Ay in (27) is diagonal, we can reduce the 2n-dimensional problem (27),(28)
to n problems for each pair of coordinates (2,(-), 8x.:(-)), ¢ € 1,n:

dzyi(t) B
at

dy (t) > d3y.i(t)

1
— A + (s fr —
o2 Ski 4 (P, fr 7t gt

= Zri(?) (29)
with the boundary conditions

Zhi(te—2) =0, Spi(th2) = Sp—1:(th—2) = (Ph—1,is Sk—1(te—2)), (30)

where the vector hy; is the eigenvector of ) corresponding to it’s eigenvalue Ay ;
and ||h;|| = 1.

The solutions (Z,(+),

Zhi ), i € 1,n, of the systems of nonhomogeneous linear
ODEs (29)—(30), k

Seal),

N +1, can be obtained by the Cauchy formula:
( )\

t

|2k (t)] = ‘ sin

+ /tk2 Cos <\/m(t - T)> <hk,i; fo— %%ﬁ a1
13.4(£)] = cos (W

Q

(t = th2) ) Skilt2) +

/t:2 \/% sin (@(t - 7')) <hk,z‘> o — dy;(_T) >dr, (32)

where t € [ty 2,t;], i = 1,n. From (20),(21),(31),(32) and the Cauchy-Bunya-
kovsky—-Schwarz inequality one can get the following estimates at ¢t = ¢;:

_|_

y At)? a 112 B
i)l < [ (A + ST 2K+ 1 I VaR il £ r(ata). (33)
|84(t)] < \%*T(At,a). (34)
We define A, = min  \(t,z), and \* = max  \(t,z), where \;(¢, z)
i€1,n,(t,z)€Do i€l,n,(t,z)€Do

are positive eigenvalues of the matrix Q(¢t,z) = G(t,2)G'(t,z). Since Hj is
orthogonal, |||l =1, i = 1,n [10].
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We continue the recurrent estimates and get that at t =1t;, k=2, N+1

A*
|2k, ()| < kK\/A—'f’(At,a), (35)
185.(t0)] < I{:K\/O;\_r(At, a). (36)

We get from (26),(35) and (36) the following estimates for the solutions (z(-), 5(-))
of system (22) for ¢ € [0, T7:

Iz < 2an§r<At, a). (37)
15(t)] < 2nN;;\_r(At, Q). (38)

Consider the control u®°(t) from (24):
U (t) = —a 2 G (o, V' (th2))5k(t), t € [tpo,ti], k=2,N+L  (39)

We estimate it by application of (38):
2nN

[u™* @) < v/

where IGll=  max |9:.5(t.x)].
i€ln,jel,m,(t,x)ew

|G|l - r(At, «), t €10,7], (40)

It follows from (33),(40) that

o) < 202K 16 [At]m HGEE, )]/ EiR T/% ()

v 2 NN (a0
t - BAY)
We assume a—&)nﬁ—m = = Ky < o0, a_}%lglt_m B 87 < o0. (42)

It follows from (43) that the controls u®°(-) are restricted, and for sufficiently
small o, At the following relation holds

lu®*(#)]] < K1 < oo (43)

4.2. Estimates for discrepancy
We substitute the controls u®?(-) into the system (1) and get the dynamics

dx(t)
dt

— Gt o)1) + f(talt), e 0.T] (44)
Let us estimate for t € [tx_o,tx_1], kK =2, N+1 the discrepancy

l2(t) = @u(t)l] = [l (t) = 5" (£) = @(t) =y (D] 2 12(t61) = Zulte)ll, (45)

where z(-) : [0,7] — R" is the solution of (44) with the boundary condition
2(0) = 1°(0) and each z(-) is the solution of (22).
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Note that due to (22),(24)

dz(t)
dt
Also note that z(0) = Zo(0) = 4°(0), Zr(tp_2) = ¥ (tp_2).
We get from (45) for any k = 2, N+1, the inequality

l2(ti-1) = Zetaa) | < la(ti-z) =y (te-2) +

= Gkua’é(t) -+ fk, te [tkfg, tkfl]-

+ [ 1) = il + [ (Grato) = G)urdr)ar. (10)

It follows from the Assumptions (A1), (A2) that

1 (r,(r) = fill = 17, 2(7) = (b, v (te2)]

< [IF (o) = Fralte2))l + 17y (th2)) = Sty ()| +
+ [I1F(r 2(th-2)) = (7,9 ()]

< [, H o N o s R o R PRy [T) S
(e - o] = [t son -t
< [IIG(T () = Gr,alta )|+, 57 t12)) =Gt (b2 ] () +

+ 16 2(t2)) = Gy (o)) | Ju (7))

<[] 5+ 1% \H”K1At+nK1H letra) — o7 o)l
B P, ]y 2
w — < _

9, i,je€l,n 3% ot zel po ot ’
(t x)EDO (t Z‘)ED()

H ) 8911 t,x) H 3gi,l(t,x))
— || = nNMmM max =nm max |[—=—|,
oz ijELn 8% icTn ot

leLm leTm
(t,l‘)EDO (t,:c)GDO

and [|f||=n max |fi(¢t,x)|. These estimates and (46) imply the relations
i€l,n,(t,z)€Do

l2(te-)ll = o (ti1) = ¥ (tea) |
< Ri(At)* + (1 + RoAt) |2 (ti-2) — v (te2) || + 121 (te2) ], (47)

f” (48)

au | [ o 7=

where [
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The relations (33),(37),(42) yield

1/2
st < 20t i ] [ (15 )| 1 & Ratao®, (a0

We consequently apply the estimates (47),(49) for each k = 1, N+1, beginning
from ||z(0)]| = ||#(0) — %°(0)|| = 0 and obtain

l2(te-0)]l < (1 + RoAt)||z(te—z| + (At)*(Ry + R) (50)
< (Ry + R3)(k — 1)(At)2ef2(k-DAL (51)
The relations (51) imply that the following estimates hold:
lz()|| < (Ry + R3) Tef™At, te[0,T]. (52)
Assuming (42), it follows from (52) that
20) 4’ Ol = 120 lenn =0 as 550, At =0, a 0. (5)
The relations (53) imply that (C1) is fulfilled.

4.3. Properties of reconstructed controls

The restrictions (43) on the controls u®?(-) and the weak compactness of the ball
in the space L; guarantee that, see [19], there exist sequences a; — 0, §; — 0,
(At); — 0, I — oo, such that u(-) = u®?(-) weak*-converges to a generalized
control uy(+) € (C[0,T],R™)* as | — oo:

w() % ug(-), = oo.

This implies that we can obtain from
t
x(t) = /f(T, (7)) + G(1, 2(7))wy (7)dT (54)
to
by tending [ to infinity that
t
¥ (t) = /f(T, (7)) + G(7, 2" (7))uo(7)dr, t€[0,T). (55)
0

This means that the equality
dx*(t)

— = JGT () + Gt 2 (1))uo(t) (56)
holds almost everywhere on [0, 7], where uo(t) = [ wdpuo(t), Uy = Bk, [0], po(t)
U,

is a regular probability measure on the set Uj, and the function ¢t — po(t) is

measurable [19]. We obtain from the representation (24) for v, () that

uo(t) = GT(t,2*(t))So(t), (57)
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where $y(t) is a measurable function with the values

51 (¢ r—00
So(t)eS(t) CR”, S(t) = Co{sp€R™: 5o = lim —Slozg ), l, = oo},
r—00 i

where ¢ € [0, 7] and the symbol Co(F') means the convex hull of the set F.
We substitute (57) into (56) and obtain the unique representation for sy(¢):

a0 = (G ) [E0 peee)] 6

This means that for ug(-) (57)

up(t) € U, aew. te€[0,T], wuo(-)eU". (59)

One can see that ug(-) (57) has the minimal L?-norm among all elements of U*.
Indeed, we have expressions (7) for the normal control. They coincide with the
expressions (58), (59). Therefore, ug(+) is the normal control.

The values of the cut-off controls 4;(-) = 4% () (24) are close to u;(-) = u®%(-).
Hence, the controls 4;(-) tend in L?-norm to the normal control uy(-) as I — oo.
It implies that the corresponding trajectories x;(-) of (1) generated by the cut-off
controls tend in C-norm to the basic trajectory z*(-). It means that the controls
(-) (24) satisfy (C1) and (C2) and thus solve DRP.

5. Example

We consider an example from the area of medicine to illustrate numerical simu-
lation of the proposed above method.

Inverse problems for dynamic models are an important part of modern medicine.
Some parameters involved into the modeled treatment processes can be unknown.
Reconstruction methods may provide means to obtain them. The normalizing
nature of the suggested method also guarantees that the reconstructed controls
are optimal (in the sense of the L? norm).

The model in the example represents the fed-batch penicillin fermentation pro-
cess. It is described in details in [20]. The dynamics is

X(t)

X() T B4 O : (t)
t u(t 0
ey || 0 s YW 0 v || ~KaeoP)
s | | _X@® Se-S@t) Xt  SHX() p(T) 0 ’
V(1) Yx;s Sk Yris  Km+S() | \ M(®) 0
0 i 0 0
Sk

Yx/s = 047, YP/S - 12, SF - 500, Km - 00001, Kdeg - 001,
X(0)=15 P0)=0, S(0)=0.01, V(0)=7, (60)
u(t) € 0,1, U) €[0,50, p(t) €[0,1], M) €[0,1], teo,25].
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The state variables are the concentrations of biomass X, product P and sub-
strate S, and the volume of biomass V. The unknown parameters are the specific
biomass growth rate u, the substrate feed rate U, the specific penicillin production
rate p and the maintenance consumption rate M. The feed rate U is the control
parameter. The parameters u,p and M, describe some a-priori unknown proper-
ties of the patient’s organism. We will formally consider them as the unknown
controls as well.

Assumption 1 holds in the example due to the boundary conditions in (60) and
because all state variables are positive on (0, 7] since their biological meaning.

First, we numerically construct the base trajectory (X*(-), P*(-), S*(+), V*(-)) gen-
erated by the controls

5t
p(t) =011, U(t) =15+ =, p(t) =0.0055, M,(t) = 0.02. (61)

Then we generate the sets of inaccurate measurements

{x ), b} {ws), {wi} (62)

by random perturbation of the constructed base trajectory in discrete points.

Problem 1 in this example is to find approximations of the normal controls
w (+), U*(), p*(-), MX(-), generating the considered basic trajectory. Remark
that in the dynamics (60) the last equation can be integrated separately. There-
fore, generally speaking, the number of controls is greater than the number of
independent state variables. So, the normal controls may not coincide with the
initial controls (61).

781
761
741

7.2}
. . . . .
5 10 15 20 ‘5
. . . . .
5 10 15 20 25

A B C

Figure 5.1: The trajectories (rough approximation). A is the reconstructed tra-
jectory, B is the interpolation of the measurements, C is the base trajectory.
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The suggested algorithm has been applied for the dynamics (60) and the mea-
surements (62) generated for various approximation parameters d, hs, . Figures
5.1 and 5.2 represent the results obtained for rough approximation parameters
ox =1,0p =0.05 65 =1, dy =0.1, hs = T/20, a = 0.5.

Figure 5.2: The controls (rough approximation). A is the reconstructed approx-
imation of the normal control, B is the initial control.
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Figure 5.3: The trajectories (more accurate approximation). A is the recon-
structed trajectory, B is the interpolation of the measurements, C is the base

trajectory.
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Figures 5.3 and 5.4 represent more accurate approximations for dy = 0.1, dp =
0.005, ¢ = 0.1, oy = 0.01, hs = T/200, « = 0.05. Figures 5.2 and 5.4
demonstrate that the reconstructed normal controls U*(-), M}(-) differ form con-
trols (61). That means that the initial controls are not optimal and the same
result (e.g. the same trajectory) can be achieved through a smaller substrate feed
U.

0.015

0.010

0.005 -

~0.005|

Figure 5.4: The controls (more accurate approximation). A is the reconstructed
approximation of the normal control, B is the initial control.

6. Conclusion

The dynamic control reconstruction problem (DRP) has been considered. It is
the problem of reconstruction of the normal control, generating a trajectory of
a dynamic system in real-time. The inaccurate measurements of the realized
trajectory are used. A new method for solving this problem is suggested and
justified. It is a modification of the previously proposed approach. The novelty of
the modification is simplification of the algorithm’s procedures. Namely, the DRP
problem is reduced to solving systems of linear ODEs with constant parameters.

Moreover, we need to perform matrix inversion only once at the beginning of the
reconstruction process. This provides better computational effectiveness of the
method in comparison with our previous suggestions and algebraic methods for
solving DRP.

The results of the simulation of the method’s application to an example from the
area of medicine are reported.
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